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The Evolution of a Coastal
Mooring System

A Simple Current Meter Mooring is Transformed into a Complete
‘Air-Sea Interaction’ Monitoring System in the Gulf of Mexico
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{USE) Collepe of Maring Seience
(MBS, Oeean Circulation Group's
(OC0) coastal mooring program is a
component ol an evolving coastal
cecan observing system for the Wesl
Flotila Continental Shell (WIS
CME-0CG buoys, ulong with other
platforms. provide meteorological and
tecanopraphic ahagrvations in support
of a variety ol coaslal oucan proprams,
Lyara acquisiion has migrated Trom
internally reeording  instruments for
currents, temparature and conductivity
o more complete, real-time, air-sea
interaclion dula slreams vsing the
Matiomal Oceanic and Almospheric
Administration’s (MOAAY Geosta-
Lienary  Operavienal Environmental
satellite (GOESY system,

Data rom these constal mooringrs
are avalable oo the Internet for use by
loscal anid slale emergency managers
and federal ngencies (b marine wealh-
er forecasts, scarch and rescue opera-
Lo, and emergeney planning, These
data also supporl scientilie inveslis.
tions, including WIS physical and
biolopical medels, and they also serve
the recreational boating comenunily.
The overall zcientific goal is to
unprove eur understanding of how
physical processes affect properly dis-
Lribidions on the WIS,

The USF-CMS-00CG, umder the
divection of Robert Weisberg, profies-
s of phasical oceanagraphy, stared
as o predominately Blue-wakr group
that emploved both subsurfhce anod
surlage moorings in scientific studies
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OQCG Coastal Mooring Syslems, 1993-2002. 1933: Pilot ADCP surface bisay with an all-chain
rrooring: 1995: Middle mooring of wire rope added with seff-recording toimperature and con-
ductivity instrumants aftached; 1995 Weteorological sensors added o {he lower to measure
atmaospheric conditions: 1998: Incorporating the broadband Workforse ADCP; 2002: Complate
afr-sed iifleraction mooring systerm with near-real fime telematry.
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of the equatorial Atlante and Pacific
oceans. Cur WFS applications began
in the warly 1990 in cooperation with
the newly established United States
Ceological Survey (T7SGS) Cenler Do
Coastal Geology in St Petersburg,
Florida,

A pilet moaring was deploved o
Ogtober 1993 consisting of a foam
buoy tor surlace fotation securad by
chain to an anchor compeosed of cail-
road wheels, Deployiment was on the
S0-meter isobath for a duration of 16

months, Tnstrumentation consialed of

an RO Inslruments acoustic Doppler
current profiler (ADCP) for currents
and a Sealdird Electromics SBE-16
SeuCal for wmperature and conduetiv-
ity.

Lacking prior experience in shallow
waler mooring design, we benefited
from a trip to NOAAS Mational Data
Liuoy Cenrer (NDIBCY, whose person-
nel kindly provided design assistance
tor this first application.

Our USGS eooperalive sludy was
expanded upon in 1995 with support
from the Office of Maval Research
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{OMNR), which allowed us o deploy a
trans-shel larmay of lve surface or sub-
surflace moorings  between the 30-
meter and 300-meter isohaths for
approximalely one year, This was fol-
lowed by a Minerals Managemen
Service (MMS)-sponsorl mooring al
mid-shel [ loe an additional wo vears,
With the exception of the second vear
ol the MMS mooring, our data relurns
wore nearly 100 percent.

Motivated by coastal flooding
due 1o an extra-trapical storm in
1993 wnd tropical storm Josephine
in 1995 USE muared a Coastal
Oecean Modeling and  Prediction
Swulem (COMPSEY with added state
of Florida support. COMPS consisls
af a real-time array of both oMshore
bupy  and coastal stations,  the
responsibility of which iz shared
betwesn Tr. Weishery and Do Mack
Lulher, respectively, COMPS also
imports all other available real-fime
data from syslems maintained by
lederal, state and local agencies,
and provides these on the Inferned al
http:feompsamuring us Dedu,

Drespite its olizotophic description,
the WIS ecolooy is diverse and pro-
dietive, suppurling strong recreational
and commercial fisheries and subject
o disruptive blooms of £ drevis red
tde. Given these scientifically inter
esting phenomena and the backbone of
measurements provided by COMPS,
wie were suceesstul in establishing
multidisciplinary  programs. of sludy
far the WES under the NOAA BEcology
aned Oceanpgraphy of Harmiul Algal
Blooms (LCOIARY and the ONR
Hyperspaetral Color Ocean Dynamics
Experiment (HyCODL) programs.
The combined FCOHAR-Hy»CODE-
CONPS (EHCY array was implement-
ed beginning in July 1998, and several
elements  arc  heing  maintained
presently,

O most recently added  element
came thrinurh y cooperative eiTort with
the Pasco  County  Odlice  of
Lmergency Preparedness through the
Florida Departnent of Community
Allairs (DOCAYL The Florida Fish and
Wildlife Commission has alzo plaved
a parl in our cvolviog supporl,

Al its peak, the EHC array consisted
of six surface and eighl subsurfuce
rcsoringes wille dowoward- or upeard-
looking ADCPs, respectively. liach
maoring alsn contained sene instou-
menlalion for temperature and con
ductivity, and several of the surface
buoys were aquipped with meteoro-
lowical sensors,
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Buoy Design

Surface buoys for occanvgraphic
applivalions exist with many designs
and materials. We necded @ cost-effac-
tive, relatively small structwre sulli-
cient Lo huuse necanagraphic as well
as meteorological inslruments, We
apted for a Sudyn™ foam modified
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discns floal manu-
tacturcd  hy  the
Cilman Corp, Bucys
priginally put in use
a decade ago still
renan serviceable.

The  bhuovs  are
fashioned aller the
24 -meter discus
hucys  used by
WNDEC. The holl is
approximately thiee
melers in diatmeter
and 15 relermed looas
a three-meter discus
with & hottom chine
cut for peduced wave
response. The strue-
Lural hardware
design had l41
accommaodate  the
ADCP  ransducer
configuration i the
bridle below and a
tower with enough space W sceomma-
tule meteoralogical instrumentation
abovi,

The four-legped bridle is consiruet-
vl ol 316 non-magnetic stainless steel,
and the tower (also Gnn-legged) 15
comstrocted of 6061-TS  aluminum.
The twwer und bridle are connected

through four penetration poinls sym-
melrically located in the Foam that is
sandwiched belween 1/d-inch stain
less steel sheeting and held together by
F#d-inch all-thread rads. L'he top sheet
serves as the buey deck and provides
an excellent work platform. All dis-
similar meluls are isalated using
Delein  bushings.  Bruckels  were
desipned  for  simple  deploymenl!
recovery ol the ATICTs without aving
o relrieve the mooring. Alefl an the
Lweer are shalves for instrumentation,
data logeers, unlennas, batteres. radar
reflectors and navigation beacons,

Mooring Desipn

NDBC established  three  basic
msring desipns in the 1970s: all-
chain for depths of up o 90 meters,
semi-faul lor depths of 60 (v 600
meters and inverse catenary for deep
ocean and Greal Lakes depths of &l
o G000 meters. Additionally, cach
maooring desipn is divided into three
sections; upper, middle and lower,

Chur applications started with Lthe all-
chain desipn. With the help ol NDBC
engineers, we used their moaring
dusipn software with environmental
conditions specified for the WIS, On
this basis we used one-inch open link
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carban steal chaio for the upper moor-
ing and 1.5-inch open link chain for
the lower moaring. A middle mooring
comsisting of ¥/ 16-inch jacketed wire
rope was laler wdded W sccommuaodare
lemperature and conductivity sensors
as the system ovilved, The upper
mooring then beeame a lwo-meler see-
tion ol chain serving as a bridge
hebween the hooy and the instrunient-
ed middle mooring. Middle meoring

wire rope also allows for the use of

inductive  mmlems  for real-time
telemetry of temperature and salinily:

“Tfm uvendf M‘mm'lf i gum' m !‘ﬂ smprmw aur Hndersfaﬁdmg of
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Coupling harilware consists of safe-
tv anchor shackles with o coller pin
and a swivel fo decouple potential
Duery spin from the wire sope (in prac-
tice the buoy does not spin). For
anchoring there 15 the combined ettect
of 1.5-inch chain on the hottom {of
length approximately equal o the
waler depth far a 2:1 scope mooring)
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and a stacle of railroad wheels. They
are cosl-effective, readily available
and easy o hamdle ahoard ship,

Tnstrumentation

Depending on application, we use
ADRCPs at Tour different {reguencies
o1 ypes, Initial surface buoy applica-
tions were with 600 kHy narroahand
ADCPs mounted downward-looking.
While we continue to use these older
instruments,  subseyuent  deploy-
ments were made with either 300
kHe or 600 kHz broadband ALDCPs.
We have also emploved 150 kHa nar-
rowhand ADPs on subsurface
marings indesper warer along the
shelitbreak,

Older style SeaBird Flectronics
SBE-16 ScaCal lemperature and con-
ductivity recorders are gracdually beimy
replaced by SHL-37 MicroCats with
inductive coupling.

Crur buoy-meunted  meteotological
senears consist of either the Coastal
Environmental Syslems  Weatherpak
2000 system, modified 1o aceommu-
tlale GOES telemetry, or the Woods
Hole  Oceanvgraphic  Tnatitotion
(W HOH ) desizned Linproved
Moetcorologry (TMTT) syaten. which
has now evolved iow the AirSea
Interaction Metweorology (ASIMET
syslem presently heing manufactured
by Star Enpineering. With  the
Weatherpaks. we measure wind, air
and sea lemperalure, relative humidity
and barometric pressure, With IMET
or ASIMET we add incoming short-
and Teng-wave radiation and precipita-
ti0n.

Griven the modular design of IMET,
we added a new module Lo ineorporate
the ADCP data into the telemetry
sircam.

This ADCP module was inilially
designed at WHOL and then modified
by lhe USF Center for Ocean
Technology (COTY lor inlcperalion
with both ASIMLEL and a USF-COT-
dusigned dala lopper and  relemetry
sy aten,

This logging and welemetry system
also handles the temperature and salin-
iy provided by the inductively cou-
pled MicroCat sensors. We use a con-
dueting cable W lransfor these data
from the inductive coupler Tocated on
the monring wire o a modem located
in the data logeer on the hooy.
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ata Acquisition System

The data losger and wlametry sys-
tem developed by USF-COT in con-
Junction with the OCG s hased on g
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ITAANEMITIED vin GOES)

Complate ali-saa Intaraction DUSy system.

Muotorola G8HCTE micro
controller witl 128 kilo-
bytes of flash memory and
128 kilohvies of TRAM for
program  uae, A mulli-
plexed seral conmunica-
tions L0k allows Tor RS455
and K5237 devices W be
inwerfaced, The controller
accesses the suie of TMET
ar ASIMET sensors, plus
cither  narrowhand  or
broadband ATICPS via an
RS455 bus,  MicroCa
date,  depending  upon
whether induclively cou-
pled or direct, are accessed
through either RSARS or
5232, All dala ure hoth
locally stored and teleme-
terad hoorly wia GOl
satellite, The logger-lrans-
miller alze has radio com-
municalions. This allows
for remote communica-
licns with the controller
for the purpeses of satup,
data download and Lrou-
Bleshooting, withour having 1o board
the buoy. We have successlully uti-
lized this Feature from both rescarch
vessels and airvrall.
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Processing and Disscminaling Thata

LISF has mwo downlink systems
acquire e data vin GOLS: a Digital
Dhrect  Reading  Goound  Station
(DDRGS) and a domestic satellite
rebroadeasl recciving system (DOM-
SATY), Once received, the dala arc
processed using decoder seripts wiil-
ten o C and Perl programming lan
guages, Chservations are then served
to the public via the Internet at
bitpfeomps.marine.usledo. These
data are also available via the NIDRC,
which has dincel access for input to the
Mational Center [or Envirnmental
Prediction  for improved  marine
weather  [orecasts at wwwondbe,
noaa.goviMaps/Florida shtml,
Development of a web-hosed data
managemenl syslem is in prosress,
This will farther facilitale the case of
use by hroader community,

Cuonclusion

Muoorcil ohservations by the USF-
OCG on the WFS have evolved from
an ininal pilot study in 1993 W a prac-
tical applications-ariented coniponent
ol a larger scale coaslal ocean ohsery-
ing system. Lhis system is parl of he
COMPS program for the WIS and the
recently initiated Southcast Atlantic
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Coastal  Ocean  Cthserving System
(SEACOOSY for the coastal states
from Morih Caroling to Florida. Our
buoys, combined wilth surface radars,
profiling floats and other vehicles, and
coastal stations, all linked through
pliysical and hiolegical models, will
assist in determining the state of the
coastal ocean and its coupling with the
almosphere.
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