
NEMO NEMO -- SN1 Observatory:SN1 Observatory:
The 1The 1stst European realEuropean real--time seafloor time seafloor 

multidisciplinary observatorymultidisciplinary observatory

Giuseppe DGiuseppe D’’AnnaAnna
Istituto Nazionale di Geofisica e Vulcanologia (INGV)Istituto Nazionale di Geofisica e Vulcanologia (INGV)

NEMO NEMO -- SN1 TeamSN1 Team

INGV  INGV  Laura Beranzoli, Massimo Calcara, Giuseppe D’Anna, Roberto D’Anna, Angelo De Santis, Giuseppe Etiope, Paolo 
Favali, Francesco Frugoni, Matteo Grimaldi, Luigi Innocenzi, Cristina La Fratta, Marcantonio Lagalante*, Nadia Lo Bue, 
Luigi Magno, Giorgio Mangano, Giuditta Marinaro, Stephen Monna, Caterina Montuori, Giuseppe Passafiume, Tiziana Sgroi, 
Stefano Speciale, Roberto Tardini, Claudio Viezzoli* (*consultants)

INFNINFN--LNSLNS Giorgio Cacopardo, Antonio Capone, Tommaso Chiarusi, Rosanna Concimano, Rosa Coniglione, Michele 
Costa, Carmelo D'Amato, Vittorio D'Amato, Antonio Damico, Carla Distefano, Antonio Grimaldi, Emilio Migneco, Mario 
Musumeci, Riccardo Papaleo, Paolo Piattelli, Guido Raia, Giorgio Riccobene, Dario Romeo, Alberto Rovelli, Piera Sapienza, 
Mario Sedita, Fabrizio Speziale

TecnomareTecnomare--ENI S.p.A.  ENI S.p.A.  Francesco Gasparoni                                             Technische UniversitTechnische Universitäät Berlin   t Berlin   Günther Clauss

ISMARISMAR--CNR, Sezione di Bologna  CNR, Sezione di Bologna  Michael P. Marani, Fabiano Gamberi          IFSIIFSI--INAF INAF Valerio Iafolla     OGS OGS Marino Russi

Technische Fachhochschule Berlin   Technische Fachhochschule Berlin   Hans W. Gerber                                       Elettra Tlc S.p.A. Elettra Tlc S.p.A. Giuseppe Maugeri

UniversitUniversitàà di: Romadi: Roma--3 3 Claudio Faccenna , Catania , Catania Stefano Gresta , Messina , Messina Giancarlo Neri , Palermo , Palermo Dario Luzio 



GEOSTARGEOSTAR
GEGEophysical and OOceanographic STSTation 

for AAbyssal RResearch



SATELLITE
NODES

MODUS

BUOY

Satellite link
Radio linkShore 

station

Vertical 
Acoustic                    

link

Horizontal 
Acoustic

link
GEOSTAR

NEMO NEMO -- SN1SN1
Cabled (real time)

ECEC--ORIONORION
Networking



weightweight: 10 kN in air: 10 kN in air
(7 kN in water)(7 kN in water)
dimensionsdimensions: : 
2.37 m (2.37 m (ØØ)  x 1.7 m)  x 1.7 m
powerpower: 25 kW: 25 kW
thrustersthrusters: max 6,: max 6,
2 vert.+4 horiz.2 vert.+4 horiz.
(700 N each(700 N each))
maxmax
payloadpayload::
30 kN30 kN
depth depth 
rated:rated:
4000 m4000 m

MODUSMODUS (MOMObile DDocker for UUnderwater SSciences)

Docking pinDocking pin

navigationnavigation: sonar 360: sonar 360°°(300 m); 6 cameras (4 videos)+ lights; altimeter (100 m); headin(300 m); 6 cameras (4 videos)+ lights; altimeter (100 m); heading (1g (1°°); tilt (1); tilt (1°°); LF transponder); LF transponder



HPUHPU

• winch: 3.8 x 2.35 x 2.4 m; 180 kN
• HPU: 1.77 x 1.15 x 1.71 m;  20 kN
• max payout speed 70 m/min (1st layer), 

51 m/min (10th layer)
• static load 80 kN (top layer) 
• cable: 4000 m, 10 layers, 22 kN/km (in 

air)-18 kN/km (in water), 89 kN working 
load, 205 kN breaking strength

INGV Cable & winchINGV Cable & winch

1.05 m (1.05 m (ØØ))
instrumentedinstrumented

SheaveSheave

25.4 mm (25.4 mm (ØØ))
3 optic fibres3 optic fibres

3 x 3000 VAC3 x 3000 VAC--6A6A



Logistics Logistics –– accessaccess to vesselsto vessels

R/V Urania M/P Mazzarò

C/V PertinaciaR/V Universitatis



(4) (4) 
ORIONORION--44

A fleet of 6 Seafloor ObservatoriesA fleet of 6 Seafloor Observatories
(2)(2)

SN1SN1

(5) (5) 
GMMGMM

(1) (1) 
GEOSTARGEOSTAR(3) (3) 

ORIONORION--33

(6) (6) 
MABELMABEL



1998             2000              2002        1998             2000              2002        2003             2004            2003             2004            
20052005

GEOSTAR 1GEOSTAR 1 GEOSTAR 2GEOSTAR 2

SN1SN1

MABELMABEL

ORION ORION –– NODE 3NODE 3 ORION ORION –– NODE 4NODE 4

SN1 (cabled version)SN1 (cabled version)

GMMGMM

GEOSTARGEOSTAR––ORION 1ORION 1The The ““family treefamily tree””



Offshore Ustica 
(2000 m w.d.)     
Sep.00-Apr.01

Offshore Catania 
(2105 m w.d.)           
Oct.02-May 03

Real time (cabled)
Jan.05-on

Marsili Volcano  
(3320 m w.d.)     
Dec.03-Apr.04 
Jun.04-May 05

GEOSTARGEOSTAR
SN1SN1
ORION Node 3ORION Node 3
ORION Node 4ORION Node 4
GMMGMM
MABELMABEL

Adriatic Sea     
(44 m w.d.)         

Aug.-Sep.98

Corinth Gulf       
(400 m w.d.)       
Apr-Nov 04

Patras Gulf   
(40 m w.d.)             
Apr.-Jul.04        

Sep.04-Jan.05

Seafloor ExperimentsSeafloor Experiments
22 deployment & recovery successful 22 deployment & recovery successful 
operations down to > 3300 m w.d.operations down to > 3300 m w.d.

>>100100 Gbytes (binary data), Gbytes (binary data), 
equivalent to equivalent to >>2000 days 2000 days 
of operationof operation

Weddell Sea 
(1874 m w.d.)           

Dec.05-on



Marani et al., 2004

The most important earthquakes:The most important earthquakes:
1169, M 6.6; 1693, M 7.4; 1908, M 7.21169, M 6.6; 1693, M 7.4; 1908, M 7.2

Platania,  “Il Terremoto di  Messina, 1908”



ArcticArctic
Norwegian marginNorwegian margin

PorcupinePorcupine

AzoresAzores
Black SeaBlack Sea

HellenicHellenic

Ligurian SeaLigurian Sea

Iberian marginIberian margin Eastern SicilyEastern Sicily

NordicNordic

10 Key-sites

European Seafloor Observatory European Seafloor Observatory 
NETwork NETwork 

GOALS: 
Geohazards 
Global change 
Biodiversity

Concerted Action (2002Concerted Action (2002--2004)2004)

Action Plan of GMESGMES Programme
(Global Monitoring for Environment and Security)



weightweight: : 
14 kN in air (8.5 kN in water)14 kN in air (8.5 kN in water)
dimensionsdimensions::
2.9 x 2.9 x 2.9 m (overall)2.9 x 2.9 x 2.9 m (overall)
depth rateddepth rated:4000 m:4000 m

33--C broadC broad--band seismometer   100 Hz  [band seismometer   100 Hz  [Z, EW, NS]                 24 bitZ, EW, NS]                 24 bit
HydrophoneHydrophone 100 Hz                              100 Hz                              24 b24 bitit
Gravity meterGravity meter 1 Hz  [g, T]                                  241 Hz  [g, T]                                  24 bitbit
CTD CTD 1 sample/10 min1 sample/10 min
33--D current meterD current meter 2 Hz  [Vn,Ve,Vz,T,P,H,Tx,Ty]   16 bit2 Hz  [Vn,Ve,Vz,T,P,H,Tx,Ty]   16 bit
Precision tilt meterPrecision tilt meter 10 Hz  [Tx, Ty]                               24 bi10 Hz  [Tx, Ty]                               24 bitt

11st st mission standmission stand--alone mode alone mode 
October October ’’02 02 -- May May ‘‘03 03 

(>130 days; >12 Gbyte data)(>130 days; >12 Gbyte data)

Guralp CMGGuralp CMG--1T1T
in the Tiin the Ti--spheresphere

.0027.0027--50 Hz50 Hz



SNSN--11

499 earthquakes recorded 499 earthquakes recorded onlyonly by SN1 (over 130 days)by SN1 (over 130 days)
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SN-1 
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triggers 
 

Teleseismic 
Events 

32 - - 32  
(2.3%) 

Regional 
Events 

249 14 14 277  
(20.4%) 

Local 
Events 

355 213 485 1053 
(77.3%) 

Total 636  
(46.7%) 

227 
 (16.7%)

499  
(36.6%) 

1362 
(100%) 

 



Ionian Ionian 
SeaSea

Tyrrhenian SeaTyrrhenian Sea

Deep Ionian Deep Ionian 
BasinBasin

Etna Etna SouthernSouthern
CalabriaCalabria

Malta Malta 
EscarpmentEscarpment

SNSN--11

213 high213 high--quality earthquakes analysedquality earthquakes analysed



2.330 m double 
shield cable

20.595 m single shield 
underwater cable

Joint BU

5.220 m

5.000 m

NEMO Pilot NEMO Pilot 
experiment (INFN)experiment (INFN)

SN1 
(INGV)

Joint

Joint

INFN Lab 
Catania harbour 10 Optic Fibres ITU- T G-652 (6 used)

6 Electrical Conductors  Φ 4 mm2  (4 used)



cable:cable:
3 FO3 FO
2 electrical2 electrical

ROV mateable ROV mateable 
connectorconnector



Junction boxes



The 1The 1stst ““RealReal--TimeTime”” seafloor observatory in Europeseafloor observatory in Europe

First operative ESONET site First operative ESONET site 
25 January 200525 January 2005

2060 m w.d.2060 m w.d.



Chile MChile Mw w = 7.8, 13 June = 7.8, 13 June ’’0505

Sumatra MSumatra Mww = 8.7, 28 March 2005= 8.7, 28 March 2005
Important Important 
teleseismic teleseismic 

eventsevents

SN1 real-time 
seismological 
recordings



Etna MEtna MLL= 2.2, 14 September = 2.2, 14 September ’’0505

Ionian Sea MIonian Sea MLL=4.7,  16 September =4.7,  16 September ’’0505

Regional/Local Regional/Local 
examplesexamples



Example of local event Example of local event onlyonly recorded by SN1recorded by SN1



Aumento del 130% del numero di 
stazioni e del 500% di canali (terne 

di sensori a larga banda)

2001: 92 stazioni a corto periodo

2006: 210 2006: 210 stationsstations 3D 3D widewide bandband

SN-1
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Ridondanza e affidabilità
dei sistemi trasmissivi

Costi collegamenti Satellitari vs. CDN o RUPA ~ 1:8



GPS
Accelerometer

Broad band 
Seismometer

Satellite or RUPA
Transmission



Stazione multisensore INGV 
Sismometro BB – Accelerometro - CGPS



MedNet
Very-broad-band seismic network



Portugal
Spain 
France
U.K.
Germany 
Switzerland
Austria
Slovenia
Croatia
Czech Rep.
Poland
Romania
Estonia
Russia 
Greece
Israel

MEDNET
Morocco
Tunisia*
Algeria*
Egypt*
Turkey 
Greece
Malta
Albania 
Serbia
Bulgaria
Romania

MedNet
Data exchange in real time 



Rapidità

Prima localizzazione 
automatica entro 20-30”

Ritardi entro 10 secondi



Comunicati entro 2’

PERSONALE H24: Tre esperti Sismologi/Tecnici + Reperibili



Algeria: 2.5 - 5 minutes
21/5/ 2003 
Mw 7.2

Tsunami a 
Mallorca
Dopo  30’



DATA
Sismicità 2005

Oltre 5000 eventi 
rilevati, 550 comunicati



Distribuzione dei 
DATI

• Info su ogni evento risentito (M>2)
web:Terremoti Recentii
•Bollettini quindicinali dopo 1 mese 
(localizzazioni, tempi arrivo, magnitudo)
web: bollettinoo
• Forme d’onda 
MEDNET mednet
RSN waves

•In preparazione un portale unico per 
dati reti sismiche e GPS



Progetti futuri



PEGASO ProjectPEGASO Project

Funded by “REGIONE SICILIANA”
(2006 -2008)

OBJECTIVEOBJECTIVE: : Realisation of an underwater 
system for the deployment, recovery and 
connection of complex deep-sea structures, 
servicing  the existing infrastructure off-E. Sicily 

Max operating depth 4000 mMax operating depth 4000 m

PPotEEnziamento di reti GGeofisiche e AAmbientali SOSOttomarine 
(Enhancement of underwater geophysical and environmental networks)



PEGASO ProjectPEGASO Project

DeepDeep--Sea Shuttle (DSS)Sea Shuttle (DSS) Customised ROV (CCustomised ROV (C--ROV)ROV)



7 INGV-OBS (Ocean Bottom Seismometer)

Operativity: 6000 m
Autonomy: up to 18 months
Data acquisition and recovery systems
VBB seismic sensor
DPG (Differential Pressure Gauge)



Surface Relay Buoy (SRB)

Underwater Seismic Station 

& Communication Module

Vertical Link

Horizontal Radio Link

Underwater Real-Time Seismic Station

Anchor



Gibilmanna Observatory

Finanziata nell’ambito 
del progetto SICIS



Grazie per l’attenzione


