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ABSTRACT

During the wave data collection programme being carried out by
the National Institute of Oceanography, Goa severe corrosion on the 316
stainless steel hull of the waverider buoy as well as on its metallic moor-
ing components was noticed. The pitting on the buov hull due to the
effect of marine growth and possible causes of corrosion have been discu-
ssed. Methods adopted to counteract the corrosion processes on the stain-
less steel waverider buoy hull resulting in ‘increase in the life of <the
buoy etc have also been presented. Cathodic protection measures adopted
for the steel shackles, waverider hull including its stabilizding chain etc.
to prevent corrosion, have also been highlighted in the paper,

INTRCDUCTION

National Institute of Oceanography, Goa hes been using Datawell
waverider buoys since 1980 for the wave data collegiiod programmes in India,
Severe corrosion problems were faced on the hull of the-wavérider buoy and
its mooring hardwares. This necessitated retrieval of the,tigverider buoys
and its mooring for periodic inspection and preventive maintenance., Fig. I
gives the locations where severe marine fouling and corrosion problems en-
countered on the moored buoy systems. ’

The hull of the waverider buoy used was made either of the AIST
Austenitic grade type 316 stainless steel or of 90/10 Copper-Nickel. alloy
(CUNIFER). Type 316 stainless steel cannot be heat-treated and as a re-
sult has to attain its strengih through a combination of alloying and work
hardening processes. Crevice corrosion is an electrcchemical process that
occurs on the stainless steel when the crevice formed prevents the forma-
tion of a protective passive metal oxide film on the surfaces. The cre-
vice corrosion leads to severe pits on the stainless steel surfaces.

WAVERIDER BUOY MOORING SYSTEM

Figure 2 shows a typical waverider buoy mooring system adopted by
Various metallic connectors used in the mooring were made either of

NIO,
Measures were taken to

type 316 stainless steel or of galvanised steel.
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RUBBER FENDER.
TYPE 316 5.S. HULL { Zmm. thk.)
TYPL 316 S.S. EYE.

TYPE 316 SS, O-TYPE SHACKLE [ 12 mm. pin dia )
WITH NUT,BOLT AND COTTER PIN.

T

ﬁ—— TYPE 316 S.S.STABILIZING OPEN LINK CHAIN,
\_( 21 mm. dia, short link
@\IYPE 316 S, SWIVEL.
TYPE 316 S.5. D-TYPE SHACKLE { 12 mm. pin dia}

A WITH NUT, BOLT AND COTTER PIN
@:‘—-——hmmasa CORD WITH TYPE 316 SS. TERMINALS,
-

ﬂ §r~—— TYPE 316 S.S. SHACKLE (1/2" pin dia ).
j:'———— ESTALON 3-STRAND FIBRE ROPE [ 12 mm. dia )
- SPLICED OVER NYLON THIMBLE [ 1t mm wide ),

~~——— SUBSURFACE BUOY.

1‘,—-’-— ESTALON 3-STRAND FIBRE ROPE
SPLICED OVER M.S. GALVANISED THIMBLE

q { 1% mm. wide },
Q M.S. GALVANISED D-TYPE SHACKLE.

g—— MS. GALVAMISED OPEN LINK CHAIN
{ 20 mm. dia, short link ).

f

-— H.S. EMBEOMENT ANCHOR,

MS. ANCHOR BLOCK

FIG.2 A TYPICAL WAVERIDER BUOY MOORING SYSTEM, {Disassembled View ).
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aglleviate the galvanic corrosion between the dissimiler metals connected
togcether in the mooring system. All directly inter connected metallic

hardwares in the mooring system were of identical metals.

MARINE FCULING AND CORROSION

Viaverider buovs denloved at Bombav High:

A new unused 90 cms diameter waverider buoy made of tvpe 216
stainless steel hull was operated continuously for a period of eight
months covering the 1584 monscon and the vost-monscon period. The lover
hull of tne 90 cm diamster waverider buoy was laft unpzinted as per the
recomnnendations of the manufacturer (M/s Datawell, Netherlands), Wnile
the upper hull was painted in deep orange colour DY using Ordéinary syn-
thetic enamel pzint for improving the visibility of the buoy ‘rom a dist-
ance. The localised crevice:and pitting corrosion at two locations was
noticed on the waverider buocy. They were at the O-ring groove of the
hull (Fig. 3) and on the lower hull as well as at the rubber fender on
the upper hull of the waverider buoy. :

FIG.3. X CORROSION PITS ON O-~RING GROOVE,

The first type of marine corrosion was probably as a result of
the trapping of the seawater in the O-ring grooves, Application of sealants
like silicon grease did not prove to be effective to prevent the seawater
seepage through the fine cracks of O-ring. The second type of marine
corrosion was noted to be more dominant on the lower un-painted hull of
the waverider buoy. On recovery, a fairly large growth of marine foulers
(Fig. 4) on the lower hull of -the buoy was cbserved. Crevice carrosion
initiated in.these numerous interstices caused by the marine foulers pro-
bably has led to severe pits on the hull. These pits were of scallop
shape with penetration into the hull varying from 40% - 50% of the buoy
hull thickness. The protective coating of paint on the upper hull was not
found to adhere on to the smooth stainless steel surfaces, The trapped

;.
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FIG, 4. A TYPICAL GROWTH OF MArIDIE FOULERS ON
WAVERIDZR BUOY,

Seawvater in the pin holes formed under the paint coat initiated crevice
corrosion on tne upper hull, However, the depth of venetration and number
of pits formed were less compared to that on the lower hull, Practicelly
no corrosion was seen on 70 cm diameter 90/10 Copper-~iickel zlloy (CULIFER)
buoy hull even &iter its extended ‘duration of exposure to the same masine
environment covering tne 1985 monsoon and post-monsoon.

Viaverider svstem devloved off Uran:

A new unusec 90 cm diameter type 316 steinless steel buoy wes
operated off Uran contipuously for a period of four montns covering the
1984 soutnvwest monsoon. The entire buoy hull was left un-painted., On
retrieval it was found that the lower hull of the buoy weas coated with a
layer of fine silty sediment., Very few marine foulers were Zound .attached
to the hull of the buoy. The localised attack of corrosion was found to
be very severe both on the waverider buoy hull and mooring connectors,

Deep scallop shaped pits were found to develop on the lower hull
of the waverider buoy, Among these four pits were guite severely pitted
and found to penetrate upto 50%-60% of the thickness of the hull (Pig, S).
This localised corrosion on the lower hull of the buoy was apparently as
a result of the micro-crevices formed in the sediment cocating on the buoy

surface,

The D-type shackles made of 316 stainless steel used for connect-*!
.ing the rubber cord to the waverider buoy was also found to be severely
pitted (Figs, 6 & 7) in the crevice formed between the locking bolt head
and its mating U-body area of the shackle,in the crevices formed between
the locking nut and its mating U~body area of the shackle as well as in
the crevices formed between the threaded contact surfaces between the lock-
.ing nut and bolt. The depths of the pits formed varied between 3 to 5 mm.

CE-13



PICAL CORROSION PIT

ON WAVERIDER HULL,

S. X A TY

FIG,

X CORROSION OF 316 S

§. SHACKLE,

-

6

FIG

14

E



FIG, 7. X CORROSION ON 316 S.5. SHALKLE EOLT

Viaverider svstem devloved off Hazira:

The 90 cm diemeter waverider buoy retrieved from Uran was reused
oif Hacira during the 1985 southwest monsoon as no other spare 90 cm cdia-
meter buov was available. The msjor pits on the waverider buov were £illed
with industrial resin-hardner (Araldite) manually mixe@ in 1:1 ratio and
were air-dried for 48 hours prior to derloyment. The buoy locziion wes
known for strong tidel currents and heavy suspended sediment load. Poriodic
retrieval was plannec and undertaken for inspection of the benaviour of
the protected buoy hull. Some of the observations have peen listed below:

Firs+t retrieval:

The tuoy was recovered during the monsoon after its one andé half
months continuous operation &t sea. The lower hull surface ol the buoy
vwas found coated with a laver of fine sediment, The pzrformance of <tne
resin-hardner as filler material was guite satisfactory. Tne £f£iller
material was found to adhere very well -in the pits thereby giving very cood
protective cover to the hull, However a few additional small pits were
found to occur on the lower hull as a result of micro-crevices formed due
+o the formation of a sediment coating on the hull surfecce. Corrosion of
weld material was observed particularly severe cround the welded hottom
eye of the bucy (Fig. B). A standby safety line passing¢ through the sta-
bilizing chain link, was provided as shown in Fig. 9., This line was meant
to keep the buoy attached securely to its mooring in the event oi the
welded eye detaches from the buoy hull, The attack of corrosion~on the
other mooring hardwares was not very severe, - s

Before the next deployment the entire buoy hull was coated with
zinc chromate paint which acts as a sacrificial anode. Proper care was,
however, taken to clean and wash the waverider buoy thoroughly with fresh
water aznd acetone. As described earlier, all the pits were filled with
resin-hardner -and air-cdried for 48 hours before applving the zinc rich
zinc chromate primer paint. Three coats were applied after air-drying
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FIG, 8. X CORROSION OF WELD DEPCSITS AROUKD EYE,

FIG, 9. STANDBY SAFETY LINE (X) PASSING 'mROLiGH
THE STABILIZING CHAIN,
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each lzver of pzint. The dry f£ilm thickness of the paint varied@ betueen
150 to 200 microrns : : ‘

Second retricval:

The buoy wee reccvered after another one and half months ol
corntinuous operation at sea. The tuoy hull was found to be Zree irecm
Zresh corrosion stitacks. The entire protective sacrificial pzint co=t
was Zound to be ZIrees Ircom deficiencies such as pin roleg, peelinc oif due
to roor adherability and localised corrosion sttacks etc. The buov null
was Zount ¢ood enough Zor another -2 - 3 montns. The same buoy was re-
derloved by orening ané refilling the pits with the same filler mezerial
and repainting the null after removing the earlier p2int cozt as ¢ rpre-
cautionery measure.

Third retriev

- The third retrieval during the end of monsoon was the last re-
trieval at the 2nd of the wave measurement programme The 'sacrificicl

peint coat on the hull surface was found still strono enouch for Zuriner
exposure O marine environment, But the unnuwnted hardwzres and gtanlll-'
sing chain were subjected to moderate attack of corrosion, N

CONCLUSIONS

Long-term continuous wave data can be collected by . increasing
the life of waverider buoy and its mooring system by tzking suitable pro-
tective measures against corrosion. -

The zinc rich crimer was Zound to give cood protedtion agcinst
corrosion of the cstzinless steel surfaces and components by acting a2s an
effective sacrificial znode far about 4 to 5 months. A cozt of anti-Zoul-
inc pzint over this is recocmmended to prevent marine growth on the buoy
hull, The cathocdic crretection using sacrificial zinc anode is reccmmonded
for long-term orerstion of the waverider pbuoy at sea. Fig. 10 sihows the
recommended cathodic protection system for type 316 stainless steel wave-
rider buoy pzinted with sacrificial paint on its entire surface, & sacri-
ficial anode of zinc weiching about 1.2 kg is suggested for operation of
the buoy for one year. The performance of 90/10 Copper-Nickel alloy buoys

were found to be excellent under identical marine envirocnment.,

Previous attempts by the Institute of Oceanograrhic Sc1ences,
U. K (Humphery, 1982) to £ill these pits by type 316L stainless steel
electrocdes by welding process resulted in rupturing of the accelerometer
sphere due to welding heat. As the welding temperature with 316L elec=-
trode £alls in the range of 500-700 °C, spacial care has to be taken while
welding the individual pits on the hull arcund the accelerometer sensor.
In order to prevent damage to the accelerometer sensor czused by welding
heat, it is necessary to dismantle the accelercmeter seansor by removing
the foam around it and isolate the accelerometer sensor from the welding
zone,., After completion of the weldlng, the accelerometer sensor .can be

"refixed again in positiom.

It is recommended to use type 316 stainless steel hardwares in
the mooring. If galvanised steel components are used in the mooring
necessary allowance to cover the ecorrosion losses has to be provided.
Fig. 11 shows cathodic protection used at N.X.0. on type 316 stainless
steel D-shackles by clamping a zinc sacrificial anode.
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TO WAVERIDER BUOY

AlS! 316 ST. STEEL WAVERIDER BUOY
STABILIZING CHAN. . :
{ ¢ 20 mm. x 106 mm LENGTH )},

AlS] 316 ST STEEL D-SHAEKLE
(¢ 2 om.}

{ /--—-———'—-O IS THROUGH HOLE,

~ef
i

e Al§) 316 ST. STEEL PLATE.
{0 e x P mnxémml

¢~

AIS) 316 ST, STEEL M12 BOLY & MUT,

_ ZINC ANODE ON EITMER SIDES OF ST. STEEL PLATE .
{1950 mm.x 50 mm.x 6 mm. .

¢ 15 THROUGH HOLE,

{150 mm.x 90 om x 6 mm. ),

TO RUBBER CORD

AlS) 316 ST. STEEL
D - SHACKLE .
(@ 12 mm. }-

AlS) 316 ST, STEEL VAVERIDER STABlLlZING CHAIN.
{LAST LINK ).
{9 20 mm. x 106 mm. LENGTH ).

SWIVEL .

NOTE :

0l WEIGHT OF ANODE MATERWAL. (KG) ./ .
= CURRENT (A)-DESIGN LIFE (yrs }-8760

- CAPACTY OF ANODE MATERIAL - {-A hrs/kg )

1) REDUCE FEW LINKS FROM THE STABLIZING CRAIN
EQUAL TO THE ADDITIONAL WEIGHT INTRODUCED
DUE TO THE ATTACHMENT OF CATHODIE PROTECTION
SYSTEM. . .

FIG.10. CATHODIC PROTECTION SYSTEM FOR TYPE 316 ST. STEEL HULL
WAVERIDER BUOY. { Disassembled View ). ‘
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FIG. 11. X SACRIFICIAL ZINRC ARQDE
' PROVIDZD ON 316 S.55 SHACKLE,

ACKNOhL“DG?I‘ NT
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