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Abstract – Study of the Arctic Ocean is limited by sea ice and 
harsh weather that restrict access using traditional methods for 
much of each year. This has limited data acquisition in the 
past and obscured understanding of events, processes and 
variability of the environment over most of the Arctic Ocean. 
Breaching this isolation can be achieved through the use of 
cabled observatory technology and instrumentation to monitor 
the shelf and basin independent of surface conditions. 

Located at the confluence of the Chukchi Sea, the 
Beaufort Sea and the Bering Strait, Barrow, Alaska, is an ideal 
location both to observe local phenomena and to address 
mixing issues having global significance. The Beaufort and 
Chukchi shelves are heterogeneous environments, 
characterized by complex oceanography that dramatically 
impacts the local ecosystem and, ultimately, the communities 
that depend on this ocean. Because this region is particularly 
sensitive to climatically driven environmental changes, 
understanding the variability and the linkages between and 
within the atmosphere and the ocean are necessary to 
constrain change, to predict how it will evolve over time, and 
to develop plans to mitigate the consequences to local 
communities. 

A design effort to address the science needs and technical 
issues associated with a cabled observatory at Barrow, Alaska, 
is well underway. A science workshop was held in Barrow in 
February 2005 with the results reported in [1]. A technical 
working group met in Monterey, California, in November 
2005 to develop a conceptual design for a cabled seafloor 
observatory at Barrow. This paper reports on the results of 
these two workshops. 

I.  INTRODUCTION 

This paper reports on the progress of the concept 
designfor the Beaufort Cabled seafloor Observatory (BCO). A 
science and community input workshop was held in Barrow, 
Alaska, in February 2005 that established a series of important 
drivers for science that can only be approached via a long-
term presence in the ocean. A subsequent technical concept 
development workshop to evaluate the feasibility of the BCO 

was hosted by the Monterey Bay Aquarium Research Institute 
(MBARI) in Moss Landing, California, November 16-18, 
2005. This document is the report from that workshop that 
establishes the engineering and economic feasibility of the 
BCO. 

A. Why ocean Observatories? 
Next generation studies of dynamic, interacting processes 

in the Earth-ocean-climate system require new interactive, in 
situ approaches to complement the more traditional ship-based 
expeditionary science that has dominated oceanographic 
research for the past century. Routine, long-term access to 
episodic oceanic processes is crucial to continued growth in 
our understanding and predictive modeling of complex natural 
phenomena that are highly variable and span many scales of 
space and time. This access will be facilitated by innovative 
ocean facilities providing unprecedented levels of power and 
communication to access and manipulate real-time sensor 
networks deployed among many different environments 
within the ocean basins.  These facilities, their real time or 
near-real time information flow, and the archives associated 
with them, will empower entirely new approaches to science. 
In addition, these approaches will enable educational-outreach 
capabilities that will dramatically impact general 
understanding of, and public attitudes toward, the ocean 
sciences and science in general. 

The US National Research Council recognized the crucial 
role ocean observatories will play in 21st century 
oceanography [2]. The report concludes that “Seafloor 
observatories present a promising, and in some cases 
essential, new approach for advancing basic research in the 
oceans.” 

B. Why at Barrow? 
A detailed discussion of why the Beaufort Sea around 

Barrow, Alaska, is of key importance is contained in the 
meeting report from the Feb 2005 Barrow workshop [1].  A 
brief overview is provided here. 





4 

(Figure 2-3), carries out functions such as monitoring and 
control of the node power busses; node ground fault detection; 
monitoring and control of the node access and backbone data 
communications hardware; and collection and transmission of 
node engineering data to shore. The IIS provides power, 
communications, and time services to instruments and sensors, 
and carries out functions such as monitoring and control of 
power to the instruments; instrument ground fault detection; 
bi-directional transmission of data to/from instruments; and 
storage and forwarding of instrument metadata to users or data 
repositories as required. The dominantly shore-based elements 
of OMS perform operations and data flow management 
functions as the shore-based counterparts of NCS, IIS, and 
DMAS. The remaining pair of shore-based functions depicted 
in Figure 2-3 are the data buffering and data archive processes 
which are part of DMAS. The former gathers real-time data 
(and instrument metadata) from all instruments, as well as 
engineering data from the nodes, and stores it temporarily. 
The data archive subsystem gathers and receives data and/or 
metadata from specified instruments.  

This description outlines the potential intricacy of the 
OMS services needed to operate an ocean observatory. While 
many of the required functions could be implemented in 
hardware, a key characteristic they share is the need for 
frequently repetitive and autonomous inter-service 
communication and exchange of data or commands. In 
addition, the services required to operate an ocean observatory 
will evolve over time as new modes of operation emerge and 
as users and operators gain experience. This argues strongly 
for a design that specifies hardware interfaces at primitive 
levels in the subsystems comprising OMS and constructing 
inter-process control and communications connections in 
software that can be modified as 
required.

 
Fig. 3. Block diagram defining the distributed processes 
required to implement a comprehensive Observatory 
Management System. See text for discussion. 

II.  SITE SPECIFIC ISSUES 

While most of the engineering that has been done for the 
US cabled seafloor observatories is generic, there are a 
number of issues that are specific to the BCO location. This 
section addresses these issues. 

 

A.   Science-driven node locations 
The continental margin around Barrow is an important 

location for a cabled observatory because it is the meeting 
place for waters from three independent sources, as well as a 
region where the boundary current that encircles the Arctic 
Basin can be quickly accessed.  The presence of Barrow 
Canyon in this region contributes additional scientifically 
compelling reasons to install a cabled observatory as it 
influences eddy and polynya development and shelf-basin 
exchange. The scientific and community interest in 
observation locations are discussed in [1]. Figure 4 shows the 
location of areas of scientific interest in the context of the 
ocean circulation and bathymetry in the vicinity of Barrow. 

 

 
Fig 4. Major ocean circulation features with observation 
transects and the nominal location of a node in the deep basin. 
Complex, heterogeneous circulation, ice formation and the 
migration of the ice edge could be observed with these 
instrumental arrays. Active acoustic techniques could be used 
to monitor the water column between instrument sites.  A 
second cable landing at Prudhoe Bay would offer other 
opportunities for instrumentation and eliminate the system's 
vulnerability to single point cable failure.. 

 
B.  Location specific cable/sensor surviabilitiy issues 

Shore fast ice and grounded ice pose substantial risk to 
cables and instrumentation and to the shore landings. 
Significant work on ice scour has been done in the Canadian 
Beaufort by [15] and is summarized in Figure 5.  
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Fig. 5:  The relationship between water depth (> 5m) and 

average re-scour rate for the Canadian Beaufort Sea. Data 
were collected over the time period of 1974 to 1990. A total of 
5,329 scours were used to develop these averages. Data were 
collected and presented by [8]. Figure courtesy of [16]. 

Shore landings will be made through some combination 
of slant drilling and trenching based on the results of the Desk 
Top Study and subsequent survey work. To increase the 
reliability of the system dual parallel shore landings are likely 
to be used at each landing site and a second landing site, most 
likely at Prudhoe Bay, would be very desirable. A high-speed 
(fiber optic) link between Barrow and Prudhoe could also 
provide substantially improved connectivity for Barrow as 
discussed in Section D. 

 
C.  Logistics. 

Installation and operation in the arctic and specifically the 
North Slope requires special attention to logistic issues. The 
remote location is a particular problem. Bulk freight arrives 
once annually on barges loaded in Seattle and Anchorage. 
Overland transport is possible during winter from Prudhoe but 
is a significant undertaking. Everything thing else comes and 
goes by air. This will be one of the primary constraints for 
planning the installation of the BCO and an ongoing issue for 
operations.  

Due to the high latitude, the open-water working season 
north of Barrow is short (1-2 months per year) and variable. 
These site-specific issues will require careful coordination of 
resources including ship time in order to install two shore 
landings, seafloor cables and cable nodes in one season. 
Installation in a single season is likely to be significantly less 
expensive than spreading the installation over two seasons. 

 
D.  Internet connectivity 

Network connectivity options in Barrow are limited to 
satellite, which constrains available bandwidth and introduces 
considerable latency and jitter. The latency will in turn limit 
and possibly eliminate many of the "real-time" command and 

control options that may be desirable to the user community. 
None of the existing commercial Internet offerings include 
features such as Quality of Service (QoS), multicast or IPv6. 
One option to provide these features is transitioning the 
connection from commodity service from an ISP to a circuit to 
University of Alaska Fairbanks (UAF) or as part of the new 
Alaska Sponsored Education Group Participant (SEGP) for 
Internet2 (http://abilene.internet2.edu/community/segp/) This 
will enable those services to other I2 institutions or affiliates. 
These advanced features will probably not be available in the 
foreseeable future from the commodity Internet. 

A satellite T-1 from AT&T/ALASCOM provides 
BASC’s current Internet connectivity. The connection speed 
will be upgraded to 3Mbps in the first-half of 2006 but that 
may be the technical limit of the system.  

At present there are two Internet connections out of 
Deadhorse. The most reliable one is a microwave link parallel 
to the pipeline. The other is a buried fiber along a similar same 
route. There has been discussion regarding the provision of a 
microwave system from Deadhorse to Barrow.  This is 
contingent on the placement of five 500-foot tall radio towers. 
Installation of these towers has been delayed due to 
exploration by the oil companies (seen as the primary tenant).  
The idea of Barrow-to-Deadhorse underwater trenched fiber 
connection is very appealing and supports a second shore 
landing for BCO.  

Another possibility is that of a dedicated earth station for 
satellite service.  The costs for new earth stations have 
dropped considerably, allowing for the use of newer satellite 
modems, better transport algorithms, and quality of service.  
Unfortunately, the corresponding satellite time has risen 
exponentially as demand is outstripping availability 
worldwide. 

We expect to evaluate the utility of Delay Tolerant 
Networking protocols [17] to improve performance over these 
satellite links. 

 
E.  Long term autonomous vehicle operation 

Efficient water column sampling in ice-covered waters 
elevates the utility of the AUV to that of an indispensable 
component of an Arctic cabled observatory.  The general 
concept is to attach a dock fixture to cabled observatory 
nodes, providing locations for AUVs to park, recharge, and 
communicate with shore.  The AUV Docking system will 
provide AUV survey functionality able to: 
• Operate where ships cannot and in a less intrusive fashion 

where ships can work.  
• Sample in, under and near the ice edge and with small 

water column disturbances created by the sampling 
platform itself 

• Sample under land fast and drifting sea ice at all times of 
year 

• Obtain repeat surveys without requiring onsite human 
presence  

• Develop time series over defined transect 
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• Extend spatial coverage beyond that offered by cabled 
array 

• Obtain data in gaps between points sampled by cabled 
array 

• Respond to episodic events in a timely and flexible manner  
• Event response over predefined transect 
• Feature-detecting operation, ability to adapt sampling 

scheme on the fly  
AUV operations off Barrow present distinct challenges as 

compared to operations at lower latitudes.  Access by ships is 
limited to roughly two months during the year.  Shore support 
facilities at Barrow are limited as well (e.g., there is no dock 
in Barrow), which significantly changes the logistical options 
available relative to working in ice-free locations.  Many 
basics of vehicle operations are different as well.  For 
example, a typical failsafe for an AUV is to abort to the 
surface.  This might be the worst possible option for a vehicle 
under-ice.  Instead, a vehicle operating under ice should be 
less prone to ‘give up’ and only abort the mission in extremis.  
When an abort is necessary, the vehicle should most often 
ground itself rather than go to the surface. Finally, the 
demands on some subsystems of high-latitude vehicles are 
more stringent.  For example, heading references do not 
function as well, with magnetic compasses limited by the high 
magnetic inclination near the magnetic pole, and inertial 
navigation techniques are challenged by proximity to the 
Earth’s rotational axis.  Practical experience with AUV 
operations using such techniques is described by [18].  
 
F.  Operations and maintenance at high latitude 

The challenges of installing, operating and maintaining a 
cabled seafloor observatory in the Arctic include all of the 
issues associated with warmer, less remote locations and 
include additional challenges including limited working 
season, remote location, very limited marine support facilities 
such as deep water harbors, fueling locations and stores. 
Installation will be a carefully planned one-time event 
(possibly done over two open water seasons.)  

Routine, high quality operation presents interesting 
challenges and the design and implementation strategy must 
take this into account. The remote location coupled with the 
short ice-free operating season and very limited high latitude 
research vessel resources are leading us to evaluate options 
such as using the sea-ice to service long term “docked”  AUVs 
and to consider  AUVs working from temporary ice camps to 
do routine sensor maintenance. 

We expect that a junior engineer would be resident in 
Barrow at the BCO Network Operations Center (NOC) at least 
for the first few years of operation. An appropriately educated 
and experienced person who resides in Barrow might fill this 
position. Alternatively this might be staffed as a rotating 
position. 

Given the limited connectivity at Barrow we anticipate 
that ashore-side technical support may have to be resident in 
Barrow and that substantial local data store and high-density 
media may be necessary to export full bandwidth data to the 

Internet. We expect to work with BASC and the research 
community to use some space in the new Barrow Global 
Climate Change Research Facility (GBCCRF) to house the 
shore end of the BCO. 

With regard to special capabilities for servicing a cabled 
observatory it may turn out to be cost effective to maintain a 
service ROV and/or AUV in Dutch Harbor (stored in a 
container) that could be “picked up” by a research vessel on 
the way to BCO for a service missions. 

 
F. Liaison with other environmental data collection 
efforts on the North Slope 

A substantial collection of environmental data collection 
efforts are already in place across the North Slope of Alaska, 
some of which have decades of work behind them. These 
efforts include the Toolik Lake Long Term Ecological 
Research (LTER) site, the National Oceanographic and 
Atmospheric Administration (NOAA) Global Monitoring 
division (GMD) formerly known as the Climate Monitoring 
and Diagnostics Laboratory (CMDL), the Department of 
Energy (DOE) Atmospheric Radiation Measurement (ARM) 
program, science experiments supported by BASC, and the 
North Slope Borough Wildlife Management efforts. BCO will 
continue to foster linkages with these and other efforts and 
will insure that data can be readily correlated across 
acquisition systems. 
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