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Among the research lines of WP5 of M84he RETURRroject there is the development of quantitative
and probabilistic methodologies for muiisk assessments to support the identification of effective and
economically sustainabfgrategiedo mitigate the impacts caused by sediment handling in marine coastal
areas and ports affected by maintenareed capitaddredging or reclamation operationk this case,
sediments can represent a wide range of smkrcesand their possiblénteractions may generate cascading
effect scenariosTaskd4.5.3addresses the theoretical development of the mu#tk approach developed
specifically for the management of dredged sediments and their handling. Tevdéd#ow the regulatory
guidelines based on two different strategic approaches
1 The first concernsthe results of the ecological analysis based on the quality classification of the
sediments, an analysis characterizing froreBemtoxicologicand chemical point of view. In this case,
good quality sediments can be immersed back into the sea; on the contrary, the sediments with the
worst class must follow different management pathsluding storage in confined disposal facilities
and, eventually, disposal in specialized landfills
1 The second approach, referring to explicit contaminated areasasedn environmental risk analysis:
in this case, the sediments that are contaminated, like the soils, must be reclaimed to be recovered, to
bring the environmental contamination under thecatied risk threshold.

In this scenario, mukisk analysis would make it possible to develagsefuldecision support system
aimed at defining the best management way. For example, by coupling the ecological evaluations with the
sanitaryenvironmental oss, it is possible that the sediments defined as not suitable fonmeersion in the
sea, can be treated with reclamation techniques, usually used in the second strategic approach, to reclassify
the quality of the sediments, making them suitable for a memersion and for beach nourishment.

This process requires the definition of three key aspects

1) insitu, pre and post treatment characterization

2) distribution and handling of pollutants during dredging anofmeersion operations

3) suitable treatment tebniques, also in the supply chain, for the treatment of the specific contamination

(physicakchemical and biological train treatment).
During this management process, people must decide whether (or not) to treat the sediments, whether to
store them on lad to be treated and/or recovered or whether to put them back into the sea, whether to
mitigate the risk within situ treatment and recovery interventions ositdf, biological, chemical, physical or
in the supply chain and so on.

With this mission, reseahners from the universities of Enna, Genoa, and Paléht®(niGe and UniPa
developed synergistiavork aimedatthe analytical evaluation of the effects of the movement and treatment
chain of dredged marine sediments. The activities include the apphictstudies based on mathematical
models (for the study of the impacts and effects of the "fate and transport" process), physical models referring
to applications in bench scale or pilot plants (for validating the results and the model calibratieti)grod
simulate and support monitoring in the coastal environmante-andpost operamall with the help of "sea
truth" activities.The synergistic workasalso based on the results obtained in transversal tasks where UKE
(together with the aforemenbned partners) has developed specific activities on sedim@&isk 4.5.1
relating to the chemicghysical treatment of contaminated marine sedimeritask 4.5.2relating to the
biological treatment of contaminated sediments.

In this context,Task 45.3 defines and completes the knowledge on the treatment and rational
management of treated sediments (according to the objective of minimum environmental and social risk): the
investigation of new processes has been completed (such as desorption themchah analysis of the
processes was proposed according to a preliminary and general model of risk assessments, opportunities and
repercussions (SWOT analysis and consequent FR&wicularly: SWOT, precisely, standsStengths
(strengths), Weaknessgmints of weakness), Opportunities (opportunities) and Threats (thoeetis® other
hand,the FMEA is theailure Mode and Effects Analysis.
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Some specific activities concerh development of the method to support decisions by means of
assessments lsad on “fate and transport” models integrated with the modeling e€fain" treatment
processes KE; applications of ksitu mitigation methods, based among others, on mycoremediation for the
mitigation of the diffusion of heavy metals during dredgind reimmersion operationd(niG¢; evaluation
and studies on offite treatments for the decontamination and recovery of contaminants, comparing the
results of different processes or applications in the supply chain, based on both biological (bestlrry)
physicaichemical (thermal desorption) processgs (PJ.
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Table 2.1Chemicaphysical analyses relating to port areas (extract from Table 2.1aAP&BCRAM,
2007

Table 2.2Chemical and ecotoxicological parameters researched according to the Technical Annex to the
Ministerial Decree 173/2016 (in Itati

Table 2.3Physical parameters searched according to table 2.6 of the Technical Annex to Ministerial Decree
173/2016 (in Italian)

Table 2.4Microbiological parameters researched on surface sediments according to the Technical Annex to
Ministerial Decre 173/2016 (in Italian)

Table 2.5Sediment Quality Classification According to the Weighted Integration Criteria (DM 173/16)

Table 2.6Quality class tabl&APATICRAM, 2007

Table 2.7Types of intervention for marine sediments

Table 2.8Functional chaie based on the nature of the contaminants.

Table 2.9Fungal species selected for each treated sediment (SEDITERRA, 2019)

Table3.1: Concentrations of trace elements measured in sediments sampled in the Port of Genod (mg kg
dry weight). Concentratioove the L1 limit are shown in yellow, while those above the L2 limit
are shown in red (table in Italina and Franch)

Table 4.1Properties of sludge and marine sediment of Augusta Bay

Table 4.2Initial characterization of artificially contaminated sediments

Table 4.30perating conditions during the three experimental phases

Table 4.4Characteristics of the two types of biochar and of the GAC being tested

Table 4.5Energy consumption by varying the process temperature; b) energy consumption by varying the

contact time at 200 °C

Table 4.6Main features of the sediments beéocontamination (Tiesi et al. 2025).

Table 4.7Summary of the experimental tests carried out at different surfactants concentration (Tiesi et al.,
2025).

Table 4.8Number average of germinated seeds and length average of sprouts (in brackets the standard
deviation) (Tiesi et al., 2025).

Table 4.9Characterization of soil and sediment in the test of ferrate (De MArines et al., 2025).

Table 4105tept{ G NBy 3G KQa aSt SOGAz2Yy

Table 4.1: Step2 ¢ WeaknesS Sdbection

Table 4.2 Step3¢ h LILJ2 NJi seiédtidnA S a Q

Table 4.8. Step4 ¢ External threats

Table 4.4: SWOT List Definition

Table 4.5: SWOPRnalysis

Table 4.8: Sock analysis

Table 4.7: FMEA Risk Priority Number (RPN) assessment matrix. Green = o2k ¢tange medium
risk (126250), red = high risk (28D0), purple = very high risk (>500)

Table 4.8 FMEAVultirisk Analysis

Table 4.9 TOWS action strategies with owners, timeframes, and KPIs

Table 20 Cost range for major sediment remediation methods

Table 21 Number of plates inoculated with seawater from each sample.

Table 22 Number of plates inoculated with diluted solutions from samples one and two.

11



Ministero
dell'Universita
Z e dellaRicerca

Finanziato Py s
dall’'Unione europea ([
NextGenerationEU

l l [taliadomani

wwwwwwwwwwwwwww
DI RIFRESA E RESILIENZA

Figure 1.1 Conceptual flow chart on the choices to be faced in the management of dredged sediments
Figure 1.2:Scheme of the activities propswithin Task 4.5.3
Figure 1.3:Scheme of the FMEA analysis

Figure 2.1Example of Sampling in the internal port area (with Italian references referringA® e
ICRAM, 20Q7talian legislative reference regulation)

Figure 2.2Example of Samplingthe internal port entrance (with Italian references referring toARAT
ICRAM, 20Q1talian legislative reference regulation)

Figure 2.3Section of the cores to be collected for analysis, example 1 &RAHCRAM, 2007

Figure 2.4Section of theares to be collected for analysis, examplABATCRAM, 2007

Figure 2.5Section of the cores to be collected for analysis, examplEATCRAM, 2007

Figure 2.6Section of the cores to be collected for analysis, exampiIEATICRAM, 2007

Figure 27:Characterization paths provided by Ministerial Decree 173/2016 (in Italian)

Figure 2.8Sequence of operations during the transport phase

Figure 2.9Stationary suction dredger

Figure 2.10Dredger underway (left)Section of a suction dredger (right)

Figure 2.11Dredger underway (left)Section and planimetry of a TSHD dredger (right)

Figure 2.12Dredger underway (left)Section of a Bucket ladder dredger (right)

Figure 2.13BHD dredger in action

Figure 2.14Grab bucket dredger

Figure 2.15Dredyer underway (left) Section and planimetry of a water injection dredger (right)

Figure 2.16Dredger underway (left)Section and planimetry of a UWP dredger (right)

Figure 2.17Example of transport via pipeline

Figure 2.18Confined area for the stage of dredged material

Figure 2.190Underwater diffusion system

Figure 2.20Methods of sediment deposition on the bottom

Figure 2.21Capping types

Figure 2.22Mechanical storage of sediments

Figure 2.23Schematic of CDF on ground

Figure 2.24Schemat of NICDF

Figure 2.255chematic of SCDF

Figure 2.26Possible ways of material loss

Figure 2.27Example of an explanatory panel positioned in the port area of Genoa, during the dredging
works of 2008014, to communicate and explain the activities thate carried out in the Port
(Cutroneo et al. 2014)

Figure 2.28Use of dredged material in Japan

Figure 2.29Results of the CEDA questionnaire on the use of dredged material in Europe 2005

Figure 2.30The directional distribution of measurements obseraéthe anemometric stations of Geroa
Sestri, Genoa National Tide Gauge Neti®RRA and Genoa Punta Vagno (MiSP, 2020)

Figure 2.31Figure Directional distribution of sea states with significant wave height Hs > 1.0 m out of the
Port of Genoa (AdS®LO, 2020)

Figure 2.32Figure Currentfield in the surface layer in the presence of Scirocco windRG5R020)

Figure 2.33Figure Currentfield in the water column in the presence of Scirocco windNAGER2020)

Figure 2.34Figure Currentfield ithe surface layer in the presence of Libeccio/Mezzogiorno wind{AdSP
MLO, 2020)

Figure 2.35Figure Currentfield in the water column in the presence of Libeccio/Mezzogiorno wind (AdSP
MLO, 2020)
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Figure 3.1: Processing grid for the surface layer (ICR20A7)

Figure 3.2Estimated concentration of C>12 hydrocarbons in t66 @m layer (ICRAM, 2007)

Figure 3.8Estimated concentration of C>12 hydrocarbons in th@@Dcm layer (ICRAM, 2007)

Figure 3.4Estimated concentration of C>12 hydrocarbons irnl@@150 cm layer (ICRAM, 2007)

Figure 3.5Estimated concentration of C>12 hydrocarbons in theZtEDcm layer (ICRAM, 2007)

Figure 3.6Estimated concentration of C>12 hydrocarbons in theZ8lcm layer (ICRAM, 2007)

Figure 3.7Estimated concentratioof C>12 hydrocarbons in the 2300 cm layer (ICRAM, 2007)

Figure 3.8Estimated concentration of Pb in thé&0 cm layer (ICRAM, 2007)

Figure 3.9Estimated concentration of Pb in the-500 cm layer (ICRAM, 2007)

Figure 3.0:Estimated concentration &b in the 10a50 cm layer (ICRAM, 2007)

Figure 3.1:Estimated concentration of Pb in the 1800 cm layer (ICRAM, 2007)

Figure 3.2:Estimated concentration of Pb in the 2280 cm layer (ICRAM, 2007)

Figure 3.8:Estimated concentration of Pb in the®300 cm layer (ICRAM, 2007)

Figure 3.4 Estimated concentration of PAH sum in tHe00cm layer (ICRAM, 2007)

Figure 3.5:Estimated concentration of PAH sum in thel®0 cm layer (ICRAM, 2007)

Figure 3.6: Estimated concentration of PAH sum in the-160 cm layer (ICRAM, 2007)

Figure 3.T: Estimated concentration of PAH sum in the-160 cm layer (ICRAM, 2007)

Figure 3.8:Estimated concentration of PAH sum in the-260 cm layer (ICRAM, 2007)

Figure 3.9: Estimated concentration of PAH sum in th@-380 cm layer (ICRAM, 2007)

Figure 3.2(Estimated concentration of Hg in thés0 cm layer (ICRAM, 2007)

Figure 21:Estimated concentration of Hg in the-500 cm layer (ICRAM, 2007)

Figure 3.22Z stimated concentration of Hg in the 1080 cm layer GRAM, 2007)

Figure 3.2%E stimated concentration of Hg in the 3300 cm layer (ICRAM, 2007)

Figure 3.2Z& stimated concentration of Hg in the 280 cm layer (ICRAM, 2007)

Figure 3.2%stimated concentration of Hg in the 2300 cm layer (ICRAM, 2007)

Fgure 3.26Location of sampling stations for ecotoxicological testing and overall assessment of acute toxicity
(ICRAM, 2007)

Figure 27:Areato be dredged in the Sampierdarena basin and at the eastern entrance to the port
(PerGenova Breakwater, 2024)

Figure 328: Graphical representation of sediment quality from 0 to 0.5 m depth in the Sampierdarena
Channel (PerGenova Breakwater, 2024)

Figure 29: Graphical representation of sediment quality from 0.5 to 1 m depth in the Sampierdarena
Channel (PerGeno®aeakwater, 2024)

Figure 30: Graphical representation of sediment quality from 1 to 2 m depth in the Sampierdarena Channel
(PerGenova Breakwater, 2024)

Figure 331: Graphical representation of sediment quality from 2 to 4 m depth in the SampierdaremaeCha
(PerGenova Breakwater, 2024)

Figure 332 Graphical representation of sediment quality from 0 to 0.5 m depth at the eastern entrance
(PerGenova Breakwater, 2024)

Figure 33:Graphical representation of sediment quality from 0.5 to 1 m depth at theereaentrance
(PerGenova Breakwater, 2024)

Figure 34: Graphical representation of sediment quality from 1 to 2 m depth at the eastern entrance
(PerGenova Breakwater, 2024)

Figure 35:Mercury concentrations in the first 100 cm of sediment thicknéSRAM, 2008)

Figure 36: Mercury concentrations from 100 to 200 cm of sediment thickness. (ICRAM, 2008)

Figure 3.3: Heavy Hydrocarbon concentrations in the first 100 cm of sediment thickness. (ICRAM, 2008)
Figure 38: Heavy Hydrocarbon concentratidnam 100 to 200 cm of sediment thickness. (ICRAM, 2008)
Figure 339: HCB concentrations in the first 200 cm of sediment thickness. (ICRAM, 2008)

Figure 310: HCB concentrations from 100 to 200 cm of sediment thickness. (ICRAM, 2008)
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Figure 4.1Histogams of concentration of species of interest in the reference areas (referencesin Italian)

Figure £: Concentrations measured for Hg (a) and TPH (b) in the samples at which, and in the fine and
coarse fractions (units of measurement in Italian)

Figure 43: BIOSLURRY Pilot plant scheme.

Figure 4: Influence of erythromycin concentrations on TC (a) and TOC (b) variations. ERY: erythromycin (By
DiBellaet al., 2023)

Figure &: Batch test (in large volume) for TPH evaluationérror bar)

Figure 46: TPH oncentrations in different sediment phases (By Di Bella et al. 2023)

Figure 4: Relative abundance of the ten most abundant bacterial genera identified in R1 and R2 at the
indicated days by NGS analysis of th&¥3egion of the 16S rRNA encoding gepedBBella
et al. 20023)

Figure 43: Experimental setip SAFTherm SANTE FURNACE with 60 mm diameter quartz tube

Figure B: Representative diagram of the pilot plant, connected downstream with thgasfinanagement
system

Figure 4.0:a) Heating ramps &lse temperature varies (PHASE 1); b) heating ramps as the contact times
vary (PHASE 2) c) heating ramp for adsorbent material tests (PHASE 3).

Figure 4.1: Adsorbent material used for adsorption columns-P3)

Figure 4.2:Residual concentration (a) arehmoval efficiencies (b) of TPH as a function of TD temperature
for the first and second contamination

Figure 4.38:Residual concentration (a) and removal efficiencies (b) of TPH as a function of the contact time
of TD for the first and second contamination

Figure 4.4: Chromatograms of the chemical compounds recovered in the two traps taken following the test
at T=200 °C and tc=15 min.

Figure 4.5: Efficiency (a) and specific adsorption per unit mass and volume (b) of the adsorption columns
and the trap

Figure 4.3: Experimental station (Jar Test) used for washing tests

Figure 4.7: TPH extraction yields from sediments using water and only surfactants individually at 0.2%, 0.4%
and 0.6% (Tiesi et al., 2025).

Figure 4.8: TPH extraction yields from sedimeunsing SDBS and Tween 80 (a) and rhamnolipids and Tween
80 (b) as mixed surfactants ()

Figure 4.9: Average values of the germination index for the different samples (Tiesi et al. 2025)

Figure £0: Petri dishes with germinated and ngarminated seeds &t 72 hours of incubation, in the case
of contaminated sediments treated with SDBS, Tween 80, and rhamnolipids

Figure £21:Removal yields of TPH from soil after treatment with Fe(VI) and SDBS (a) and after treatment
with KMnO4 and SDBS (b) (DE Marinat g2025)

Figure £2.SWOT team

Figure £23: SWOT Description method

Figure £4:Integrated SWQOJFMEA architecture showing the deterministic linkage operator. Strategic
weaknesses are mapped to failure modes through "drives" relationships.

Figure 45:Risk Priority heatmap (5 x 5 matrix) under median consensus, showing failure mode placement
across Impact and Probability categories. Colour intensity indicates priority tier: green (Low, RP
K yuz &Stt26 0az2RSNIGST o X wt X mMp0OX NBR 61

Figue 426:Panoramic view of the experimental apparatus.

Figure £27:SEM images of biochar before contact with fungal colonies (A), 48 hours after contact (B), and
after 21 days of experimentation (C)

Figure £8: Some Petri dish with fungal growth

Figure429: Pure cultures isolated from Petri dish listed in Tal28

Figure 430: Microscopic view of some isolated fungi.
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Task 4.5.28ims to develop quantitative methodologies for mtikk assessments to idéfy effective and
economically sustainable strategiesnitigate the impacts associated with sediment managenmentrine
coastal areas and in ports affected by dredging or remediation operations.

Sediments are essentiedmponentsof all aquatic systemandare subject to high anthropogenic inputs
representinga potential reservoir of toxic compounds. In the last decades, coastal ecosystems have drastically
changed due to humaactivitieswhich caused severxological impacts. In the marine enviromneghey
constitute an extremely complex environmental compartment. In fact, they can represent a vast range of
sources of risk, and the possible interactions can cause different scenarios with cascading effects. Their
management is a complex process thatolves different phases, among which the characterization, the
transport, the treatment, and thdestinationof the materials.

The task proposes a decision support systerndentify optimal management strategi@$e decision
support system incorporateggulatory frameworks and scientific methodologie®rder to evaluate and
mitigate the impacts associated with the movement and the treatment guaranteeing the environmental,
economic, and social sustainability.

The first phase of the task involl/ehe characterization of the sediments, which includes the analysis of
the samples to determine the nature and the extension of the contamination.

Currently, the regulatory guidelines are based on two different strategic approaches.

The first approach is based the results of the ecological analysis based on the qualitative classification
of the sediments, an analysis that characterizes them frontte¢oxicologicaand chemical point of view.

With this approach, sediments of good quality can be reused amdftnere-immersedn the sea, while in
the opposite case they must follow different management paths, starting from the storage in the containment
basin up to their possible disposal in a special landfill.

The second strategy refers to explicitly contaated areas and is based on environmental risk analysis.
With such an approach, the contaminated sediments must be remediated in order to be recovered by bringing
the environmental contamination below the-called risk threshold.

In both cases, fate andansport models are essential order to evaluate the environmental and health
impacts.On the other hand, it is important to define the best practice for treatment of contaminated
sediment.

The task also integradigisk analysis tools, such as SWOT MtEA; in order to identify and classify the
risks associated with sediment management and the use of adequate treatment techniques, targeted at
specific contaminationguaranteeing sustainable solutiaesrossthe supply chain.

In summary, during this magement process, it is necessary to decide whether or not to treat the
sediments, whether to store them on land to be treated and/or recovered, whetheritomerse them in
the sea, whether to mitigate the risk through treatment and recovery interventiorstu or offsite,
biological, chemical, physical, or along the supply chain, and so on.

To reach these objectives, the work integiéelvanced tools and techniques, among which:

1 benchscale and pilescale applications, fundamental for the validatddrthe results and the
calibration of the models.

1 mathematical models, used in order to simulate the processes'fédte and transport"
phenomend and predict the environmental impacts;

1 dmulations and environmental monitoring, in order to evaluate theot$fof the operations
before and after their execution.

1 field verification activities, necessary in order to integrate the model data with real observations.

Through this worlktask 4.5.3ries to provide practical and sustainable solutions for the memegt of
marine sediments, guaranteeing the protection of the marine environment.
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The Italian and European regulations on marine sediments have evolved over time, progressively defining
in detailthe definitions and criteria fothe proper management of this environmental matrix.

One of the first regulationffalianMinisterial Decree (D.M2}4/01/1996, governed the discharge into the
sea of materials derived from the excavation of marine or braséabed as well as from other sediment
movements in the marine environment.

The following year, throughalian Legislative DecreB.Lg$22/1997 (Decreto Ronchi), the European
Waste Catalogue (CER) was introduced in ltaly, classifying dredged sedsrmotental waste and thus
imposing management and traceability obligati@ndl. 5/02/1998 identifies nehazardous waste subject to
simplified recovery procedures.

Sediments are included among the types of waste eligible for these procedures ancectgylannex 1,
SubAnnex 1, provided they meet specific criteria and technical regulations.

- TheD.Lgs. 152/2006, Environmental Consolidated Act, allows sediments to be excluded from waste
regulations.

- The Article 185, paragraph 3, excludes sediments ifechovithin surface waters or within
hydraulic properties for water and river management, flood prevention, flood or drought
mitigation, or soil restoration, provided it is proven that the sediments arehamardous
according to Decision 2000/532/EC of tB@mmission of May 3, 2000, and subsequent
amendments.

- The Article 109 regulates the immersion in the sea of dredged materials from marine or brackish
seabeds, providing for specific authorizations for activities such as beach nourishment or sediment
re-immersion.

Law116/2014 introduced Article 18guater into the Environmental Code, regulating the cessation of
waste classification for dredged materials subjected to specific recovery operations and compliant with
contamination limits.

Dredged materials cea to be waste if, after recovery operations, which may also include sorting and
selection, they do not exceed the contamination threshold concentrations set in Columns A and B of Table 1,
Annex 5, Title V, Part Four, and if the destination site is carmdithey are directly used, including for reuse
or environmental reshaping, without risks for the affected environmental matrices, particularly ensuring no
contamination of groundwater and surface waters.

In case of direct use in a production cycle, ttmexst comply with the technical requirements for specific
purposes, the applicable regulations and standards for products and raw materials, and must not generate
emissions into the environment that exceed or differ qualitatively from those resulting fr@emase of
authorized products and raw materials.

For port areas, Law 84/1994 (ArtictiS) regulates dredging within Sites of National Interest (S.I.N.) and
marinecoastal areas.

In S.LLN., if sediments meet contamination limits, they can be reintrothtoathe water body or used for
coastal nourishment; otherwise, remediation is required. In alternative, they can be placed in containment
basins if compatible with environmental and health protection.

D.M. 161/2012 had included sediments among excavsdisl and rocks (TRS), treating them as by
products under Article 184is, butthe Decree of the President of the Repulild.R.120/2017 revoked this
classification, excluding them from the benefits provided for TRS.

In 2016, the MATTM (Italian Minigfior the Environment, Land, and Sea Protection) issued three decrees
to regulate the sector:

1 Decree ofthe Director Gener8@l.p) 351/2016, which defines pollutant limits for excluding marine
areas from S.I.N. classification;
1 D.M.172/2016, which regulas$ dredging in port and coastal areas;
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1 D.M. 173/2016, which establishes technical criteria for the immersion and management of non
S.I.N. sediments.

These decrees are supplemented by technical docunaevatiable on thétalian Institute for Environmental
Protection and ResearchSPRA) websiteht(ps://www.isprambiente.gov.it/files/software/decrettt-
luglio2016n173,and the MATTM Circular 469/2019, which clasifiee application of D.M.173/2016 and
Article 109 of D.Lgs.152/2006.

At the European level, the Water Framework Directive (2000/60/EC) and the Marine Strategy Framework
Directive (2008/56/EC) require an ecologically sustainable management of sediments.

Dredging operations must ensure the maintenance of ecological status in water bodies and may require
Environmental Impact Assessment (EIA), Integrated Environmental Authorization (AlA), or Appropriate
Assessment (VIneAnvironmental Impact Assessmkginisensitive or protected areas.

The regulatory framework offers various sediment management scenarios: they can be treated as waste,
as byproducts (if not initially classified as waste), as-@éfdaste materials, or excluded from waste
regulations if reintoduced into the same water body without environmental risk. The classification depends
on the degree of contamination, the area of intervention (S.I.N. or not), and the purpose of sediment
movement (maintenance or remediation).

As regards the management of marine sediments, the possible management choicesinreowevide
range of possibilities certainly, the definition of "contaminated”, "n@ontaminated” or "potentially
contaminated" sediment can stngly influence "the direction of the choiée®he sedimentary matrix
dredged, from small or large ports, or from the coastal area in general, tends to be recovered where it is not
contaminated. The most obvious and environmentally shared solution ésintraduce (into the sea) the
sediment into suitable areas or use it (depending on the grain size of the sample) as beach nourishment. On
the contrary, if the sediment is of poor quality, and with a more or less "severe" level of contamination, the
sediment must be appropriately stored or treated before any subsequent recovery or reuse.

In this context, the socieconomic reality of the territory and the real condition of the services and
intended use inthe geographical area concerned can play a key ndemagement choices, which may differ
from region to region, despite the starting technipedctical affinityHere the decision tree can branch
significantly in different directionkading to a series of different solutions that are not easily ireeaple.

Figurel.lrepresents a scheme of possible choices that the manager should evVimlusite correct
management of this environmental matrine of the most complicated and debated in the environmental
field: dredged marine sediments. In this o, simple analysis tools of opportunities and risks could help the
management and fate of matrices as they are or "reclaimed".

The Aim ofTask 4.5.2f RETURN project concern the development of quantitative and probabilistic
methodologies for mukiiskassessments. This is important in order:
1) to support the identification of effective and economically sustainable strategies;
2) for the mitigation of the impacts due to the handling of sedimentsin coastal marine ardasbog
affected by maintenancer seclamation dredging operations.

In this scenario, mukisk analysis would make it possible to develop useful decision support aimed at
defining the best management scenario.
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Figure 1.2 Conceptual flow chart on the choices to be faced in the managememdgeli sediments

More in detall, the research units @fask 4.5.8eveloped a synergistic work aimed at the analytical
evaluation of effects of the movement and treatment of dredged sedinmEmsanalytical approach combines
and integrates specific expermial methodgfor the preliminary study of the impacts and effects of the "fate
and transport" process), analysis of physical models referred to applications in bench scale or pilot plants (for
the validation of the results and model calibration), subsatuathematical simulations for the support of
monitoring in the coastal environment, ante gouktoperam,and data acquisitiofor what is called 'sea
truth.

First it must be underlined that the management of contaminating marine sediments is vdyy oot
in economic and environmental termBhe interdisciplinary nature of topics and regulations brings the
manageof these matrices to numerous crossroadstasice, whichdepending on the territory and the socio
economic balancesinvolved, can l¢adifferent approaches and processagétment, resimmersion, reuse
etc).

The topic of multrisk analysis applied to such a complex system of processes, such as the movement of
more or less contaminated marine sedimentsks being difficult to managepriori: there are in fact many
aspects that need to be considered.

a. General aspectsnainly linked to the origin of the sediments and the reason for their movement.

b. Regulatory aspectinked to the origin of the activities and any evidence of contaiomatthe areas
to be dredged

c. Technical aspectfinked to dredging methodologies (environmental or not) and the operational use
of the ports involved in handling activities.

d. Application aspectdinked to the need or otherwise to treat the sediment befiis subsequent
destination (whether réntroduction or reuse).

e. Aspects of real applicability of interventicmmed both at remediation technologies and at the
territorial presence of the end user or residual disposal.

f. Economic aspectinked to all themplications and codtenefit evaluations of each single previous
aspect.
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Based orthis simple introduction, which among other things includes only a part of the possible arguments
of interest, the extreme complexity of guaranteeing a complete appragichfrom the start is highlighted.
For this reason, the analysis of choices, or therefore the evaluation of possible risks and effects, cannot ignore
planning that involves systemati@pproach:

preliminary analysis of strengths and weaknesses, acgadli;n semgualitative analysis approach,
identification of the list of INPUT information necessary for the analysis;

in-depth analysis of the aspects with a sepmntitative Risk Analysis (AdR) approach;

Output information;

List of priorities for choasy and mitigating process "failures/breakdowns".

agrwNPE

In particularthe first 3 points of the previous analysis framewauld require an iterative approach:
where new evidence of probable effect (risk) and/or consequential damage were to emerge fromdhe bas
analysis, the information enrichment process could undergo a further "extension of concepts” that could
enrich the decisiomaking tool

In this sense, therefore, the risk analysis identified, as happens with the ordinary risk analysis approach of
the dynamic production process, should be continuously updated on the basis of the aspects previously
identified and which accrue (over time) an enrichment of information bothspieific (regions,
municipalities, territories of real applications, beyond th@opon concept) and of future regulatory direction
(regulatory modifications and additions probabilistically developed in phases following the revision of the
AdR).

With reference to the above ligEigurel.2 shows the scheme of the activities proposedthimTask 4.5.3
which provides for the close correlation between activities develgpecificallyvithin the same task and the
evaluations/data coming from the Parallel experimental and research approaches developed in other tasks of
WP5 (also extending other WPs in the future), suchtssks 4.5.5nd4.5.2
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Figure 1.2 Scheme of the activities proposed within Task 4.5.3

As shown irFigurel.2, in order to identify the preliminary actions and preliminary aspects on which to
focus attention, a "general” risknalysis was proposetthat allows the identification of strengths and
weaknesses based on predominantly qualitative considerations but specifidntetiventionscenario.

In particular, S.W.O.T. analysis allmestification othe strengths, weakness, opportunities and threats
of a specific project or action plan. It is a tool that can help the work team plan strategically. SWOT, precisely,
stands for Strengths (strengths), Weaknesses (points of weakness), Opportunities (opportunities) and Threats
(threats).

Although itis widely used by many organizations, from small businessespgmfitato large enterprises,
the SWOT analysis can be used for many personal and profepsigasesas it is a powerful tool that helps
identify competitive oppdunities for improvement. This way, you can improve your deeisaiing process
by restating any risks of failure.

Simply puteachof these factors must be carefully examined to adequately plan for planning growth. This
is where analytics comes in.

Thefirst "return” of the SWOT analysis is certainly to highlight the most sensitive aspects tatiéatan
the optimization of the decisiamaking process$n the case of application to the topic addressed intask 4.5.3.,
the SWOT analysis suggests the INPAITA and PROCESSES on which to focus the subsequent analysis and
in-depth analysis. The specific aspects of intervention include the following (deduced from a first "run" of
application of the SWOT analysis)
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1 Origin and Characterizatisadimentsrevalent organic or inorganic pollution] ourist or commercial
ports analyzed influence of Ecotoxicology aspects; the representativeness of the sampling (for
representativeness cells); etc.

1 Objectives of dredging maintenance (contamination is probable buit rwlearcut) or remediation
(full-blown contamination).

1 Dredging methodsclosely linked to the previous point, there is a difference in the approach of
environmental or ordinary dredging and in téghisethe choice should be made not only on the basis
of operating costs but also on the real risk of impact during operations of movement.

1 Insitu or ex situ intervention§he initial choice depends on whether you intervene with treatment or
safety measuredn the case of isitu interventions, further evaation aspects emerge based on the
hydrodynamic and bathymetric conditions of the seabeditininterventions, however, should be
oriented towards the recovery of the resource, "leaving the uncontaminated matrices to the sea" in
order to reduce environental depletion.

1 Applicability of treatment methodshe treatment of contaminated marine sediments starts from
technologies and technigues applied to soils, as many of these are effective for the sediments.
Furthermore, depending on the pollution, whistthe most suitable process: chemical, physical and
biological. Althougtask 4.5.3vas initially focused on biological aspects, it must be considered that in
the case of sediments a "train treatment"” process is often effective for the complete removal of
pollutants or, alternatively, to prepare the matrix for biological degradation of the bacteria in the
presence ofnultipollutant

The list of input data defined by the preliminary analysis, which can be extended based on subsequent
reviews and interactionsequires the specific study of each sirggpect that, as a domain effect, involves
assessmentand knowledge, whiclare in turn different. In this sense, the FMEA analysis is an AdR tool
guantitatively aimed at defining the priority aspects of riskgation

The definition of risk and RiBlased Thinking have become predominant in quality systems with the latest
version of the ISO 9001 standard. These concepts are indeed explicitly stated in the standard, but they were
alreadypresent "between the lines" in the 2008 version.

The ISO 31000 standard defines risk as an effect of uncertainty on objectives. It is easily deduced from this
definition how this can generate both a positive event and a negative event, despite thafact ¢lveryday
usage, we tend to associate risk with a purely negative event.

Risk analysis consists, first of all, in the identification of the risk and its nature, but also in the analysis of its
causes and potential consequences. Only with an undelisigiof these factors will it be possible to make
choices to adequately address them.

In Task 4.5.3SWOT and FMEA risk analyzes were used. The first one aims at a strategic analysis to make
decisions with a purely qualitative method, while FMEA has ags@miitative approach.

The SWOT analysis tool, also known as SWOT matrix, elbdwetingooth the positive and negative
aspects of the internal and external context.

SWOT (Strengths, Weaknesses, Opportunities and Threhésg the first two elementsefer to the
internal context and are specific to the organization, while the last two refer to the external comtkexting
all the factors that do not belong to the organization itself but rather to everything that surrounds it.

U StrengthgS)c Theseare the aspects considered strong points of the organization, where it excels.

0  Weaknesse8N)¢ Unlike strengths, these are the areas where the organization is lacking or at least
not sufficiently prepared.

U Opportunities (O) ¢ These are opportunities amg from everything that surrounds the
organization. Useful factors may include geographical location, the presence of key stakeholders
in the area, legislative decrees, etc.

U External Threatd)c The same factors that may present opportunities can autaaby become
threats for organizations that are not adequately prepared.
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The SWOT analysis should help in understanding the factors surrounding the organization and placing them
in the appropriate position. The next effort should be to transform weaka@#® strengths and threats into
opportunities.

We can easily observe how risks can (and should) also be placed within the SWOT matrix, categorized into
internal and external context. At this stage, identifying and assessing risks is an almost mategatory
making the SWOT analysis effective. Transforming risks into opportunities to seize or into strengths thus
becomes the new mission, aligning perfectly with the latest version of ISO 9001.

The FMEAFRailure Mode and Effects Analysmas chosen fouse withintask 4.5.3ecause it is a
multidisciplinary quantitative analysis developed by a team of experts who are involved in order to identify
potential causes of error, quantify severity, and assess preventive actions to be taken to avoid theimaccurr
(general scheme iRigurel.3).

This type of analysis is used during the design phase to mitigate the occurrence of issues that could
compromise the entire process.

Failure modes are analyzed through an effects analysis, identifying potential daarses bow they can
be detected, and the frequency with which they may occur.

Once the risks have been quantified, corrective actions to be taken are suggested, and the responsible
individuals for the intervention are defined.

In the context of the RETNRProject, the FMEA analysis beapplied in different phases of the sediment
dredging and remediation process:

Planning

Dredging

Transport and temporary storage
Remediation treatment

Outcome verification

Reuse or disposal.

[t B et B et R B et ]

The SWOT analysisspreseried only after collecting input data (related to characterization, treatment,
operational feasibility, etc.), in order to organize and standardize the available information.

On the other hand, the FMEA has been presented as a mere analysis tool: thikimr@sel completion
of the FMEA approach is complicated and dynamic, in continuous and perpetual updathig.case,
following the SWOT analysis, examples of potential failures have been identifaathéysgcacross various
development phases (dredj, insitu treatment, exsitu treatment, reuse, etc.)
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The assessment of sediment quality is not easy to defmeediments are complex systems and their
interaction with the ecosystem is equally complExere is no universally accepted methodology for assessing
the state of pollution of sediments. The determination of pollution is influenced by the difficoltyagiing
information from the system without disturbing it and interpreting it, furthermore sediments are composed
of many microenvironments, in which chemical, physical and biological conditions canvary and these in tum
influence the environmental taity of the contaminants contained in the sediment and their bioavailability
but the objective of guaranteeing the quality of sediments is also necessasurathe protection of water
guality and the validity of the results obtained in the charactéoaghase of the site that hosts these
materialsThe main objectives of the characterization in terms of sediment quality are closely linked to the
proper performance of the studies of an area to be reclaiametare ideally divided into two phases:

1 Priority phase;
1 Detail phase.

ThePriorityphasg1st phase)s characterized by operations aimeeaaluating the horizontal and vertical
distribution of contaminants, and the possible correlations between contaminant distribution and
granulometric charaetistics of thesediments.Furthermore, it is a priority to establish the effects of
contamination on living organisms, the bioavailability of the pollutants identified and the possible transfer to
food networks, iparticular cases and in particularly skiwe areashe concentration of contaminants along
the water column, and the contribution of heavy metals, distinguishing between natural and anthropogenic
sources

In the Detailedsecond)Phasethe study is completed by examining tbleemical, physicaind ece
toxicological characteristics of argasssibly not investigated in the first phase, analytical investigations can
be carried out on the samples taken previously, investigations on the water column, on benthéctnd
benthic populationg| SPRA2012) The first thing to do is therefore to study the horizontal and vertical
distribution of contaminants within the sediments.

The optimal sampling strategy must allow a significant characterization of the entire surface and volume of
material to be mogd. The sampling criterion described takes into account the bathymetric heterogeneity of
the seabed, the qualitative variability of the sediments, as well as the internal structural articulation of Italian
ports. It provides for three types of unit ard&$ ATICRAM, 200/each of which must be characterized by a
single sampling point and positioned close to the internal structures of the port (type 1), in the central areas
of the port at a distance from the structures (type 2) and in the areas at thexmetof the ports or along the
coastlines adjacent to port areas (type 3), provided that there is no specific contamination deducible from
previous information.

U Type 1 (Ports)
Along the internal perimeter characterized by the presence of structuresasyetties docks and docks
a 50 m x 50 m square mesh grid must be superimposed on the area to be dredged (unit sampling areas of type
"1"). Any residual areas, resulting from the subdivision into lots of 2,30€ambe omitted if their surface
area idess than 1,500 P

U Type 2 (Ports)

In internal areas at distances greater than 50 m from the structures, a square mesh grid with a side of 100
m must be superimposed on the area to be dredged (unitary area of type "2"). This grid of unitary areas must
be positioned in contiguity with any unitary areas of type "1" and "3". Any residual areas resulting from the
subdivision into lots of 10,000°may be omitted if their surface area is less than 5,000 m
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Within the port eltrances, the external areas adjacent to the port, along the external protection dams and
breakwaters, as well as other areas adjacent to the coastline, a grid with a square mesh of 200 m side (unit
area of type «3») must be superimposed on the area tadeged. This grid of unit areas must be positioned
adjacent to the grids of unit areas «1» and «2» where present. Any residual areas resulting from the division
into lots of 40,000 rhmay be ignored if their surface area is less than 10,600hneach uniarea, regardless
of the type, at least one sampling point must be identified, representative of the area, and positioned
according to the volume of material to be dredged and the distance from the point of the adjacent unit areas.

Regardless of the suda area involved, the number of points must not be less than 3. The height of each
individual core taken must be at least equal to the thickness of the material to be removed expected at the

sampling point.

E
DI RIPRESA E RESILIENZA

Below are schematically reported some graphameples of the sampling grids described in ghevious
casesKigure2.1-2.2).

ZONA PORTUALE INTERNA

I MOLO

AU, C100x100) AU, (30x50>

Aree resldue

Inferlore a 5000 m
T - ‘ | ’ E 7| Inferiore o 1500 m

FEEREER

Figure 2.2 Example of Sampling in the internal port area (Figure with Italian references referdg ACRAM (2007)talian legislative reference
regulation)

IMBOCCATURA PORTUALE

S i 1 K %

INTERNO PORTO

Al R00x2000 AU C100x100> AlL (50x50)

Aree residue L .
[777] inferiore o 10000 M

Inferiore o 5000 M2 !
Inferiore a 1500 M2 L il }{
ol
|

DIGA FORANE A

Figure 2.2 Example of Samplirgf the port entrance (Figure with Italian references referrinds BATICRAM (2007)talian legislative reference
regulation)
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Sections of approximately 50 cm must be taken from each core, according to the following indications
(APA'FICRAM 200y
Coresup to 2 m high must be divided into sections of 50 cm, starting from the top, taking a number
of sections from 1 to 4, depending on the length of the core, leaving out the deepest section when
the latter is less than 25 cm.

- For cores with a height greatdran 2 m, in addition to the 4 levels referred to in the previous
point, a section of 50 cm must be taken representing each subsequent interval of 2 m, leaving out
the section relating to the deepest interval when the latter is less than 1 m;

- If itis asertained that the natural geological substratum constituting the area has been reached,
appropriately documented in the technical report, for which any anthropogenic contamination can
be excluded, it is sufficient to take a single section of length 5@prasenting the entire base
layer.

Below 5 different examples are reported for typical core characterizatigni{e2.3-2.6).

ESEMPI DI SEZIONI DELLE CAROTE DA PRELEVARE PER LE ANALISI

: Sezioni da analizzare

Primo esempio. Spessore di sedimento da dragare: 70 cm;
n. sezioni da analizzare : |

0-50cm

50 — 70 cm (sezione profonda < 25 em: da tralasciare)

Secondo esempio. Spessore di sedimento da Dragare: 180 cm;
n. sezioni da analizzare : 4

0-50cm

50 -100 cm

100-150 cm

150 -180 cm (sezione profonda >25 cm: da analizzare)

Figure 2.2 Section of thecoresto be collected for analysis, example 1 an@F@gure with Italian references referring APATICRAM2007)
ltalian legislative reference regulation)
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0-50cm

50 -100 cm

100-150 em

150 - 200 cm

} una sezione di 50 cm rappresentativa del livello 200-400 cm

200 - 400 cm

400 - 490 cm (sezione profonda < 1 m: da tralasciare)

Figure 2.3 Section of thecoresto be collected for analysis exampléR3gure with Italian references referring Ad® AICRAM (2007Malian
legislative reference regulation)

Quinto esempio. Spessore di sedimento da dragare: 200cm;
n. sezioni da analizzare : 50%

0-50cm

50-100 cm

100-150 cm

150 - 200 ¢cm

Sezione da analizzare

Figure 2.4 Section of thecoresto be colected for analysis, example(Bigure with Italian references referring Ad® ATICRAM (2007)alian
legislative reference regulation)
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Quarto esempio. Spessore di sedimento da dragare: 510 cm:
n. sezioni da analizzare : 6

0-50cm

50 -100 cm

100-150 cm

150 - 200 cm

juna sezione di 50 cm rappresentativa del livello 200-280 ¢cm

e 280 cm strato di base

tuna sezione di 50 cm rappresentativa dello strato di base

280 -510cm

Figure 2.5 Sections of the cores to be collected for analysis, examfégbre with Italian references referring Ad® AICRAM (2007) Italian
legislative reference regulation)

Once the samples have been collected, it is possible to proceed with the amalydist of parameters to
be analysediaries according to the sampling area argithended type of analysiBor the chemical, physical
and microbiological ones, the parameters to be analyzed are included in the tables below in relation to the
collection site APATICRAM, 200)/ Table2.1.

Analyses must be carried out to search tdystances whose presence cannot be excluded on the basis of
previous investigations, as well as on the basis of the list of priority substances referred to in the decision of
the European Parliament no. 2455/2001/EC.

Analyses concerning additional sulbgtes must be carried out on a representative number of samples,

chosen to obtain the most representative distribution possible of the area to be charact®iittgoarticular
attention to the areas with presumed greatest contamination.
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Table 2.3 Chemicaphysical analyses relating to port areas (extract from Table 2ARAfFICRAM, 200y

PARAMETRO SPECIFICHE

Colore, odore, presenza di concrezioni, residui di origine

Descrizione macroscopica 5
naturale o antropica

R
Z=z — : ;
- . 2 o h=- -
- % Siantiometia Frazmm_granulom?tnc.he’ al 1/2¢ dove ¢=-log, (diametro
zZg in mm/diametro unitario in mm)
Mineralogia (2) Principali caratteristiche mineralogiche
Composti organostannici(1) Sommatoria: Monobutil, Dibutil ¢ Tributilstagno
Metalli Al, As, Cd, Cr totale, Pb, Hg, Ni, Cu, V, Zn
IPA totali: [Fluorantene, Naftalene, Antracene,
Benzo(a)pirene, Benzo(b)fluorantene,
Idrocarburi Policiclici Aromatici Benzo(k)fluorantene, Benzo(g,h,i)perilene, Indopirene,
(IPA) Acenaftene, Fluorene, Fenantrene, Pirene,
Benzo(a)antracene, Crisene, Dibenzo(a,h)antracene,
Indeno(1,2,3,c-d)pirene]
=
o Idrocarburi Totali Possibilmente distinti in C<12 ¢ C>12
5 Aldrin, Dieldrin, a—esaclorocicloesano, -
(@) esaclorocicloesano, y—esaclorocicloesano (Lindano),
< Pesticidi Organoclorurati DDD, DDT, DDE (per ogni sostanza: somma degli
Z isomeri 2,4 e 4,4), HCB, eptacloro, eptacloro epossido,
Z ossiclordano, cis-clordano, trans-clordano, trans-

nonacloro, cis-nonacloro, eldrin, mirex, metossicloro

Congeneri: PCB 28, PCB 52, PCB 77, PCB 81, PCB 101,
Policlorobifenili PCB 118, PCB 126, PCB 128, PCB 138, PCB 153, PCB
156, PCB 169, PCB 180 ¢ loro sommatoria

Clorobenzeni Esaclorobenzene

Carbonio organico totale
0 sostanza organica totale

Azoto Totale

Fosforo Totale

Coliformi Escherichia coli
=
§ Enterococchi Fecali
-
Z< Salmonelle
<9 . : P T—
Z 8 Clostridi Spore di clostridi solfito-riduttori
-4
§ Stafilococchi
Miceti (2)

(1)Parametro da ricercare su 1/3 dei campioni, scelti in modo tale da avere una distribuzione omogenea rispetto al
volume di materiale da caratterizzare.

(2)Parametro da ricercare su almeno 3 campioni, scelti in modo tale da avere una distribuzione omogenea rispetto al

volume di materiale da caratterizzare, nel caso di sedimenti di cui si chiede I'utilizzo per ripascimenti. Il numero dei

campioni da considerare deve essere superiore in casi di elevata eterogeneita geochimica dei materiali.
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The marine sediment characterization plan must be carried out in lightvbf173/2016. The ampling
plan and characterization strategies have been prepared according to the characterization Path | proposed in
the Ministerial Decree and have been designed in accordance with the provisions of the Port Regulatory Plan.
Figure2.7 shows the Characteration paths provided Hy.M.173/2016

[ SCHEDA DI INQUADRAMENTO DELLAREA DI ESCAVO ]

>40.000 m?* AREE COSTIERE O FLUVIALI

CARATTERIZZAZIONE COMPLETA CARATTERIZZAZIONE SEMPLIFICATA
Validita delle analisi 2-3 anni Validita delle analisi 3-5 anni

| |

Caratterizzazione ecotossicologica, fisica e
microbiologica* (* se ripascimento)

\ﬁ

Con tossicita assente o ™\
bassa & possibile una
caratterizzazione chimica
mirata e I'uso di criteri
integrati ma non ponderati
di ecotossicologiae

chimica -/

Figure 2.6 Characterization paths provided by Ministerial Decree 173/2016 (in Italian)

[ AREE INTERNE Al PORTI, incluse le IMBOCCATURE ] [ PORTI TURISTICI, IMBOCCATURE PORTUALI <40.000 m?, ]

Caratterizzazione ecotossicologica, chimica standard,
fisica e microbiologica® (*se ripascimento)

The results of the analyses and the related quality control measures, as well as the analytical methodologies
used for each chemicahpameter, must be reported on the test reports issued by the accredited laboratories,
as well as the following information:

w Recovery percentage compared to certified standard materials

w Limit of quantification or LOQ (guaranteeing at least those reporfieakite 4.2nd the technique with

which the LOQ was quantified)

w Extended uncertainty

w QA/QC assessments
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Table 22 Chemical and ecotoxicological parameters researched according to the Technical Annex to the Ministerial Decree 17al2006 (in |

LIMITE DI E|
PARAMETRO SPECIFICHE QUANTIFICAZION
(LOQ)
Metalli e metalloidi As, Cd, Gk, Cr VI, Cu, Hg, Ni, Pb, Zn, V, Al, Fe 0.03 mg/kg (Cd, Hg
1 mg/Kg (altri)
Acenaftilene, Benzo(a)antracene, FluoranteNaftalene,
ldrocarburi Policiclici Aromatici Antracene, Benzo(a)pirerTe, Bgnzo(b)fluorantene,
(PA) Benzo(k)fluorantenel, Benzol(g,h,l)penlene, Acenaftenle, Fluore 1 pg/Kg
Fenantrene, Pirene, Dibenzo(a,h)antracene, Crisene,
Indeno(1,2,3,a)pirene e loro sommatoria
Idrocarburi C>12 Nessuna specifica 5 mg/Kg
It RNAYF S 5A-81 REX Y HCH (i/irklahh) yDDD,
Pesticidi Organoclorurati (OCP| 55¢5 559 O6LISNJ 23yA azadlyll 0,1 pg/Kg
HCB, Eptacloro epossido
Policlorobifenili (PCB) Congeneri: 28, 52, 77, 81, 101, 118, 12§, 128, 138, 153, 156, 0.1 g/kg
180 e loro sommatoria
Carbonio orgam(?o totale o Nessuna specifica 01%
sostanza organica totale
Composti organostannici Monobutilstagno, Dibutilstagno, Tributilstagno e loro sommato 1 ug/Kg
Sommatoria T.E. PCDD, PCD|
(Diossine e Furani) e PCB Elenco di cui alle note della tabella 3/A di cui al D.Lgs. 172/2( D.Lgs 172/2015
Diossina Simili
Ecotossicologia selezionato un saggio biologico tra le tipologie 1, 2 e 3

With reference to theecotoxicologicapart, biological tests must be performed on all samples intended
for analysis. The results must be reported on the test reports issued by the accredited laboratories, indicating

the test methods and statistical resuffs&able2.3).

Table 2.3 Physical parameters searched according to table 2.6 of the Technical Annex to Ministerial Decree 173/2016 (in ltalian)
PARAMETRO SPECIFICHE UNITA DI MISUR

DESCRIZIONE Colore, odore, presenza ddmcrezioni, residui di origine

MACROSCOPICA

naturale e/o antropica

Frazioni granulometriche al 1/2 %
(]

GRANULOMETRIA
Dove =-log (diametro in mm/diametro unitario in mm)

%

MINERALOGIA Principali caratteristiche mineralogiche

Finally, microbiological analyses must be performed on surface samples, as reparaddeini4. The

results, including data l&ting to positive controls (reported to the laboratory control chart), in tabular
summary form, must be reported and discussed in a specific Technical Report generally produced by the

testing laboratory itself.

Table 2.4 Microbiological parameters researched omface sediments according to the Technical Annex to Ministerial Decree 173/2016 (in ltalian)

PARAMETRO SPECIFICHE UNITA DI MISUR

Conta Enterococchi Fecali; Conta Clostridi seffiattori;
Ricerca Salmonella spp; Conta Coliformi Totali; Conte
Escherichia coli; Conta Lieviti e ifomiceti; Conta Stafiloco

MICROBIOLOGIA

The quality classification of tlalyzedsediments must be carried out on the basis of the chemical and
ecoll 2EA 02t 23A 01t | yI t &gheditegyon diitérid, asrépdrtediin tabl€ 2. MoKthe ¢ 2 ¢

D.M.173/2016 Table2.5).
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Table 25 Sediment Quality Classification According to the Weighted Integration Criteria (DM 173/16)

Classe di pericolo ecotossicologico
elaborato per l'intera batteria Classificazione Classe di Qualita
(HQBatteria) chimica del materiale
HQc (L2) £ Trascurabile
Basso £ HQC (L2) £ Medio
Assente Hac (L2) = Alto
HQc (L2) > Alto
HQC (L1) < Basso
HQc (L1) 2 Medio e HQcC (L2) =Basso
Basso Medio < HQOC (L2) < Alto
HQC (L2) > Alto
H L2) = Basso
Medio ac (L2)
Hac (L2) 2 Medio
HQC (L2) < Basso
2 Alto
Hag (L2) > Medio

ATTENTION®* the table refers to the previous priority classificatioastly updated following the extemalization of the DM 173/16. In general, the
options remain the same and the color indications summaries the alternatives in light of the new quality classificat@hA(AALE)

According to the frequently cited manudahe management options that can be pursued are direct
consequences of the quality status resulting from the characterization of the safmalds2.6 provides a
summary of the possible alternatives for the different quality classes.

Table 2.6 Quality class tablAPATFICRAM, 200:7n ltalian) *

Classe Opzioni di gestione

Sabbie (pelite < 10%) da utilizzare o ricollocare secondo la seguente priorita:

1. Ripascimento di arenili (previa verifica compatibilita con il sito di
destinazione);

. Ricostruzione di strutture naturali in ambito marino costiero comprese le

deposizioni finalizzate al ripristino della spiaggia sommersa;

Riempimenti di banchine e terrapieni in ambito portuale;

Riutilizzi a terra (secondo la normativa vigente);

Deposizione in bacini di contenimento (es. vasche di colmata);

. _Immersione in mare.

ateriale da utilizzare o ricollocare secondo la seguente priorita:

. Ricostruzione di strutture naturali in ambito marino costiero compresa la
deposizione finalizzata al ripristino della spiaggia sommersa (solo nel
caso di prevalente composizione sabbiosa).

. Riempimenti di banchine e terrapieni in ambito portuale;

. Riutilizzi a terra (secondo la normativa vigente);

. Deposizione in bacini di contenimento (es. vasche di colmata);

. _Immersione in mare.

Materiale da utilizzare o ricollocare secondo la seguente priorita:

1. Riutilizzi a terra (secondo la normativa vigente);

2. Deposizione in bacini di contenimento che assicurino il trattenimento di

tutte le frazioni granulometriche del sedimento (incluso il riempimento di

banchine).

|Materiale da utilizzare o ricollocare secondo la seguente priorita:

1. Riutilizzi a terra (secondo la normativa vigente);

2. Deposizione  all’interno  di  bacini  di  contenimento  con

impermeabilizzazione laterale e del fondo.

3. Smaltimento presso discarica a terra.

Materiale da sottoporre a procedure di particolare cautela ambientale secondo

la seguente priorita:

. Rimozione in sicurezza e avvio di specifiche attivita di trattamento e/o
particolari interventi che limitino [’eventuale diffusione della
contaminazione;

. Rimozione in sicurezza e deposizione in bacini di contenimento con
impermeabilizzazione laterale e del fondo.

. Rimozione in sicurezza e smaltimento presso discarica a terra

Materiale da sottoporre a procedure di particolare cautela ambientale la cui

rimozione e gestione devono essere valutate caso per caso.

Zlawaw
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Dredging activities and scenarios have evolved slowly over the centuries, gradually moving from
experiencebased applications to increasingly advanced interventions, fueled by equipment that tolows
pace of technological evolution and by projects based on mathematical and numerical models.

The main objective of dredging has always been the maintenance of navigable depths in ports or canals,
while more current issues include reclamation, constomciind maintenance of maritime infrastructure
which the economic webleing of many countries is based.

The most recent need is to address these realities also from an environmental point of view, in order to
mitigate the negative effects associatedwatach dredging project. The amount of material made available
by each intervention is considerable, which is why the cutegwlency is tgoromoteits beneficial use, from
the creation of construction materials, to the nourishment of eroding beache®rogxample, to the
protection of salt marshes.

In general, the term dredging refers to a wide variety of different activities; the main objectives are
essentially four:

1. economic, linked to the creation of the seabed necessary for the transit of shiygsaodess
channels to ports and in port basins;

2. recreational, carrying out beach nourishment works;

3. coastal protection and sedefenceworks;

4. defence understood as flood prevention through the construction of environmental
protection works and the removaf polluted material

Although less commonly, dredging is used to find minerals and precious metals or to remove the excess
part that covers them. Three main categories can therefore be recognized: main, maintenance and corrective
works.

This type of activity concerns the removal of silting from the bed of the canals, a natural phenomenon, in

order to maintain the design depth for navigation in the caaadkn the ports. The main characteristics are:
- Variable quantities of matexi;
- Soft, noacompacted soil;

Possible presence of contamination;

thin layers of material;

Work to be done with fixed periodicity.

Since maintenance dredging is most often needed in areasthat are artificially deepened for navigation, it
does not necessdy impair the natural environmerisiaimeandMosca, 2000 The greatest potential for
negative environmental impact is the disposal of dredged material and the high amount of suspended material
during the dredging phase, which may eventually inclugedimn of pollutants.

The problem of turbidity can be controlled with appropriate procedures and means. This is aggravated by
the need to do this type of intervention on a regular basis, since silting is a cyclical phenomenon. The polluting
content of thematerial that has to be excavated can have a significant impact on the environment.

Many cities have long allowed sewage and industrial waste to be poured into camsitgy canal beds to
become impregnated with numerous pollutants that have entereduer system

Dredging can spread the particles to which the contaminants are attached and increase the speed with
which they spreadl he extent of this phenomenon depends on the type of equipment used and the care taken
by all those involved in these opgions
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They involve the creation of new or improved facilities such as port basins, deeper navigationin canals, a
lake or a reclamation area for industrial or residential purpddes following features generally characterize
these pojects

- Repositioning of large quantities of material;
- Compact soil;

- Undisturbed soil layers;

- Low contamination content;

- Layers of significant thickness;

- Nonvrepetitive dredging activity.

Clearly, a negative environmental effect of these operatioofies the destruction of natural habitats
(drainage of wetlands, disposal of dredged material in biologically sensitive dt@asnjandMosca, 2009).
However, on the other hand, additional wetlands or tidal zones can be reconstructed and imparasrtsa
be protected from erosion.

How exactly the environment is affected is largely determined in the design phase. The spread of chemical
contaminants absorbed by the dredged material is generally of little concern if the material to be dredged is
unakered. The environment is best considered when a comprehensive analysis of the environmental
consequences is integrated into the design phase. It is at this stage that the main remedies can be taken, such
as improved design, suitable selection of dredtgndities and informed selection of sites. Furthermore, the
beneficial reuse of dredged material can have a largely positive effect on the whole environment in the project
area.

It should be noted that both infrastructuasd maintenance works can have a beneficial effect in terms of
removing contaminated material. Remedial work, purely for the purpose of cleaning the dredging area, is not
always considered as a separate type of dredging and has distinctive charact#astiggany to correct past
actions that, in many cases, have strongly determined the contamination of the sediments carridgisout
type of remedial dredging requires the careful removal of the dredged material and is therefore linked to its
further treatment, reuse and repositioning. Its characteristics are:

- limited quantities of dredged material;
- highly contaminated contents;

- soft, nonrcompact material;

- requirement of periodic interventions.

It is therefore work aimed at remedying an existing ctigttaation, which is carried out with great care
and which does not significantly damage the environment in other ways. A prerequisite for a dredging
operation of this type is the removal of contaminated material before the start of any type of interventi
Each of these three types of intervention has different purposes, although none is aimed at dredging for its
own sake; it is a means to an end such as deepening a channel, removing contaminated material, or creating
safe zones for commercial or induatrdevelopment. To meet these intentions, the dredging industry has
developed a wide variety of means, each with specific characteristics.
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The characteristics of a dredging cycle vary considerably from project td prgeever, it is possible to
identify a number of different phases that are common to most projects in relation to the equipment used for
each execution. The phases are reported b&owith, 199%.

This process inles the removal of sediments and/or rocks from the bottom. A special machine, a dredge,
is used for these purposes, through mechanical or hydraulic action or a combination of the two. The most
significantenvironmental effectshat occur during this pross are reported in the following.

A Increase in suspended sedimerdsring the excavation phase, the cohesion of thsitinmaterial is
loosened and part of the material can be brought into suspension due to the rotational or cutting
movement. The amourdf material brought into suspension depends on the energy applied in the
excavation and on the way in which the material is lifted to the surface

A Mixing of the layerswhen equipment necessary for thick layers is used, equipped with a combined
vertical and horizontal cutting movement, it is difficult to avoid mixing the layers themselves. If the
movement of the equipment, on the other hand, is only horizontal, it is easier to control the thickness
of the layers

A Dilution (in the case of hydraulic dredgirtg facilitate transport of the excavated material, water is
added during the cutting and suction phases. The water/soil ratio varies depending on the type of
dredge. This variable is influenced when the thickness of the layer to be removed is smaiédamp
the minimum thickness that the dredge can remove.

During the second phase of a dredging cycle, the removed material is lifted to the liquid surface; this
operation can be performed mechanically or hydraulicalhherfitst case the material is lifted using a grab
(bucket dredgers, scoop dredgers or clamshell dredgers); in the second case the hydraulic dredgers
(disintegrator suction, stationary suction and-petipelled suction) use a suction pipe. The excavatedriaa
is sucked from the suction mouth using centrifugal pumps.

The material is then further lifted by means of the suction pipe towards the pump and from there, through
the discharge line, it is sent to the dredger's hold.

Theenvironmental riskat this stage are different.

A Release of suspended sedimerits the case of mechanical excavation with an open bucket, the
dredged material is in direct contact with tixater, whichcan cause dilution and an increase in the
content of the suspended sedimerntsthe overlying water column.

A Release of loose layewsith hydraulic transport there are potential problems related to the area of the
suction mouth. If the suction capacity is lower than the excavation capacity of the dredger, there is a
release of madrial that forms a layer, which remains on the seabed. The same effect is observed when
the disintegrated material slowly falls into the water column, reaching the suction depth when the
suction mouth has moved away.

A Density of the materialproblems cararise with hydrauli¢ransport, as this method requires the
addition of water to obtain a density of the mixture that is suitable for pumping. The coordination
between the excavation capacity and the pumping capacity is crucial: if the latter is ttloehitgmsity
of the mixture in the suction line becomes too low. This causes problems of dehydration during the
disposal or treatment phase, which is even more worrying in the case of contaminated material.

A Overflow during the loading of the hopper or basgle overflow of excess water inevitably carries the
sediments into the surrounding waters. This is important especially when treating contaminated
materials.
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The third phase of a dredging cycle is the horizaraakport of the excavated and lifted material from the
dredging area to the treatment or final storage area. This can be achieved mainly with one of these methods:
1) transport in the hold of the dredgers themselves or on barges; 2) pumping throughesipg)itransport
on trucks and conveyor belts.

Each method is linked to the type of dredger used: transport by barge is generally associated with
mechanical excavation, while transport by pipeline is used with hydraulic dredgeznviftsemental effects
related to transport can bsummarizeds follows.

A Safetywhen using open barges for transport, the crew may come into direct contact with the dredged
material. This is not a problem in a normal dredging project, but in the case of contaminated material
health risk may arise.

A Dilution this is more likely to occur with the use of hydraulic dredges where a maximum density is
imposed to allow discharge, driven by centrifugal pumps, through pipelines.

A Spillagethe greatest risk is the loss of materiaihie joints between pipelines or the loss from the
barges themselves, especially in difficult weather conditions. Leakage may also occur if the bottom of
the barge is damaged or poorly sealed;

A Noise and air pollutiorthis is a more significant effectthie case of transport by barge than in the case
of transport by pipeline.

Figure2.8 shows the sequence of operations during the transport phase.

—Sailing full Reclamation area
-—-Sailing empty

Harbour area

,/
Dump

—— Pumping ashore
area ping

Figure 2.7 Sequence of operations during the transport phase

The final stage & dredging project is the repositioning of the excavated material to its final destination or
to an intermediate site for treatment operations. The possibilities at this stage are consideesdbenation
of an area:- nourishment;- creation of wetlads;- repositioning on land: repositioning in a quarry;
repositioning at sea.
The following effects due to repositioning are noteworthy.
A Occupation of spacethe major effect, especially in the case of positioning on land, is the occupation
of land aw the alteration of the natural habitat. The same occurs underwater, with a less visible effect.
A Dispersion of the deposited material underwater storage sites, depending on the depth of the sea,
the effects of waves and currents can cause the dispedithe finer material. On land, however, the
same action is carried out by wind or rain;
A Noise and air pollutionthe placement operation, especially if carried out by vehicles or other-earth
moving machines, can generate noise and pollution problems;
A Quality of underground wateif the choice of the storage area is wrong and the protective measures
are lacking, the loss of material can damage the underlying aquifer.
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Dredging equipment should be chosen according toype tf material to be dug, the presence of wave
motion in the excavation area and the overall amount of excavation to be done. Dredgers are of different types
and sizes and include machines operating in water and those on land. Dredging equipmentfieésl classi
according to the excavation operations and can be grouped as f@Bowsh, 199%.

- mechanical dredgers;

- hydraulic dredgers;

- special lonimpact dredgers;
- other types of dredgers.

The identification of the most suitable dredgers can also be madedbon the propulsion, choosing
between seHpropelled or stationary machines. It is also necessary to take into account a combination of
factors such as the type of physical environment, the positioning method and the distance from the positioning
site and finally the nature, quantity and level of contamination of the material to be dredged.

They are generally used in the presence of weakly compacted material and mainly use centrifugal pumps.

The material is collected and transportedindge or liquid form by means of suction pipes that operate
as a result of the depression that forms in the collection area.

Hydraulic dredges are often also used to indicate those dredges whose operation is achieved by coupling
both types, in which thexcavation system is mechanical and the material transport system is hydraulic. These
dredges are designed to meet specific needs, as they allovcaveflacted materials to be dredged while
limiting problems related to turbidity and the escape of parsiaito the water column.

The concentration of solids collected is intermediate between that obtained with the mechanical and
hydraulic techniques. Among the many disintegration mechanisms that are often applied to this type of
dredger, there is also thesa of powerful water jets near the suction head, which significantly improves the
excavation capacity in the presence of more compacted material.

The dredged material is usually deposited in the unloading area through a special pipe or is fed into the
hold of the dredger itself, from which it can be subsequently unloaded through an opening in the bottom.
Hydraulic systems are faster than mechanical ones and cause less suspension of material since, during
dredging operations, once captured by the suctiomdethey do not give rise to many leaks into the
surrounding water column. Three main types of hydraulic dredgers can be identified.

U Suction Dredgers- Stationary suction dredger$D)

They are used for excavation operations of unconsolidated soils npaofesand or gravel. Their main
limitation is that they produce shallow excavations and for this reason they are rarely used for the construction
of ports or canals. They require anchors and moorings that can hinder navigation. It is a very economical tool
when it can flow directly through pipes into the filled a(éegyure 2.9.

U CutterSuction Dredgers(CSD)

They are equipped with a cutting head that increases the dredge's material removal capacity. They operate
by advancing on two anchoring pylons fikethe ground: during the dredgimgeration,the cutting head is
moved by mechanical winches and describes semicircular arches that cause incisions in the seabed of a depth
of about ten centimeters. The material is then captured by the head of therspgbe and is then pumped
to the shore through pipes or placed lbarges

They are properly used in the case of wethpacted materials such as clay, sand or soft régisré
2.10).
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Figure 2.9 Dredger underway (lef)Section of auction dredger (right)

U TrailingSuction Hopper Dredgers(TSHD)

They operate in such a way that as thegve,they make a suction head crawl on the seabed which picks
up the material and puts it into the hold. This type of dredger can navigate autaslymathout the need
for tugs or moorings, allowing the transport of the load even over long distances. They are suitable for dredging
all nonrocky solids. The material is then unloaded by gravity by opening the bottom of the vessel or is pumped
to the shore via pipes. Thanks to their high working and production speed, they are frequently used in
nourishment or dry land creation projects and in maintenance dredging, but they still need acegizds
and liquid surfaces of sufficient siFegure2.11).

Figure 2.10 Dredger underway (lef)Section and planimetry of a TSHD dredger (right)
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They are used to remove gravelly, hard or compact material using technologies similar to land excavation
methods. They are suitable for work in areaswitéd size. Mechanical dredges use excavation and transport
systems that can generally be identified with a clamshell bucket, mechanical spoons or buckets where the
collected material passes through the entire water columgeting the surrounding environné. The
dredged material is then transported by pontoons and barges or by hopper boats with an opening on the
bottom capable of travelling long distances. The cohesive sediments dredged and transported with this
method generally remain intact throughoutetiprocess, with large quantities that maintain the density and
structure that they had in sitthe main types of mechanical dredges are listed below.

U BucketLadderDredgers(BLD)

They use a series obntainersp dzO1 S & Q> Y 2Zpuyelied Belt Byyotating, éhéyfcdllect and
drag the material to the surface and then unload it onto buckets placed alongside the dredger. They can be
used for a wide variety of sediments including those formed by soft rock. They have a low yield in clay and not
veryhigh in sand due to the buckets not being completely filled. They have fallen into disuse due to their low
production speed, the high level of noise and also the need to have large moorings that are an obstacle to
navigation. They also have the defect@fising a high dispersion of the material in the water column, also
due to the fact that the air trapped in the buckets during the ascent tends to push out part of the collected
material Figure2.12).

Figure 2.1 Dredger underway (leff)Section of a Bucket ladddredger (right)

U Bacldoe Dredgers(BHD)

They work similarly to mechanical earth excavators: they are in fact characterized by a scoop excavator
installed on the deck of a vessel equipped with steel anchoring pylons. The excavated material is brought to
the surface and deposited on barges for transport. They are tools of limited use, with high operating costs,
used for the excavation of compact, heterogeneous material but whose limitation is the fact that they cannot
reach very great depth&{gure2.13).

Figure 2.12 BHD dredger in action
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U GrabDredgers(GD)

They are equipped with a grab bucket operated by a mechanical arm located on the deck of the vessel. The
dredging operation is carried out by lowering the bucket to the seabed, closing it and raising it téaitee sur
where its contents are unloaded onto buckets placed next to the dredger. It is a flexible piece of equipment,
suitable for carrying out modest quantities of work, given that it has high unit costs; it is particularly suitable
for excavation work in aas that are difficult to access.

Another limitation is that it produces irregularities in the shape of the se&bgdie2.14).

Figure 2.13 Grab bucket dredger

Among the specialized dredging techniques in which there is no need telifiaterial to the surface
before it is transported, the stalled "hydraulic dredges” stand out. Horizontal transport is in fact obtained
by natural forces, but in a less controlled way than the other methods just described. Two main types of
dredgers fdl into this category: hydraulic injection dredgers and underwater ploughshare dredgers.
Environmental tolerability, in the use of this system, should always be considered in the preliminary phase of
a dredging project so that appropriate contractual cdodi can be included.

U WaterlnjectionDredgers(WID)

This equipment throws a large amount of water on the surface layers of the bottom, as a result, the density
of the material decreases and the upper part rises slightly. The material starts to moediyanti it reaches
a state of equilibrium. In the case of a slope, even a small one, in the dredging area, the transport distance can
be significant. The material is deposited in an adjacent area with a lower slope. WIDs are dredgers that cannot
be usedn environmental projects because the material is not physically removed but simply moved to another
place, in a rather uncontrolled and less predictable way. However, they can be used with some advantagesin
those areas less sensitive to this type obfem Figure2.15).

[y

-~ ~
Figure 2.14 Dredger underway (lefSection and planimetry of a water injection dredger (right)
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U Underwater Plough (UWP)

Characterized by a large frame that is pulled along the bottom by a tugboat; the frame is equipped with
blades that scrapthe surface layers of the bottom. The excavated material remains in front of the blades and
is then pushed forward until the volume of the collector is full. At this point the process must be stopped
otherwise the material escapes from the collector aeddmes partially suspended.

The UWP system is mostly used in maintenance dredging in tidal basins, where large quantities of sediment
are deposited. The material is either pushed back towards the main current, so as to reintroduce it into the
natural tranport process of the channel, or it is moved to areas where other dredging equipment does not
have access and where it can subsequently be removed by normal dredging.

This type of operation cannot be carried out in environmental dredging projectsiapissible to control
the transport and deposit process and the material is not removed from its natural system. In other projects,
however, it can be a valid alternative, preferable for lower operating déastare2.16).

S~ ~ - v — ”
Figure 2.15 Dredger underway (left)Secion and planimetry of a UWP dredger (right)

In addition to the development of new machines, dedicated to infrastructural dredging, a significant push
has been given to the enhancement and optimization of existing tools.

In recent years, many changes have been implemented in relation to the constraints imposed on dredging
activities, in response to considerations and limitations desired regarding the protection of environmental
ecosystems. This has led to a general rethinkiotlp, from a conceptual and technical point of view, of all
dredging activity; it has determined a continuous adaptation of traditional machinery to improve their ability
to cope with new constraints. The major innovations that have driven these changes are

- Increased dredging precision in order to reduce dredged volumes;

- Reduction of suspended sediment production in the dredging and storage area, in order to avoid
problems arising from slightly or heavily polluted material,

- Improved orboard monitoring anccontrol possibilities to enable the crew to recognize and
correct effects and trends in the initial phase;

- 58St 2LISyid 2F wileSNIoe fFeaSNR SEOI QI iGAzZy Y
different contamination contents;

- Reduction of mateail losses from easily erodible layers: this prevents dispersion problems in the
case of polluted material;

- Increase in the transport phase of the density of the dredged material, so as to reduce the volume
sent for further treatments and so as to reduce thme for the full consolidation and maturation
of the material in the onshore storage areas;

- Increase in automatic control, to ensure a continuous process and allow the crew to concentrate
on the main controls, leaving the repetitive operations to thaoatic control system.

Some "innovative systems for all types of dredgerslistezl belowand briefly described.
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U Dredging Information System

There has been considerable progress in recent times in monitoring dredging activities, both on board the
vessels using a continuous data recording system, and in the offices using the Dredging Information System.
These systems continuously record a large number of variables such as dredging depth, position, volumes,
concentration, voids, pressure, rotation speedergy consumption. The data is processed automatically and
sent to both an automatic control and guidance system, and to dinealfeedback system for use by the
dredging manager and supervisor.

U Automatic control systems

The development of informatioand monitoring systems has led to an increase in the use of automatic
control systems on board dredgers. This allows the project manager to focus on the creative part, namely the
optimization and improvement of the dredging cycle. A direct consequente isontinuous need for
accurate measurement systems for all the variables that enter into the process: the quality of the information
available is thus better.

U Degassing system

A factor that limits the density of the mixture pumped by centrifugal pisitpe gas contained within the
bottom material. When the gas content is very high, the risk of cavitation, following the rapid increase in
pressure within the sediment mixture, is very high. It is therefore necessary to reduce the gas content before
the dredged material enters the suction pump. This technique is widely used by various manufacturersin the
dredging field; the result is an increase in density in the transport pipeline orpncgdfled suction dredgers
and a consequent decrease in thewnés to be deposited.

U Control and monitoring systems

A concrete improvement in the precision of mechanical dredging equipment has been achieved thanks to
the continuous monitoring of the position of the bucket in the submerged state using dedicatedsoftina
most sophisticated systems memorize the dredging operations, avoiding having to dig several times in the
same place.

In general, there are additional systems to define the excavation depth in advance, in order to avoid
different depths from one cye to another. Systems have also been developed that automatically control the
movement of the pontoon in compliance with a predefined curve. The most sophisticated positioning systems
allow very accurate bucket movements characterized by positioning efrarfew centimeters. These results
are obtained thanks to the installation of@P on the dredge arm, which allow the movements of the cutting
head to be monitored and instantly corrected automatically or manually. Thanks to these improvements,
mechanial dredgers can also be used for environmental dredging projects, which was intolerable in the past
due to the imprecision of the excavation profile. This introduced the possibility of excavating contaminated
material with densities equal to those in situ.

U Green TSHD
One of the major constraints for TSHD dredgers is overflow, i.e. discharge into the sea via surface spillways:
this practice generates an increase in turbidity in the water column, characterized by a high content of fine
sediments in the diseltged mixture. The simplest but also uneconomical way to overcome this problem is to
stop dredging when the dredger is full; therefore, new technologies have been introduced.
- Controlled dumping to improve the accumulation capacity of the dredger.
- Controlled dumping, via a guidance system in the suction pipe, which directs the excess water to the
lowest part of the water column.
- Trailers with better characteristics for containing the material.
- Reuse or recirculation of excess water inside the jets instailgee dredger. This has made it possible
to significantly reduce the excess water discharged into the sea and the dispersion of the finest
sediments in the dredging area.
- Use of submersible pumps, thus obtaining a higher density of the material to lgeedred
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This type of transporf&(gure2.17) is fundamentally an environmentally friendly method and, compared to
other transport methods, it has low energy consumption and, in addition, noise and diopaite almost
nonexistent. It is generally used for the transport of dredged material, whether it is uncontaminated or
polluted: itis therefore a clean system as it takes place within a closed circuit. The only points of contact with
the external envistnment are the suction mouth and the outlet in the storage area: between these two
sections there is no possibility of contact between the transported material and the environment unless a
break occurs in the pipeline itse#fR AT, 2004). The total breakge of a pipeline is a very rare phenomenon
and leakage control can be investigated when the transported material is heavily contaminated. In most cases,
however, the impact due to a small leak can be neglected and is less significant than the potenfial ris
contamination of other transport methods. Some measures have been employed to improve this transport
system, and others could be developed.

- Recent automatic control systems includewmp-monitoring device and a guidance system for a
smoother flow preess with lower peak values of the mixture density. Physical reasons limit the
highest peaks of density and this allasainingan average density of the mixture in the pipeline.

- Regular interruptions in the dredging process at the end of each osgillatsement and during the
anchoring and loading phases of the material, are the main causes of the addition ofontbeer
transport pipeline; the introduction of a series of bearings between the suction and discharge sections,
prevent the operator fromniterrupting the suction phase during dead periods. This abawgling
interruptions in the discharge phase of the material during periods of inactivity.

- The use of higlensity pumps significantly reduces the need to add water for transport although, as
a defect, they have rather limited outlet capacities.

- In case the transport pipeline requires the use of an unloading barge, the process of returning the
water from the storage site to the dredger and the recirculation of the water for unloading should be
considered. The biggest disadvantage of this method is the need to mix the dredged material with the
transport water and this increases the volume needed for storage or subsdgeatrhent, whichin
case of contamination, can be a serious problem.

Figure 2.16 Example of transport via pipeline.
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The second type of transport, frequently used in dredging works, is by barge or container: in this case, the
dredged material is deposited hydraulically or mechanically inside a vessel. Horizontal thetepean the
dredging site and the storage or treatment area is therefore done by navigating a Agrge @003). This
systemcauses noise and air pollution and maritime traffic problems. The main advantage is that water is not
needed for transport as thexcavated material can be taken at its original density, which can therefore be
maintained, with the exception of the TSHD, which, with the use of hydraulic pumps, conveys the material
from the bottom to the inside of the vessel. The most obvious riskesémom the fact that most barges are
open and this involves the possibility of the material leaking out. There is also a risk of crew contact with the
dredged material, which can present a problem if the dredged material is contaminated. An important elem
in control is to ensure regular inspection of the barges, as well as their maintenance. New approaches have
been developed to improve the aspects just mentioned.

- To avoid material spilling from the barge during transport, it is useful to cover ia\sfitbet, or to
continuously remind the workers to leave sufficient space (at least 50 cm) above the loaded
sediments. Another possibility is to leave the sediments still for a certain period after the loading
phase: the water can be pumped out before thensport begins.

- -For the unloading procedure, the barge is emptied by opening the bottom in an underwater storage
area or by using another vessel that unloads the material hydraulically, which however requires
considerable dilution in the suction pha$e.avoid this, it is better to use the mechanical system, so
that the material maintains its density.

Road transport should be considered when the destination site of the material is not near a navigable
waterway. The opportunities for thigpe of transport are limited, in any case, the advantages consist in the
fact that the vehicles can be mechanicligdedwith any density and that the choice of destination is flexible.
The main disadvantage derives from the high number of vehicleedde transport the material and the
consequent pollution produced, which is certainly greater than that produced by transport by pipeline.

This type of transport can therefore be used in certain situations:

- where the material is highly polluted and thestcfor the treatment of the transport water is high;

- where the excavation is carried out mechanically;

- where the dredged material has different characteristics and therefore different destinations.
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The deposition of the dragd material at the storage site is another important phase in the dredging
process, which can potentially have significant effects on the environment: it is necessary to select these areas
and the related infrastructure in the most appropriate way. Furtie@e, the equipment and techniques used
for the storage of the material have an influence on the overall environmental effects of drééging
(2004a).

One option for placing the dredged material is on land, within a confined area swedolnyd
embankments: this system is applied when the material must be used on land or when it is contaminated and
therefore must be deposited in a storage area on land. To send the material to land, pumps are used, installed
on board the dredgers, which, thugh pipelines, convey it to the chosen area. With this procedure, the most
significant environmental effects are:

- burial of surfaces;
- change in topography;
- loss of (contaminated) transport water in the suliface layers of the soil.

A problem that canrése at this stage is the breaking of the embankments or the overflow of the material
above them: the surrounding environment will then be damaged. To avoid all this, an adequate design of the
embankments and control of the water level inside them is reduiAnother problematic item is the
evacuation ofhe excess transport water: it contains a small part of fine material that is being deposited in the
storage area and, if this is contaminated, the effect on the environment can be dangerous. Furthiemore,
guantity of fine material that passes through the terminal section can generate blockages in the channels used
to remove the transport water. The construction of reclaimed basins can be an additional safety measure in
which very restrictive limitationsiust be imposed on the content of suspended sediments relative to the
transport water. It would also be necessary to close the terminal section of the basin during the material
deposit phase and stop the work every time the area is filled to its maxiapawity so that, by leaving the
material to settle for a few days, the water containing, by now, a smaller quantity of suspended sediments is
removed. To avoid interrupting the storage operations, it is advisable to create several reclaimed basins in
series, which can then be used simultaneously. In any case, it is advisable to adequately study the
environmental conditions of the area chosen for unloading to assess any risks or take the necessary
precautions such as, for example, repositioning the matieraless vulnerable area or installing protective
coverings such as those in HDPE (dagtsity polyethylene) or natural materigfsgure 2.1§.

Figure 2.17 Confined area for the storage of dredged material

46



Finanziato Ministero R
dall'Unione europea i dell’'Universita l ‘M Ttaliadomani
NextGenerationEU “#3%> e della Ricerca - o'

NO NAZIONALE
DI RIFRESA E RESILIENZA

When the dredged material is qualitatiysuitable, it can be deposited in the sea, if suitable areas are
available. Generally, underwater storage occurs after horizontal transport on a barge: the vessel sails directly
from the dredging areato the storage area and here the bottom of the viesgeéned so that the material
flows onto theriverbedor the seabed. Here too, the choice of a site has a great effect on the environmental
consequences of the project. An angdh a significant tidal range or stressed by strong currents involves a
riskof erosion, resuspension and subsequent dispersion of the material in the surrounding area. In other cases,
however, areas such as those just mentioned are deliberately chosen to exploitrtéets themselves.
Environmental damage can be reduced bygisimstead of the opening in the bottom of the barge, a pump
connected to a vertical pipe that reaches the botttmtonvey the material towards its final destination
without contactwith the intermediate water layers: in thigay,losses of fine sedimerind dispersion are
significantly reduced. To maximize this realgure 2.19) diffuser can be installed in the terminal section,
which has two main purpos€sPAT, 2004):

- Change the direction of the flow of the mixture from vertical, in the dutiptiaontal, on the seabed:
this reduces both the flow of the current on the newly deposited layers and the resuspension of the
material;

- Reduce the speed of the mixture at the outlet from 4/5 m/s, in normal discharge ducts, to less than
0.5 m/s: this redues the erosion on the newly discharged layers.
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Figure 2.18 Underwater diffusion system

Another method to reduce the environmental impact of the dumping process is to limit the period during
which dumping is permitted: avoid dumping underwater when the tidetslighest or during seasons when
there is intense biological activitythe area$mits 199}

Storage refers to the operations of disposing of dredged material in a permanent site, structure or basin.
Storage can concern both dredbsediments and residues from preliminary treatments and/or treatments of
the sediments themselves.

U Unconfined open water storage
The material is stored in shallow water (< 18m) a short distance from the dredging area; part of the material

can be storedlose to the coast to protect the coast itself, or can be used for the nourishment of eroded
beaches. The main factors to be taken into account are:

- currents and wave motion;

- water depth and bathymetry;

- potential changes in erosion and deposition;

- chemicaknd biological characteristics of the site;

- other uses of the site that can interfere with confinement.
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This technology is applicable only to uncontaminated sediments or treat@sdues;it has the
advantage of being the least expensive among the geoedternatives.
Figure 2.2Melow illustrates the different methods of deposition of the material on the seabed.

Figure 2.19 Methods of sediment deposition on the bottom

i Capping on the bottom
The contaminated material (moderate contamination) is placed on therhpbn a flat surface to form a

pile, and thenit is covered with a "cap" of uncontaminated material in order to physically and chemically
isolate the contamination. The characteristics of the capping material and its thickness must be such as to
guarantee the isolation of the contamination and to resist wave motion and erosion. Cahpiag,(2003)
determines a significant reduction in the risk associated with sediments, since it provides physical isolation of
the latter, protects them from erosion, premts phenomena of resuspension and transport and finally
constitutes a chemical isolation, reducing the dissolution and transport of colloids. The main factors to take
into account in the design of a capping on the bottom are:

- characteristics of the contamated sediments;

- characteristics of the material used for the capping;

- selection of the site, equipment and construction techniques;

- thickness of the capping;

- maintenance and monitoring interventions.

It is important that there is a low erosion potentiad that the capping material is not dispersed or mixed
with contaminated sediments; therefore, an effective monitoring system is essential to determine the
effective isolation of the sediments and to evaluate the need to reinforce the confinement system.

The capping is made with uncontaminated granular material, such as sand, sediments, soil, sometimes, for
particular needs, more compleappingare made with multiple layers of different materials and with the
presence of geotextiles that have the purpagereventing the mixing of contaminated sediments with the
capping material. Usually, the use of natural sands is preferred since these have an association of fine material
and organic carbon content that is very effective in the chemical isolatiomtzrcmated sediments. To
provide longterm protection, the capping must be thick enough to effectively separate the contaminated
sediments from the aquatic organisms that live and feed in the areadesést;this is achieved by also
providing for the usef measures that prevent the colonization and disturbance of the site by these organisms.
When designing a capping, consolidation must be takeraittount;this phenomenon concerns both the
fine granular material that constitutes the "plug", which cadaxgo consolidation due to its own weight, and
especially the contaminated sediments that consolidate due to the weight of the overlying capping. It is
therefore important that the design thickness of the confinement systemsider this phenomenan order
to ensure a minimum thickness after consolidation.
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Contaminated sediments are generally fine material, often witigkwater content and modest shear
strength; this last characteristic influences the ability of the sediments to resist localizedhoeslips that
can cause an unwanted mixing between the sediments themselves and the capping material. To improve the
YSOKEYAOLt LINELISNIOK BEAYBE(REYOATRAKSGYEA GKS €1 GG
over the entire area invadd: this will avoid displacements, subsidence, mixing with the sediments and
resuspension.

The material that constitutes the capping can be placed on site either with mechanical methods, therefore
in a dry state through buckets that release the materiait®) or with hydraulic methods, in a sludge state,
transported through pipes. The hydraulic method is the most precise, even if it is necessary to dissipate the
energy needed for the transport before the material is placed on site to avoid the unwastspension of
the contaminated sediments. The high costs of this technology are due to the specialized equipment, the
capping material and monitoring.

Figure 2.23shows some frequently used "capping types".
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Figure 2.20 Capping types

U Natural confinement and capping

The contaminated material is placed in natural or artificial depressions and/or trenches that constitute the
lateral confinement of the sediments to which a surface capping is added, which, not protruding above a pile,
is less subject to erosion forcesr Rhe creation of the capping, namontaminated material from the
excavation of the overflow pit can also be used. The selective factors, problems and cost analysis illustrated
for the bottom capping are perfectly applicable to this type of confinemeweds
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In thiscase containment is the placement of material in sites or structures designed to contain and control
contaminated sediments.

U Commercial landfills
Dried sediments or residues from greatments and teatments can be dumped in commercial landfills
in modest quantities and can be used, as already noted, for daily covering or for the construction of partitions
and covers. Before disposal, it is advisable to evaluate:
- the concentration of contamination;
- the distance and cost of transportation;
- the residual capacity of the landfill;
- the solids content of the sediments.

U ConfinedDisposalFacilities or CDFs

It consists of the storage, for an indefinite period, of the most contaminated sediments, follgwed b
monitoring the release of contaminants; the degree of containment of this structure is extremely high.

A containment facility must also provide for the drying of the sediments to have greater compaction and
maximize space. In the case of dredged and egchlly transported sediments, the design of a EgEre
2.22)is made on the basis of the volume of material to be stored; if instead there is hydraulic dredging and
transport, the design must take into account many more variables, such as the pibgo€tihe dredging,
the surface area, the quality of the effluent.

Below are some structural peculiarities of CFDs.

Figure 2.21 Mechanical storage of sediments

CDF on land (UCDF)

This type of structure is characterized by good visibiityufe 2.28 whichs an advantage from a safety
point of view;on the otherhand, howeverthe high visual impact creates discontent in public opinion. It is
essential to provide isolation measures to reduce the advective transport of contaminants, as well as the risk
of leaching; furthermore, it is advisable to guarantee the presence of water in the filling basin in order to
preserve anoxic conditions capable of preventing the mobilization of contaminants.

The filling of this type of CDF is rather expensivacirhydraulc systems cannot be used, but must resort
to barges; on the other hand, however, the monitoring is relatively easy.
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Figure 2.22 Schematic of CDF on ground

CDF island/near coast (NICDF)

This type of reclaimed basin guarantees a fair amount of visiBilgyre 2.2} but it is associated with a
high visual impact, furthermore if it is built in a stretch of sea, river or open lake it can determine the closure
of that area to navigation. As long as the water covers the stored sediments there are anotkcnesdinet
prevent the mobilization of heavy metals; there is then less dispersion in the surface water thanks to the
presence of the lateral dams, teéfluent that must be appropriately treated constitutes the only discharge
It is also possible to camt the mass of water above tlsediments, whiclis what regulates the advective
transport of contaminants.

As regards the costs: those of the filling are lower than those of the CDF on land, those of the excavation
are lower than those for the underwat@DF and also the monitoring is easier and cheap

W) Effluente

Underwater CDF (SCDF)

Being invisible makes this type of reclaimed basin more tolerated by public opinion, even if the lack of
visibility can be a cause for abandonment of the wiorkhermore it does not cause limits to the navigability
of the area; however, it is subject to erosion phenomena by marine currents. A great advantage of this type of
CDF is that the stored sediments are always in anoxic conditions which ensure thanbgdsyemain
immobile, eliminating the risk of leaching; on the other hand, however, the upper surface in contact with the
water constitutes a further route for the contaminants to escape and furthermore it is not possible to control
the force of the wadr through the overlying water head, as was the case with NIEDfs ¢ 2.25.

As regards costs, those related to excavation are undoubtedly higher than those of other types of CDF,
while those related tofilling and maintenance are lower. Being inviailkes this type of landfill basin more
tolerated by public opinion, even if the lack of visibility can be a cause for abandonment of the work,
furthermore, it does not cause limits to the navigability of the area; however, it is subject to erosion
phenomena by sea currents.

A great advantage of this type of CDF is that the stored sediments are always in anoxic conditions which
ensure that heavy metals remain immobile, eliminating the risk of leaching; on the other hand, however, the
upper surface in contaavith the water constitutes a further route for the contaminants to escape and
furthermore it is not possible to control the force of the water through the overlying water head, as was the
case with NICDFs.
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Figure 2.24 Schematic of SCDF

When designing a recla@d basin, it is important to take into account:
- quantity of material to be stored,
- dredging, transport and filling methods;
- physical properties of the sediments;
- contaminants present and their release potential.

To estimate the environmental impact of BE; it is necessary to evaluate the quality of the interstitial
water of the sediments, the flows exiting the CDF and finally, after a certain time, through dispersion criteria,
the volume of the area surrounding the CDF affected by the contaminatioalt@més the use of containment
measures.

The main containment measures consist of reducing the hydraulic head in order to prevent infiltration and
advective transport; lining the bottom of the CDF with clayey material rich in organic matter; liningdme bott
and walls of the CDF with a sandy layer with a high content of organic matter. The effluent from transport
and/or pumping operations and that originating from the drying and consolidation of sediments in the CDF,
presents contamination mainly in the foiof suspended particles, therefore by using sedimentation basins or
flocculation plants it is possible to significantly reduce the level of contamination.

The concentration of nutrients in the effluent must also be monitored, which come from contasandgth
and clay with a high organic substance content and from prolonged stagnation in the reclaimed tank. It is
necessary to reduce the concentration of nutrients in the effluent in order to avoid excessive consumption of
oxygen in the surrounding waterkjd is done in special nitrification plants.

The following figure illustrates the main escape routes of contaminants from & @QDFe(2.24.
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Figure 2.25 Possible ways of material loss

When the dredged material is deposited in liquid form, the coarser fracpailyainks near the discharge
zone forming a slurry, while the finer fraction continues to circulate in the containment zone to settle more
slowly. The clean water exits through an outlet structure. The rate of outflow, for continuous discharge
operations is approximately equal to the inflow rate: once the material consolidates, the pore water (possibly
contaminated), is expelled.
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Consolidation lasts folang period after discharge, thus reducing the volume occupied. Unless prevented,
the surface begin® dry out and, in relation to the adjacent watevel;the deposited material may dry out
across the entire vertical profile: the surface may crack and vegetate. The ptiysioadal and bichemical
behaviourof the tank is that as soon as the dredgeaterial begins to dry and is therefore exposed to the
atmosphere, oxidation begins: the initially dark water gradually becomes lighter as does the material.
Oxidation and pH reduction, especially in marine sediments, and the resulting chemical traisfisrman
have a significant impact on the mobility of contaminants. If the sediment is galphur, organic matter,
and poor in carbonates, oxidation can cause the formation of strongly acidic condhisriscreasehe
release of particulate metsinto the interstitial water and the current. Unsaturated conditions of the dredged
material across the entire vertical profile of the tank occur only when the infill tanks are built on land above
the water table, while in an aquatic environment, mositaminants remain chemically immobile. The main
elements that constitute the capital costs of a GIXE design costsland and expropriationglam and
contaminant control materialgpnstruction equipment anthbourcosts.
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Dredging and the dredged material itself, if of consistent quality, are essential for the maintenance and
development of ports and waterways, for reclamation and flood management: all these activities involve the
creation of large volumes of material, wha@n therefore become a valuable resource, even if much of it is
not used due to economic, logistical, legislative or environmental constraints. Many countries have already
moved towards an intensive use of this resource, such as Japan, where more tludnr#dtaterial itself is
used, in others there are many limits that prevent different uses: first of all the cost, generally higher than
normal disposal methods, secondly the difficulty of finding suitable projects for the use of the material at the
right time or adequate markets and finally the complex and inadequate legislation. Public opinion is often also
negative. The possibilities of use can be classified mainly into two groups:

- Engineering use, for the production of building materials, insuldkaa defence and nourishment;
- Environmental use, such as the creation or improvement of habitats, the maintenance of places with
sediment deficits or other.

Factors that need to be considered for the successful use of dredged material as a resoulee inclu
- Communication+ the imperative must be to gain trust from the public, regulators and wider
stakeholdergFigure 2.27.

WE ARE DREDGING FOR YOU

DREDGING AREA IN SCHEME
THE PORT OF GENO/

1 Ever larger ships, with ever larger cargoes and numbers of passengers, are using the

mummmﬂnn lmumﬂmn“nmmnm- 2 The dredge is a ship

up the inthe hold 4 and releases the excess

water and mud 5 mmmummmmmnmnmu

Calata Bettolo, where it deposits the contents of the hold in a large holding area 6 to create
anew area of reclaimed land for loading and unloading containers.
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>
Tecnis - Boskalls ' Ligurian Governmeny

Figure 2.26 Example of an explanatory panel positioned in the port area of Genoa, during the dredging works26120@8 communicate and
explain the activities that were carried out in the Port (Cutroneo etal. 2014)

- Economicstaking into account cost savings for primary resources and making a proper assessment
of costs and benefits for society;

- Legislation- it is important to ensure thanational policies do not place dredged material
unintentionally into waste legislation;

- Coordination between supply and demand this is strategic and can be achieved at local, regional or
basin scale;

- Technical and administrativevhere planning and dailed sitespecific solutions are needed;

- Environmental where proper knowledge of natural processes is essential for adequate risk
assessment and environmental improvements.
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Traditional open water storage methods in dredged material management angeftesived as a source
of risk for environmental resources. The main alternative in the past, especially for contaminated material,
was to dispose of it in a Confined Disposal Facility (CDF), but in many areas these capacities became too
expensive to budl and raised many concerns about the environmental effects they produced. These structures
progressively see their containment capacity reduced to critical levels, to the point where it is necessary to
remove and treat the material inside to make room tlee newly dredged material. In sonpéaces,raw
materials are scarce and could be replaced by secondary materials such as dredged material. The classic
management of dredged material usually involves the removal of sediment from a given channel, an activit
that by its nature creates risks for the environmewgtaitext;infact,it can alter themorph-dynamicaland
ecological structure of a given system, proving a potential effect, equal or even greater, than that due to open
sea disposal. Thus, in considgrthe various possibilities, there is a need to take a holistic view of the system
in which dredging takes place, so as to include the potential effects of a given management strategy in a
broader perspective. In addition to sustainable disposal of theernal, the range of uses has diversified
enormously in recent years to include road construction, brownfield remediation, construction materials,
habitat and landscape creation, but further uses can be achieved with preliminary treatment of the dredged
materials.

Dredged material can be used directly, as aggregate, converted into construction material (bricks), used for
embankments, embankments or beactasjusedto satisfy the sand deficit in areas subject to erosion and
to build new wetlands.

Its potential use depends on the type of material, how and where it was taken, its availability and its
engineering and environmental characteristics. Forrason|t is very important that the sediment supply
meets the need for interventions in the vicinity and that it occurs in the most appropriateSimiéarly jt
may be necessary to modify the project so that it corresponds to the characteristics of thel@gaiiply. In
Japan, for example, more than 90% of the dredged material is used: part of it, after the initial positioning on
land, is subsequently used for other purposés(re 2.8). In contrast, in Europé-igure 2.9), it is evident
that less than @% of the material is used directly, although these figures do not include sustainable
regeneration in rivers and near coastal systems where the material could help offset the need for sediment.

Sand capping, Beach
Tidal flat creation  pourishment
10.7% 1.4%

Port and airport
construction
21.1%

Offshore
dumping
3%

Inland Dumping
73%

Land fill for port
56.5%

Figure 2.27 Use of dredged material in Japan
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Figure 2.28 Results of the CERfvestionnaire on the use of dredged material in Europe 2005

The quality and quantity of the material entrained are critical questions, along with the timing of the
application: the timing of a maintenance or investment dredging project rarely coincidfethati of the

project and, even if they do, dredging can be controlled by environmentally dictated timing, to reduce the
effects on the ecosystem.

Whether the dredged material can be used completely or not depends not only on the degree and type of
contamination, but also on its physical characteristics, such as grain size, which largely determines the
engineering and environmental uses of the material itself. The classification according to grain size includes
five groups: rock, gravel and sand, conabéid clay, clay and silt and other mixtures.

- Rock- can be weak rock (sandstone or coral) or hard (granite and basalt); the fragments vary in
size from small to large, depending on the dredging equipment used and on the material itself. It
is usually not antaminated and can be used as a construction matendfor interventions in
aquatic or noraquatic habitats.

- Gravel and sandare generally considered the most versatile materials, requiring less treatment
after dredging. Granular material can be uswchourishment, recreational parks and more.

- Consolidated clayranges from soft to hard and is usually obtained from investment dredging. If
the water content is low, it can be used for brick making or in the construction of dams and
embankments: Clay/silt- is available after maintenance dredging of rivers, canals, estuaries and
ports. The water content is usually high, so dewatering is necessary, which can last months or years
depending on the drainage methatidrequires a large amount of storagease.

- Mixtures- are obtained from investment dredging and are due to glaciation processes, and include
rock, sand, clay and silt. They can have a variety of uses such as filling and land improvement.

The most important criteria for matching the matet@the intended use are the chemical composition
and the grain size of what has been excavated. Environmental standards must be met for both engineering
and environmental use of the material, but this does not categorically exclude contaminated sedisgnts,

certain level of contamination is considered acceptable, which depends on the type of use and the
characteristics of the environment in which they will be placed.
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U Building materials

Theexcavation of sand and gravel from ports or coastal areas for use as aggregate in building materialsis
a common practice: in some cases, the dredged material can be used directly with special excavation and
transport techniques. For use on land, howegeparation and treatment processes are often required to
obtain concrete or other materials. Furthermore, the dredged material can be used as an alternative to some
natural resources used in the construction industry: rock, sand, clay, various mixtureswae aggregates
for concrete, components for bituminous mixtures, raw materials for the packaging of bricks or artificial
boulders for coastal protection (cast dams). Appropriate analyses must confirm the suitability of the dredged
material for the coresponding use as well as certify compliance with regulatory requirements. It is necessary
to investigate what the chemicphysical properties are, and the most important parameters to observe are
the degree of humidity, the grain size, the content of aiganaterial and the type and concentration of
pollutant.

U Coastal and flood protection

Coastal protection from erosion is a growing activity, due to a series of operations mainly due to human
action, such as, for example, the increase in maritime consinJc¢he blocking of longshore sediment
circulation due to ports, the reduction of solid transport in rivers, the natural evolution of river mouths due to
rising sea levels and the retreat of the coasts.

U Bank arrangements

Especially in the Netherlandbetarrangement of the banks of watercourses with the use of dredged
material is a common operation: the dredged material, clean or slightly contaminated, can be deposited on
the banks or on the embankments respecting some conditions, such as the falséthadlity of the soil on
site must not worsen with the application of the material brought.

0 Nourishment

Coastal protection involves artificially adding a given volume of sand through nourishment to stop or
reduce the retreat of the shoreline caused loastal erosion. The most significant environmental impact is
becausethe organisms that live in that area are submerged. The fine sediments contained in the dredged
material are first carried away by the currefatyouringthe formation of turbidity in thevater before settling
on the bottom, where the wave force is less. Normal TSHD dredgers pump the sand directly to the shore via
pipelines. However, for dredging operations in small ports, usually done with the mechanical system, transport
by barge finds walid use. The unloading is carried out as close as possible to the beach at high tide, where the
action of the waves transports the material and finally gives shape to the beach. To ensure that the sand
actually reaches the beach, the hoppers must allwaysnptied to a depth below the-salled closing depth,
i.e. within the active zone of the coastline. The creation of dunes behind the beach provides additional
protection and allows the nourishment to last longer.

U Construction of embankments

Embankmerg must be strong enough to resist the actions of waves, in the case of maritime constructions,
or to resist the current and the passage of boats, in the case of river embankments. Generally, gravel, rock or
clay fills are used, which are preferred to sand.

U Construction of submerged barriers
They are made with different types of dredged material, parallel to the coast, although the orientation
depends on the purposes of the project. There are three different types of submerged barriers:
- Fusible barriers: #hpurpose is to provide for the continuous deficit of sand in the active zone of
the coast caused by erosion by the current and the waves;
- Protection barriers: designed to absorb part of the wave energy. This improves the recreational
characteristics of th beach and, by inducing wave breaking,feanursurfing activity. In some
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casesthe shape of these barriers is such as to realize the refraction of the wave, modifying the
characteristics of the local solid transport;
- Containment barriers: used to iaté an area such as a site of deposition of contaminated material.

The grain size suitable for the construction of fusible barriers must preferably be medium or coarse, and
they must be placed in shallow water, where the waves have a significant eftbet ssabed, causing the
transport of sediments. Protective barriers, on the other hand, are placed at greater depths, but always in such
away asto have control over the wave action. Containment barriers are suitable for those situations in which
the paticular shape of the seabed allows for the enclosing of a basin or quarry, where the material can be
deposited and where the barrier acts as a dam to prevent the contained material from escaping. One of the
advantages of this type of construction is thegibility of using seffropelled dredgers.

U Construction of salt marshes
The dredged material, usually characterized by a fine grain size, can be used for the construction of salt
marshes in tidal areas and exposed to erosion.

U Creation and improvement dfabitats

In this case the quality of the dredged material must be assessed not only on the basis of the requirements
related to the intended use (grain size, total organic carbon, presence of various types of debris) but also on
the basis of the nutrientontent, the level of contamination, aesthetic and toxicological characteristics. The
potential types of habitats that can be constructed vary from marshes and wetlands to bird nesting islands,
underwater environments, fish farming improvement projectslibersity enhancement, etc.

U Sustainable Landfill Operations

It consists of introducing dredged material into the marine environment to maintain or compensate for the
deficit of sediments: this can be achieved either by deliberately deciding to dropdéssematerial during
the loading operation of the dredged material or by placing the latter on the seabed. In any caseqtile
hydrodynamic processes present in the area move the sediments

In addition to considering how best to achieve the objectives of the dredging project, the intended use of
the material should be considered in the choice of the best dredging and disposal techniqueyay fihis
becomes an integral part of the organizatibstaategy of the entire project. If the sediments do not directly
correspond to the criteria of use, treatment processes will be necessary and, in this case, it will be necessary
to connect the dredging process with the use process through an intermeiptsal phase. The need for
treatment and the suitable type can have consequences on the dredging and disposal methods used. It
outlines the operations that lead from dredging to the use of the material: it can be used directly without any
intermediate ase (Direct use) or indirectly, as intermediate treatments are foreseen (Indirect use). Each type
of use must respond to certain characteristics of the sediments and the water quality.

The criteria for choosing the most suitable path to follow can héedias follows:

- environmental quality: the parameters to be assessed are chemical and biological. These criteria
are valid for both an engineering use of the material and an environmental one;

- geotechnical quality: they include physical parameters suclgrasulometry, permeability,
mechanical characteristics, etc.

U Direct use

Investment dredging using suction dredgers with breaker, bucket dredgers, scoop dredgers or clamshell
dredgers produces volumes of consolidated material, characterized by rockysheidy. It can be pumped
via a floating pipeline to the reuse area or can be transported by barges to the designated area. The main uses
are the construction of embankments, reclamation, offshore barriers and submerged barriers. Maintenance
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dredging usig suction dredgers provides material such as loose gravel, sand and mud; it is trathspieed
dredger to the use area but can also be deposited in the ship's hold via hatches and then pumped via a floating
pipeline or pumped by jet.

U Treatment phase

For dredged material that does not meet the use criteria, numerous types of treatment have been
developed. Physical techniques, such as dewatering and separation, are used to meet geotechnical
requirements, while chemical, biological or thermal techniquesised to meet environmental requirements.
However, if multiple requirements are imposed, a combination of techniques will be necessary, where the first
phase is always dewatering, which suggests using systems that limit the water content in the imaterial
dredging operations.

U Intermediate storage

For logistical reasons, it may be necessary to temporarily store the material; in direct use, this is primarily
becausedredging and use times do not coincide due to environmental and planning issues arulttieen t
difference between the dredging production rate and the rate of use request. In the treatment process,
however, intermediate storage may be required for a number of reasons, such as: the difference between the
dredging capacity and that of the trea¢mt, which is generally an order of magnitude lower than the former,
create homogeneity in the input of the dredged material: certain treatments, such as mechanical separation,
require homogeneous inflows for the success of the operation.
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The intervention techniques for contaminated marine sediments are described in Legislative Decree
152/2006 and divided into two distinct categories: remediation operations and safety operations. Remediation
operations concern the set of interventions aimed at eliminating the sources of pollution and pollutants or
reducing the concentration to levels lower than the maximum levels established by the legislation. Therefore,
allowing the recovery and restoratiofthe contaminated area.

On the contrary, safety operations are not aimed at removing pollutants but only at containing them to
avoid their further spread in the environment. In general, these operations are applied as an emergency
measure, in order torlit contamination while waiting for remediation operations, or as a definitive measure,
when it is not possible to implement the remediation due to the lack of techniques suitable for removing
pollutants, or because the remediation costs are unsustainkleherefore a limited solution, which should
be used as little as possible and only when other working hypotheses have been discarded.

The classification system generally adopted to identify the type of intervention is that of the point of
applicationof the same, for which there are interventions:

0 In-situ: without movement or removal of materials from the site;

0  Exsitu with movement and removal of materials from the site, in turn divided into intervenBons:

site: with movement, removal of matergahnd treatment in plants specifically built within the area
itself; Off-site: with movement, removal of materials and treatment in specific plants outside the area.

Another distinction between the many intervention techniques currently available can de onahe
basis of their different operating principles and in general three macro technological areas can be identified
relating to chemicaphysical, biological and thermal proces3esl{le2.7) (Reis et al 2007).

Table 2.7 Types of intervention for marine sewnts.

In Situ
Monitored NaturalAttenuation (MNA)
Bioaugmentation
Bioremediation Phytoremediation
Biostimulation
Chemical Physical Solidification/Stabilization
Containment measures Sediment Capping
Ex Situ

Sediment Washg
Chemical Oxidation

Solidification/Stabilization
Electrokinetic decontamination
ChemicaPhysical Solvent extraction
Flotation extraction
Thermal Desorption
Pyrolysis
Plasma
Vitrification
Thermal Incineration
Steam extraction
Bioslury
Biopile
Composting
Landfarming
Phytoremediation
MICP
Containment interventions CDF
Dump

It is necessary to clarify that among all the technologies and intervention methodologies applicable for
O2y iUl YAYIFGSR YI NRY SzyASFENBS f f 2> 0o BRSNS ard dxiA 24> | a
by numerous sitespecific factors taken into account in the characterization phase.
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A global and general comparison can only be made for the functional choice based on the nature of the
contaminants present and the physical characteristics of the sediment, as desciilagteiz. gPerelo, 2010
Viviani and Di Bella, 2020
In-situ interventions represent a good solution from both an ecological and economic point of view since,
as previouslynentioned, it is not necessary to remove the contaminated sediment from the site. At the same
time, in the case of "sediments" and not "soils", these interventions represent very complex solutions due to
the dynamic nature of aquatic systems and thereforthe possible release, mobilization and sedimentation
of the pollutants present. Further disadvantages-sftimtechniques are also due to the difficulty of predicting
the intervention times, controlling the process parameters and the possibilirroafion of a secondary
source.

s
LR T

Table 2.8 Functional choice based on the nature of the contaminants (in ItAliariani and Di Bella, 2020

Tecnica Contaminante Grapulemetria Costo Rendiments Durata

Sediment washing BE-F F-I A-B A A

ESolidific amone/stablizzamione C.E-F A-1 A-B A B

Desorimento temuico A-F,eccetoC A-1 C-E A A-B

Landfarming E-C A-1 C-D B BE-C

Biopile A-D C-I E-F A-B A-B

BioshuTy A-D D-1 A-C A A

Phytoremadistion A-F mdipendents D-E C-D D-E

Contaminante Granulome tria Costo Eendimento Durata
Tipologia Clasza Tipologia Clasga Banesa §im’ Clazze Fangs Clasze  Flange Clhsze
WOz A Argills fme A > 150 A =00% A 1-dmesi A
EWVOCs B Argilla media B 75-150 B T5-00% B G-12 mesi B
Idrocarbur da medi a pasand C Argils lnoza O 50-75 C 50-75% C 1-2anmi  C
Pesticidi D Limp argilose D 15-5 D =30% D I-5ammi D
InorEamici E Limo Emoco E 10-15 E =5ammi E
Matalli F Limn F < 10 F

Argilla zabbiosa &
Limo ssbbisso H
Zabbi I

As described imable 2.7the insitu intervention techniques, today really applicable for marine sediments,
are somebioremediation technologies and "Sediment capping”. The term bioremediation refersitw in
treatment techniques that exploit the biological degradation process, using the metabolic potential of
microorganisms to degrade a wide variety of organic comgotragg, 2006

Regarding these technologies (MNA, bioaugmentaliostimulation and phytoremediation) there are
numerous studies and applications at laboratory scale but few application experiences, which have highlighted
a different behavior compadeto experimental studies due to the numerous factors that come into play in
real conditions. In this context, the maintenance of the {@rgn stationary process characteristics in-full
scale plants is very uncertain.

On the other hand, "Sediment cappinglthough it presents advantages such as the reduction of the
presence of pollutants in the water column and the reduction of their bioavailability for aquatic organisms, is
an intervention that requires lorgerm monitoring and involves significant riglssthe pollutants present in
the sediments remain on the sité€|ler and Cushing, 200 particular, it is necessary to pay attention during
the positioning of the covering material since the contaminated sediments could mix with the clean material
and such positioning is particularly challenging in deep waters, with boat traffic (port areas) and wave action.
The main risks are due to erosion of the cover and the diffusion of contaminants through the clean material.
Furthermore, the preparation of tretorage air is often laborious and equally expensive, if underwater storage
(to be completed with possibly reactive capping) of large volumes of sediment is necessary.

As regards exitu interventions, the treatments that could be applied for the reméaliedf contaminated
marine sediments in relation to the level and type of contamination are:
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0 Chemicaphysical treatments: sediment washing, solvent extraction, flotation extraction,
solidification/stabilization, oxidation, electrokinetic decontamination;

U Thermal treatments: steam extraction, desorptioityification, incineration, plasma thermal
destruction, pyrolysis;

U Biological treatments: landfarming, biopiles, composting, bioreactors and MikZ&bfallnduced
Carbonate Precipitation).

Following tratment, depending on the residual concentration of the contaminants present, the sediments
can be reused or sent to landfill.

To date, the most widely used treatment techniques for the decontamination of marine sediments concern
chemicalphysical treatmets since biological techniques, as already discussed for in situ treatments, do not
find great application on a real scale due to the variability of the treatment; while thermal treatments would
require on the one hand very high costs and on the otheimtip®ssibility of being able to reuse the treated
materials in the port area as described by the current legislation (Ministerial Decree 173/2016). Therefore,
chemicalphysical interventions are presented as one of the best alternatives for the remeddtion
contaminated marine sediments thanks to the compromise between low costs and management flexibility.
Among the technologies currently available that present these characteristics andsatlefyingthe
management options required by the standard, 8egliment Washing technology appears to be one of the
"readiest"” for thefull-scaletreatment of contaminated sediments, guaranteeing management flexibility and
application to different territorial contexts. Specifically, Sediment Washing issitn exmadiation technique
that originates from the already consolidated Soil Washing technology, in which the dredged material is
subjected to a washing treatment with water or with specific extracting agents, in order to create favorable
conditions for the mobitiation of pollutants from the solid matrix (sediment)

During the feasibility phase of the project to construct the new breakwater at the Port of Genoa, the Port
Authority of Genoa (AdSW®LO) cared out a detailed study of the dynamics of the water masses within the
port (winds, currents and wave motioghdSEVILO, 2020 The hydrodynamic circulation forced by
anemometric conditions depends on the action exerted by the wind on large portions séahsirface.
Coastal winds come mainly from the first quadrant, while secondary winds come from the second quadrant
(Figura 2.30

R Genova-Sestri AT Genova RMN-ISPRA
Dati SYNOP "X /e om0
. N\ 2008-2019 LN Tk N
. .

PuntaVagno ARPAL
2015-2019

Figure 2.29 The directional distribution of measurements observed at the anemometric stations of -Gesa Genoa National Tideuga
NetworkISPRA and Genoa Punta Vagno (AdSP, 2020)
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Analyses conducted on historical wave motion data reconstructed by the Department of Civil, Chemical
and Environmental Engineering (DICCA) of the University of Genoa off the coast of Gengaefmdem
1979 to 2018, have made it possible to define the wave motion climate that characterizes the Genoa area.
For incident wave conditions, reference was made to the wave climate reconstructed as part of the Marine
weather Study for a point locateaff the Port of Genoa at a depth €50.0 m above sea level, to which
reference should be made for detaifsigura 2.2 shows the directional distribution of sea states with
significant wave height Hs > 1.0 m.

Figure 2.30 Figure Directional distribution of seate®with significant wave height Hs > 1.0 m out of the Port of Genoa-{Ad32020)

The most frequent sea conditions outside the Port of Genoa occur in the Libeccio (SW) crossing sector
(approximately 29%), generally with wave heights between 0.5 &nd.3-urthermore, the Libeccio sector,
with the highest wave heights, which can reach values of approximately 5 m annually, is the prevailing sector
for the area under consideration. Sea conditions originating from the Scirocco (SE) are less fré&§gent (5
with wave heights generally ranging between 0.5 and 2.0 m, with maximum annual values between 3.0 and
3.5m.

The total energy of the wave motion that acts on the coastline on average, which is the main cause of
potential sediment transport along the cbasan be represented by a synthetic wave (equivalent climate
wave) characterized by a direction of origin of 199°N, i.e. coming from the SSW, with a wave height of 2.0 m
and a persistence of approximately 25 days per year.

The current configuration of thexternal works of the Port of Genoa guarantees a high level of protection
of the port water surface from incident wave motion, so much so that, from this point of view, the port can
NAIKGEE 6S O2yaARSNBR I &Ll Nims@des dding dainStie SW I(IBONI A O
240°N).

The port is more vulnerable to Scirocco sea conditions1320N), when waves penetrate through the
eastern entrance, affecting the outer port and the Calata Oli Minerali. Scirocco sea conditions also penetrate
the port through the western entrance, affecting the water near the mouth of the Polcevera river.

The results of the simulations conducted also showed that the surface current is obviously stronger and
then weakens at depth.

SCENARIO: SCIROCCO (SE). hespuitt the Scirocco wind helps to generate a current that flows within
the Sampierdarena Basin, with speeds ranging from 10 to 20,emh&Eh increases in intensity in the Airport
Channel with values of around 30 cf s

Detailed are reported iRigue 2.322.35.
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Figure 2.31 Figure Current field in the surface layer in the presence of Scirocco windNIRG&R020)
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Figure 2.32 Figure Current field in the water column in the presence of Scirocco wind-kAd%R020)
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SCENARIO: LIBECKEXZOGIORNO (8WNThe Libeco/Mezzogiorno wind generates currents that are
less intense than those generated by the Scirocco wind. Within the Sampierdarena basin, a weak current is

generated, directed towards Levante, with maximum speeds of between 5 and 25 cm s
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Figure 2.33 Figure Currentield in the surface layer in the presence of Libeccio/Mezzogiorno wind-(AdSF2020)
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Figure 2.34 Figure Current field in the water column in the presence of Libeccio/Mezzogiorno wind\AGSE020)
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The characterization of fungal flora and the selection of species most suitable for mycoremediation allow
the exploitation of microfungi naturally present within the matrix to be treated, such as be#tdiment, so
as not to introduce alien species, also with a view to being able to use this type of treatment directly in the
environment. The protocol for characterizing fungal flora and the criteria for selecting the most suitable
species for mycoremedian were addressed in the SEDITERRA project as part of the INTERRELBdtaly
Maritime 20142020 program$EDITERRA, 2019

The fungal strains were isolated from sediments in the various ports involved in the project: Genoa, Olbia,
Livorno, and Pisdahe Navicelli Canal) in Italy, and Centuri and Toulon in France. Once all the species found
had been correctly identified, those most suitable for mycoremediation tests for each sediment were selected,
based onisolation frequency and bibliographic knogdetoth for organic and inorganic contaminants. Once
the pools of species to be used had been identified, liquid inoculations of depleted culture medium (with
reduced nutrient content) were made in order to promote fungal growth to the extent necesstry fongi
themselves in the sediment to be activated and stimulated to degrade and/or accumulate other substances.

The treatment was carried out ex situ in mesocosms, both for the removal of metals and for the
degradation of hydrocarbons from port se@ints.

The mycoremediation tests showed that fungal treatment was more effective in accumulating heavy metals
than in degrading organic contaminants. One of the main limitations of the experiments was that they were
carried out with relatively low contandtion levels: both metals and organic contaminants were below the
standard tolerance levels. The contamination actually worked on can be defined as residual. However, at least
as far as metals are concerned, the results were very encouraging and promising.

In most sediments, there was a reduction in contaminants in the sediment and an increase in metal
concentration on felt membranes inoculated with native fungi. As these are living organisms, a certain degree
of selectivity emerged in metal accumulationfact, fungal species are able to absorb certain metals better
than others, and not all have evolved the ability to bioaccumulate. There are, in feaiesometals with a
biological function that fungi can absorb because they are crucial for engopey cell function (e.g. Fe and
Zn), while there are also indifferent metals that only some species are able to chelate and absorb thanks to
the evolution of specific mechanisms and also thanks to adaptation and/or exposure to these metals
themselves (g. Cr, As, Pb, HQ).

The use of native fungi was decisive in the selection of fungal strains, as they are undoubtedly the most
suited to living in and tolerating the contaminated environment under study. On the other hand, there is a
possibility that fungnay adopt exclusion as a survival strategy against a specific contaminant. This means that
each species is skilled and very efficient at accumulating certain metals, while completely excluding others.

Table2.9lists the native fungal species selecteddach sediment for the treatment of both metals and
organic contaminants. For mycoremediation treatment, the selection took into account not only bibliographic
data, but also the number of colonies isolated for each species and their potential pathgderiainans
and/or other organisms.
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Sito di

Campionamento

Specie fungine selezionate per il

trattamento dei metalli

Specie fungine selezionate
per il trattamento dei

contaminanti organici

Genova

Penicillium expansum Link Paecilomyces
formosus Sakag., May. Inoue & Tada ex

Houbraken & Samson

Neocosmospora solani (Mart.) L.
Lombard & Crous
Talaromyces amestolkiae N.
Yilmaz, Houbraken, Frisvad &
Samson
Pseudallescheira boydii (Shear)
McGinnis, A.A. Padhye & Ajello

Paecilomyces formosus

Livorno

Penicillium brevicompactum Dierckx

Mucor racemosus Fresen

Emericellopsis maritima
Beliakova Epicoccum nigrum

Link

Pisa

Cunpinghamella elegans Lendn.

Penicillium citrinum Thom

Trichoderma koningii Oudem.
Penicillium camponotum

Visagie, David Clark & Seifert

Cagliari

Fusarium oxysporum Schltdl.

C. cladosporioides

Cladosporium cladosporioides
(Fresen.) G.A. de Vries

Mucor racemosus Fresen.

Centuri

Penicillium sp. e Mucor sp.

Tolone

Penicillium sp. e Mucor sp.
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The technical observations and modeling applications were based on a fragemiveofded within the
"virtual model"(called RETURNOPOtfYthe sacalled "Proof of Concept” chosen. In particular, in order to
involve the different interdisciplinary aspects, and embrace a significant sample of data to analyze, two Italian
realities were chosen that represent tbemmon example of port activities and consequent processes:
A Commercial portinspired by the port of Genoa (Liguria)
A Industrial portinspired by the Port of Augusta (Sicily)

In fact,task 4.5.3f RETURN proposes only analyses and results concernipgrtiagea of the "virtual
model: RETURNOPOLM"generalthe port(s)included in thea t N2 2 T 2 € comzery BSKa €
classificatioftypology commerciabndindustrialHarborArea

The econmic development of the city of Genoa has been intrinsically linked to its harbor since its early
foundations in the 8century BC. The initial settlement grew around the Old Pier promontory. After the year
1000, with the revival of trade, Genoa developed a significant citport, a structure that remained largely
unchanged until the mid 93" century. This port was situated between the natural harbor of Mandr@ucy
and the old Arsenal, backed by high, rocky shores.

Over the centuries, the port undeent various transformations and expansions to accommodate
increasing maritime traffic and evolving needs. Key developments include the construction of new quays, dry
docks, and the introduction of modern infrastructure like hydraulic cranes and railwagctions reaching
the quays. The late ¥%nd early 20 centuries saw significant expansion eastward and westward.

A pivotal moment was the renovation of the Old Port, designed by Renzo Piano, completed in 1992 for the
Columbus Celebrations. This projeeconnected the port area with the city, transforming it into a vibrant
public space while preserving its historical significance.

In the following, the maingzuliarities of theort Area are reported.

1 Strategic LocatianSituated in the most sheltereohy of the Ligurian Sea, Genoa's port holds a
strategic geographical position in the Mediterranean, serving as a gateway to Southern Europe, North
Africa, and the Far East. It is also a focal point ofEtdeRhiné\lpine Core Network Corridor
(https://itransport.ec.europa.eu/othepages/transporbasiepage/rhinealpine-core-network
corridor_en?prefLang3lv

1 Multi-Service PortGenoa is a modern mukiervice port equipped with a wide selection of specialized
terminals. It can handle all major commoditytees, including containers, general cargo, breakbulk,
perishable goods, steel, forest products, and liquid/dry bulk. It also caters to both cruise and ferry
passenger traffic.

1 Comprehensive Servic&eyond cargo handling, the port guarantees a full rahgemplementary
services, including ship construction and refitting, customized telecommunications, and data
processing, supported by a network of dedicated companies.

1 Leading ltalian Portsenoa is one of the most important seaports in Iltaly and a rhajorin the
Mediterranean, competing with ports like Marseille and Barcelona.

1 Integration with the CityUnlike some industrial ports, Genoa's port, particularly the Porto Antico (Old
Port), has been successfully reintegrated into the urban fabric, offeuihgral attractions, leisure
activities, and public spaces alongside its commercial operations.
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1 Ongoing Developmenthe port is continuously evolving with significant infrastructure investment
plans aimed at improving maritime, road, rail, and air aiodis/, as well as enhancing the
sustainability of port activitieBresently the Port System Authority of the RérGenods carrying on
the construction of the new breakwater to allow the entry and mooring maneuvers of latest
generation ships (due twaval gigantism).

In summary, the Port of Genoa boasts a rich history deeply intertwined with the city's identity, a strategic
Mediterranean location, and a modern, versatile infrastructure capable of handling diverse cargo and
passenger needs, all whitriving for greater integration and sustainability.

Regardinghe management of dredged sediments, and the dredging operations themselves, the Port has
been involved in numerous technieaicial intervention actions and procedures.
Here are some recemews and updates regarding sediment management at the Port of Genoa:

1 Dredging OperationdDredging operations are ongoing in the Port of Genoa with the aim of
maintaining and increasing the depth alongside the quays. This is crucial for ensuring saferacces
larger vessels, including both cruise ships and cargo ships. Recent dredging efforts have focused on
areas like the cruise terminal at Ponte dei Mille and the ferry terminal wharves. The dredged material
is sometimes repurposed, for example, in tbastruction of the new breakwater.

1 New Breakwater Projecthe construction of Genoa's New Breakwater involves significant sediment
management. Dredged material from the outer harbor is being used to fill the prefabricated caissons
that form the new struatre, aligning with circular economy principl&se project also includes
seabed consolidation work.

1 Environmental ConsideratiariBhe Port Authority of the Western Ligurian Sea is increasingly focused
on sustainable practices. This includes monitoring r@mgloving pollutants from seawater and
developing best practices in waste management, including sedifient isso a focus on the reuse
of dredged sediments.

1 Impact of Naval TraffiStudies are being conducted on the impact of vessel propellersdonesa
transport within the port, which can affect the bottom topography and require management.

1 Sediment as a Resourcehere isa broader perspective looking at port sediments not just as waste,
but alsoas a potential resource, with research into bidtrealogies for decontamination and potential
reuse in various fields.

For more detailed and the most-tip-date information, you can refer to the websites of tautorita di
Sistema Portuale del Mar Ligure Occiderta(@ort Authority of the Western Ligan Sea
https://www.portsofgenoa.com/er)/and news articles related to the Port of Genoa.

The Port of Augusta, situated on the eastern coast of Sicily, boasts a long and significant histgry, deepl
linked to its strategic geographical position. The natural harbor of Augusta Bay has been recognized for its
potential since antiquity.

Historically, the bay served as an important anchorage and saw various naval activities over the centuries.
Its shelteéed waters and strategic location in the central Mediterranean made it a valuable asset.

Significant development of the port complex occurred in the 1950s and 1960s with the establishment of
petrochemical plants and other industrial activities. This toamsfd Augusta into a major industrial port,
particularly for oil refining and related industries. The port also became an important military base for the
ltalian Navy.

In the following, the main peculiarities of the port Area are reported.
91 Largest Naturddlarbor in the Lower MediterraneaAugusta Bay is the largest natural harbor in the
southern Mediterranean, offering extensive sheltered waters.
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1 Multi-Functional Port It serves as a significant commercial port (handling liquid and dry bulk,
containers)a crucial industrial port (dominated by petrochemical activities), and an important military
base. There are also areas dedicated to tourism and recreational boating.

1 Strategic Locationlts central position in the Mediterranean makes it a key transitt gon
international shipping routes and part of the EU's-TE¥re transport network.

1 Deep WatersThe port features significant water depths (ranging from 14 to 18 meters, with some
areas up to 22 meters), allowing access for large vessels.

1 Major Qil Par. Augusta is one of ltaly's leading oil ports, handling a large volume of liquid bulk related
to the nearby petrochemical complex, which meets a significant portion of Italy's national fuel needs.

1 Extensive Infrastructure he port has a large water swéaarea, numerous berths, long quays and
piers, and extensive land areas equipped for various port activities, including shipbuilding and repair.

1 Three Main Section3 he port area is divided into three main parts:

o Porto Xifonio: The outer harbor.
o Porto Megarese: The inner harbor.
o Seno del Priolo: The area facing the oil refining plants.

1 Intermodal Connection&fforts are underway to improve the port's connectivity, including a planned
railway link to the Syracuggatania line.

In essence, the Port of gusta is characterized by its vast natural harbor, its crucial role in Italy's energy
sector, its strategic Mediterranean location, and its blend of commercial, industrial, and military functions.
In fact, due to the intense activities and the numerousishidies that "overlook" the Rada, the area is
recognized as a "Contaminated Site of National Inte&ibt": consequently, the waters and sediments of the

Rada have been (and are) the object of continuous investigation and control.

Unfortunately, specifirealtime news and updates on the sediment management of the Port of Augusta
are not readily available in a constantly updating news feed.
However, based on the information availablese iswhat we can infer and some related points:

1 Focus on Environmé&ad Monitoring There have been activities focused on updating the analysis of
marine sediments in Augusta Bay. This suggests an ongoing interest in understanding the current state
of the seabed and potential contaminants.

1 Expansion and Dredgingys the pot undergoexpansion, including the construction of a new container
quay terminal, some level of dredging and sediment management is typically re¢ieéxesifrom
March 2024 mentions the port expansion.

1 Environmental Considerations in Developm&ttidiesand tools are being developed to assess the
environmental impact of port activities in Augusta, including the impact of dredging. This indicates an
awareness of the environmental aspects of port development.

1 Potential for ContaminatiorGiven Augusta's h@y as a significant industrial port, environmental
monitoring of sediments is likely important to identify and manage any potential contamination.

To get the most current updates, you would typically need to refer to official publications from the Port
System Authority of the Eastern Sicilian Sea or local environmental agencies in Sicily.
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The first case study examingshcerns the characterization of se@ints of the Port of Genoa. The first data
available refers to the project relating to the first capital dredging carried out within the port between 2009
and 2014. The characterization of the sediments was carried out by I(CRRAMal Institute for Scieifit and
Technological Research Applied to the §&8AM, 2007In detail, the Genoa Port Authority project included:
1 dredging activities relating to tfgampierdarenand Porto Antico basins, together with the area from
the eastern entrance to the Gzie basin, for a total of approximately 2,700,000frsediment to be
dredged,;
1 the construction of a reclamation basin at Calata Bettolo, intended for the transfer of that portion of
dredged sediment with concentration values compatible with this intendeg
1 the filling of the water areas near Calata Derna and Calata Bdngeasnstructing a quay.
As part of this program of activities, the Port Authority of Genoa has commissioned ICRAM to design the
seabed characterization activities preparatory te fianned dredging and quay construction works.
For the marine areas of the Port of Genoa affected by dredging and quay construction projects, ICRAM has
therefore drawn up a specific Characterization Plan, modulating the sampling strategy for eachjecea su
to intervention according to the bathymetric heterogeneity of the seabed, the qualitative variability of the
sediments, based on previous information, as well as the internal structural layout of the port. The
characterization activities planned foiarine sediments have been divided into two distinct phases (Phases |
and II).
1 Phase | involved the characterization of the entire western port area, in particular the Sampierdarena
Channel with all its internal doclexcept forthe Bengasi Quay and theoath of the Polcevera stream,
by taking 199 sediment cores, varying in length between 0.50 m and 8.00 m (for the performance of
chemicalphysical analyses on a total number of 922 levels).
1 Phase Il involved the characterization of the entire easternareéart of the Old Port, in particular the
Scalo Marittimo, the turning basins, the eastern access channel and the Bengasi Quay, through the
collection of 137 sediment cores, varying in length from 0.50 m to 8.50 m (for the performance of
chemicalphysicdand ecetoxicological analyses on a total number of 521 levels).
The characterization data obtained from surveys carried out within the Port of Genoa were processed using
various geostatistical techniques to obtain the spatial distributions of the gagimuey parameters. Areas
characterized by a different sampling grid were treated separately to respect the different levels of
information available during the estimation phase. The areas relating to the slipways and turning basins were
discretized,for estimating the survey parameters, with thrdienensional grids with cells measuring
30x30x0.5, while the remaining areas were discretized with cells measuring 50x50x0.5.
The grids were then cut into areas affected by excavation, and therefore subjeatdotehization, identified
in accordance with the bathymetry provided by the Port Authdfityifre3.1). The calculations relating to the
areas affected by quay construction work went down to a depth of 3 m. The calculations relating to the areas
affectedby excavation projects went down to the actual excavation depth, calculated by comparing the project
elevations and the bathymetry provided by the Port Authority. In the area of the turning basin aid the
Port, core samples taken below a sedimentaryectoencountered a rocky substrate above the planned
excavation levels. In these areas, the deepest layers of the processing grid stop at the estimated level of the
rocky substrate.
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Figure 3.2 Processing grid for the surface laye@RAM, 2007

In general, all thaareas characterized were found to be heavily contaminated; the pollutants identified
(hydrocarbons, polychlorinated biphenyls, heavy metals and organotin compounds) are clearly linked to
human activities. The highest levels of contamination were fouthe iturning basin and in the docks of the

Old Port. Furthermore, where contamination was detected, it extends to the deepest levels.

The results are shown, for each analyte, according to whether they exceed the concentration values reported
in Tables 1/Ard 1/B of Annex 5 to Part IV of D.L. No. 152/2006.

At the end of the assessments, ICRAM developed a geographical distribution of the concentrations,

highlighting the areas of exceedance of each limit value with different colors. The identified areas are:

- Purple ZoneThis color identifies the areas in which the exceeding of the classification limit values for
dangerous substances has bdeuand; in theseareasthe highest level of contamination has been
found.

- Red ZoneThe areas in which theoncentrationdetected are higher than the limit values DfL.
152/2006 are represented in Red. In these areas there is the presence of health risk but the
concentrations are lower than the classification limit values of dangerous substances.

- Green Zoneln theseareas,the concentrations found were lower than the ICRAM intervention limit
values.

The results for the compounds that showed the most significant concentré@iod® hydrocarbonBjpfor
Phase I, and PAH sum and Hg for Phesse lteported Eigure 32-3.25).
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Figure 3.2 Estimated concentration of C>12 hydrocarbons in t66 @m laye{|CRAM, 200y
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Figure 3.3 Estimated concentration of C>12 hydrocarbons in th@®@Dcm layerlCRAM, 2007

73



Finanziato Ministero . -
dall'Unione europea . dell’'Universita l Italiadomani
NextGenerationEU #35%2 @ della Ricerca - DA R RS enza

melri
0 150300 600 800

Figure 3.4 Estimated concentration of C>12 hydrocarbons in theIBIDcm layedCRAM, 2007
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Figure 3.5 Estimated concentration of C>12 hydrocarbons in theZDcm layedCRAM, 2007
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Figure 3.6 Estimated concentration of C>12 hydrocarbons in theZ8®cm layedCRAM, 2007
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Figure 3.7 Estimated concentration of C>12 hydrocarbons in the3@Dcm layed CRAM, 207)
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Figure 3.8 Estimated concentration of Pbin the50 cm layerlCRAM, 2007
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Figure 3.9 Estimated concentration of Pb in the-500 cm layerlCRAM, 2007
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Figure 3.10  Estimated concentration of Pb in the 1050 cm layerlCRAM, 2007
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Figure 3.11  Estimated concentration of Pb in the@300 cm layerlCRAM, 2007
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Figure 3.12  Estimated concentration of Pb in the 2280 cm layerlCRAM, 2007
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Figure 3.13  Estimated concentration of Pb in the 2300 cm layerlCRAM, 2007
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Figure 3.14  Estimated concentration of PAH sum in tHe00cm layer[CRAM, 2007
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Figure 3.15  Estimatedconcentration of PAH sum in the-800 cm layedCRAM, 2007
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Figure 3.16  Estimated concentration of PAH sum in the-160 cm layerlCRAM, 2007
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Figure 3.17 Estimated concentration of PAH sum in the-160 cm layerlCRAM, 2007
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Figure 3.18  Estimated concentration of PAH sunthie 206250 cm layerlCRAM, 2007
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Figure 3.19  Estimated concentration of PAH sum in the-380 cm layerlCRAM, 2007
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Figure 3.20  Estimated concentration of Hg in the50 cm layerlCRAM, 2007
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Figure 3.21  Estimated concentration of Hg in the-500 cm layerlCRA M, 2007
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Figure 3.22

Figure 3.23

Estmated concentration of Hg in the 1080 cm layerICRAM, 2007

Estimated concentration of Hg in the 1300 cm layerlCRAM, 2007
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