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Mational Institute of Oceznocraphy, Goa undertook wave mInsure-
rent prearamme using Catavell waverider duoyes at three loco=ions in <he
nerthern pirt of the west coast of Indiz and at onc location in =i
Golavaori estuary where high current cpeeds voryin- from 2 imoTc o 53 lmozc
were omscrved. As & consegucnce of prevalling nicn curronts, cicniticant

(=3
g¢rza forces vere experienced by the waverider buov and ¢ mooring rustem
caucing occasional suomercence of the waverider buoy. Toe pLpor Lish-
licntc come ol the mooring syctems ond their compsrencs adoptzd in an
cttempt t0 reduce the drag forces on the waveriver rucy svsioms thereby
creventinge the submergence of the waverider buers. o cuccesctel tochinigue
zéeopted Zor rexlacing the woverider buoy ucing <thic crfigincl meoring cysten
fcr attaching the nsw uoy in the hisn Ilow zfess in the Gull ef Tamboy
has reen discussed. '

IITRODUCTION

Deployment and oreration of Detawell weveridsr tuove ip iigh fiow
areas OI coastzl waters need spocial consideration in the selection  of
various mooring assemblies and their hzandling. trong currente increace
drag Zorce acting on the various mooring components like rubber corq,
mooring rcpe and the waverider buoy. Standard mooring recommended by the
manufacturers wherein rubper cord is attached immediately below 70 cm
vaverider buoy can be used in waterswhere current speed does not e:iceed
2 knets. For current speeds between 2.5 to 3.5 knots, the manufecturers
‘recommend that the rubber cord be attached near bottom ancher so that low
bottom currents may considerably reduce the drag force on the rubber cord.
The 90 cm waverider buoy giving high buoyancy is recommended for use when
surface currents exceed 2 to 3 knots. '

The National Institute of Oceanogrephy, Goa undertook wave mea-
surement programmes at the three locations in the north-west ccast of
India as shown in Fig. 1 where high flow conditions exist and at another
location in the Godavari basin where high currents were observed particu-
larly during the high flood discharge from the river., 1In the gulf areas
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© LOCATION BAY
oF
BENGAL
ARABIAN
SEA
LOCATION PERIOD WATER DEPTH  HAXIMUM CURRENTS TYPE OF MOORING
. REPORTED ,

DAHAN . HAY 82 TO KOV. 82 TN 25 KHOTS TIDAL CURRENTS  U-MOORING
UMBERGAON © . HAY 82 T0 NOV.82° Y 25 KNOTS TIDAL CURRENTS -00-
HAZIRA JUNE 85 TO DEC. 85 LR 45 KNOTS { 98 (K BUOY | | MODRING,
{MOUTH OF RIVER TAPTI
KAKIHADA HAY 83 T0 AUG. 0L 1M 5.0 KNOTS [ 90 (M BUDY } -D0-

IMOUTH OF RIVER
VASISHTA GODAYARD

FIG. 1. LOCATION MAP OF WAVE DATA COLLECTION
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WAVERILE MOOR ING

~In the waverider mooring, introducticn of an e
2 rubber cordé ané the use of mooring rceps of copiimum
duce the efiective drag on mooring line ani enhances a
ility of the waverider buoy. The U-type of waverider moo:
was adopted when rubber cord was pesitioned near anchor =ndé
mooring (Fig. 3) was aaopuca when rubber cord was positicned n
rider end. The drag force DF acting on the mooring line in 2 water flow
of velocity V m/sec and its vertical and horizontal components are showm
in Fig, 4.

The Morison's ecguation for drag force can be written as,

DF = 1/2.9 .A. v2 Slnze andwthe vertical component

VDF = DF, Cos ©

0 _ 2 -4
where = Mass density of sea water in Kg Sec” m

Cp = Ceoefficient of normal drag

A = Projected area in m2

e = Angle between the mooring line and hoerizontal

Vertical downward load VpF acting on the mooring line causes sub-
mergence of the waverider buoy. Three different mooring configurations -
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&s shown in Fig. 3 were selected for comparison of Vpy acting on
hi

oy

meoring ling, Compttaed values of Vpp are presented in £he table- I, It
is clearly seern that drag force recuces by about 4 t¢ 6 KgF wnen zngle @
ie changed from 4%5° (o 30°. _
RUBBER CORD RUBBER CORD
‘ AT TOP AT BOTTOM

T — e e T .‘c—-—_._.___..;-'

|

§ s

2K

SYNTHETIC ROPE ////(f-—-SYNTHETK ROPE

1 B

[

B H

e, el ’-/—VF/'//—#"‘J'_"-‘_‘ [y
Fi6. 5, TYPICAL WAVERILGER MGORINGS CUNSIDERED FOBR [COMPUTATIONS OF
ORAG FORCES
TEBLE-I: COMPUTED VALLULS OF ":}: I0n THRIT CkEES
5r. l'corinc component for which Vpp = Verticzal cemponent ol drag
Ic. Sreg force is computed (Fic.3) 1OXCE in nhar
v € = 20° e = ¢3°

1 Vaverider mooring upto the 1g.51 24,82

sub~surface buoy.
2 Rubber cord at top 22,04 28.81
3 Rubber cord at bottom - 18.17 22,37

Assumptions:

(a) Average current speed V from the ses surface to 22 m

depth is taken as 1.25 m/sec and average current speed

V at depth below 22 m upto the bottom is taken as
0.85 Iﬂ/sec.

(b) Coefficient of normal drag Cp for rubber cord and
synthetic rope is 1,2; assuming them to be smooth
cylinders.

'(c) Rubber cord diameter @ = 0.035 m, length L = 15 m.

(@) synthetic rope diameter @ = 0.012 m.
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(e} Dra¢ force actinc on supmer
is rot considered as it is
cases. tsed for comparison.

¢i part of waverider
the same ‘or gll the

43 t()

s Datawvell wavericer burove of 70 cm or 90 cm Qiameter were
nw,
The

erendinge upon tne current speeds preveilins at the location

izmeter wavericer buoy was cerloyed in the Godavzri basin uncre su:fcce;
crrentes ¢ the order of even 5 knots ware gbserved during the sovth-
wect monscon. 20 cor Ziamster waverider buov wie derloved cif razirs
vnere cominznt tidal sSucrentes o the same crier 2t ebove zre obsarvad
shrournout The vear. The 70 om wiverider tuoves ware used ¢l amsn and
Urxzerczon 25 90 cm BLovs were not sveilazle st the time of tiie project
implomerncotion,. -

Rubber -coré and three strand. kzrat rope =
der buoy form the sinking component ol the moorin
zz grea Cp.h o rupbsr corc is about Z.S times crea:z
fully submergeé waverider buoy (Cp.h Zor wavericer = O.
rubber cord = 0.63 m2), From Table I, it can be seer that Sslitlﬁc of B
rucber cord nearer to the bpottom anchor recuces the verticzl ccmponent of
rzc Zorce by &bout 6 KgF when mooring line makes an zngle of 45° yith :
the horizontal.

n.

.

Init al ly 70 cm dieameter wavericer buoy deployed oif Damzn,
Umbercacn ané Xakinada were founcé 40 submercce Guring the cpring tice
na:~o"' Fig. €) when current cpoeds exceeding 2 to .S XNOTS WOre OLESCI-,

FIG, 6: SUBMERGERCE CF W£VERIDER EUOY OFF KAKINADA

Shifting of rubber cord close to the bottom anchor enhanced the
free floating ability of the waverider buoy and satisfactory wave data v
could be recorded at all the sea states. The U-type of mooring was adop-
ted (Fig. 2) at these locations for doubly ensuring the recovery of the
rubber cord and the waverider buoy. Besides waverider buocy, the sub-
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surfzce Sloot used below The Turbulent wWeve —one zand §.;ie?e ¢l ;ra%_ed
polvoropylene rope usel in thg‘slack part oI mooring line form the :loff-
inc component of the mooTing iFig. 2 & 3). =Zv conne:zzing & ;u;;afleASﬁg-
eurfzce bugy in tne mecring (Fig. 3) below weve noise zone the totzl eli-
ec=ive lenci: of moorinz rope Cesponginle for cawsing E?:tl?ﬁl downuixd
l1oaé on the waverifer ruoy ig-eignificantly r=cduced. Taus it enan}gs.tne-
weveriior puoy deplorsd in creater fopiks e Ziozt freely curing nign
~ur-ent meciotc, Tablz I snows Thet tnE use of _ - 2oy in the
meceorine lipne, reduces the Vo Dy &fout < Xgf when rubisr cord is positi-
onec¢ ¢t the =Cn.

. 70 om dlzmezer joll wziinnde
durins mcrn-mcnioon piricd, lct ce cr Z_ow
~o* zntancled with In€ mooring aer 19: o?
barnzcle erowcn (Fic, 7) zoon nlace le linc. ~S

FIG. 7: ORO<TH OF BARNACLES ON
MOORING ROPE,

A result the heavy drad/force vas exerted on tne rope, thereby the wave-
rider buoy started submerging very frequently. ¥WWhen the mooring line was
cleared from seaweeds/plants, free floating ability of the waverider buoy
+3s ‘restored. ‘ . . . :

M, S5, scfap ship chain links were used as dead weicht anchor at
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the tottorm. Tne sea beé at Daman, Umbergson and Eazire is gilty and has
,a;genzle slope. Hence, use of auniliary embecnsnt anchor zleng vith
ship chains was necesszry for preventinc drifiinc ¢f the mcerinc sysiten

‘due to strong currents prevailing in these locations. . .

Anchor last method was zdopted Zor the waveri
During the deplovmant or retrievzl cpe-ztion, ' .
to see that no. sharp edges o the boznw Tub ag
ing rubber cord, as fhe serstcoh : <
e to »2 dangsrous to the mocrins
~ion Of strong CUrrsEnts anc wave
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FIG. 8.  SAFEGUARDING WAVERIDER BUDY AGAINST FISHING ACTIVITIES

.

The 90 cm diamester buoy deployed off Hazira developed pitting
on its hull. It was decided to operate the same buoy with pitted hull
"after applving protective painting. The buoy was coparated successiully
from June 85 to Dec.- 85 with periocdic checking at about 2 months interval
%and repainting of the hull when found necessary. During these opesrations,
it was necessary to retrieve the waverider buoy. A surface marker buoy
was used at the location so that the same mooring could be used for moor-

ing the waverider buoy aiter inspectiocn and repainting.

During retrieval operation, @ boat anchor with adequete helding
power was dropped little away from the waverider buoy. By positioning the
stern of the boat facing towards the buoy, anchor rope was manually con=-
trolled so as to take the boat astern to within 5 to 10 meter distance

from the buoy. During changing of buoys, careful manceuvering of the
boat was. necessary to prevent excessive tension and stretching of tne
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rusber cord. A elip line was tied to the lcop miﬁe'on';he waveric
(Fic, 9 a) and it was pulled towards the boat., The .rulber r
on tne stern of the koat protectesd the buoy zgeinst-possible damags
nhitting ahdé rubbing against the bozt hu};, Care was tzXen tf-év ic

spinninc of the buov. After removing whip anternna, Yne‘wsvc-iger suoy
was hzuled up on the boct Geci: using derrick boom end winch (Fig. ¢ b),

5 .
ted tc tne larce mor.

1
i

Then =ne rukber cord was uncshaciitled snéd connec

szfetvy m

-
buoy irept rezdy cn the Jeck, ~s an additienzl ety mes iy
long zclypreprylene rope was tied on the upper cetacnec en Tes er
ccré and other free end of tne rope wos tied to the ti & on wns hoot
(Fin, 9 c). =~fter this surface marker buoy wos coanecisd _Th& rubder
coré terminzl and drepped cerefully in the sez, The Tecnec waverliler
tuoy could thus be tzken to the shore. Zor incpection, re s NG reptine

c £ derlovec ov

tinc of the hull etc. "Later the same waverider buoy wac red
replacins the surface marker buoy. '
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: FIG. 9. RETRIEVAL OF WAVERIDER BUOY FOR CHECKING
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DISCUSSIONS A5D COiICL'JSIOZ?S

The success of wave cata measuremsnt usinc waverider buovs in

the high Zlow coastal waters depends tpon the free ficzting *3111—"'0-
the wzverider buoye under all weather conditicns, BSzgeid-on.iie ex;é:é
iences ziined during wa2ve measurerant program at uIv, the followinc cone
clusions cre made:. - .

3v .the introz Lctlon o‘ tne T znechor end, The

u
70 Tm waverider buoy could be onerated b} & coniicions witll
current sp2eds upto 2 knots. Vinen the buoy has o be ODErziTeC OVaY &€1-
tendaC t::lod o time, monitoring o the mocrine line, subsuritee Zuor
end waverider buoy agsinst marine crouth etd, woull be eszenzinl, as it
tends to increase the cdrag force c“ the wzverid x4 Use of 2 cub-
s

A J
urizce buoy D“rulCLl rly in aeepzr uater esanzial {o refuce

tr-e Gr:.c 2né covnward DUll O"l ‘C € wivera éar o

“!nen the waverluer.muoy is to be opzrateé over an estended
psricdé of time, it can be detached from the mooring line citer ot toiving
2 surzace n¢r3er buoy to it. The cetached waveriger Tuoy can bDe inciec-
e for battcories or faulty electronics etc, before sttachinc it %o xhe
same meooring line If propar care in choosing the rocring hzrdiucres is.
téxen 2t the +1me o initizl derlovment, the scme rmooring linc coule e
usel for represtsd shiwort-term derploymont of te wavericder buoy.

rf'

ACIIONLZDZEMRNT

The zuthores weuld like to ewpress fneir or tofulness <o ail £h
colleacues in the Livicion uvithou® whose whole-heortic co-opcrition and
suprort, ine vave measurenmnt precrzimme ot 010 could -net T
sugceess.,. '
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