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Operational experiences of Datawell waverider buoys*

S.G. Diwan**, A.K. SURYAVANSHI** and B.U, NAYAK**

Abstract: The experiences gained by NIO, Goa since 1980 in the use of Datawell waverider
buoys under the long-term wave measurement projects applicable to coastal and ocean engi-
necring problems at nine locations along the west and cast coast of India are briefly described
in this paper. Iniormation on waverider buoys, mooring, deployment and retrieval techniques,
and the type of wave recording system used etc. are presented. Various operational problems
associated with measuring and recording cquipment, leading some times to loss of valuable
wave data ctc. have also been discussed. The damages occurred to waverider mooring system
due to natural as well as man-made causes including remedial measures adopted have been

briefly described.

1. Introduction

India has about 6000 km long coast line and
many marine structures are expected to be in-
stalled in near future. Design wave 1s an im-
portant parameter which plays a major role in
optimising the investment for such huge expen-
stve project. Design wave and various important
wave parameters can be obtained from the
statistical and numerical analysis of the long-
term data collected at the particular project site.

National Institute of Oceanography (NIO), Goa,
initiated the comprehensive wave measurement
programme in 1980. Fig. 1 indicates nine loca-
tions along the west and east coast of India
where Datawell waverider buoys were deployed
as a part of this wave measurement programme.
From Table 1, it may be noted that a total of
25 waverider buoyv deployments have been carried
out at nine different locations, yielding 2199 buoy-
days of operations at sea, out of maximum
possible of 2348 buoy-days. This works out to
an in-service percentage of 93.06 and the average
duration of each buoy deployment is 87.96 days
ranging between 6 days off Daman at initial
stages to 291 days at Bombay High. The
average buoy days per adrift comes to 244.3
days.

A moored waverider buoy is capable of operat-
ing unattended for long durations of 10 or 18
months at sea depending upon whether the bucy
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is T0em or 90cm in diameter respectively.
Waverider mooring lines were designed so as to
withstand hazardous sea conditions for longer
periods of time. Mooring components supplied
by M/s Datawell bv were used in all moorings.
Fig. 2 shows a typical disassembled view of
waverider buoy mooring.

The recording equipments were installed in a
building located on the shore, which was free
from electrical disturbances. When the wave-
rider buoy was installed near the offshore plat-
form at Bombay High, the recording equipments
were installed in the radio room of the platform.
Various instrumental and mooring problems
encountered during the wave measurement pro-
gramme by NIO using Datawell waverider buoys
are briefly described in this paper.

2. Handling of waverider mooring

A locally available mechanised boat, usually a
fishing trawler having a derrick boom and a 2
tonne winch was generally selected for handling
waverider buoys. The size of the boat varied
from 12 meters to 16 meters. Most of the time
the same trawler was used for keeping a watch
on the moored waverider buoy, which was most
essential in severe fishing activity area. Supply
vessels owned by M/s Garware, India, and M/s
Mountego Seahorse corp. U.S.A. were used for
operations at Bombay High. The positioning of
waveriders at Daman, Umbergaon, Kakinada,
Bombay High was taken using Magnovax 1107,
a satellite navigation system.
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Fig. 1. Waverider buoy deployed locationé.

v

Table 1. Waverider buoy performance off the east and west coast of India.

SI.

32

Location . Period of study No..of Actual X100 No. of Adrift
No. of wave- . buoy days no. of Y deploy-
rider buoys Start Finish possible  buoy days 2% ments
X Y
1. Of Goa® 22-5-80 2- 8-80 70 70 100 1 Nil
~ 2. Off Daman 14-5-82 26-11-82 197 172 87.3 5 4
3. Off Umbergaon™ 10-6-82 23-11-82 167 113 . 67.6 3 1
4.  Off Machalipatnam 9-5-83 18-12-83 224 224 100 2 Nil
5. Off Kakinada?® 14-5-83 1- 9-84 477 461 96.6 5 3
6. Bombay High 22-5-83 12-12-84 571 537 94. 05 3 Nil
7. Off Uran 26-6-84 16-10-84 113 113 100 1 Nil
8. Off Hazira® 22~6-85 13-12-85 200 195 95. 1 "3 Nit
9. Off Kandla® 22-6-86 = 11— 5-87 324 314 96.9 2 1%
Total 2348 2199  93.06 25 9
¥ Due to failure of accclerometer data could be collected for only 51 days.
# Second redeployment delayed due to non availability of waverider buoy.
¥ Buoy lost on 1 Sept. 1984 and is not yet traced.

The buoy was recovered on 3 Aug. 1985 and 17 Oct.-1985 for checking the pits on hull which were filled

with Araldite.

Buoy was recovered to inspect mooring components status as current speeds of 4 to 5 knots were common

in the area.

Buoy was drifted along with the whole mooring over a distance of 500 meters due to strong currents

prevailing in the area.
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Fig. 2. A disassembled view of a typical
waverider buoy mooring syitem.

Anchor last method was adopted for the
waverider buoy deployment. Before paying out
the mooring gear, the boat was made to proceed
towards the desired buoy location. Opposing
the sea surface current/wind, whichever was
dominant at the time of deplovment of the
waverider buoy, the buoy was first dropped in
sea from the stern of the boat with the boat
cruising at about 2 knot speed. Then the con-
nected mooring line was paid out manually under
moderate tension. Ultimately, the anchor was
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Fig. 3. Data processing system for digitised
wave data.

dropped from the stern of the boat. During
recovery operation, the waverider buoy was first
hauled up and kept on the deck of the boat.
Then the upper slack part of the mooring in-
cluding the rubber cord and the floating poly-
propvlene rope was manually pulled up on the
deck. Finally winch was operated for hauling
up the dead weights and the sub-surface buoys on
the deck. Proper manoeuvering of the boat was
very important particularly when the sea was
rough for safe retrieval of the waverider buoy
and its mooring.

3. Wave receiving/recording station

The Datawell Waverider Receiver (WAREP)
in conjunction with Digital Magnetic Tape
Recorder (DIMA} was used to receive and record
the wave data transmitted by the waverider
buoy. The analog wave records were obtained
on l0em wide chart paper used in the WAREP
while digital data were recorded on Verbatim
300 H type digital cassette in DIMA. Both these
units were generally operated on 220 volts AC
mains supply and on failure of the mains supply,
the units were set to automatically switch on to
the external standby 12 volt DC (80 AH) lead
acid battery. Whenever these recording equip-
ments were used in remote coastal villages where
frequent power failures used to occur for extended
period of time, a portable 500 watt AC/DC
petrol generator was used to charge the batteries
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and the recording equipments were operated on

these batteries.
Recently Digital

Waverider

DI

Receiver

WAR; along with personal computer HP-85B

15 procured from M/s Datawell,

Netherland,

and is used for wave data collection oif Caicutta.
The soitware computes on-iine energy
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significant wave height

spectrum,

and significant

FEVOac.A N
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Table 2.

1. Failure of U-eye on

botio:mn of waverider

Electronie falure of

wave period ““Tz7. The computed values are
stored in the data cartridge.

4. Data processing techniques

The WAREP was operated in program made
to record 20 minute wave data at every 3 hours
continuously.

The anzleg wave records were

analysed uvsing Tucker’s method o determine the

buoy and receiving equipment.

Type of fallure
S Plash light no:
glowing

2 No tlash light aad

K trnnsmassion

oo Aeroline ot WAREP
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I Towld alure ot
WARER

5. No movement o
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7. Pacial recording of
digitisec data by I2IMA
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pea holder assembly was
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Uise of new lot nf Verbatim
cassettes enabled to obtain
gooud daia.

Remarks
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Urings.
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significant wave height **Hs” and zero crossing
wave periods “Tz”’. The DIMA unit inter-
faced with WAREP in program mode records
digitised data on cassettes for every 0.5 seconds
interval. Memodyne Tape Reader 3122 ABVT
is interfaced to HP Vectra Personal Computer
where all raw wave data from datz cassetie are
read and stored on hard disk (Fig. 3). This PC
is interfaced to super mini computer NI)-520 and
raw data are transferred to it using a software
NORLINK. For statistical, zero upcrossing and
spectral analyels of the digitised time series wave
data a software package NEPTUN-5 was used on

ND-520 computer. This programme carries out

Table 3.
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Ilig. 6. Corrosion of D-type st steet 316

shackle 1AL

Mechanical and operation:! tauits and ‘ailures.

Type of faiture Possible cause

1. Rubber cord shpping

Improper manoeuvering
out of its end termi- o supply vessel curing
nals recovery  under  strong

current  caused rtubber

cord 0 strereis beyond

1ts tolerable imits
2. Snapping of rubber
cord

Man made ciuses

a: Entanglement of drniit-
ing hshing nets with the
waverider mooring.

) Cutting of rubber cord
by fishermen 0 f{rec
the net.

¢! Passing  boat vessels
running over the moor-
11g. Natural failure due
to prolonged use under
complex nzture  of
forces.

3. Failure of acceler-

ometer suspension of

wavcericder buoy

The buoy was hit by a

nshing trawler resuiting in

breakage of accelerometer

s1apension.

4. Falure of the bottom
U-cye of  waverider
buoy lig. b

Tie buoy was drified :o
shore & the U.eve was
broken by the iocal nsher-
man while removing stab-
ilising chain.

Failure of data trons-
mission from the wave-
rider buoy

3, Splasiing seawater enter-
ed the whip antenna base
socket through the dumag-
ed socket sealing washers
which got damaged due to
plecing them wrongly.

6  Partal submergence  a

Entanglement of the
of the waverider buov

mooring with plants &
busaes during Hoods in
adjuining river.

b) Growth of large colo-
ries of Dbarnacles on
ine  waverider surface
Frg. 50

Measures taken

Avoided the recovery of
waverider mooring  with
supply vessel under strong
currents.

To overcome all these
problems o watch keeping
boat with few crew was
made to anchor about 50
m {rom the buoy dav &
night. This boat used to
be withdrawn during bad
weather.

Trigngular guard was fixed
to the buoy (o zafeguard
it from collision.

Measures are underway
to weld o new Uleye 1o
this waverider buoy.

The damaged socket zeal-
ing washers were replaced.
They were placed in
position withr the thicker
spongy washer below the
hard Delrin washer.
Periodical  checks  werce
carriecd out by sending
divers 1o check the moor-
ing line during floods in
agjoning river.

Cunnifer {90/10) buoys are
being used in location
known for severe biofoul-
ing. A few 90cm dia
cunnifer buoys have been
procured.

___Rcmarks

Tilas problem arised during

WEVE  medsurenieat at
Bombay  Higa.  where
ONGC rupply vesszels

were used for dep.oyment/
recovery operziions.

Earlier when watch: keep-
ing boat was not used.
the buoy used to udrift
many iimes & scarch ope-
ration used to be carried

out by using Direction
Finder {OAR model Fr-
206;.

One buoy  depluyed  off
Goz  is in arrepairable

condition due to damage
of accelerometer.

This ¢ a rare problem
and lLins happened durning
the wave measurements
off Daman.

The socket sealing wash-
ers were rep.aaced quite
otreniy.

This problem
countered  during
wave measurenent
Kakinadu.

was

Barnacle growth has re-
sulted in severe pitting on
a 316 =t. zteel buoy de-
ploved 2zt Bombay High.
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the necessary checks on both raw and computed
data to ha\-'c a control over the quality of the
data. The raw data are subjected to various
checks on spikes, steecpness, constant level of
signal etc.  The program computes the energy
spectrum of the time series using fast fourier
transform.

3. Major problems faced during wave

measurement programme

The wave data collection programe was some-
times sericusly affected due to various rezson:
such as electronic failure of waverider buoy or
recorcéing equipment or dirifting or loss of the
vaverider buoy from its location ete. Some of
the problems faced by NIO during the wave
measuremeint  programries  are  summarised  in

Tables 2, 3 and <.

6. Problems in data processing equipment
The DIMA recerds digital wave data on cas-

pratection of U-tvpe
settes as 12 bit ninary word.  When this cassette shisLe
s ran on Memodvne Tape Reader 3122 ABVT

Table 4. Marine corrosion ol waverider buovs and mooring hardwarcs.

Forms o: corrosion N .
& locasion Possible causc Measures aken Remrks

Crevice corroston on
306 st stecl wiverider
buoy &t the foitowing

locations
anin & arounc the Permation of oxygen Penodical  replacement i Thix prablem was more
Oyt prooves concentrativn cells O-ring & apolicaton of s:ili- predunznant during mon-
due to rapped  sea- eone prease were done. soon becouse of repuates
water 1 & around splashing of scowater
e Qring ares,
Do the berom hall Oxvgen concenirazon Curauter 890715 hucyvs were The biofoulers  resvited
surfnee cells were formed on used i the ares anown fer drsevere pitting (0.8 Tmm
the hotiem hu'i sar. severe biofouling. When deepr on one of the buoyvs
face due o the attach- 316 st stee. DULYs  weTe depleved at Boemby Mg,
ment of wire oul- deploved n trese locations
ers & deposition o) they were roeavered perio-
Lne sediments, dically & redeploved actter
eacing. For subseruent
projects the hul sarbiec The point worked satis-
was  pamnted  swetl deable foctonly & the buevs with
coat ol cine chromate pri- deep gz oare sall inouse.
mer & & sealing cont o
epoxy  pmnt.  the  paint

was applied after Slhng the
piis with Arzldite adbesive.

20 Urevice corrost Furmation of oxvgen The design of Deshackle i The oedided D-backles
of D-ivpe 316 st. ceneentrauon celis in moditted, it which the ba worked satisfacrorily,
steel shackle the crevicies hetween has enough playin the axiai

U-bady, bow & nut uirection  atier  tightening
Fig. G the nut. In few instances,

zine sacribiciat unu:_'c were
clampec o the
WFig. 7).




QOperational experiences of Datawell waverider buoys

199

« EXTRA BITS
! i
1 P P T A e T B R R S S S Y P S A P T
o (s et it e ol o oy e 0
t A TYPICAL 16 bit-HODFIED DATA WORD ON HP VECTRA
12-tit WAVE DATA WORD RECORDER === " | ADDiTIoN OF & EXTRA BITS )
OX CASSETIE
f%J * MEMODYNE
|~ TAPE READER [— HP VECTRA
N22 ABVT
[Locicar procrarst
REMOVES EXTRA &
BITS AKD SHETS THE
'zﬁlz z"‘ “|z’ AR 2 et e BITS POSITIONS TO HAKE
.ﬂ.!. St ,7 ;s Sl 2 ] ¢ cur;ll:lAmUL 12 TS
1"""[“""‘——

*
{

| MEANNGFUL 12 BIT WAVE DATA WORD

Fig. &

a 12 hit word is

which

interfeced 1o HP-Vectra pe,
modified to 16 bit word
significant bits are added.
for computer analysis the estrz < bits have to be
removed so as to retrieve the original 12 bit wave
data word. The logical problem was solved on
ND-520 computer as explained in Fig. 8. After
solving this problem, the collected data could be
analysed using the scftware program NEPTUN
-5 en NI1)-520 computer.

in 4 extra non-
While using this data

Conclusions
The success of the long term wave
lection and analysis using Datawell waverider
buoy depends on proper functioning of various
clectronic equipment, proper design cf moornng
of the waverider buoy and its suecesslul operation
Bazed on the experiences gained 1 wave

NIO,

7.
data col-

ut seq.
measurement programes at the ‘oilowing

cenclusions are drawn.

i1 The small fishing trawiers of 36-50 ft. leagth
can be successTully used for deplovment end
retrieval of the waverider buoys in the coastel

waters. Offshere supply vessels are found to be
inconvenient for recovery operations as they have
minimum handiing facility and they could not be
manceuvered as desired.

1;  Centinuous watchkeeping
rider buov reduces chances of loss of
rider buoy or their drifting {rom the moored

lccation particularly at high fishing activity area.

the
f the

on voave-

wave-

W0/ND $23 COMPUTER

Method of 12 bit data recovery.

i) Regular checking and replacement of the
nooring at an interval of 6 to 9, months ensures
long term wave data collection with minimum
of interruptions.

iv} Scrap ship chain links are most suitable
for using as anchor weights as they are convenient
to handle from small boats equipped with mini-
mum handling facility.

v) The waverider buoy made up of 90/10
Copper-Nickel allov hull is fcund to be more
resistant against marine corrosion and bhiofouling.

vi} A double coat of zinc chromate primer
paint with a suitable sealing coat on the 310
stainless steel hull
found to give satisfactcry corrosion protection for
3 to 4 months of operation in sea.

of the waverider buoy was
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