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A b s t r a c t  
Continuous information on coastal ocean conditions 

in the South Atlantic Bight (SAB), provided by an inter- 
disciplinary real-time coastal ocean observing network, 
is now accessible. Many' applications are envisioned. 
Academic researchers will use the network for targeted 
research and as a test bed for sensor development.  The 
National Weather Service will use the continuously 
available meteorological data to predict, more accurate- 
ly, weather conditions affecting the eastern seaboard of 
the U.S. Resource managers will be able to manage, 
more effectively, the use of the SAB coastal waters. The 
network can also serve as the nucleus of an observing 
system that will provide in situ observations for a now- 
cas t / forecast  regional coupled ocean / a tmosph e re  
model of the SAB. 

I n t r o d u c t i o n  
Since the 1980s the U.S. Navy has operated aircrew 

training facilities similar to those popularized in the 
movie Top Gult. One of these Tactical Aircrew Combat 
Training Systems (TACTS) is located in the coastal 
waters off of Georgia, covering a 115 km x 50 km area of 
the middle to outer continental shelf (Figure 1), rough- 
ly 6000 km:. It consists of a grid of eight platforms that 
are similar to small oil rigs. There are 
two styles of platforms, four-legged 
master platforms and three-legged 
remotes (Figure 2). This unmanned 
facility exists to provide rapid (real- 
time) tracking of military combat air- 
craft (typically F-18s) on the flight 
range, and permits  instructors 
onshore to observe and interact with 
pilots on the range during exercises. 
U.S. Navy TACTS ranges are operated bv the Warfare 
Assessment  Station of the Naval Surface Warfare 
Center. 

The purpose and capabilities of the TACTS range 
were largely unknown to oceanographers until the 

manager of the Gray's Reef National Marine Sanctuary 
(GRNMS) made initial contacts with TACTS operators 
in the mid 1990s. The manager of the GRNMS, which is 
located 10 km inshore of the shoreward-most platforms 
(Figure 1), was interested in using the structures to 
mount  a radar unit for monitoring ship traffic in the 
Sanctuary. Soon afterward the National Oceanographic 
Partnership Program (NOPP) legislation was enacted 
and a call for proposals to develop ocean observing sys- 
tems was announced. 

Prompted by the GRNMS manager and the NOPP 
announcement,  scientists from the Skidawav Institute 
of Oceanography (SklO) made contact with TACTS. We 
were surprised and delighted in our initial meeting 
with the TACTS range managers to learn that they were 
not only willing to have us place instruments on the 
towers, but that they could also provide power, consid- 
erable communications bandwidth (by oceanographic 
standards), and monthly maintenance support  in the 
form of helicopter transportation to the towers. It 
became apparent that a partnership with TACTS could 
provide the oceanographic community  with a unique 
resource for studying the coastal ocean. 

The TACTS towers may fulfill a number  of needs 

It became apparent that a 
partnership with TACTS 
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recently identified in planning for the 
development  of a U.S. coastal global 
ocean observing system (C-GOOS). 
Among the suggestions made bv the 
C-GOOS steering comcnittee (Malone 
et al., 1990) are the establishment of 
pilot regional observation systems, the 
development  of testbed sites for the 
measurement of iu situ chemical and 
biological properties, and strong feed- 

back between monitoring, research and modeling. Our 
efforts are consistent with these goals. 

This article describes progress in developing a 
regional ocean observing system. The partners involved 
are presented first, followed by the development  plan. 
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Skidaway Institute of Oceanography (SkIO) 

TACTS, NWAS 

University of North CaroLina 

University of Georgia & EnvironmentaL 
Protection Agency 

South CaroLina Department of Natural Resources 

TABLE 1. 

Jack Btanton 
Rick 3ahnke 
Jim NeLson 
Gus Paffenh~fer 
Harvey Seim 

Richard Botin 

John Bane 
Francisco Werner 

Mary Ann Moran 
Richard Zepp 

Charge Barans 

Program management, systems 
design and deployment, cross-sheLf 
exchange, internal waves, bio-optics, 
zooplankton ecology, geochemistry 

HeLicopter support 

Data assimilative circulation modeling, 
air-sea interactions 

CoLored DissoLved Organic Matter (CDOM) 

Fisheries management 

Gray's Reef National Marine Sanctuary, NOAA Reed Bohne Diving support, Fisheries studies 

Our current system, which includes a fully instrument- 
ed platform, real-time communication and data archiv- 
ing and distribution, is also described. Our short-term 
development plans and conclusions about the program 
are given last. 

T h e  P a r t n e r s h i p  
Coastal oceanography is an interdisciplinary science. 

To ensure that a range of interests were included, a part- 
nership was formed by the researchers listed in Table 1 
representing academic, state and federal governmental 
agencies, as required by NOPP. 

This group of investigators developed a plan to 
instrument the TACTS platforms, christened the South 
Atlantic Bight Synoptic Offshore Observational 
Network (SABSOON). The plan involves the design and 
deployment of communications, power, data acquisi- 
tion, and sensor carriage systems at as many of the eight 
offshore platforms as possible, and the development of 
an onshore data management and distribution system. 
The instrumentation to be deployed is, for the most part, 
standard equipment with the goal of first establishing an 
observational baseline that can be built upon with time. 

The use of offshore platforms for scientific studies 
was the subject of a special issue of the Marine 
Technology Society Journal in 1993 (Vol. 27, no 2). A series 
of articles summarized applications of instrumented 
platforms in climate, meteorological and oceanographic 
research, and discussed the challenges posed by the use 
of such platforms for scientific purposes. Due to the 
high capital costs for offshore fixed platforms, instru- 
mented structures have typically been constructed for 
purposes other than oceanographic research, notably as 
offshore oil platforms and navigational structures. In 
the case of operating oil platforms, activities on the 
structures can impose constraints on scientific data col- 
lection (e.g. Cooper et al., 1993). 
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Figure 1: Map of the continental shelf off of Georgia shoMng tize position 
of the Navy towers. 

The TACTS towers offer a number of unique advan- 
tages compared to many other offshore platforms. The 
platforms are distributed in a regularly spaced array on 
the broadest section of continental shelf along the U.S. 
eastern seaboard, a position that is very well situated for 
study of mesoscale processes on the mid-to-outer shelf. 
Unlike working oil platforms, the TACTS towers have 
limited superstructure and should not suffer from flow 
distortion to the extent discussed by Cooper et al. (1993). 
Since TACTS activities on the towers themselves focus 
primarily on maintenance of the platforms and associat- 
ed power and communications systems, these cause 
minimal interference with scientific data collection. In 
fact, such infrastructure maintenance is of direct benefit 
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to the SABSOON program. Three other TACTS facilities 
that are on or in coastal waters are located near Norfolk, 
VA, Cherry Point, NC and Key West, FL and may also be 
suitable for hosting regional observing systems. 

The D e v e l o p m e n t  Plan 
Although the TACTS towers existed and the commu- 

nications system was operational at the start of SAB- 
SOON, instrumenting the towers for scientific research 
required a substantial design effort. To proceed in a sys- 
tematic manner  a three-phase program was defined. 
Phase 1 is complete and Phase 2 is underway. In Phase 
1, science power  and communications were interfaced 
with TACTS existing equipment.  The meteorological 
system and ocean sensors deployment  system, and a 
compute r  acquisit ion system for the tower were 
designed. A data archiving and distribution system was 
developed. It was decided that prototypes for these sys- 
tems should be deployed at a single master tower and 
tested for at least several months. 

I , , .  

Figure 2: Pictures of the four-legged master towers and the three-legged 
remote towers. 

In Phase 2, SABSOON will instrument two addition- 
al towers, extending the system to the remote platforms 
(the second type of tower in the system). Unlike the 
master  platforms,  which have solar panels, wind 
generators, a diesel generator and a large environmen- 

tally-controlled enclosure, the remote platforms have 
limited power, a small waterproof  enclosure that is not 
dehumidified or air-conditioned, and very little avail- 
able communications (Figure 2). Phase 2 therefore will 
include design and deployment  of a supplemental  
power system and a separate communication system to 
serve SABSOON's needs. 

In Phase 3, a number  of other platforms are to be 
instrumented. This will include the last master tower, 
where a last design challenge exists, that of powering a 
profiling in-water system. Somewhere between one and 
four additional remote towers will be enabled in Phase 
3. The total number  of towers that can be instrumented 
with the initial NOPP funding is uncertain, due to un- 
ant icipated costs associated with power  and 
communications upgrades at the remotes. 

Current Status of S A B S O O N  
Phase 1 

In Phase 1 of the project, instrument systems were 
designed and tested during the initial deployment at 
tower R2 (Figure 1). The completion of Phase I is largely 
the accomplishment of Travis McKissack, the chief engi- 
neer on the project, and the engineering staff at SkIO. 
Platform R2, the central master platform in the TACTS 
system, is now fully instrumented with core packages of 
meteorological and oceanographic instruments.  An 
underwater video system was also developed. 

The Navy's  microwave system has permitted us to 
establish a high bandwidth,  two-way communications 
system. The current bandwidth  is 1.5 MHz (equivalent 
to a T1 line) and internet communication protocols are 
used for transmission. Intelligent devices on the tower 
are assigned IP numbers and form an extension of the 
SkIO local area network (LAN). To ensure uninterrupt-  
ed acquisition of data, low power  computers  are 
installed on the R2 platform to log observations locally. 
These computers  are connected to the Skidaway 
Institute LAN through the m ic ro w av e /d ed i ca t ed  
phone line system. All raw data files are copied hourly 
to shore, ensuring no data loss, even if the communica- 
tion system goes down for an extended period of time 
(current maximum of 7 days). Automated processing of 
the raw files occurs periodically (hourly at present) and 
performs error checking, calculates derived quantities, 
and appends  the observat ions to a database of 
processed observations. 

The data acquisition system (DAS) for the tower 
instruments was designed to accept input from a vari- 
ety of oceanographic and meteorological sensors. The 
basic DAS package is a modular  design based on PC- 
104 architecture. The PC-104 system was selected for its 
small form factor, low power  consumption, extensible 
design, and flexibility in configuration.  Stacked 
i n p u t / o u t p u t  cards are matched to the part icular  
instrument application (e.g. DC voltage, RS-232 output) 
and can be easily rearranged if the requirements for a 
particular instrument package change. 
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- -  Meterological science package 

Figure 3: Schematic drawing of the towel, the meteolvlogical package and in- 
water deployment system. 

A complete meteorological sensor suite, modeled 
after the IMET (Improved Meteorology) system used on 
moorings (Hosom et al., 1995) is installed at the top of 
the R2 antenna truss (Figure 3). This measures wind 
speed and direction, barometric pressure, air tempera- 
ture, relative humidity, precipitation, long- and short- 
wave solar irradiance, and photosynthetically available 
radiation (PAR). These sensors constitute a suite of 
measurements suitable for assessing the flux of heat 
and momentum between the ocean and atmosphere. In 
mid -November  a second meteorological  package 
(anemometer, barometric pressure, air temperature and 
relative humidity) was installed at 10 m height on the 
northern side of the platform. The ten meter installation 
is a standard height of observations in meteorology, and 
the observations will be used to evaluate how the 
height of the instruments on the antenna truss (50 m) 
affects the measurements under  varied conditions in 
the marine boundary  layer. 

A high resolution pressure sensor is rigidly attached to 
the platform (at 6 m depth) to measure water level and 
surface gravity waves (sampling at 2 Hz). The high fre- 
quency signal from the pressure sensor is used to estimate 

significant wave height and peak period using algorithms 
similar to those used by the National Weather Service. 
The low-passed signal from the sensor measures the tides 
on the shelf as well as lower frequency variations in water 
levels associated with storms, coastally trapped waves, 
and Gulf Stream meanders. Future plans include refer- 
encing water level measurements to the GPS geoid 
model. If successfffl, cross-shelf estimates of absolute sea 
surface slopes will provide a measure of total alongshelf 
barotropic transport on the continental shelf. 

A key requirement for the design of the in-water 
instrument deployment system is to permit servicing 
from the tower. This eliminates the need for regular ship 
and diver support  at the platforms, and allows servicing 
to be coordinated with the regularly scheduled mainte- 
nance flights of the TACTS helicopter. The instrument 
deployment  system (Figure 3) consists of dual guide 

~s and anchor weight, a pair of instrument packages, 
cable, hoist cable, and a winch. A single operator can 
and secure the instrument packages for servicing 
animated CAD sequence can be viewed at 
/ /www.skio.peachnet.edu/projects/sabsoon.html).  

Both near-surface and near-bottom instrument 
packages have a conduc t iv i ty / t empera tu re / -  

pressure sensor, used to measure temperatu_re, 
salinity and density, and dissolved organic matter 
(DOM) and chlorophyll-a fluorometers. The salin- 
ity and temperature measurements provide a 

measure of vertical stratification on the shelf, and 
~rovide a measure of Gulf Stream or coastal water 

. . . .  .tences in the SABSOON area. Coastal waters are an 
important source of DOM, and its presence is an indica- 
tor of cross-shelf exchange of terrestrially-derived mate- 
rial. The chlorophyll-a fluorescence is a proxy measure of 
the concentration of phytoplankton in the water. Light 
levels near the sea floor are monitored on the near-bot- 
tom package with an underwater  PAR sensor. 

In addition to the equipment  installed on the tower, 
an artificial reef and underwater  video system has been 
deployed to monitor fish abundance and behavior. A set 
of artificial reef structures is deployed in a circle, with a 
six-camera system pointing outward from a central 
position. Cabling runs from the camera system, through 
a pull tube on the tower leg, and upward  into the tower 
instrument room. This project component  is evaluating 
underwater  video observations as a fisheries manage- 
ment tool, initially targeting study of the aggregation 
behavior of gag grouper prior to spawning. 

The most recent observations are posted on the proj- 
ect web site (www.skio .peachnet .edu/projec ts /sab-  
soon.html). Observations are presented in tables, and 
graphs of the last 24 hours, 7 days, and 30 days are 
available for most of the data streams. The web site is, 
of course, a work in progress. At present, it includes 
pages on the partners, scientific objectives of the project, 
the existing Navy  system, the SABSOON components,  
the real-time observations, and data-sharing policies. 
The towers have also been designated as C-MAN 
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Figure 4: Time series of a) top and bottom salinity; b) net heat fiux from meteorological observations; and c) top and bottom measured and predicted tempera- 
ture at tower R2. 

(coastal marine automated network) stations with the 
National Data Buoy Center. Each hour  data are extract- 
ed from the database and formatted to meet  standards 
for ingestion into the World Meteorological Organi- 
zation's Global Telecommunications System. 

The existing instrumentat ion is already providing 
insights into processes operative on the shelf. Top and 
bot tom salinity records from R2 (Figure 4a) exhibit 
considerable variability in mid-shelf salinity and salin- 
ity stratification. Several significant departures  from 
an average of 35.1 psu are apparent  since December 1, 
1999. Near the end of December, salinities approached 
36 psu during a brief excursion of Gulf Stream water  
onto the shelf. Several instances of 
vertical stratification in early January 
and a sus ta ined per iod  in mid-  
February are associated with cross- 
shelf movement  of low-salinity estu- 
arine waters.  The meteorologica l  
observations can be used to estimate 
the net heat flux out of the ocean (e.g. Austin and 
Lentz, 1999) and are shown in Figure 4b. Assuming 
that waters are mixed top to bottom, the heat flux is 
integrated in time to estimate the ocean temperature  
(Figure 4c). The predicted temperature  is a reasonable 
approximation of the measured temperatures  when  
the salinity is near its average value, but  is systemati- 
cally lower when  salinities are below average. Salinity 
and temperature  increase moving offshore in recent 
shipboard surveys. This cross-shelf structure and the 
time series f rom R2 suggest that low sa l in i ty / low tem- 

perature  water moves 10-20 km cross-shelf over week 
or longer time scales. The mechanisms responsible for 
this cross-shelf motion are being investigated, but  
there is not an obvious correlation of these events with 
the wind field. 

The ex i s t ing  i n s t r u m e n t a t i o n  

is already prov id ing  ins ights  

into processes operative 

on the shelf. 

Phase 2 
The extension of the network to several other plat- 

forms, is now underway. After establishing power and 
communications for science needs, we deployed an 
upward- looking  acoustic doppler  current  profiler 
(ADCP) at a second master platform (M2) in mid-April, 
2000. This instrument measures ocean currents in 1 m 

vertical bins from near the ocean sur- 
face to near the ocean floor, providing 
a measure of water motions on the 
shelf. Phase 2 also requires some new 
design work, principally establishing 
power  and communicat ions at the 
remote platforms. The remote towers 

currently do not have any available bandwidth on their 
existing communications link to the master platforms. 
The first remote tower to receive power and communi- 
cations will be on the northeastern corner of the array 
(R8). Once linked into the network, we will deploy a 
meteorological sensor suite and tide and surface wave 
sensor. From an engineering viewpoint this will com- 
plete the design and testing of all the major components 
necessary to fully instrument the tower array. From a 
scientific viewpoint,  instrumenting R8 will provide 
information on cross-shelf structure. Because of its prox- 
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imity to the Gulf Stream, we anticipate significantly dif- 
ferent atmospheric and oceanographic conditions at R8. 

During Phase 3, between one and four additional 
towers will be instrumented, depending on available 
funding. We also will deploy controllable water sam- 
plers to collect water for chemical and biological analy- 
sis. These laboratory-analyzed samples will provide 
standards for in situ chemical and bio- 
logical sensors that may be deployed. 

As the observational ne twork 
expands during Phases 2 and 3, a 
modeling effort that includes data 
assimilation can begin. The model 
being used is QUODDY, a finite-ele- 
ment circulation model that has been used extensively in 
the GLOBEC studies of Georges Bank (Lynch et al., 
1996). Data from the towers and atmospheric forecasts 
from the National Weather Service in Jacksonville, FL 
will be used in forcing an ocean hindcast and forecast. 
Hydrographic information to initialize the model will 
come from aircraft surveys using expendable profilers 
and from shipboard surveys using an undulating towed 
body. The long-term objective is to develop an opera- 
tional forecast model of the South Atlantic Bight shelf in 
the vicinity of SABSOON. A proposal to pursue this, in 
concert with a mesoscale atmospheric model of northern 
Florida and the southern SAB, is pending. 

Conclusions 
Implementation of SABSOON is well under way. The 

prototype system was first operational in June 1999, has 
been fully operational since October, 1999, and is func- 
tioning well. As the months pass we are gaining confi- 
dence in our design work and learning important lessons 
about the maintenance required to keep the system per- 
forming well. An excellent working relationship within 
our partnership has developed and we are in a strong 
position to move forward with the rest of the project. 

Without the incentive provided by NOPP, it is unlike- 
lv we would have initiated contact with TACTS. An 
alliance between academic researchers and a branch of 
the operational Navy may not be unique, but  it is cer- 
tainly new to most of us involved in SABSOON. The 
TACTS group commitment  to helping make the project 
move forward has been impressive. SABSOON certain- 
ly could not have happened without them. 

Inst rument ing the Navv platforms for real-time 
observations of the coastal ocean is viable. The initial 
deployments have been of fairly common equipment,  
but  one of the most promising aspects of SABSOON is 
its potential to serve as a test bed for new and innova- 
tive instruments. The combination of offshore location, 
ease of servicing and high bandwidth  communications 
in a mesoscale grid make the network unique. 

Continued development and maintenance of SAB- 
SOON is uncertain. Initial funding by NOPP provides 
support  until July, 2000. Though SABSOON has pro- 

gressed well, several additional years will be required to 
finish instrumenting all eight towers. No funds are avail- 
able to continue SABSOON from NOPP at this time. 
Extensive ocean observing systems are difficult to build 
and maintain and are feasible only if sustained funding 
is available. If NOPP chooses to foster efforts to observe 
and model regions of the coastal ocean, a commitment to 

provide sustained funding over 5 to 10 
Without the incentive provided year periods needs to be considered. 

Full implementation of SAB- by NOPP,  it is unlikely we 
SOON will provide the scientific 

wouht have initiated contact community, resource managers, and 

with TACTS.  educators with real-time access to the 
coastal ocean. This will enhance our 

understanding of the physics of the coastal zone and its 
ecosystem, provide a monitoring system for coastal 
resources and coastal hazards, and an interactive obser- 
vational system that can be used by educators to study 
coastal issues. 
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