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Introduction
The NEPTUNE Canada (NC) Project plans to complete the
installation of the world’s first regional cabled ocean
observatory in late 2009 off Canada’s west coast. The
observatory will comprise five main observatory sites (in
100m coastal to 2700m abyssal plain water depths)
along an 800km backbone cable that delivers 10kVDC
power and 10Gbps communications bandwidth to
hundreds of sensors, with a design life of 25 years.
Bringing abundant power and high bandwidth to diverse
ocean environments, establishing a vast data archive, and
enabling multidisciplinary interactive experiments in real
time will transform the ocean sciences and complement
other ocean observing systems.

Funding ($100M) for the project’s infrastructure came
from the Canada Foundation for Innovation (CFI), the
British Columbia Knowledge Development Fund and in-
kind support from industry. Initial operational funding
($20M) was recently received from the Natural Sciences
and Engineering Research Council of Canada, CFI, British
Columbia Ministry of Advanced Education, and CANARIE.
The University of Victoria (UVic) leads a consortium of 12
Canadian universities that also includes many government
and international scientists. NC (www.neptunecanada.ca)
operates with over 30 full-time staff plus consultants.
UVic also hosts the coastal VENUS cabled observatory
project (www.venus.uvic.ca), with Ocean Networks
Canada (www.oceannetworks.ca) providing management
oversight and support for both projects.
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Figure 1: NEPTUNE Canada’s cable route showing the main observatory nodes and the Port Alberni shore station.

The project was developed in collaboration with the
United States, particularly the University of Washington,
and now more formally with the Ocean Observatories
Initiative (OOI; www.oceanleadership.org) established by
the National Science Foundation. OOI expects to receive
its main infrastructure funding in mid-2010, which will
include five regional scale nodes on the southern Juan de
Fuca plate, complementing those of NEPTUNE Canada,
and ensuring interoperability through the cyberinfrastucture.

Science Objectives
The NC observatory will investigate a great diversity of
Earth/ocean processes, phenomena and events, with
instruments deployed in the subsurface (boreholes), on
the seabed, and buoyed through all or part of the water
column. Over 130 instruments will host several hundred
sensors, some attached to a tethered ROV crawler and a
400m vertical profiler.

The science experiments will focus on earthquake
dynamics and tsunami hazards; fluid fluxes in the ocean

crust and sediments, including gas hydrate deposits;
ocean and climate dynamics, including acidification,
nutrient fluxes and impacts on biota; deep-sea
ecosystems dynamics; and applied engineering and
computer science research. Scores of scientists were
involved in the design of the experiments and the
instrumentation. The system is expandable in both
subsea wet plant and instrumentation.

Engineering and Architecture
The architecture adopted by NC is a trunk and branch
topology, which achieves the desired functionality for both
power distribution and communications. Importantly, it
allows the backbone to be constructed exclusively from
components designed and qualified for use in commercial
subsea telecommunications systems, leveraging many
years of design experience and high reliability of these
components. The backbone cable forms a continuous
loop from and to UVic’s Port Alberni shore station (Figure
1). The design, manufacture and installation of the wet
plant was contracted to Alcatel-Lucent.
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The network nodes, on spur cables off the backbone
cable, are designed to be recovered and repaired if
necessary using wet mateable connectors. Because the
entire network does not depend on any single node,
nodes can be placed in areas of higher risk of damage
than the backbone. Network modifications and upgrades
can be made by replacing the nodes, while the backbone
remains unaffected.

Each node provides six interface ports for connection of
science instrument arrays or extensions. Each port
provides dual optical Ethernet links and up to 9kW of
electrical power at 400VDC. Wet mateable connectors
make the connections between node and extension cables.

Junction boxes, designed and built for NC by OceanWorks,
Vancouver, BC, support up to 10 instruments each and
can be daisy-chained where necessary. They accommodate
both serial and 10/100 Ethernet instruments, and provide
a variety of voltages (400V, 48V, 15V and 12V).

Many of the major technology challenges in implementing
this network have been overcome. The backbone
equipment has all been qualified and installed; the shore

station is complete; the junction boxes are being
delivered. However, a 2008 deployment would have
required manufacture of certain key components prior to
completing qualification, including the DC to DC converter
that supplies 400V from the 10kV line, the 400V control
boards and the 10kV wet mate connectors. After a full
risk evaluation, the deployment of nodes and instruments
will now occur in the 2009 weather window.

Data Management and Archive System (DMAS)
The need for a software system to support NC’s
underwater infrastructure is critical. The software serves
as an interface between users and the cable observatory
and responds to a triple mandate:

� acquire data from various instruments and
sensors underwater

�provide life-time storage and redistribution
capabilities for all data

� allow duly authorized users to remotely and
interactively control experiments

Barrodale Computing Services performed initial feasibility
studies and the Astronomy Data Centre group at National

Figure 2: Remotely operated crawler from Jacobs University Bremen, Germany, investigating gas hydrates at Barkley Canyon.
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Figure 3: A 400m vertical profiler by NGK Ocean, Tokyo, Japan, to operate near Barkley Canyon.

Figure 4: Generalized wet plant observatory configuration adopted by NEPTUNE Canada.
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Research Council’s (NRC) Herzberg Institute for
Astrophysics produced basic initial requirements and cost
estimates. The Data Management and Archiving System
(DMAS) is being developed in-house, using the Agile
development methodology to deliver frequent,
incremental versions of the system. This approach was
first applied to VENUS, with data flowing since 2006, and
subsequently to NC to establish the system
specifications, understand the issues, and train
operations staff on observatory control and monitoring.

CANARIE funding permitted DMAS to adopt a Service-
Oriented Architecture (SOA), using Web services to
expose the functionality of DMAS’ various components.
An internal messaging bus allows various functional
components to interact through the publish and
subscribe paradigm, using Java as a
programming language.

Additional CANARIE
support is enabling
DMAS to develop a
modern environment for
both professional and lay
users: data access, data
processing and experimentation control within a
Web 2.0 environment. This will allow the users, on top of
data and instrumentation access, to perform data
visualization and analysis on-line with either default or

custom processing code, as well as
simultaneously interacting with each other.
These social networking aspects will be within
NC’s new “Oceans 2.0” environment.

The NC observatory includes a network
backhaul link from the Port Alberni shore
station to UVic’s data centre, mostly funded
through a CANARIE award, with Shaw
Business Solutions providing a dedicated
10Gbps/10yr service.

Summary and Invitation
These are exciting days as the NEPTUNE
Canada team enters the last year of the

infrastructure installation phase and transitions into the
operational phase for the world’s first regional cabled
ocean observatory. The project is destined to transform
the ocean sciences. Along with several other countries
planning cabled observatories over the next decade, the
result will be a progressive wiring of the oceans. The
observatory is designed to be expandable in its footprint,
nodes and instruments and provides a magnificent facility
for testing prototypes of new technologies monitored and
demonstrated in real time. NC (neptune@uvic.ca) invites
new scientific and industrial participation, experiments,
instrumentation and data services. �

Figure 5: Node being inserted into a trawl resistant frame, constructed by L3
MariPro, Santa Barbara, US.

Figure 6: Architecture of the DMAS system. The Enterprise Service Bus
implements a publish and subscribe model and asynchronous
communication between the various elements to be applied to the data.
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Newfoundland, and Geological Survey of

Canada were followed by concurrent appointments as
Director, Centre of Earth and Ocean Research and School of
Earth and Ocean Sciences at UVic. crbarnes@uvic.ca

Mairi Best was Assistant Professor at McGill
University prior to joining NEPTUNE Canada
as Associate Director, Science. Her research
into preservation of calcium carbonate
skeletons includes experiments through

VENUS and a PhD at University of Chicago and Smithsonian
Tropical Research Institute on cycling of biogenic carbonate
in the tropics.

Fern Johnson, a Certified General
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October 2003 from the private sector. As
Associate Director, Finance and
Administration, she is primarily responsible

for the financial management and other administrative areas
including oversight of facilities, central office operation, and
human resources.

Peter Phibbs is Associate Director,
Engineering and Operations for NEPTUNE
Canada, with responsibilities including the
Alcatel and OceanWorks contracts. Peter is
an engineer with experience in managing a

wide range of complex deepwater construction projects,
including submarine telecommunications systems across the
Atlantic and from New York to Rio de Janeiro.

Benoît Pirenne is Associate Director,
Information Technology, for NEPTUNE
Canada. He joined NC in October 2004
following 18 years at the European
Southern Observatory (ESO), a leading

organization for astronomical research, where he was in
charge of the science data archive of the Hubble Space
Telescope and of ESO’s own telescopes.


