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NOTE

The designations employed and the presentation of matémighis publication do not imply the
expression of any opinion whatsoever on the part of #erefariats of the Intergovernmental
Oceanographic Commission (of UNESCO), and of the Wavleteorological Organization

concerning the legal status of any country, territory, aitgrea, or of its authorities, or concerning
the delimitation of its frontiers or boundaries.



FOREWORD

Drifting buoys are well established as platforms for gatigeooth meteorological and
oceanographic data from the world’s oceans. Hithertoitteesi requirements of the two scientific
communities have led to varying designs, with quite miisitharacteristics suiting the particular
specialised requirements.

The Global Drifter Design Center at Scripps Institutiotdokanography, recognised the potential
of a combined meteorological and oceanographic buoy, basetio Lagrangian drifter. Their
buoy was developed for the Surface Velocity Project (SV)eiVorld Ocean Circulation
Experiment (WOCE).

The outcome of this initiative, supported by the Data BOogperation Panel, is the development
of the SVP-Barometer (SVP-B) drifter, the design of whishletailed in this manual.

On behalf of the Data Buoy Cooperation Panel, | congrattitat staff at Scripps Institution of
Oceanography, Pacific Gyre, Inc., and those panel memberasststed in the development of the
SVP-B drifter. | also commend those involved in thedoiction of this design manual, which |
recommend to potential users and buoy manufacturers whaaviake advantage of the proven
operational characteristics of the buoy and its low cosnfiate

Graeme Brough
Ex-Chairman

Data Buoy Cooperation Panel
(December 2001)



CONTENTS

(O ] 1Y@ T {5 PRSPPI 4
CONTENTS
FIGURES ..ottt ettt e e 4ttt e e ea et te e ea s et e e s st e ammmmes s e e e et s ee e e e8s e e e s s be e e e st e e e e ns e s emmmmns s ee e ensne e e e nnneeeennneee s 6
LI = SRR 6
REVISIONS ...ttt ettt e ettt e st e e e ateee e es bt teeeasesammmmesse e e e e eseeeeeE s ee e e ea s beeesa s ae e e e ns s emmmmnas s ee e ensseeeennnneeennnnen 7
. INTRODUCTION . ...ttt s s e ettt e e e ettt e e e tae e e e saeeeesastaeeeassessmmmmeseseesassesesastasesansseeesnteeeessssssmmmmnreseesanes 9
1. GENERAL INFORMATION ...uutttiiiitttteesttttessutseessssesesassssmmmmsssseesassssssesssssssssssssesssssssansssmmmmmsssessssssssessssssesssssseessnsnnes 9
2. THE ORIGINAL SVP OCEANOGRAPHICDRIFTER......cuutiiiitteeiitetesiiueeessisseessssimsmmmssssesesssseesssnsseesssssesssnsssesssnnnen 10
3. THEBAROMETERVERSION
4. THE SMALLER SIZED DRIFTER.....uutttttttttteiiiiitiuttttetesssasassssssmmasseesesssssssssssssasasssssssssssseesesssmmmmssssssssssssesensansnssnns 11
1. DRIFTER DESIGN ...oooiiiii it eeme ettt e ettt e e s et ee e s atate e et mmmmms s see e e s esaaeeeasnteeeennbesessseeeessbammmesnres 15

L. THE SURFACE FLOAT «..eittttitit et e e ettt ee e et e e e sttt memme e e e e s e bt b e e e eeae e e e s baeseeeeaeseammmmmsssssbeeeaeaesesnntnsnnneaeseeannnnnnns 15
2. THE BAROMETERPORT.... .16
3. THE THERMISTORFITTING 1iiiiiiitiiitieeie e e eeseirette e ee e e e s e e vmmnmmseseeseaesessnnnnnaaneaaaeeesnsannes .18
4, RECOMMENDATIONS FORINSTALLING THE ELECTRONICS INTO THESURFACE FLOAT.. .20
5. SEALING THE SURFACE FLOAT ...tttteeiiiitttttiereeeeassasasssseesesessmmmmmssstasseasesssssssnsssssessens .21
6. THE TETHER ASSEMBLY...uttttttieeeiiiiutttteeseeeesasssusssessammmmssassasssssssssassassaassssssssesesessassmmnnnssssseesesesssssnssssenseeessnsnssns 22
7. CONNECTING THE SURFACE FLOAT AND RADIAL HUB TO THE ETHER..... .23
8. RADIAL HUB ...vitiiiieee e e ettt ee e e e e et ssmmmmma s et e ee e e e e e annnnnneeeeaeas .25
8.  ASSEMBLING THE'RADIAL HUB'.......cccccvnrrireeeennn. .25
9. DESIGNING THE5-SECTION@61CM HOLEY SOCK.. .28.
THE DRAG AREARATIO .ot ii ittt e et ettt e e e e e e emmmmes s ae e eaeaeaesasatataeeeeaesesaassssse s smmmmme e e e s esssstsaeeaeeeeseannnsanseaaaeansn 30.
SPHERE ... .ottt e et e e e ettt e e at e e e smnam——e e e Eeee e e Ee Lt e e R Ee e e e e nt et e e et eee s amnnnr e e entaeeennneeeearreeeans 30

10. PREPARING THE DROGUE RINGS .. etiiiiiiiiiutttetereeassasuststeeseesammmmmsassssssseessesssssasssssssesesssssnsssssmmasmtessessssssnssssssseess
11. CONNECTING THETETHER TO THEDROGUE...
12. APPLYING BIO-FOULING PROTECTION

APPENDIX 1 - MATERIALS .ottt eete ettt et e e e st e e esta e e e s s mmmmms s e e e st s eee e sssteeeansbee e s nneeee e bnnmmmesenren 33
S U N = X0 -y P RSTSRN 33
TETHERPIECES .
DROGUEPIECES......uttiieittete ettt tee sttt e e stasee e st mmsmms s stseeeasseeeesasseeeaassaeeeassbeeeas rmmmmms sass e e e e s baeeeaasbeeeennbee e s snneee s smmmmm snren 34
ANTIFOULING PAINTS AND PRIMERS.....cciiitttttittieeeeseiitteeeeeeeas s e immmmessssssasesessassssssssesaesssssasssssssssmmmmmees e ssssssessesesesannns 34

APPENDIX 2 - ADDRESS LIST .. ittt et ee e et te e e st e e e st e s emmmemtaee s state e e enbeeesanneeeeesteseessasessmmmnmrsee s 35
COMPLETE DRIFTERS .. ttttettttttteittttesasetessasseessassamammssssesesssssesssnssssesassssssssssesssssssamanmssssssssssssessassessensssesessesssssnssmnnn
GLOBAL DRIFTERCENTER
DATA BUOY COOPERATIONPANEL ....uvvttiiuttieessstueeessseesassseseesssssamammessssssasssessssnssssssassssesssssesssnsssammmmsssssessssssessassenssannes 36

APPENDIX 3 - SENSOR SAMPLING AND AN EXAMPLE ARGOS MESSAGE FORMAT ......cccccciieeeiieeeenns 37
SENSORSAMPLING AND DUTY CYCLE .tvvteiiututeeettetesiuteraesnsseeessssasessmmansssssssssesssssssessssssesssssesssssessssmmmamsesssssssssasseessnnes 37

ATMOSPHERIC PRESSURE ........c.uttiiiiitiiitt e s s sttee s etteeaseaeassnteeesastaeeeesmmammessteeeesasseeessssseessssseessnssesssssmenansesns 37
ARGOSMESSAGEFORMAT (EXAMPLE): ...utteiutteauttesuteestetasaesaaseassseaassasssesssesasssesasesassesasesassesssssssssmmmmmsssssseenssssasesssnes 37

SIMILAR STANDARD MESSAGE FORMATS ARE BEING DEVELOPED AS PART OF DBCP PILOT

PROJECTS. IRIDIUM TELECOMMUNICATIONS CAN BE USED FOR DRIFTERS AND A STANDARD

MESSAGE FORMAT IS PRESENTED AT HTTP:// WWW.JCOMMOPS.ORG/DBCPAPPENDIX 4 - THE

SVP-B DRIFTER: DEVELOPMENT, TRIALS AND POSSIBILITIE S FOR COLLABORATION........ccccvveeeune 40

APPENDIX 4 - THE SVP-B DRIFTER: DEVELOPMENT, TRIA LS AND POSSIBILITIES FOR
COLLABORATION ..ottt bbb s bbb bbb e sa e mmmmn e b a e n s 41



1. DESIGN OF THE BAROMETER DRIFTER.....ccuuttttiiiitieiirtiessttreessessessmmmmmsesesssseessasseessasnaessassres s s sne s smmenresesssnneeess 41
2. L= I PPN 43
3. OPPORTUNITIES FOR COOPERATION BETWEEN OCEANOGRAPHERSD METEOROLOGISTS ....couviiiiieiiienieeeiieennne 44

APPENDIX 5 - COMPARISON OF THIS DESIGN WITH THE D ESIGN DESCRIBED IN REVISION 1.3 OF

LI LS T2 N L PRSPPI 45

REFERENGCES ...ttt eemm ettt e e ettt e e st e e e e etaeee e state e e esbmmmmmssaseeeeeaseeseeaseeeeeassae e e nnees e ssmammnesntesesanneeeesnes 46

ACKNOWLEDGEMENTS ..ottt ittt st e s saeee e s st ee e astbae e eas et e e s see s smmanseee s st seeeeansbeeeaanseeeeestsseessnssssmmmnnsseees 46
FIGURES

FIGURE 1. SVP-BDRIFTER- GENERAL ARRANGEMENT. ..teiiiiiiuittteeieeeesesiitstasseesesssammmnessssssssseasassassnssssssessesssannnsnsns 3.1

FIGURE 2. THE BAROMETER DRIFTER- SURFACE FLOAT LAYOUT, ...uvtttitiieeeieiiiinieeeeessesasssnssssssmsmmmseseessnnssssnssesenssannns 14

FIGURE 3. THE BAROMETER PORT.....uuvuitieieeeeesiiinereeeeaeeensennnnns

FIGURE4. INSTALLING THE THERMISTOR FITTING
FIGURES. SUBMERGENCE SWITCH DETAIL ... veiitie sttt nmmmns e s s e e s e bae e e ssbas s b smmnee s sane s

FIGURE6. INSIDE THE BOTTOM HALF OF SURFACE HULILEFT) AND OUTSIDE (RIGHT). ..ceuveeiieeeitieseeesinesseeeseeeaeeas 20.
FIGUREY. CONNECTING SURFACE FLOAT TO TETHERTOP). CAP (BOTTOM LEFT), AND EYE-BOLT (BOTTOM RIGHT). 24

FIGURES8. MECHANICAL DRAWING OF PV C CAP. ... cutiiiiiiiee ettt e ettt emmmta e e e e et ta e e e e e e atstaeeeeeeeesemmmnnanns 27

FIGUREO. THE RADIAL HUB . ctttttteeeieitttitteeeeeeeeestatteseesee s smmmmms s staeeeeeeee s e nsesteeaeaaee e e sss s s ammmamt e eeeeaeannnnsebeaeaeaeanssnnrnsenees 28
TABLES

TABLE 1. THE SVPBAROMETER DRIFTER - DESCRIPTION OF COMPONENTS ...cetiiiiiiiiitiieereesesessnsnsneseesesssmmmmnenens 12

TABLE 2. COMPUTING THE DRAG AREA RATIO OF THE DRIFTER  (EXAMPLE ). .eciuitiiieeniiiniee et e e s eemmeeas 30



REVISIONS
Version 1.0, September 1995

Original version of the document (09/1995) was called“WW®CE Surface Velocity Programme
Barometer Drifter Construction Manual”. It has been ptielisas DBCP Technical Document No.
4, WOCE Report No. 134/95, SIO Report No. 95/27.

Revision 1, December 2001

Revised to reflect the latest improvements with the desfigime barometer drifter. As of revision 1,
manual is made available via the web. Latest wversion can bend foat
http://www.dbcp.noaa.gov/dbcp/SVPB-design-manual.pfitie new version of the manual is less
specific regarding construction details and leaves more latftardadapting designs to specific
manufacturing processes provided requirements exprassieel locument are followed. Important
modifications to the drifter design since the 1995 versie:

e Subsurface float removed: This allows reduction of theyukosize while still maintaining a
drag area ratio (DAR) of 40 since elimination of sulfae float reduces tether drag. In order
to maintain a low mean tension between the surface float @drdgue, the drogue is also
more buoyant than in the previous design.

» The Surface float is now made of ABS plastic instead effjlass.

» Three air pressure sensors are now suggested althouglsetisers meeting the requirements
(i.e. 1 hPa accuracy, less than 1hPa/year drift) could dseah

0 Vaisala (e.g. PTB 101C)
O Honeywell (PPT/HPB family)

» Two options are now proposed for installing the saltwatetch:

O 6 cm above the equator of the surface float separated by 5 cm
O separated by 60 degrees centred from the top of the sphere

* Barometer port has been redesigned leaving outside dimsnsichanged.

* Argos message format changed.

¢ Antenna installation detailed.

¢ List of contacts updated.
Revision 1.1, August 2002

Correction with regard to drag area ratio computatioBention 9, “Designing the 5-section @92
cm holey sock.”

Revision 1.2, December 2002-12-17

Barometer AIR SB-2A is not available any more. Vaisala addéukttst of suppliers.

Revision 1.3, December 2003

Appendix V had been added to describe the difference bettheemesign described in the
document and a newer design with reduced size hull arglelrarhis was done before a new

revised edition of the manual describing completely the aediusize design could be made
available.



Revision 2, May 2005

New design with reduced size hull and drogue is now compldiscribed in this version of the
manual. Appendix V now compares this new design with tleetiosit was described in revision 1.3
of the manual. The two designs are accepted in terms of moletgical and oceanographic
requirements. New design is simply more cost effecliglter, less expensive to ship, and easier to
handle & deploy.

Revision 2.1, October 2008

Certain out-of-date elements deleted of replaced. Updates taiguage



.  INTRODUCTION

1. General Information

For several years, oceanographers and meteorologists haveedegdtgllite-tracked drifting buoys
in support of their research and operational programriksse two bodies of users have, however,
sought different capabilities from their drifters: theacographers have mainly looked for designs
which accurately follow water parcels at a given depth, whehsameteorologists have equipped
their drifters with barometer ports and air-pressure sengoicollect real-time observations for
weather forecasting. Despite efforts by both user gréwjgevelop combined programmes, these
two main requirements have been largely incompatible, patlguin respect to the size and
above-surface exposure of the drifter.

The success of the low-cost WOCE Surface Velocity Programkie)(&eanographic drifter, with
its accurately quantified water following characteristingl @roven longevity, prompted renewed
interest in the development of a low cost met-ocean difipable of satisfying the needs of both
user communities. The result is the SVP Barometer (SVBrier, whose design and use is
described in this manual. This design, refined over seyesas and after extensive testing, further
develops the original SVP drifter by inclusion of avelobarometer port. This inexpensive but
stable pressure sensor combined with a data filtering #igoremoves pressure spikes resulting
from the repeated immersion of the drifter by waves.

The information given in this manual follows the desigrthods developed by the Global Drifter
Design Center (SIO/GDEC) at the Scripps Institutio®oéanography (SIO), in collaboration with
manufacturers and users. Of necessity, much of the wootistral detail relates to parts and
materials available in the USA: however it has been our iotetd give sufficient information to
allow the substitution of locally available products. @ltiat the use of specific materials may
affect the buoyancy of the completed drifter, and prototghesild always be tested and ballasting
adjusted as necessary so that the drifter floats correctly.

Similarly, some parts of the description relate to spedirgos transmitter/controllers. Other
transmitter/controller configurations may be used, provithed the pressure de-spiking algorithm
(see Appendix 3) can be implemented correctly. Consult goeferred transmitter supplier for
confirmation of this vital capability.

Currently, a preferred format exists for the data messagdgene drifter to the Argos processing
centres for transmission of meteorological data to thd#&@ldelecommunication System (GTS).
Information about this format, and other recommendatiegarding the use of the Argos system,
are given in Appendix 3. Other data formats are allowablemayt not be compatible with the
GTS processing software presently in use by ArgoserdJare strongly advised to check that their
proposed data format can be handled by Argos before any sitdeesteps are taken. The
technical co-ordinator of the Data Buoy Cooperation Panelc@ntact information see Appendix
2) is specifically tasked to give detailed advice and assistin these matters, and should be
consulted by all potential deployers of SVP-B drifters.



2. The Original SVP Oceanographic Drifter

The original WOCE Surface Velocity Program (SVP) sateltideked drifter, whose construction is
described in detail in Sybrandy and Niiler (1991), was desigo track the mean current at 15 m
depth using a 7 m holey-sock drogue. It uses the Asgtalite tracking system for location and
retrieval of data (see the Argos Users Manual for fdtbrimation). The drifter consists of three
main components:

. A surface float, housing the Argos transmitter, batterses surface temperature
probe and drogue-loss (immersion) sensor. Drogue $odstected by a change in
the immersion behaviour of the surface float. A magmeed switch, mounted on
the inside wall of the surface float, allows the electroticke switched on and off
without opening the hull.

. A tether assembly, which connects the surface float tsuhesurface drogue. The
tether incorporates components designed to reduce the danedfgots of heavy
weather.

. A dimensionally-stable drogue, designed to perform wedlen adverse conditions

and to be easy to deploy.

The two principal objectives pursued in this design werenaike a drifter with known water-
following characteristics, and with a lifetime of many montinsler severe open-ocean conditions.
Low cost and ease of deployment were also seen as essentialgiesdign

Accurate and predictable drift characteristics imply that #sigth must attempt to minimise the

effects of wind and waves on the surface float, the cdntdion of the current signal by aliasing of

wave-induced and tether forces, and slippage of the drofjnese goals were realised in the SVP
drifter by using:

. A spherical surface float, which minimises rectificationsofface waves into net
horizontal forces.

. A low mean tension between the surface and sub-surface elemendei to reduce
aliasing of vertical forces into slip-producing horizanfiorces. This was achieved
with initial SVP drifter design by using a sub-surfdloat. The sub-surface float is
eliminated in the new design and drogue buoyancy reducethgaacea ratio of 40
preserved because elimination of sub-surface float redudeseelement drag).

. Thin, stiff wire tethers to minimise drag-induced sigmd to reduce looping and
kinking caused by wind waves.

. A dimensionally stable drogue of a design resistant togkitnder normal horizontal
load conditions. The SVP drifter uses the holey-sodguk, with dimensions
chosen to give a drag-area ratio (drogue:(tether + floats)) ot 48q(see Table 2 for
a calculation of the drag area ratio). The holey sock is adkatively easy to
construct and to handle during deployment.

Long drifter lifetimes are achieved by taking steps thuce excessive flexing and shock loadings
in the tether assembly, and by selecting materials amghés which are resistant to corrosion,
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degradation and fouling. Flexing at attachment padmtsontrolled byin-situ moulding of bend
restrictors (‘carrots’).

Completed drifter assemblies were calibrated in the sea undeiety of operating conditions by
using vector-measuring current meters to measure drogue \éiilues of less than 1 crit svere
obtained in wind speeds of 10 m &Niiler et al 1987, Bittermaret a| 1990). Studies have also
shown slip in the presence of current shear is influengedrbgue length, the performance of
drogues longer than 7 m begin to deviate from the ideatskdverage due to non-linearities in the
upper-ocean shear profile (Cheresétral, 1989).

Since the start of the programme, several hundred SVRrdrifave been deployed and monitored.
Drifters recovered, both by accident and as a result ohethtrials, are carefully examined. As a
result, the SVP design is continually refined withiew to improving the durability of the tether
assembly. Median lifetimes now exceed 400 days.

3. The Barometer Version

The tether and drogue assemblies are identical to thoskyadpfor the standard SVP drifter
described above (see figure 1). The surface float has, hgviesr enlarged to accommodate the
additional batteries needed for the air pressure sensdrstaengthened to accept a short mast
containing the barometer port (see figure 2). Developraffntts are devoted to developing a
pressure measurement system (port + sensor + signal coirdj)idhat is reliable in terms of its
durability, resistance to flooding, and ability to detemniccurate surface pressures when the
drifter is repeatedly submerged by waves.

As with the conventional SVP drifter, the design isiioyed in response to user feedback and as a
result of extensive trials (see Appendix 4 and, for exangdenbardier, 1993). Currently, hundreds
of SVP-B drifters, built as described in this manuait®previous version, are deployed in support
of operational met-ocean programmes such as the Interaa@muth Atlantic Buoy Programme
(ISABP). These drifters continue to report accurate surfaessure data after many months
exposure to severe open-ocean conditions. The design wiihgento evolve in the light of
experience, and intending SVP-B constructors are advisedntactdhe GDEC or the Technical
Co-ordinator of the Data Buoy Cooperation Panel foldtest update information.

4, The Smaller Sized Drifter

A smaller sized drifter was introduced in 2003 to redomst (manufacturing, storage, shipping),
and to facilitate handling and deployment. Main differermdgieen the new smaller design and the
older design are summarized in Appendix V. Drag Area RatiR)Dremains greater than 40.
Basic differences include the following:

0 Surface hull size reduced from 40 cm to 32 cm;

Drogue diameter reduced from 100 cm to 61cm;

o Drogue is now comprised of 4 sections instead of 5 fotad length of 4.9 m instead of 7
m;

0 Total weight has been reduced from 30 kg to 15 kg;

L __ - | Commentaire [as1]: Solid plastic hubs
********************************************************************** have not worked well and should not be
recommended.

o
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Table 1. The SVP barometer drifter - description ofcomponents

Component | Description

Surface 32 cm diameter, ABS plastic 4 mm (0"Léhick surface float. Outer coat applied to protgc

Float against UV.

Tether (a) Plastic impregnated wire rope between surftaee &nd drogue with dimensions 1/8”
(2.4 mm) strength member inner diameter x 3/32 (8m) outer plastic diameter.
(b) 1/4" x 1.5" (thread) eye-bolt to attach caloleeéntre of radial hub & to the surface flog
(c) 1€ cm long polyurethane carrots moulded below surflaed and above radial hu.

Drogue (a) Holey sock made from non-fray synthetic clatiameter 61 cm, length 490 cm.

Construction consists of 4 cylindrical sectiongted22 cm long. Two pairs of 30.5 cm

holes are cut in each section. In a pair, holesat opposite each other. Axis joining holes

is rotated by 9Dbetween successive sections. Holes are evenlgdphmughout the
drogue. Drogue is centred at 15 m. See Figure 1.

(b) Approx. 1.5 kg lead weight (or equivalent) semto base of sock inside a 25.4 mm (1
'schedule 40" (wall thickness 3.6 mm (0.14") PV@epiing, partly filled with epoxy to
prevent movement of lead inside pipe.

(c) 19 mm (3/4") ID, 1.6 mm (1/16") wall polyproyle 'irrigation’ pipe ring between eacf
122 cm segment for support. Rings are drilledltmeaflooding.

(d) 25.4 mm (1") 'schedule 80' (wall thickness @& (0.19")) PVC-pipe top ring, filled
with closed cell polyurethane foam.

(e) Radial hub consisting of 4 wire rope spokesisid to attach the tether to the top of
drogue The wire rope is of the same dimensions as thdteomain tethe

~

Transmitter
& Power

(a) Argos«approved transmitte

(b) Antenna mounted above electronics.

(c) Duty Cycle: typically full ol

(d) Batteries configured for an expected endurafi@! months

(e) Power Supply: typically 1 pack of 32 alkalinecBlls. For example, total capacity can
vary between 75Ah (24 months) and 112 Ah (3 yedepending upon actual electrical
current consumption and expected life time. Aveqageer consumption using 12V

electronics can vary from 0.035W (e.g. 56 bitd) .@84W (248 bits) depending upon usalle

Argos message length.

Anti-fouling

%nti-fc‘)uling coating on bottom half of surface ftaend upper tether polyurethane strain
relief.

Sensors

(a) Air-pressure sensor, Vaisala (e.g. PTB 101©@pdywell (PPT/HPB family, e.g. HPB
2000W TTA-HO020).
(b) Linear thermistor sensor (YSI type 44018 oriegjent) embedded in a 316 SS throug

_ - | Commentaire [as2]: The inflatable
boat paint did not work well and should n:
be recommended.

=)
1

hull fitting at base of surface float. The complassembly is available as Betatherm parf no

XP36K53D93.
(c) Surface float submergence (dro-loss) sensc

Packaging

Individually packaged for free-fall deployment fraarmoving cargo ship from 10 m heigh
above the ocean, or for air deployment.

12
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Figure 1. SVP-B drifter - general arrangement.
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Figure 2. The Barometer drifter - surface float layout.
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II. DRIFTER DESIGN

1. The Surface Float

The surface float is a crucial part of the drifter. In addito providing buoyancy, it carries all the

electronics and sensors. ABS plastic is a good choicenéofldat (upper and lower halves use
separate moulds). It can be vacuum moulded and is easdlgt gbing industry standard adhesives.
Additionally ABS plastic is not brittle at cold tempenags. The outermost layer of material is
formulated to protect against UV and water absorption. treé@mmended that an experienced
plastic craftsperson fabricates the surface float.

The following features should be moulded into the float.

- Indexing marks for the saltwater screws, barometer pod,t@mperature sensor to facilitate
drilling

- A flat spot indicating the location of the magnet useduta the drifter on and off (bottom of
lower half).

- A lip in the lower hemisphere to provide additional isgth to the surface float glue joint.

- An additional knob at the bottom of the lower hemispter a circular piece to plastic to be glued
into place providing a cavity for the tether connection.

- Indexed locations to glue electronic mounting blocks m#ig sphere.

- Drill a hole near the top out of the way of other compdséport, submergence switch, etc.). This
hole will be used to create a vacuum upon sealing of thehamispheres. Hole will eventually be
sealed.

Remark: surface float size is related to its total weight inclgdétectronics, batteries, sensors etc...
It can therefore be adapted to reflect differences with weigkpressed here. Surface float size or
buoyancy is adapted so that its equator is located abouin? above water level when the whole
drifter, including drogue is deployed in still waternarly, drogue size may be adapted to reflect
changes in surface size in order to keep a drag area ratio SedOtable 2 for an example of

computation of the drag area ratio.
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2. The Barometer Port

The barometer port is designed to reduce wind inducedoBali effect pressure offsets in the
pressure signal (Osmund and Painting, 1984). The part mksvents water from entering and
therefore damaging the internal pressure sensor with a dadit&jng volume, and micropourous
filter. It is recommended to place filter verticallydawoid condensed water from blocking air flow.
The port is also machined from ABS or similar plastic. l@buse PVC for the port as this material
become very brittle when cold. An additional water tragated between the port and the sensor is
recommended to catch condensing water vapor. The examplerpdigure 3 is an acceptable
design.

Note that the baffle assembly is a relatively complicateghstio machine. The assembly details are
not given here but design must meet following requirements:

¢ Port must be submersible

¢ |eave sufficient volume of air inside port

¢ OQutside dimensions of the port must follow OsmundRaidting’s design (see figure 3)
* Prevent water from blocking the micropourous filter.
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Figure 3. The barometer port

Remark: Interior baffling and micropourous filter design dslis an approximation which is
given as an example. Exterior dimensioningmust be followed.

Y

Teflon Microfilter { Goratek)

Exernal Ressure Fith

Fitered Air Prssure Bth

Tubing to_barometer
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3. The Thermistor Fitting

The thermistor fitting, thermally isolated from the ohesiof the float, is designed to react quickly to
changes in sea surface temperature (SST). Thermal isghatieents solar heating of the top of the
surface float from influencing the SST measurement. €hea should be accurate to better than
0.1°C when the inside of the float i@ warmer than the sea surface. A thermistor fitting that
reacts quickly to temperature changes also speeds up tempesetsor calibration in the lab. One
example would be a Betatherm assembly (part no XP36B3BWhich incorporates a linearised
thermistor composite within a stainless steel fittinglternatively, an assembly can be made by
potting a linearised thermistor composite within a suétabbing connector.

Figure 4. Installing the thermistor fitting

Exampie Externai Profiie for Thermistor Fitting

\ Tharmilinear comnasita tharmictor

\ embedded into 316 stainless steel
A filled
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Figure 5. Submergence switch detail.

Attention: screwhead should be
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4. Recommendations for Installing the Electronicsnto the Surface Float

* Reduce interference between antenna and electronics by provigirapaate electromagnetic
shielding;

¢ Electronic mounting should provide shock proofing tewlideployment by air and 10 m ship
decks;

* To secure battery and electronics in place as well as providitioadl water proofing
polyurethane foam can be used.

* A magnetic reed switch, mounted on the inside of theasarfioat bottom part of the hull, starts
and stops drifter transmissions via a magnet placed autbile of the hull.

* Install electronics, batteries, sensors etc. so that centmawfygof surface float is as low as
practicable.

7777777777777777777777777777777777777777777777777777777777777777777777 - { Commentaire [as3]: Not necessary ]
Mounting, and shock-proofing of the electronics boxhimi the lower hemisphere of the surface

float is achieved simply by use of polyurethane foame fdam is formed by pouring pre-mixed

liquid ingredients into the surface float. The liquid qlyckxpands and hardens into place. The

delicate thermistor composite leads, the air-pressure sandathe magnetic reed switch must be

secured in place carefully before pouring the foam to adaicthage and displacement during

expansion of the foam. Similarly, the transmitter, theegssure sensor and the battery packs must

be sealed to keep the liquid foam from leaking into amdadgng them.

Figure 6. Inside the bottom half of surface hull (leftfand outside (right).
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5. Sealing the surface float

It is important to seal the surface float carefully. Fluamispheres are sealed with an appropriate
structural plastic adhesive. Use the following 5 partedore, to ensure a good seal.

1. Sand lightly before applying any adhesive. Clean surthoesughly.

‘7 7777777777777777777777777777777777777777777777777777777777777777777777 _ - -| Commentaire [as4]: Not necessary if
2. Secure a sachet of desiccant within the hull to minithiseisk of water condensation. e
3. Place a bead of acrylic adhesive on the sealing edgelofdpand bottom parts of surface

sphere for initial closure of the surface float. Smootaven consistency with finger. Put the
two pieces together. Then put additional bead of glue dreealing joint and smooth with
finger.

4, When the glue has dried, attach a vacuum pump to snhalirhtop part of the float. Pull a
vacuum and monitor to see that the pressure remains relativestant over a period of
several minutes. Once one is satisfied that there are no leaksle is sealed using a plastic
rivet and marine sealant.
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6. The tether assembly

The tether assembly consists of plastic impregnates nope. It is 2.4 mm (3/32") x 3.2 mm (1/8"),
where 2.4 mm (3/32") is the outside diameter (OD) ofitlre rope and 3.2 mm (1/8") is the OD of
the final product after impregnation. In order for thegire to be centred at 15 m below sea surface,
the length of the cable from the surface float to the réuilis about 12.4 m.

The radial hub connects the tether to the drogue. Radailshnow made of the same impregnated
wire rope used for the main tether..

This design includes plastic impregnated Space-Lay wire nogreufactured by MacWhyte (see
Appendix 1). Other manufacturers produce similar wire.
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7. Connecting the surface float and radial hub tolte tether

The connection of the tether to the surface float on on@eado the radial hub on the other end is
a 6 step operation described below (figure 7).

Parts needed include:

o Two eye-bolts 1/4" with 1.5" of thread
o Two ABS pipes 3.8 mm (1.5") diameter, 8.9 mm (3.5Ag0p0.4 mm (0.16") thick
o Two ABS caps suitable for pipe
o Four metal screws, 1" long
o Four 1/4" ID washers
o Two Nylock nuts 1/4" - 20
o Two 4/32" Swaged oval sleeves, tin-plated
1. Drill 3 mm (1/8") hole in caps centre. Screw two sheet nsztsdws in cap at 1.3 cm (0.5")
from centre of cap; one on either side.
2. Feed 40 cm (16") of wire through hole and centre of cap.
3. Feed cable through eye-bolt and attach with swaged oval sleeve
4, Slide ABS pipe along cable to cap
5. Put washer on eye-bold and insert into hole in bottbsurface float (or radial hub). Secure
on the other side with a washer and Nylock nut.
6. Pour epoxy in bottom of hull to cover screw and themnisthis will keep the Nylock nut in

place and provide extra leak protection. Follow the manufacsunstructions to mix a ratio
of catalyst to resin that leaves the least flexibility.

Strain relief carrots (conical) are then moulded on botls ®f the tether using a PVC plastic mold.

A two part urethane with a hardness of 65 Shore Aésl.uSarrots are placed on top of ABS cap
(hence the two screws) and are about 16 cm (6.3") long.
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Figure 7. Connecting surface float to tether (top). Cap(bottom left), and eye-bolt
(bottom right).
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8.

8.

Radial hub

Assembling the 'radial hub’

The upper attachment ring of the drogue looks like a biaybleel with six wire spokes, or radials,
and is termed the 'radial hub'. The tether is connectdltetaentre of the hub where the radials
cross, the connection then being potted within an epobegf.5" (6.35 cm) PVC cap. We have
used a standard US plumbing fitting - a schedule 40 Py&adled socket cap. The threads help to
lock the epoxy into place. All spokes are strain-relieveth wiandard 1/4" (6.35 mm) airhose
where they leave the cap. Figure 9 shows the dimensiovi€dcBp, and Figure 13 shows the
completed upper ring assembly. The following 11 step pureednd Figure 10 explain how to
assemble the hub.

1.

10.

11.

Strip the bottom 10 cm outer layer of the tether msg the wire rope. Stripping the outer
coat prevents the wire from slipping through the oval swéitiaty used for attachment.

Use wire rope similar to the tether to make the spokig.three 2m segments of 1/8" (3.2
mm) x 5/32" (4.0 mm) impregnated wire rope.

Clean a 60 cm piece of airhose with trichloroethane iwve all black residue. Cut the
hose into six 10 cm pieces. Strip back the outer rubbeingday 1 cm at one end of each
piece.

Lightly sand inside the threaded PVC cap and clean adi¢fione to remove any dirt and
coatings. Once the cap is clean, handle it only with cleareg|!

Form a tight loop at the bottom of the tether largeughdo fit around the three 5/32" (4
mm) OD wire spokes and clamp with an oval swaged fitting

Pass a short length of cleaned and sanded PVC pip¢heviather. This will subsequently
be used to improve the bonding between the hub andrtie stlief carrot.

Attach a swaged 'stopper’ sleeve close to the centre of paké and slip each spoke
through the loop at the end of the tether until the oy within 1 cm of the loop (see
Figure 10). Swage one more stopper on each spoke abouawayrfrom the other side of
the loop. The stoppers eliminate lateral movement thrthugPVC cap and epoxy.

Fit the assembly into the PVC cap as shown in Figire 1

Slip a piece of cleaned air hose over each radial and pogitsm that the stripped end
protrudes 1.5 cm into the centre of the PVC cap.

Seal all holes with putty and pour enough epoxy the cap to fill all but the top 1 cm,
leaving this volume to be subsequently filled withypoéthane as part of the strain relief.
Push the short PVC pipe into the epoxy before it sesh@sn in Figure 10.

Pour a polyurethane strain relief carrot above the radia) having first carefully cleaned

and sanded the mating surfaces of the PVC cap and pipe. olshegthane carroting fills
the top part of the PVC cap, then tapers to within 0.2®tthe OD of the wire rope in 40
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Figure 8.

Mechanical drawing of PVC cap.

3" threaded PVC end cap

Hole diameters should be slighly smaller
than diameter of hydraulic hose strain

8cm

/ relief

- ~N 1
@ Drill holes near the end of the cap. This
I will later ensure encapsulation by epoxy.
|

All edges of holes should be
sanded smooth
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Figure 9.

The radial hub.

Top View

Strip the
polypropylene

from the bottom
10 cm of the
tether

3" Section of 1" O.D. PVC
pipe with four 1/4" holes
drilled 1cm from top and
equally spaced

2nd Pour: Fill pipe section with
€poxy at least lcm beyond the
stripped section of the wire rope

1st Pour: Fill cap with epoxy to
within 1cm of top edge of cap. Be
sure to leave top 1cm of cap free of
epoxy. Embed bottom 1cm of 3"
pipe section in 1st epoxy pour

l-— All of the spokes should pass

Outer layer of airhose is —
removed and filaments are through the loop at the end of
frayed to improve bond with | | the tether
| I
~ -
~ - Airhose is used as a strain
— - . 0 .
Put swaged stops on each _—_ - relieving carrot where wire
spoke to prevent lateral rope leaves the hub
movement through epoxy
43

9.

Designing the 5-section @61 cm holey sock
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The holey sock is a long cylindrical cloth tube supgarin five places by plastic rings. Two
parameters define the holey sock dimensions: the numbseabions and the section diameter.
Two pairs of 30.5 cm (1') holes are cut in each sectiaora gair, holes are cut opposite each other.
Axis joining holes is rotated by 90° between successivdossctThe holes are evenly spaced
throughout the drogue.

The drifter is based on a 4-section, @61 cm (2") droger ggure 1). This design gives a drogue
to tether drag area ratio of greater than 40. Table 2 sth@ndrag area ratio computation based on
the dimensions of the elements specified in this design.

The drogue is made of fray resistant canvas. 11 oz (3#8)d.000 denier Cordura nylon cloth is
recommended. This material is extremely durable, is cdatguevent fraying, and requires no
additional reinforcing, even along the cut edges of the hddsalternative material is 6 0z (200 g
m?) stabilised Dacron sailcloth, which does, however, reqthie holes to be cut thermally to
prevent fraying.

Construct the drogue using the following 5 part procedsewing with a strong, durable thread
such as #92 Dacron.

1. Make the cylindrical cloth tube that forms the bodyhaf drogue from a suitably sized piece
of material, with 30.5 cm (1") diameter holes cut as desdritibove.

2. Using a zigzag stitch, sew strips of material alongr ttogg and bottom edges inside the
drogue to form pockets for the middle rings.

3. Make the top and bottom pockets by folding the endefitbgue over twice. Sew two lines
of zigzag stitches through four layers of material to ctheegockets.

4, Cut 4 small windows out of the top pocket to allowtfe connection of the radial arms to
the top ring. These windows are about 7.6 ct) {8de, and extend no more than 3 cm
below the top ring.

- {Commentaire [as5]: Not necessary. J
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The Drag Area Ratio

The drag area ratio of a drifter is defined as the ratthefirag area of the drogue over the drag of

the non-drogue elements. In order for SVP Lagrangidieid with holey sock drogues to follow
water parcels to an accuracy of better than 1 cm/sec, the drag aréBA&RI) must be greater than

40.
! DrogueDradirea
DragAreaRdio = 9 $ =40
" DragAregNonDrogueements
DragArea=CompleteHazontalCrossSectiorDragCoefftient
Drag Coefficients:
Sphere 0.47
Holeysock type drogue 1.40
Other elements except Urethane and pipe on top#0
radial hub
Urethane and pipe on top of radial hup 1
Table 2. Computing the drag area ratio of the drifer (example).
Component Frontal Area |Drag Coefficient |Drag Area |Drag Area
Ratio
Surface Sphere 731 0.47 343 40.8
Pipe and cap below surface sphere 45 1.40 63
Urethane Below Surface Sphere 40 1.40 56
Tether 400 1.40 560
Pipe and cap above radial hub 45 1.00 45
Urethane Above Drogue 40 1.00 40
Drogue 29768 1.40 41675
Diameter of Surface Sphere 30.50 cm
Length of pipe and cap below suface float 9.00 cm
Base of pipe and cap below surface float 5.00 cm
Length of Conical Section of Urethane Below Surface Float 16.00 cm
Base of Conical Section Below Surface Float 5.00 cm
Length of pipe and cap above radial hub 9.00 cm
Base of pipe and cap above radial hub 5.00 cm
Base Diameter of Conical Section Above Drogue 5.00 cm
Length of Conical Section of Urethane Above Drogue 16.00 cm
Diameter of Tether 0.32 cm
Length Wire Rope Section of Tether 1250 cm
Depth of Drogue 1500 cm
Number of Drogue Sections 4
Length of Sections 122 cm
Diameter of Drogue 61 cm
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10. Preparing the drogue rings

The top ring is made from 2.54 cm (1") scheduleP8@ pipe, which has a wall thickness of 4.82
mm (0.19). Use the following 3 part procedure to constthetring.

1. Heat the pipe section to allow it to be formetbia circle.

2. Fill the top ring with two part, 2 Ib/(32 kg/nf) closed cell polyurethane foam. This makes
the top ring slightly buoyant, and helps keep tbp bf the drogue from executing
concertina-type motions when the tether becomek.sla

3. Insert the pipe into the drogue pocket alondnwlie radial hub and connect the ends of the
pipe using a 2.54 (1") schedule 40 pipe coupliegpented into place.

The bottom ring is made from 2.54 (1") schedulePACC pipe, which has a wall thickness of 3.6

mm (0.14). Use the following 4 part procedure to assentidering.

1. Heat the pipe section to allow it to be formetbia circle.

2. Fill the pipe with enough lead (i.e. about 1¢f, lor other equivalent ballast to produce a net
2.5 kg to 4 kg tension (in the water) on the wethér below the surface float. The amount
of lead varies depending on the types of matetiabd throughout the drogue. To ballast
any drogue correctly conduct a float test on thikedr

3. Epoxy the lead into the pipe to prevent it frovoving around.

4, Insert the pipe into the drogue pocket and contie ends using a 2.54 (1") schedule 40

PVC coupling; cemented into place.

Make the middle rings of lighter @19.1 mm (3/4").8 mm (0.07") wall thickness polypropylene
irrigation pipe. This pipe, shipped in rolls, régs no special treatment before bending. Use the
following 2 part procedure.

1. Drill four @0.25 cm (0.1") holes in each pipetsen to allow flooding on immersion.

2. Insert each pipe section into its drogue poakelt connect the ends using standard irrigation
pipe insert couplings.
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11. Connecting the Tether to the Drogue

Use procedure as described in paragraph 7.

12.  Applying Bio-fouling Protection

During the period 1985-1990, 26 drifters were rexed from the eastern North Pacific that had
been at sea for between 40 and 250 days. Theg®wste fouling, usually consisting of a variety
of gooseneck barnacles, on the lower half of théasa float, the hydraulic hose and subsurface
float (original SVP drifters had hydraulic hose aub-surface floats). Floats and tethers that were
still protected with copper-filled ship bottom pairpon recovery showed a much lesser degree of
bio-fouling. Unprotected drogues tended to havieva barnacles at the bottom, and neutrally
buoyant algae and sea grass growth on the drogigziata

The recommendation is to apply a non-sloughing aupioxide bottom paint on the bottom half of

the hemisphere and the upper urethane strain.relige surfaces should be cleaned and primed
prior to application of the protection.
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APPENDIX 1 - Materials

The parts used by SIO is drawn from US supplieresghmaterial has worked well in 200 days of
open ocean testing. Changes were made after dnatwa of problems noted amongst the 12
drifters that were recovered from the North Padifithe WOCE Heavy Weather Tests of 1989-90.
Use parts and materials only after careful, prodmhgt-sea tests and evaluations.

Surface Float

Electronics and Power

1. Transmitter: Examples are the Seimac, Telokiod Kenwoddplatform transmitters. Some- { Commentaire [as6]: Toyocom is now
of these include features such as built-in interator a linear thermistor temperature sensor, ﬁiﬂ”ﬁ?ﬁjgg Metocear no longer
submergence sensor, atmospheric pressure, and ticageel switch.. Check that the impedance of

the transmitter matches thatof the antenna. Cotr@tsmitter manufacturers for details.

2. Battery Packs: The battery packs consist ef mack of 32 D-cell alkaline batteries with a
diode for protection. The use of date-stampedelies as a guarantee of freshness is
recommended.

3. Thermistor fitting: One example is a SwagéloB/16" (4.8 mm) bulkhead male tube fitting
connector (P/N SS-100-1-OR) terminated with a '3(lég (P/N SS-100-P). A custom Betatherm
part (P/N XP36K53D93) which consists of a lineaerthistor composite potted within a probe
assembly is also acceptable.

Adhesives and Foam

1. Pot the thermistor into the thermistor fittinglwa thermally conductive epoxy.

2. Use a marine adhesive sealant to seal the sgbne sensor screws. Many companies
manufacture these thru-hull adhesives and thepwaiable at local boat shops. An example is 3M
5200 Marine Adhesive Sealant.

3. Embed the electronics into the surface floahwitwo-part, 2 Ib/fticlosed cell polyurethane
foam. The electronics and construction industigs this material to insulate hard to reach places.

A two-part foam is sufficient for this purpose daaften available in local hardware stores.

3. \Use a structural plastic adhesive. Consult wiilastic adhesives professional for specific
recommendations.

7777777777777777777777777777777777777777777777777777777777777777777777 - ‘[Commentair_e [as7]: This older
4. For the strain relief, use urethane with a hesdrof “65 shore A”. recommendation was for fiberglass hulls.

Tether Pieces

1. Use wire rope made from plow-share steel andegmated (not simply coated) with plastic.

2. Tether is attached to surface float and radiél iising a threaded 3.8 cm (1.5") schedule 40
PVC pipe end cap, available at many local plastit glumbing suppliers.
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3. One can use the same epoxy to encapsulate tfecesdloat connection, as well as the
connection to the radial hub. The epoxy is a gdrurpose filled epoxy that bonds well to many
surfaces and holds up well in seawater.

4. Make the strain relief carrots throughout thede with a two-part room temperature curing
urethane.

5. The 3/32" (2.4 mm) (51-G-887 tool) and"1(8.2 mm) (51-M-850 tool) swaged oval sleeves
and 5/32" (4 mm) (51-MJ tool) swaged stoppers aotktare available at most rigging shops. Use a
3/32" (2.4 mm) oval sleeve at the surface floatl e radial hub. The outer diameter of the wire
rope is 1/8" (3.2 mm), but when the outer jackedtigoped this figure reduces to 3/32" (2.4 mm).
Use 1/8 (3.2 mm) oval sleeves at the connections fronrdld@ls to the top ring of the drogue. The

outer diameter of the wire rope is 5/32" (4 mm)t hen the outer jacket is stripped this figure
reduces to 1/8" (3.2 mm).

Drogue Pieces

1. Make the drogue with 11 0z 1000 denier Cordytamcloth. This is a nylon cloth with an
anti-fraying material on one side. This layer stay and continues to prevent fraying in the
arduous conditions of the ocean.

2. The top ring is a 2.54 cm (1") schedule 80 P\{i& p

3. The bottom ring is a 2.54 cm (1") schedule 4@RYpe.

4, The middle rings are 19.1 mm (3/4") OD polypreme irrigation pipes with a wall
thickness of 0.07" (1.8 mm).

5. Use a lead rod or an equivalent as a ballagtriabin the bottom ring.

Antifouling Paints and Primers

Use a non-sloughing anti-fouling paint on the stefdoat.
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APPENDIX 2 - Addresslist -

Complete drifters

Pacific Gyre Inc.

3740 Oceanic Way, Suite 302
Oceanside, CA 92056

Ph: (+1) 760 433 6300

Fx: (+1) 413 375 0914

Email: info@pacificgyre.com
Web: www.pacificgyre.com

Clearwater Instrumentation

304 Pleasant Street

Watertown, MA 02472

USA

Tel: (+1) 617 924-2708

Fax: (+1) 617 924-2724

Contact: Gary Williams

E-mail: wgwill@clearwater-inst.com
Web: http://www.clearwater-inst.com/

Technocean, Inc.

820 NE 24' Lane

Unit 112

Cape Coral, FL 33909

USA

Tel: + 1 239 772 9067

Fax: + 1239 574 5613

Contact: Mr Jeff Wingenroth
Email: jw@technocean.com

Web: http://www.technocean.com/

Marlin-Yug Ltd.

2, Kapitanskay, St.

Sevastopol

99011, Ukraine

Tel/Fax: +380 692 540450

Contact: Dr.Sergey Motyzhev
E-mail: marlin@stel.sebastopol.ua
Web: http://marlin.stel.sebastopol.ua/

Metocean Data Systems, Ltd.

21 Thornhill Drive

Dartmouth, Nova Scotia, B3B1R9
Canada

Tel: +1 (902) 468-2505 Ext 226
Fax: +1 (902) 468-4442

E-mail: tony@metocean.com
Web: http://www.metocean.com/

Interested parties are recommended to contact litteaCDrifter Center or the Technical
Coordinator of the Data Buoy Cooperation Panetlerlatest update to this list.
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Global Drifter Center

Shaun Dolk

NOAA, Atlantic Oceanographic and
Meteorological Laboratory

4301 Rickenbacker Causeway
Miami, FL 33149

E-mail: shaun.dolk@noaa.gov

Dr Rick Lumpkin

NOAA, Atlantic Oceanographic and
Meteorological Laboratory

4301 Rickenbacker Causeway
Miami, FL 33149
E-mail: rick.lumpkin@noaa.gov

Data Buoy Cooperation Panel

Hester Viola

DBCP Technical Co-ordinator
JCOMMOPS

8-10 rue Hermes

Parc Technologique du Canal
31526 Ramonville St. Agne
France

Tel: (+33) 561 39 47 82

Web: www.jcommops.org/dbcp
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APPENDIX 3 - Sensor sampling and an example Argomessage
format

Sensor Sampling and duty cycle

Atmospheric Pressure

160 pressure samples (taking approximately 16@skaltected each hour. Counts 1 to 4 are error
flags as specified by drifter manufacturer. Thesgiking algorithm is as follows:

e Take the median of the lowest 10 points of 160.

e Calculate the median of the points within the ensiet of 160 points that are within 1 hPa of
the 10 point median.

« Store as 12 bit count: 0 => 800.0 hPa and 40952895 hPa, with 0.1 hPa resolution.

< If 15 or more of the 160 samples include commuidcaerrors, the sampled set is deemed
corrupt, and the transmitter count is set to zero.

********************************************************************** have been deleted long ago as it is the fi
Sea Surface Temperature paragraph for a description of an older

L _ - | Commentaire [as9]: This text should
t
format.

SST is sampled continuously with a 15-minute repgele.

e Interval between samples = 60 s

* Number of samples averaged = 15

e SST updated every 15 minutes

¢ Number of thermistors monitored = 1 (YSI 44018 guigalent)

Salt water switch
The salt water switch is sampled continuously \&it80-minutes repeat cycle.

« Length of salt water switch data collection = 3thates
e Store as 8 bit count = (immersion time in seconds$)

Duty cycle

Normally full on|

2 days off is a TERRIBLE duty cycle and

_ - -| Commentaire [as10]: One day on and
should not be recommended.

Argos Message Format (example):

This so called DBCP-M2 Argos message format is glatforms transmitting their Argos ID
number using 28 bits through Argos. For information other possible formats, see at
http://dbcp.nos.noaa.qov/dbcp/lramf.Hﬁml _ -~ -| Commentaire [as11]: Does this need}

’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ to be modified ?
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With 28 bit Argos IDs, first block of data is conged of 24 bits; following blocks of data have 32
bits. DBCP-M2 contains a minimum of two blocks, Rd+32 bits = 56 bits.

Data are stored in the buoy memory in blocks okolations. Each block contains one single
observation. Blocks are Block _Period minutes afmg. every 30 minutes, every hour)). Normally,
buoys are turned on at a round hour (e.g. 03hO@ambservations are made exactly at a round
hour. However, this may not be the case and thigzoamel clock may drift in time. Transmitting the
age of the observation at the time the messagarisritted to the satellite permits one to recover
the exact time of observation even if the buoy tieaé clock has drifted.

One block (one observation) is transmitted in ongo& message. One Argos message contains
only one block.

Hence, consecutive blocks can be transmitted ugingecutive Argos messages using a

transmission cycle. For example, if one picks @llperiod of one hour, one could transmit the
observations in a cycle of 3 Argos messages lile th

Block H

Block H-1

Block H-2

Block H

Block H-1

NFR,[O]N|F] O

Block H-2

Rank is encoded in the Argos message. Rank of t® racent observation transmitted is 0. The
rank of a given observation is incremented eack imew observation is carried out.
Age of the observation at the time of the next blopdate (AGEB) in the buoy memory is encoded
in the Argos message. Age of the observation dtittie of the Argos message transmission is
therefore:

« Age = Rank x Block_Period + AGEB
And observation time can therefore be computeadkksfing:

» Observation time = Acquisition time by the satellite - Ag
If hourly observations are needed (Block Period=8@ buoy must be activated so that a new
observation is available on the hour. If synoptiservations are requested (Block Period=180), the
buoy must be activated accordingly.
Message format:

In white are the first mandatory two blocks of dag 56 bits (24+32).
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In yellow is the following optional block of datieg. 32 bits
In green are the following optional blocks of dafe, 32 bits or more,
Total message length cannot exceed 248 bits.

Formula / Comments (n = word value

CHK || Checksur 8 0 0 25¢ Checksum = Lower 8 bits of the sum of other k||
Rank [ Rank of observatic 4 8 0 15 Rank =n (see § Y
AGEB || Age of observation at th 6 12 |0 63 Age (minutes). This timer starts at 0 when Y
time of next block update sensor data is updated in the transmission and i
incremented in minutes until the next data updat
(block).
BP Barometric Pressu 11 18 || 850.C 1084.7 Press(hPa) = 0.1n + & Y
SST Sea Surface Temr 9 29 |[-5.C 35.8¢ SST(°C) =0.08 -5 Y
APT || Air Pressure tenden 9 38 | -25¢ 25.€ APT(hPa) =0.11-25.E Y
SubV ([ Submergence Cou 6 47 0 10C Percent of time submerged = 100 n Y
VBat || Battery Volage 3 53 || free free free (e.g. voltage, % of charge, or ta Y
WD Wind Directior 7 56 | 0-C 360.C WD(deg) =3 r Y
n=127 indicates no Wind Direction sensor presef
WS Wind Spee 6 63 ||ocC 63 WS(m/s) =1 Y
AT Air Temperatur 8 69 -20.C 43.7¢ AT(°C) = 0.25N - 2C N
Conc || Conductivity 11 77 25.C 55.70¢ Cond(mmho/cm) = 0.015 n + N
Tz Subsurface Tem 1C 88 |5 35.92 Tz(°C)=0.04r-5 N
Deptt || Depth (pressur 8 98 |0 25E Depth(m) = N N
Extra || Extra sensor # g 106 || ? g ? N
N

(o) Where "Fixed bits in blocks" is marked as "t'tneans that when a block is actually coded, the
exact number of bits is reserved for the considesgtsor or information if available. If there is no
such sensor in the buoy, then those bits shalbhsidered as free and can be used for one or more
other variables provided that this does not affieetbits used by the surrounding sensors. These bit
can also be coded with all bits set to 1 in casg t#tre completely useless. This permits some

flexibility in the format.

Offsets and resolutions are given here as examplésan be modified. The number of bits for
each sensor must be changed only if it is not ptestd do otherwise (see remark under (o) above).

One may choose to report the barometric tendenopénsingle word instead of two (one for the
absolute value of pressure tendency, the othagh&characteristic). Automatic stations are
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permitted to do so. On the GTS, the charactelistioded as 2, 4 or 7, according to the sign of the
tendency (positive, zero or negative, respectivaifi)s solution is debatable.

Examples:

a) Basic format (e.g. SVPB, FGGE)

Checksum Rank AgeB Barometric Pressure

8 bits 4 bits 6 bits 11 bits

Barometric Barometric Tendency Submergence count | Battery

pressure (cont.) Se,a Surface Temperaturn;zg bits 6 bits Voltage
9 bits 3 bits

The message length is 56 bits.
b) Wind and/or salinity buoys (e.g. SVPBW, Wind FGGE)

This format concerns SVP-BW drifters and Wind FGGE buoys, possibly equipped for Air Temperature and/or
Sea Surface Salinity measurements. The message length is 88 bits. The parameters are :

Checksum Rank AgeB Barometric Pressure

8 bits 4 bits 6 bits 11 bits

Barometric Barometric Tendency Submergence count | Battery

pressure (cont.) Se,a Surface Temperaturn;zg bits 6 bits Voltage
9 bits 3 bits

Wind Direction Wind Speed Air Temperature Conductivity

7 bits 6 bits 8 bits 11 bits

Air temperature and Conductivity rooms can be used by technological data such as Weather Classification
and/or Wind speed from specific frequency bands in the case of SVP-BW drifters.

Similar standard message formats are being developed as part of DBCP Pilot Projects. Iridium
telecommunications can be used for drifters and a standard message format is presented at
http://www.jcommops.org/dbcp
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APPENDIX 4 - The SVP-B drifter: development, trids and
possibilities for collaboration

[This is largely extracted from a paper entitledheéTLow-cost Barometer Drifter', which was
submitted to the DBCP session in November 1993shyechnical Co-ordinator.]

1. Design of the barometer drifter

1.1 Background

The low cost barometer drifter is basically a seaddSVP drifter to which an air pressure port has
been added. The standard SVP drifter is now agorawnd reliable design and it has been deployed
at sea in large quantities for oceanographic rekeg@rograms as part of the World Ocean
Circulation Experiment (WOCE) and the Tropical Qteand Global Atmosphere programme
(TOGA). For the period 1 July 1991 to 31 Janua®®3, the WOCE Surface Drifter Data
Assembly Centre has processed data from 1315 rdrit¥ OCE Report No. 104/93) deployed in
the Pacific and north Atlantic oceans. The driftecapable of accurately measuring sea surface
currents (x 1 cm/s) in 10 m/s winds and sea suttieperature (£ 0°C). Nominal life time is 18
months. It has, however, been shown that halftilife of standard SVP drifters is of the order of
440 days.

1.2  Surface current measurement

For measuring surface velocity, standard SVP buayse been designed to be good Lagrangian
drifters (buoys which follow the water motion wedihd very specific requirements of drogue and
surface float design have been developed (largeyhsxick drogue, spherical floats and thin wire
tethers). Laboratory and at-sea tests have bawmtucted to guarantee the reliability of SVP drifter

measurements.

The slip (i.e. the motion of the centre of the dregelative to the moving water parcel) has been
minimised. Many phenomena can induce slip: thennagiies being wind stress, surface gravity
wave effects and vertical shear of currents. Thoeeeests have been conducted on various shapes
of floats and drogues (Bittermagt al 1990). These tests show that the most effidbapes are
small, spherically-symmetric surface and subsurfeaas, thin-wire tethers and a large semi-rigid
drogue. The drogues which have a high drag coeffiand stable water following characteristics
are the Tristar (Niileet al 1987) and the Holey Sock (Naghal 1979). The drag area ratio is the
drag coefficient of the drogue times the frontaaadivided by the sum of the products of the drag
coefficient and the largest projected frontal arebifloats and tethers. A drag area ratio for the
drifter greater than 40 will give the instrument tkapability to make current measurements
accurate to within 2 cm/s. Using a correction folam a wind correction can then improve this
accuracy to 1 cm/s if the wind is known to withinmds. In extra-tropical areas, if an optimised
network of low-cost barometer drifters is maintainthe air pressure field and consequently the
wind field will be known to a better accuracy.

The same general design as for the standard SViPahgign drifter has been chosen for the
low-cost barometer drifter.

1.3 Drogue detector (submersion switch)
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A drogue detector is necessary for ascertainingdafdrogue is still attached. A drifter without a
drogue is of little value for surface velocity messments. Since the surface float goes under the
water more often when the drogue is attached, oimeiple is to install a submersion detector
(switch) on the surface float and to analyse thetseries in order to deduce if the drogue is still
attached.

1.4  Sea surface temperature measurement

The low cost 'barometer' drifter is also equippdthva sea surface temperature sensor that is
designed to make measurements accurate taC0.10nce again, experience gained with the
standard SVP drifter has been used. To obtainattisiracy, tests show that one must install the
temperature sensor outside the hull of the drifeat. Also, calibrations of a number of thermrsto
while connected to the electronics circuitry ireatttank in various range of temperatures must be
done. Only these kind of tests and calibrations peovide accurate coefficients to be used to
convert raw data (resistance) into physical vali@alsius) within + 0.1C. The life time of the
sensor is expected to exceed that of the transrhiiteries.

1.5 Atmospheric pressure measurement

The air pressure port has been designed to witthgteagquent immersion with no loss of accuracy.
The port is elevated to some height above the fiself to avoid Venturi effects caused by air flow
over the curved float surface. The total surfaicthe mast is lower than 10% of the total frontal
area so that wind stress does not induce a sulasdtslift effect compared to the one induced by the
hull itself. The design is based on a port usednmyored buoys by the United Kingdom
Meteorological Office, and has been extensivelyetbsn a wind tunnel. Internal baffling is
provided against submergence surges and suffibeeck up volume of air assures that water does
not enter the barometer duct.

The barometer port design is based on the followatipnale (WOCE/TOGA Lagrangian Drifter
with barometer port, May 1991):

0] Field observations indicate that the surfaamfflof the SVP Lagrangian drifter is pulled
under the water to a depth of 1-2 m at the crefstgimd-waves, therefore an overpressure of 200
hPa can be expected on the barometer. Data frensithmergence switch on drifters in WOCE
Heavy Weather Drifter Test indicate that they spahdut 20-30% of the time under the water in
winds in excess of 15 m/s. Upon resurfacing, tbg pas to clear from sea-water quickly and
completely. Flaps and valves to close a port faillor become encrusted. An inverted port, with
sufficient volume of air which can be compressedrupubmergence so that the water is kept out of
the barometer air duct, was incorporated in thégdes

(i) Along air pressure duct to the barometer caltect condensation in the extreme changes of
moisture and temperature which occur in synoptiather systems. This problem was solved by
placing the barometer very close to and above ithiatake. Specially configured barometers were
made for this application for SIO/GDEC by severanufacturers. [later versions have reverted to
placing the barometer within the buoy hull and gsirater traps and desiccant.]

(i) In a wind stream, the spherical surface flpabduces a lowering of air pressure due to the
Bernouilli effect. In a 10 m/s wind, this effeatopluces less than 0.1 hPa pressure lowering at a
distance of one sphere radius. The barometergioimtake is therefore placed on a mast 24 cm
above the top of the sphere. A second Bernotificeis produced by the airflow around the mast.

42



This problem has been studied extensively, arabalar wind shield, with air intake holes inside a
second internal sleeve is adopted (Osmund andiRgiio84).

(iv) The sampling and averaging scheme for themassure has to take account of when the port
is under the water. Tests have run at sea undem/s5 wind conditions off San Diego
(WOCE/TOGA Lagrangian Drifter with barometer pdvtay 1991) where pressure was sampled at
2 Hz inside the surface float. A laboratory staddaarometer of identical construction was used to
obtain data at identical rates about 3 m abovdesedhin a semi-enclosed laboratory on a ship. No
significant wind effect, or delay times, were obh®el on the barometer port response of the surface
float in the water.

For the sensor itself, now we leave choice of uMasala (e.g. PTB 101C), Honeywell (PPT/HPB
family), or any other suitable sensor providinguiegd accuracy, resolution, and long-term drift.
This is a ceramic diaphragm capacitance sensoppediwith a built-in temperature compensating
circuit. AIR sensors have been carefully testedMOCE and finally proved reliable (Payereal
IMET) but AIR SB-2A is not manufactured anymoreccliracy is +1 hPa with a stability of +1 hPa
over a one year period. Sensor output is digiténths of hPa.

In the latest scheme (proposed at the joint DBCIP-8)rkshop, 4-6 May 1993), data are sampled
at 1 Hz, and averaged over 80 seconds [now 16(hdsfo A dedicated de-spiking algorithm was
designed to remove from the average these air ymesseasurements made while the barometer
port is submerged:

"The algorithm will first average the lowest 208 measurements; it will then throw away
all measurements within the entire 80 measurenenivgh values greater than 1 hPa over
that average, and transmit the median point ofé¢h®ining values."

[Note that this algorithm has since been revissde-Appendix 3 for the latest version.]

The latest average of every hour is stored on boaiithe last 24 hourly [now 12 hourly]
measurements are memorised and transmitted thrAugis using multiplexing techniques. It is
expected that the full series of 24 hourly [nowHdlrly] measurements will be recovered every
day. Hence the latest available air pressure emdency measurements (real time), as well as the
synoptic air pressure measurements will be digeibon GTS (deferred time).

2. Field tests

A total of 25 prototype barometer drifters (MODy¢re purchased and deployed by the GDC and
the national weather services of Australia, Candtance, and the United Kingdom. A joint
DBCP-SVP workshop was help on 4-6 May 1993 in S@y®in order to evaluate the quality of
the prototypes and to propose design changes i@trNo. 93/28, WOCE report No. 108/93). At
the time of the meeting, 16 prototypes had beetogled at sea. In general, despite limited success
with some of the buoys, the test participants waeased with the performance of the new SVP
barometer drifter. In particular it was demonsiiateat the quality of the pressure data was in
general as good as for regular FGGE-type meteadiablguoys.

The meeting agreed that the main problems detewtidthe first 16 prototypes deployed at sea

were through-hull connector failure, upper hemisphailure (due to insufficient fiberglass [hull
was made of fiberglass initially]) and the de-spikialgorithm. These problems are believed to have
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caused the premature failure of six of the protesyfrhe meeting therefore proposed some design
modifications, which were incorporated in a newsi@n (MOD-2).

The madifications included replacing the existirnhiim batteries with alkaline batteries and
increasing the hull diameter, reinforcing the newil,iremoving the through-hull serial connector,
improving the hemisphere sealing increasing thendtar of the barometer port attachment,
strengthening of the SST probe, and implementiragnghs to the Argos message format and the de-
spiking algorithm.

[Another evaluation workshop was held in New Orka®10 May 1995, and proposed further
improvements such as adding a water trap and dediand improving packaging.]

[Since the compilation of this report, many furtlieployments have been made (e.g. in the South
Atlantic Ocean under the auspices of the Internati®outh Atlantic Buoy Programme (ISABP)),
and the design is now believed to be demonstraigtie and mature. Nonetheless, modifications
of the basic design will continue to be introdugethe light of further experience.]

3. Opportunities  for  cooperation  between oceanogrdgers and
meteorologists.

For the reasons detailed below, the low-cost batendrifter is a device which can be shared by
both oceanographic (research) and meteorologiparéional) communities:

Advantages for oceanographers:

» Accurate and well-quantified water following chaezcstics, resulting from a high drag area
ratio (~40) and low wind stress:

« Long life time (half life = 440 days)

» Accurate measurement of sea surface temperature

< Accurate measurement of air pressure, leadingdorate estimates of the wind field and the
surface wind stress.

< Ability to transmit quasi-continuous data-sets g tise of an on board data-stacking.

Advantages for meteorologists:

< Longer persistence in a given area (the drifteirigued at 15 meters)
e Long life time

« Accurate measurement of air pressure

» Accurate measurement of sea surface temperature

» Data distributed on GTS in near real time

« Availability of data measured at synoptic hours

The cost of the SVP-B drifter is about US$3000 &08 well below the cost of a regular FGGE
type meteorological buoy (in the order of US$15000je lifetime and quality of measurements of
both devices are now shown to be very similar.

The global drifter program offers a scheme to erage buoy operators to add a barometer to | Code de champ modifié

| drifters, for meteorological purposes. 3e#®://www.jcommops.org/dbcp/svpb_upgrade.html .~ - { Mis en forme : Anglais (Australie)

777777777777777777777777777777777777777 o [ Mis en forme : Anglais (Australie)
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APPENDIX 5 - Comparison of this design with the dsign described

in revision 1.3 of this manual

Design described in revision 1.3 of this manug

I Thisesign

40 cm float diameter.

32 cm float diameter. Lower half of surface hul
moulded in such a way to receive magnet,
electronics and battery pack.

Electronics package described in literature

Newtsdaics package

14 V transmitter

3 -4V transmitter

Transmits using 1 W power every 60 seconds

Trasaumsing 1/2 W power every 90 seconds

3/32' (2.4 mm) x 1/8 (3.2 mm) diameter plastic
impregnated wire rope connecting buoy to drog

dentical
jue

Radial hub on top of drogue made of tethers

—Meujalagticradial-hubldentical

5 sections 1 m diameter drogue with total 7 m
length

4 sections 61 cm diameter drogue with total 4.
length

Buoy hull and top made of fiberglass

Buoy hull and top made from moulded ABS
plastic

Drogue attachment wheel of wire spoke design

Drogue attachment wheel made from stamped
plastic

Drogue sewed around outside ring of radial hu

b tideh

Large strain relief

Strain relief uses 1/4 the UHagte

Lithium Battery

D-cell batteries

Different attachments on drogue and buoy end
tether

ﬁc?éntical attachments on both ends of the tethe

Drogue made of Cordura Nylon

Drogue made of lighter weight sports bag mate
- 1/2 the previous weight

Protective hose over wire tether from buoy to
subsurface float

No protective hose

Total weight ~ 30 kg

Total weight ~ 15 kg

Total cost $5400 (in 2003 US dollars)

Total cos3@2(in 2005 US dollars)

~ 60% less work needed to assemble

D m

r

rial
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