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Coastal length: 330 km
Beaches: 200 km
Archipelago: 250 km
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A day in the summer life

of Marina di Massa (Tuscany)

N.B. The beach is given in concession

to private entrepreneurs
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Marina di Pisa — Southern wing of the Arno River delta




Coastal restoration project at Marina di Pisa — artificial coastal cells #6 e 7
(DCR 47/2003 Intervention # 5 — Province of Pisa — Territo

rial defense unit)
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Beach fill with marble gravel coming

from Carrara quarries production reject

Before

After



Ombrone river delta
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Managed realignment at
Bocca d’'Ombrone (GR)
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Tuscany Regional Council in
2003 has approved and
financed the following:

PROGRAMME OF PRIORITY
INTERVENTIONS TO RESTORE
ERODING BEACHES AND
RESEARCH ACTIVITIES TO
IMPLEMENT TUSCANY REGION
ICZM PLAN
€ 109.800.000

A Y

' 4

Research ac.tivities Monitoring program to
and_ restoratl.on evaluate the effectiveness
projects design Realization of coastal of the restoration projects

restoration works € 5.000.000

€ 8.800.000
€ 96.000.000



2005 - 2008

Study and research for the implementation of
coastal zone database

Beach sand texture and petrography

Coastal Ztone éefa;né;»&phologm map

Numerlcal model suﬁmla@qn of fi
>\

——

Coastal rotectlon strt,ie»tuares

GEOSYSTEM PARMA®s.rl.




Regione Toscana Evoluzione del litorale toscano

Diritti Valori Innovazione memmmm  Costa alta

Spiagge stabili o in accrescimento
== Spiagge in erosione , Erosione intensa
— Tratti difesi da scogliere
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=¥ \San Rossore
lMEAm

Ultimo periodo (‘90 - 0ggi) B Forte arretramento (<-5)

O Modesto arretramento (<-2)
26% 26% -
O Stabile ( tra-2,01 e +2,01)
B Modesto avanzamento (>+2)

B Forte avanzamento (>+5)

10%

Beach surface budget: - 178.000 m2
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Geological Assistance & Services

2006 - 2008

Search and characterization
of relict sand deposits
In the Tuscany continental shelf
for the artificial nourishment
of eroding beaches




|dentification of sand bodies on the continental shelf is mainly based on
the interpretation of geophysical data (seismics, side scan sonait,
multibeam), groundtruthed by vibrocores

vibrocorer

gravity corer
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Ubicazione dei dati geofisici
C/O Toscanal (Maggio 2005)

SETTORE BOCCA DI MAGRA-LIVORNO (MASSAZ)
Indafini di fase C

C/O Toscana2 (Giugno 2005)

SETTORE BOCCA DI MAGRA-LIVORNO (MASSA1)
Indafini di fase C

SETTORIAeB

Indafini di fase B

C/O Toscana 3 (Agosto 2005)

SETTOREB
Indafini di fase B

C/O Toscana 5 (Novembre 2005)
ZONA MASSA
Indafini di fase D

ZONA & (S. Vincenzo - Plombino)
Indafini di fase C

—— ZONAb (a est di Capraia)

S. VINCENZO

Indafini di fase C

CIO Toscana 7 (Luglio 2006)

ZONA a (S. Vincenzo - Piombino)
Indafini di fase D

ZONA b (a est di Capraia)
Indafini di fase D

ZONA ¢ (a sud del'ELBA)
Indagini di fase B avanzata

C/O Toscana 9 (Aprile 2007)
ZONA d (Argentario - Giannutri)
Indagini di fase C+D

ZONA ¢ (a sud del’lELBA)
Indagini di fase C+D

[] Settori
[ Zone di Interesse minerario
[ Aree indagate neila fasa D

Ubicazione dei carotaggi
Carotaggi a gravita

+ C/O Toscana2 (Giugno 2005)
+ C/O Toscana 5 (Novembre 2005)

Vibrocarotaggi
« C/O Toscana 4 (Settembre 2005)
« C/O Toscana 6 (Maggio 2006)
» C/O Toscana 8 (Febbraio 2007)
» CJ/O Toscana 10 (Maggio 2007)

Search of sand

*Phase “A” — building knowledge — Mining scientific
literature, collecting and re-interpreting pre-existing data
to define shelf sectors

*Phase “B” — shelf scouting in shelf sectors — low-density
seismic suvey to define promising mining zones

*Phase “C” — exploration in mining zones — high density
seismic survey and coring to define exploitation sites

Phase “D” — exploitation in dredging sites - very high
density seismic survey and narrow-spaced coring to
define dredqing corridor

Total amount of collected data

*6.800 km S.B.P.- Chirp profiles
*6.500 km Sparker/Uniboom profiles
*6.800 km multibeam bathymetry
«33 gravity cores

*195 vibrocores



STARTIGRAPHIC SKETCH
OF TUSCANY CONTINENTAL SHELVES
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Massa mining zone

culminazione
depositi trasgressivi
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SITOMS 1 (UNITA C . el -
CORRELAZIONE TRA LE(CAROTE R!COS?RUITE Corrldor \Y Sl - C unit

IN BASE Al PROFILI SISMICI (zero a fondo mare)

. Distance to coast: 18 km

W Peli
[0 Sabbia medio-fine

iz .
Eteu +  \Vater depth: 44 — 54 m

L Base dell'unita dedotta da profili sismici

« Area: 6.050.000 m?
. Overlying mud thickness: 2-3 m
. Sand thickness: 6-7 m

. Sand volume:
38.400.000 m? seismically defined;
18.000.000 m? groundtruthed

. Mud volume : 13.700.000 m3

. D5, and M,: 0.2 mm




intervallo
19-117
117-200
200-216
216-477
477-487
487-576
117-576

VMD15 (ZONA MASSA - CAROTA RAPI
(Lunghezza: 576 cm; Profondita: 50 m; Lat: 43° 46

Da 0 a 19 cm: Pelite plastica di
colore 5Y 5/2. Bioclasti assenti.

Da 19 a 117 cm: Sabbia
fine/media, pelitica di colore 5Y
4/2.
E' presente una componente
molto grossolana di origine
terrigena.
| Bioclasti molto frequenti sia in
frammenti che in individui interi
mm e cm (max 12x2x11 a 104
cm Valva di Ostrea).
In questo intervallo & presente,
ai lati del liner, della pelite
proveniente probabilmente dal
| top della carota.

Da 117 a 200 cm: Sabbia fine di
colore 5Y 5/1.

§ Bioclasti molto frequenti fino a
162 cm poi divengeno rari. Sono
presenti sia in frammenti che in
individui interi mm e cm.

In questo intervallo & presente,
ai lati del liner, della pelite
proveniente probabilmente dal
top della carota.

Iy | {l 152 cm fine I* spezzone
% ghiaia % sabbia % pelite D50 mm

4,34 73,01 22,65 0.203
4,68 89,35 5,96 0,210
0,15 60,86 38,99 0,129

0 91,58 842 0,191
0,95 56,49 42,56 0,118
0,23 8762 12,15 0,177
1,65 92 6,35 0,196

distribuzione di frequenza

=)
| TR () I

E 4 F -Z =1 0

diametro in phi

curva cumulativa

6 5 -4 3 2 -1 0

diametro in phi

ESENTATIVA DEL SITO MS1)

IV°® Spezzone

Da 446 a 477 cm: Prosegue la
sabbia fine ampiamente
bioturbata di colore 5Y 5/1.

Da 477 a 486 cm: Livello organico
costituito da un unico resto
vegetale di colore 10YR 2/2.

Da 486 a 576 cm: Sabbia fine,
bioturbata di colore 5Y 5/1.
Bioclasti rari.

Da 494 a 503 cm: E' presesente
una componente pelitica di
colore 10YR 2/2.

B cm fine IV* spezzone

R 4
> & o1
VERT. EX. 30X




Geological remarks

11 possible corridors to
quarry relict sand

128.970.000 m3 of relict
sand (+ Capraia East)
potentially available for
Tuscany beaches
nourishment

Relict sand and gravel
are a not-renewable
resource. To manage it,
a census of deposits is
necessary with a
medium-long term plan
for coastal restoration
with beach
nourishment.
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environment

Phase A Reference Framework :

— Al Search of available information and literature about:
- meteo-marine conditions
- chemical - physical and biological properties of sea water;
- marine ecosystems (fish population, Posidonia oceanica etc. ..);
- morphology, bathymetry and seabed characteristics;

- Presence of marine archaeological sites, protection of marine areas, parks and nature

reserves, Pelagos Cetacean Sanctuary.

- A2 Implementation of available information about:
- provide a more detailed description of the study area;
- Identify the characteristics of the area that can be altered or disturbed by dredging
activities;
- The information gathered in Phase Al were held in ESRI ArcGIS platform.




i knowledge
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Phase B Detailed Characterization:

— B1 Dredging sites:

- realization of 58 vibrocores of 6 m length;

- physical, chemical, microbiological and ecotoxicological properties
of the sediments to be taken at different levels;

- assessment of the compatibility of the marine aggregates, to be used
for beach nourishment, with the native sediments;

- chemical - physical characteristics of the water column;
- benthic and fish population.
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On board operations




Massa vibrocores

B silt-clay
B sand-silt-clay
I sand



Piombino vibrocores

B silt-clay

e sand-silt-clay

I sand



Main parameters analyzed
« Grain size (gravel, sand, silt-clay)
 Metals: Al, Fe, As, Cd, Cr tot, Ni, Pb, Hg, Cu, V, Zn
e Total hydrocarbons (C<12 e C>12)
 PAH
e QOrganochlorine pesticides
* Polychlorinated biphenyls
o Tributyltin (TBT)

o Microbiology Paracentrotus lividus applied on elutriate
« Ecotoxicology |

Bioassay battery <
Vibrio fischeri (bacteria) applied on Corophium orientale applied to the whole sediment

elutriate




D.M. 14 aprile 2009, N° 56
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SQA: Enivironmental Quality Standard

Reference value utilized

LCB value by ISPRA

In: “Manuale per la movimentazione di sedimenti

marini”
Parameter LCB LCB
(sand > 25%) (sand < 25%)
Trace elements [mg kg'] d.w. [mg kg?] d.w.
Cd 0,20 0,35
Cr 50 100
Cu 15 35
Hg 0,20 0,40
Ni 32 60
Pb 25 37
Zn 50 100

LCB (Level Chemical Base) = value of the chemical
concentration of close to natural background relatively
free of contamination for which revealed no toxic effects




Bioassay results

Campione
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Piombino Chemical results

Percentage of samples resulting above
the values reported in DM 56/09 (total
number of samples: 99)

PIOMBINO Parameter % Contaminated samples
Trace elements 100
SILT-CLAY
Pesticides 75
Trace elements 100
SAND
Pesticides 50

Metals that exceed the quality standards are composed primarily of arsenic, chromium and

nickel

The organochlorine pesticides are Lindane, DDE, and to a lesser extent, by Hexachlorobenzen



Massa Chemical results

Percentage of samples resulting above
the values reported in DM 56/09 (total
number of samples: 145)

MASSA Parameter % Contaminated samples
Trace elements 92
SILT-CLAY
Pesticides 15
Trace elements 26
SAND
Pesticides 8

Metals that exceed the quality standards are composed primarily of arsenic, chromium and

nickel

Low percentage of samples contaminated with pesticides, o,B,y HCH, DDT and DDE



Sequential extraction

Three stage sequential extraction procedure for metal speciation in the relict sands. The European Community Bureau
of Reference (BCR), was used. As was determined by Graphite furnace atomic absorption spectrometry (GFAAS), Cr
and Ni by Inductively Coupled Plasma (ICP)

1 g di sedimento

+ 40 ml di acido acetico 0,11 M.

16 h in agitazione a T ambiente .
centrifuga

‘\ + 40 ml di idrossilammina cloridrato 0,5 M.
\ 16 h in agitazione a T ambiente
: Frazione scambiabile e legata ai centrifuga
carbonati

I metalli adsorbiti al particolato e legati ai
carbonati vengono rilasciati in seguito a

cambiamenti della composizione ionica e del pH
dell'ambiente A‘

+10 ml di H,0, 88 M a Step II: Frazione legata agli ossidi di Fe

pH 2-3 e Mn
1 ha T ambiente Questi ossidi “intrappolano” i metalli; diventano
: termodinamicamente instabili in condizioni anossiche

Conti I i
li\nalq-iag% :;eoacz‘lone Step III: Frazione legata alla

sostanza organica
I metalli legati alle macromolecole

+10 ml di H,0, ?,8 M organiche vengono rilasciati in ’
lhaT=85+2"°C. condizioni ossidanti centrifuga Campione seccato in stufa

+ 50 ml di acetato di ‘ + 3 ml di HNO; concentrato

ammonio + 1 ml di HCI concentrato
IM apH?2 razione residua Digestione infornetto a microonde

16 h in agitazione a T Questi metalli non sono
ambiente biodisponibili in condizioni naturali




Results of sequential extraction

As, Cr, Ni distribution in the different fractions in the Massa relict sands

Percentuali di As nelle singole frazioni rispetto al totale

Percentuali di Cr nelle singole frazioni rispetto al totale

O Residuo
W Step 3
O Step 2
B Step 1

OResiduo
B Step 3
O Step 2
B Step 1

M25 M31 M32 M34 M34 M34 M36
Sa Sc Sc Sb Sa Sa Sa Sb Sc Sa Sa Sc Sc Sb Sa Sa Sa Sb Sc Sa

Trace elementS Percentuali di Ni nelle singole frazioni rispetto al totale The .reSid.uaI
in the fractions P . fraction (light blue)
1. 2 and 3 are IS not bioavailable
bioavailable o and it is generally
mstep 3 of geological
O Step 2 . .
B Step 1 Orlgln

Sa Sc Sc Sb Sa Sa Sa Sb Sc Sa




Results of sequential extraction

As, Cr, Ni distribution in the different fractions in the Piombino relict sands

Percentuali di As nelle singole frazioni rispetto al totale Percentuali di Cr nelle singole frazioni rispetto al totale

P11 P14 P05 P08 P10
Sa

Trace elements The _residual |
in the fractions fraction (azure) is
1. 2 and 3 are not bioavailable
bioavailable. and it is generally

msiep 3 of geological

O Step 2

| step 1 origin




Chemical and ecotoxicological remarks

There is a generalized heavy metal contamination mainly due to Arsenic,
Chromium and Nickel, however, the study of speciation shows that these
elements are almost exclusively of geological origin, and therefore present
in physical and chemical forms which is not bioavailable;

There is a light pesticide contamination in the Piombino reservoir. It is
assumed that originates from pelitic sediments that cover the sand body;
additional analysis are in progress,

Comparative analysis of the bioassay data shows that out of the 3 species-
test system, only 1 (Paracentrotus lividus) has (in 30% of cases) a moderate
toxicity.
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e Phase B Detailed Characterization:
— B4 Deposition sites:

For each deposition site representative samples must be taken
In order to perform analysis necessary to assess any
environmental impact on the basis of the following:

-macroscopic (color, odor, etc.)

-physical (grain size)

- chemical properties (organometallic, metals, etc.)
-microbiological (coliform Enterococci, etc.)







Sand colour rating and chromatic compatibility of borrow sediments
From Pranzini E., Simonetti D., Vitale G. (2010) Journal of Coastal Research, 26: 798-808.

“Chromatic compatibility using CIEL*a*b* colour space”
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CONCLUSIONS

N
¥

1. Considering the continental shelf sand and gravel
| reservoirs;

the exploitation of Massa and Piombino reservoirs;

#3. Considering the volume of sand presently available
along the updrift side of coastal infrastructures:

i Region of Tuscany is presently implementing its
¢ Coastal Sediment Management Plan (CSMP)
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