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HO8 ft B (H £) 50| 100]| 200 300 400 500 600
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VYHH 20% #&#& v 235 | 230 225 225| 2200 215 200 200
o WW 60% BHRE 2 155 152 14.9 14.9 14.5 14.2 132 13.2
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A I C#rIE ) 155 135 110 6.5 3.9 2.5 1.2
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WA /—nr7a— NCB (#) 2.5 25 2.5 2.5 2.5 2.5 2.5 2.5
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DO P (HK) 2.3 2.4 2.5 3.1 3.1 3.1 3.1 3.1
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C - 2 23 10 7 7 6
C - 3 39 15 12 11 i1
C - 4 51 20 16 14 14
C - 5 53 31 23 20 20
C - 6 57 41 30 21 20
C - 7 65 45 34 22 21
C - 8 66 48 37 23 22
S - 1 0.7 % 0.3 - - L
s — 2 3.4 0.8 0.3 - -
S - 3 9.5 1.5 0.8 0. 0.5
S - 4 11.2 1.8 1.2 0. 0.8
S - 5 11.7 2.5 1.4 1. 1.0
S ~- 6 14.7 2.8 1.8 1 1.1
s - 7 191 35 1.8 1. 1.1
S — 8 257 4.2 2.3 L 1.2
1) ¢ Cudl T,
2) Sn(C4He )3 £ LT,
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C 4 5 6 50 19 16
C 5 6 0 51 21 20
C 6 6 2 5 1 22 23
C 7 6 8 5 6 25 25
C 8 70 6 1 29 32
S 1 0.5 0.3 * ¥
S 2 1.2 1.0 0.8 0.7
S 3 74 1. 4 1. 4 1. 3
S 4 105 1.8 1. 7 1.8
S 5 141 2. 4 2.0 2.7
5 6 140 3.3 2.5 2.3
S 7 152 3.4 2.5 2.3
8 8 152 3. 2 2.5 2.5
£ F (NE#®F)
%239 Cu. Sn{ CaHg )3 OBHEFAFHE (257T)
(#g e/ 24hrs)
HESA I 1 & A 2 % A 3 % A
HBH N S. 55 12. 08 | S.56. 1. 08| §.56 2 13| S8.56 2 27

1 0 0 0 0
C 2 25 13 9 6
C 3 47 2 0 13 3
C 4 5 8 30 2 4 11
C 5 77 4 3 31 2 4
C 6 8 0 50 38 26
C 7 9 5 5 6 a8 2 7
C 8 9 6 5 4 40 25
s 1 0.9 0, 7 * P
5 2 1 2 0.9 0. 6 0,7
S 3 2.4 1.2 0. 9 0. 9
S 4 6.0 1.5 1.1 1.0
S 5 6. 3 2.3 1. 3 1.3
S 6 9. 0 2.3 1. 4 1. 4
5 7 9.5 3.0 1. 6 1. 4
S 8 105 4.4 1.9 19
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VARIAZIONI STAGIONALI DEL FOULING SULLE
PIATTAFORME OFF-SHORE DI RAVENNA E CROTONE (1)

RELINI G. - GERACI 8. - MONTANARI M. o ROMAIRONE V.

SUMMARY

The settlement of fouling organisms on non-toxic substrates, im-
mersed under methane extraction platforms off Ravenna and Crotone,
has been studied over one year period and at different depths. Seasonal
variation and the development and amount of fouling was investigated.

At Ravenna panels were immersed at depths of 0, 5, 11 m, 6 km from
the shore, while at the second site, they were submerged at depths of
0,9, 20 m, 18 km off-shore. At Crotone panels were exposed at 0, 14, 20
65 m, 6 km from the shore. At Ravenna, where the waters are very
eutrophm, the main fouling organism was Myiilus galloprovincialis which
was dominant on panels exposed for 3-6 months, to a depth of 10 m.
The final community is characterized by Mussels which attain a weight
of 12 kg per panel (100 kg/m?). At depths greater than 10 m, and after
one year exposure the most common species were Tubularia mesem-
bryanthemum, Balanus improvisus and Pomatoceros irigqueter a.long with
Mussels. -

At Crotone where the water is clear and putrients are limited, foul-
ing was not so heavy as at Ravenna, expecially on one and three
month papels. At Ravenna the heaviest settlement of fouling organisms
occurred during the Summer (up to 25 g/dm?), while at Crotone maximum
settlement occurred in the Autumn ane Spring, the wet weight of fouling
not exceed 2,9 g/dm?®.  Mussels were dominant at Crotone, after one
year exposure of the panels near the surface, while the Bivalve
Picnodonia cochlear was the main organism at 65 m depth. At 14 and
20 m the panels were chiefly settled by Salmacina dysteri with Bryzoans
{ Microporella ciliata, Savignyella lafontii, Callopora dumerili) and Bivalves
(Saxicava arctica, Anomia ephippium). The wet weight of one year panels
near the surface did not exceed 68 g/dm? and at 65 m depth it was
up to 48 g/dm?.
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. ) Ship Building Research
Bielogical Group, COIPM Ass. of Japan

13, May, 1980

Settling distribution of Conchoderma auritum along Japan
islands, 1979.

1. Off Susami, Wakayama pref. Fouling test station, Hitachi
Heavy Industry, in Long. 1359 50'E, Lat. 33° 50°'N.
depth 1 m, 10 m, more in summer.

Reported by Hitachi Heavy Industry.

2. Tachibana Bag, Nagasaki pref. 0il strage super tankers
in Long. 130° 10'E, Lat. 32° 75'N.
Reported by Mitsubishi Heavy Industry.

3. Suruga Bay, Shizuoka pref. Drift net, fishing for yellowm.

tail inLong. 1380 50'E, Lat. 35° O'N.
Reported by Nippon 0il Fat Co.
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COIPM: Working Group on Methods on Testing Antifouling Paints.

Antifouling compositions: Bibliography
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Methods studies and technigues

Temperature; Influence on settlement
of Mytilus in sea water conduits.

Alcaline solution of Na glycinate.

Paints are applied on discs of Al
rotated at a speed equivalent to 28
Knots— After the discs are immersed
in Na glycinate for 24 hr.

Tests conventional for Cu20 and ugo.

A glass dish coated with test paint

is placed in tank of water and 10-50
water snails (Limnaea ovata Drap.)
introduced into dish. Efficiency of
paint is judged by extent to which
tendency of snails to spread throughout
tank, particularly to surface, is
hindered.



1964 -

LAKOKRAS MAT. - V.N. GLOTOV, E.S. GUREVICH
and E.I. GEINE: Rapid Methods of Testing
Antifouling Paints for Seagoing Vessels -
No 6, 53 - 6.

1964 (september) - INDUSTRIAL AND ENGINEERING

CHEMISTRY PRODUCT RESEARCH AND DEVELOPMENT-
SIGMUND M. MILLER: Techniques for Evalua-
tion of Chemicals as Marine Antifoulants,
3, No 3, 226 - 230.

1964 (May) - PLASTE und KAUTSCHUK - New laborato

ry test for Antifouling Paints - 11, 3189.

1964 - J. OIL AND COL. CHEM, ASSOC. - Accelerated

1966 -

Leaching Rate Technique for Cuprous Oxide
Based Antifouling Paints, 47, No 5, 323-33.

da CORROSION ET ANTICORROSION - 1,418.867
{Aj.) (P.V. 980.026) - 29 juin 1964 -

C 23 f, - Procédé et dispositif de protec
tion contre la corrosion et la salissure
de structures métalliques immergées par
génération électrolytique, sans diaphgram
me, d'iens ferreux - 3, SERAUT, rep. par
Josse.

1965 (Oct) — J. APPL. CHEM. - P. RIVETT: Biological

1965 -~

Method for the Assessment of Leaching Rates
of Antifouling Compositions - 15, No 10,
469 -473.

PROGRESS REPORT No 24 - L.C. WILLEMSES: A
Fundamental Study of Organo-Lead Chemistry
Organisch Chemisch Instituut T.N.Q.
Utrecht, Porject Na LC-18 - 30 pp.

—206—

Na glycinate on toxic compcunds
of Cu.

Rates of consumption of two tributyl-
tin chemicals from antifouling paints
were estimated by means of tin
analyses of nearly exhausted films,
after 13 months' immersion.

This test is based on the introduction
of 10-50 sea slugs (Limnaea ovata Drao)
in a bottle into a water-filled glass
tank painted internally with the anti-
fouling paint. If the paint is effecti
ve, very slugs leave the bottle; if

it is ineffective the slugs reach all
areas of the glass tank.

Technique for obtaining reproducible
accelerate leaching rate/time curves
for Cu20.

{ Inventionf A., J. Maurin}.

Method for determination of small
amounts toxic compounds in sea water,
using marine unicellular green alga
Chiamydomonas as an indicator organism.

Tests for evaluation of organo-lead
compounds.,
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A short review of test methods par-
ticularly for antifouling paints
with emphasis on East German methods.

Evaluation of antifouling paints com-—
prising an insoluble binder has been
based on use of citric acid to extract
toxin e.g. copper metal, from paint
films.

Glicyne solution method applied at
different temperatures, chlorion
concentrations and pH values,

Comparative effectiveness of the
glycine and acidalkall tests in
ascertaining effectiveness of
copper leaching rates.

Biological Test: is described the

effect of light on attachement of
Barnaclea on a freshly coated and
an aged antifouling composition.

Analytical methods for organotin
compounds.

Leaching rate of Cu from antifouling
paints.

A review of testing methods on
antifouling paints.

Bioanalytical methods.
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X-ray fluorescence (XRF) spectrometry
has been employed to determine the
level of heavy metal inorganic or
organometallic toxins in antifouling
coatings.

The method is based on extraction
of the compound from the aquecus
phase with carbon tetrachloride,
followed by spectrographic determi-
nation of tin in the carbon tetra-
chloride phase.

An equation is derived to describe

the leaching of cuprous oxide-con
taining antifouling paints of the
continuous contact type, which rela-
tes the leaching rate to a number of
variables. Experimentally the equation
predicts very well the effect of these
variables.

X-ray spectrophotometry has been

successfully applied to the qualitati- .

ve and quantifative determination of
copper, arsenic and mercury in anti-
fouling paints. The interference
caused by the presence of other metals
such as ireon, copper, zinc and lead

is also studied.

Scanning electron microscopy has
shown that diatoms are the predominant

microfouling organisms. The effects of '

both diatomaceous and bacterial slimes
upon the toxic release rate are discusst

Recent improvements in X-ray fluo-
rescence {XRF) instrumentation have
increased the usefulness of this
technique for multi-element trace
analyses of paint samples.
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The scanning electron microscope with
X-ray microanalysis is proving to be
a valuable tool with which to follow
compositional changes occurring in
antifouling paints during service,

The scanning electron microscope with
X-ray microanalysis was shown to be a
valuable tool with which to follow
compoaitional changes occurring in
antifouling paints during service. A
description is now given of a proce-
dure for speeding up such work using
some automated collection and computer
processing of the data.

The results of work on leaching of
organotin compounds, bis{tri-n-butyltin
oxide and tri-n-butyltin acetate, from
antifouling paint films is described.
The solubility of these toxins is di-
stilled water and in an aqueous sclu-
tion of sodium chloride was determined.
Critical leaching rates of toxins were
evaluated by making comparisons of the
leaching characteristics with the hio-
logical properties of the coatings.

A computer program has been developed
to evaluate the performance of immer-
sed plates coated with various anti-

fouling coating formulations and po-

lymeric materials,

In the field of antifouling paints
the selfpolishing effect is utilized
increasingly: the water flowing along
the hull makes accessible fresh anti-
fouling agent.
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BIOLOGICALLY ACTIVE INGREDIENTS

‘Cuprous oxide and sodium silicate.

Copper naphthenate; zinc pigment;
aluminium naphthenate.

Organic mercury and tin compounds .

Cuprous oxide and sodium silicate
(as above).

Copper Powder.

Ammoniated Cu arsenate; creosote;
phenylmercuric oleate in creosote—
coal tar solution.




1964

1964

ises’

1965

1465

1966

1870

1970

1973

(Feb) - PAINT MANUFACTURE, 34, 64 pp. - R.H.
CHANDLER: Research and Development Rept.: An
ticorrosive and Marine Paints.

(January) - J. JAPAN SOC. COLOUR MATERIAL,
gg, No. 1, 3-9 - RYUICHI SANO & KAMEO MACHI-
HARA: On Organo-Toxic Anti-Fouling Paint Con
taining Phenarsazine Derivatives.

- FARBE LACK, 70, No. 5, 355-7 - M. BIELE:
Some Principles for the Scientific Formalas-
tion of Ship Bottom Paints.

~ RES. DIGEST, Pt. III, No. 15, 4 - Zinc
Dust in Antifouling Paints. International
Lead Zinc Research Organization.

~ RUBBER & PLASTICS AGE, 46, No. 3, 260-1 -
R.F. BENNET: Biologically Active Chemicals,
Development of Organotins.

- J. JAP_ SOC. COL. MAT., 38 - Organo-toxic
Antifouling Paints Containing Phenarsazine
Derivates.

—~ Review of ILZRO Res., 67; Reprint of pa-
per presented at the 2nd Internat. Conf. on
Lead, Armhem - S.E. ECK: Antifouling Paints.

— J. PAINT TECHNOL. 42: 549, 535-46 - R.J.
DICK & L.J. ROWACKI: Organolead compounds
in antifouling paints.

— MATER. PROTECT. 9: 3, 23-26 - J.S. MUROA-
KA: Marine Fouling and Corrosion Prevention,

- J. OIL COL. CHEM. ASSOC. 56, 369-372 - J.
LORENZ: Developments in antifouling paints.
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Superfine zinc dust, sodium ailicate
soluticon, CuO, HgO and Cu powder.

Phenarsazine derivatives (fluoride;
Chloride, oxide).

Organo-zine compounds and inorganic
zirc compounds.

Zinc dust compared with various in-
dustrial and U.5. Navy standards.

Tributyl-tin oxide in polyvinyl
acetate.

Chloride and oxide of phenarsazine.
Organo-lead compounds,

Tributyl lead acetate and triphenyl
lead acetate.

Polytetrafluorcethylene films.

Tributyltin oxide (TBTO)}, tributyltin
tetrachlorophthalate and triphenyllead
acetate (TPLA) are compared with cu~
prous oxide.



1974 - J. PAINT. TECHNOL. 46: 595, 48-55 - R.w. DRI-
SKO & J.B. CRILLY: Control of algal growth on
painta at tropical locations.

1974 - LAKOKRASOC. MATER. PRIMENENIE 2, 33-34 - E.
S. GUREVIC et al.: Untersuchung der Effekti-
vitit bewuchsverhindernder Anstrichstoffe
mit zinnorganischen Toxinen.

1974 — J.OIL COL. CHEM.ASSOC. 57, 407-414 - V.J.
D. RASCIO and J.J. CAPRARI: The influence of
the use of calcium carbonate {whiting) as ex-
tender in soluble antifouling paints based on
cuprous oxide.

1974 -~ LAXKOKRASOC. MATER. PRIMENENIE 4, 56-57 - E.
S. GUREVIC et al.: Wirksamkeit arsenorgani-
scher Verbindungen in bewuchsverhindernden
Anstrichstoffen.

1974 — PUBBLICAZIONE T.R.I. n. 491 - C.J.EVANS: De-
velopments in the organotin industry. Part 1:
tri-organotin chemicals - Part 2: Di-organo—
tin compounds.

1974 — Canad. P.946278 v.30. 4 — T.W, CHALMERS: Ela
stomere, die eine organische Zinnverbindung
enthaltern.

1975.~ J. OIL COL. CHEM, ASSOC. 58, 160-168 - C.J.
EVANS and P.J. SMITH: Organctin-based anti-
fouling systems. '

1975 - J. PAINT TECHNOL. 47, 600, 59-61 - J. A.
MONTEMARANO & E.J. DYCKMAN: Performance of
organometallic polymers as antifouling mate-
rials.

1975 - C.A. 83 Nr. 2, Nr. 12404m - Ha. FUKUI, Ka.
KONISHI, Ki. IMAL: Antifoulinganstrichstoffe
mit organischen Iscthiocyanaten.

1975 — MOD. YTBEHANDL. 10: 9, 25-27 - C.E.SKINNER:
Lead organic compounds as fungicides and al-
gicides paints.

1975 (Jan) - MATERIALS RESEARCH LABS. MARIBYRNONG
AUSTRALIA - L.V. WAKE: Improved Antifouling
by Marine Coatings containing mixed toxics.
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Tributyltin oxide + phenylmercuric.
cleate.

Bis-tributilzinc-oxide and
Tributilzinc—chloride.

Partial replacement of the cuprous
oxide toxicant by calcium carbonate.

Arsenorganic compounds.

Tri~organotin chemicals.
Di-organotin compounds.

Triphenylzinc—chloride or
Tributylzinc—chloride.

Organotin {tributyl and triphényl).

Tri-n-butyltin, tri-n-propyltin,
trimethyltin, triphenyltin and
tribenzyltin.

Organic isothiocyanates.

Lead organic compounds (tributyl-
acetate).

Organotin compounds and/or a
phytotexic triazine.




1975 ~ INTERNATIONAL LEAD ZINC RESEARCH ORG. LEAD
RES. DIGEST, No. 33 - Organolead and lead
chemicals.

1976 -~ J. COATINGS TECHNOL. 48: 616, 59-63 - M.D.
STEELE & R.W. DRISKO: Fungal-resistant orga
notin resins.

1977 - J.0QIL COL. CHEM. ASSQOC., 60, 161-168 - V.
RASCIO, J.J. CAPRARI, M.J. CHIESA and R.D.
INGENIERO: The use of arsenates as reinfor-
cing toxicants in soluble antifouling paints
based on cuprous oxide.

1977 - J. OIL COL. CHEM. AS50C. 60, 348-353 - A.Q.
CHRISTIE: Recent developments in antifou-
lings.

1977 — OFFSHORE TECHNOLOGY CONFERENCE, Vol. IV,
419-428 — Richard w. DRISKO: Protective Coa-

tings and Antifouling Paint that can be Ap-—
plied Underwater.

1977 - FARBE und LACK 83, 12, 1072-1079 - J. LO-
RENZ: Fouling protection of ships - the sta
te of the art.-

1977 — C.A. 86 Nr. 4; Nr, 18467t - Yo. TSUDA, Ha.
FURUSE, Sh. INOMATA: Antifouling paints.

1977 — C.A. 86 Nr.12; Nr.64517 w.— Ma. KANEKO,
Ko. NITTA, Ta. CHKUBO:Antifouling paints
for marine use.

1977 - C.A. 86 Nr. 16; 108 092 w.— K. NITA et
al.: Antifouling paints.

1977 (Mar) - ADDN. TO NORW.136,645, 4pp. — S¥—
stem for protecting ship against fouling
and corrosion.
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Triphenyllead acetate;
trimethyllead and dibutyllead.

Tri-n-~-butyltin.

Copper salt; zinc oxide;
mercurous arsenate;

zinc arsenate; calcium arsenate;
lead arsenate. ’

Copper oxide; organo tin
compounds,

Epoxy coatings + organotin compound:
compared with a Cu-based antifouling
paint,

Combined effects of biocide and
vehicle and some organometal
polymers, elastomeric materials.

Triphenyltin compd.; chlorinated
rubber; chlorinated paraffin;
triphenyltin hydroxide; iron oxide
pigment; ZnO.

Thiocyanates.

Geraniolderivates, TiO_, chrome
yellow, vinyl resins and other.

Copper oxide or solid organometallic
toxicanta, and a primer contg.
bis(tributyltin) sulfide or
bis(tributyltin) tetrachlorophthalate
and optionally bis{tributyltin)
oxide or tributyltin chloride.



1977 - MATER. ENGNG. 86, 4, 54 - Marine coating
exteds antifouling life.

1977 - OCHRONA PRZED KOROZJA 20 2, 42-45 - ¥W. MA-
TRACKA, K. UHACZ: The new ways of using or-
ganoametallic compounds for protection of
ship against fouling.

1978 — LAKOKRA MATER. PRIM. 1, 33-35 - E.D. IZRA-
_LIANTS, E.S. GUREVICH, B.D.CHENOKALSKIJ: A
new organic arsenium compounds as an anti-
fouling addition to coating materials.

1978 — JAPAN KOKAI 22, 535 - Minoru YAMAMOTO, Ka
zuo MURAKI, Chinori NAITO: Anticorrosive
and antifouling compositions. '

1978 — IND. ENG. CHEM. PROD. RES, DEVELOP. 17,
(1), 44-50 — N.A.GHANEM, M.M. ABD EL-MALEK,
M.A. ABOU-KHALIL and M.M. EL-AWADY: Advan-
ces in Anticorrosive and Antifouling Coa-
tings. -

1978 (Oct) - J.OIL COL.CHEM. ASS. 61, (10}, 383-
389 - V. RASCIO, C.A. GIUDICE, J.C.BENI-
TEZ and M. PRESTA: Ship's Trials of Oleore
sinous Antifouling Paints. l.- Formulations
uiph High and Medium Toxicant Contents.

1978 - OFF. GAZ. U.S. Secretary of Navy. Patent
No. US4130466 (U.S.A.) - I.R, KRAMER:Anti-
fouling Coating for Aluminium Structures.

1979 - J. COAT. TECHNOL. 51 (652), 29-35 - N.A.
GHANEM and M.M.A, E1-MALEK: Preparation
and testing of Anti~Fouling Caotings based
on Triphenyltin Fluoride.

1977 (Oct) - BIOFOULING AND CORROSIUM SYMPOSIUM
Seattle, Wash. — R.W. DRISKO: Marine Coa-
tings.
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Vinyl resins and organotin
compounds.

Organometallic compounds.

Chlorophenoxarsenium and its
derivates.

Triphenyltin compd.

Lamellar Al in anticorrosive
coating and a swellable
nonhydrolyzable plasticizer in
antifouling coatings.

Cuprous oxide reinforced with
mercurous arsenates and zinc
oxide.

Tributyltin, tripropyltin esters
of vinyl, polymers of tributyltin,
tripropyltin eaters of acrylic
acids and tripropyltin esters of
methacrylic acids.

Viryl copolymer and triphenyltin
fluoride.

Cuprous oxide, organotin compounds
and organometallic polymers.




MARINE BIOLOGY

Mechanism of microbiological corrosion.—E. R. de Schiapparelli and
B. R. de Meybaum (Argentina) .........ooiiii i
The influence of sulphate reducing bacteria on the electrochemical
behaviour of steel in sea water.—R. C. Salvarezza and H. A. Vide-
fa (Argentina) ........iiiii i
The identification of some marine fouling organisms and their breed-
ing season at LaMakia Port.—A. Habal (Siria) .....................
Fouling prevention of local “Pinus limnoridii” and other marine foul-
ing organisms.—A. Habal (Siria) .......oooiiiii
Notes on the hiology of the shipfouling gooseneck barnacle “Con.
choderma auritum™ Linnaeus 1776 (Cirripedia: Lepadomorpha).—-
T. Rasmussen (Dinamarca) ... oiveiri e e
Macrafouling of a laggon in the Po river delta.—G. Relini, G. Matri-
cardi and G. Diviacco (alia) ......................ccoociiiii,
Larvas meroplancténicas en aguas de puertos italianes.—T. Zunini
Sertorio (ltalia) ........... e e
Biofouling in a north<entral Chilean coastal bay.-—C. A. Viviani and
LoH. Disalve (Chile) ...
Fouling in the Suez Canal.--A. F. A. Ghobashy, M. M. El-Kemi and
Sh. €. Ramadan (EQipta) ...o.oviii i e
Notes on the wood boring in the Suez Canal.—A. F. A. Ghobashy
and A. K. Hassan (EQipto) ..o e
Synthesis and application of polymer bound biocides with antifoul-
ing properties.—F. H. de la Court, J. F. A Hazenberg and
H. G. J. Overmars (Holanda) ...............................cc........
Estudios ecolégicos preliminares sobre las comunidades incrustantes
de Puerto Quequén (Argentina).—R. Bastida y G. Brankevich
(ATGENIING) i
Effect of microfouling on heat transfer efficiency.—L. R. Berger and
B. Little (Estados Unidos) .....ooovvioeeee i
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(Canclusidn.}

A survey of maring borer activity in Hawaiian nearshore waters:
effects of environmental conditions and epifauna.--W. J. Cooke,
J. G. Grovhoug and P. J. Ching (Estados Unidos) ................0.
Settiement and growth of the fouling organisms at Alameda Marina,
San Francisco Bay, California.—Ch. P. Ehrler and E. B. Lyke (Esta-
AOS UNIOS) . vetiie et e e
Experiments in synthesis of barnacle adhesive.—E. Llindner (Estados
e [ NS TRTOPUPPRPPRPPEPRRTRR T LR SRR
Variability among identical fouling panels in Puget Sound, Wash-
ington, USA.—A. Schoener and C. H. Greene (Estados Unidos) ...
Macrofouling problems associated with Ocean Thermal Energy Con-
version (OTEC) units.—A. Thorhaug and J}. Marcus (Estados
31T (o) DT T
Stone boring marine bivalves as related to the geology of Monterey
Bay, California.—£. C. Haderlie (Estados Unidos) .......coooeeionn.
Marine fouling dynamics in Hawaiian nearshore ecosystems: a sug-
gested technique for comparison and evalvation. 4. G. Grov-
houg and E. B. Rastetter (Estados Unidos) .......... i
New marine industry applications for corresion and biofouling resist
copper-nickei alloys.—B. B. Moreton and T. J. Giover (Gran Bre-
ey T T S
Macrofouling in the conduits of a middle Tyrrhenian power station, -
G. Relini, C. N. Bianchi and E. Pisano (Mtabia) ... e
Piezoelectric polymer hull vibrators for fouling prevention..- .
o V. Murphy (Suiza}, P. michel, Q. Guelorget and M. latour
(FPANCIAY oottt oe e e e me e e
Ecological aspects of marine fouling at the Port of Mar del Plata (Ar-
gentina). -R. Bastida, M. Trivi de Mandri, V. Lichtschein de Basti-
da and M. Stupak (Argenting) ............ooceiiiia
Preliminary ships’ trials of chlorinated rubber antifouling paints..—
V. Rascio, C. A. Gildice, J. C. Benitez and M. Presta (Argentina).
Marine algal fouling communities on floating structures in the Solent,
south coast of England.—-R. L Fletcher {Gran Bretada) ............
Los briozoos de las comunidades incrustantes de puertos argentinos.-—
W Lichtschein de Bastida y R. Bastida (Argentina) ..................
Biochemical analysis of the response of the marine microfouling com-
munity structure to cleaning procedures to increase heat transfer
efficiency.—D. C. White, P. N. Benson and R. J. Bobbie (Estados
URTOB) - e eer vt tnees e e eee et e e et
Physical/chemical characteristics of the macromolecular conditioning
film in biological fouling.—D. W. Goupil, J. A. DePaima and
R E. Baier (Estados Unidos) ... oooiiveiiiiiiiii e
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THE EFFECT OF MARINE GROWTH ON THE PERFORMANCE

OF FIXED OFFSHORE PLATFORMS IN THE NORTH SEA

by M. J. Heaf, Atkins Research an& Development

» Copryrgit BN Oftshom Technology Conberance

Triv Shpet w30 Dresantsd 31 B 11 danga) 075 m nousion Teo dorm T-May 3. BT The matenal 5 Sobeic] 10 220t hian Dy Me authg: Perdeiiedh 16 SAGY '3 (E3CIH0 10 20 JOSTEACI OF 360 mary 1734 300 marst

finsrm

Marine fouling is found to influesnce the
loading of an cffshore structure in at least
five ways:

1. Increased tube diameters, leading t¢ increased
projected area and displaced volume and hence
to increased hydrodynamic loading.

hydrodynamic leading.

3. Increased mass and hydrodynamic added mass,
leading to a recduced natural! freguency and
hence tc an increased dynamic amplification
factor.

H 4. Increased structural welght, both in the warter
and above the water level in air.

pal

Effect upon hydrodynamic instarilities, such as
vortex shedding.

These effects are examined separately in detail
and together as they affect the overall perfarmance
of the structure in relation to codified design
criterta.

The direct increase in loading due to marine
growth arising from the increase in projected area,
displaced volume, drag coefficient and structural
velght is shown to affect both the calculation
of ultimats design wave and aAlso the stress range
calculated for a fatigue life estimation. The
increased dynamic asplification factor shown to be
a secondary effect, :nfluencing only wave periods
near to the structure natural freguencies: that is
the middle to smalier ranges of wave height that
effect the fatigue life of the structure.

Generalised results are given which show the
trend of increased load and the reduction in fatigue
life with increased oarine growth thickness.

2. Increased drag coefficient, leading to increased

‘Reterences and illustrations at end of paper.

AlsD, should a programme of cleaning become neces-
sary, criterja ‘are established for the location and
azzwit cf cleaning that would be most beneficial.

In the case of hydrodynamic instabilities,
the effect of marine growth is found to be unpre-
dictable and coulld lead to either an increase cr
decrease of structural reliiability.

Finally an indication of the modiffcation of
the overall safety of typical structures hy marine
growth is given using techniques of reliability
analysis.

INTRODUCTION

The material presented in this paper forms
part of the background material of a report prepa-
red for MaTSU, United Kingdom Department of
Energy, entitlad "Appraisal of Marine Fouling on
Offshore Structures‘. This report exapines the
potential extent and importance of the marine
fouling problem as it is applied to structures
in the UK sector of the North Sea. The scope of
this paper is to examine the Gualitative effect
that marine fouling has on fixed steel platforms
by application of conventicnal design techniques
to typical strucrures or parts of structures with
greater or lesser fouling thicknesses. Three main
design criteria are sxamined; maximup *life-time’
loading leading to first excursion failure,
dynamic resonance of the structure and fatigue life
estimation.

Finally, the conclusions are examined in the
lignt of the more rigorous techniques of reliamility
analysis applied to the design sensitivity of off-
shore jackets.

DIRECT LOADING IN THE ‘LIFETIME' WAVE

For a 'lifetime’ design wave calculacion, the
maximum stress in any part of the structure is cal-
culated for the passage of the 'lifetime' wave,
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sacket weight evaluated. Some typical results {f) The node areas comprise approximately 20%

considering the influence of changing the standard of the projected area of the structure and
deviations of the more significant variables are hence do not conrribute a large part of the
shown im Table XIV. [t is important to nete the wave generated load. It would therefore
different sensitivity rankings obtained for the probably not be recessary to cleap the node
two criteria. The differences in rankings are areas from a consideration of the overall
vxplained by examination of the values of the lcading on the structure.
variables at which failure is most likely to occur,
vf it occurs. Stiffness and mass parameters of the {g) The effects of marine growth, particularly
jacket are seen to take up values such that member flexible growths, on the drag and inertia
failure is most likely to be due to excessive coefficients used to deterzine the leading on
dynamic activity, and not to extreme wave loading. a structure are not yet known in detail. The
varine growih hecomes relarively much more important effect of hard growths is o ircrezse the drag
in this analysis, since it influences tThe mMIST coefficient and reduce the inertia coefficient.
likely mode of failure which in this case is dyna- Most offshore structures are dominated by
@ic resonance with the envircnmental forces. loading in the crag regime and hence an increa-
se in loading due to the change of coefficients
COMCLUSIONS should be expected.

As a result of the analysis described, various (h) Preliminary examinaticn cf experimental Tresuits
generalisations oay be made cencerning the effect . indicates =hat lLocal C, values and hence lcad-
of marine growth on the loading and performance ing, are cocnsiderably intreagsad Zor rough
of cffshore structures. cylinders. This oeans that current design

practite could under estizate the local load-

fa} ™arine growth can lead tc significantly ing or a fculed dember in tne 'lifetime’ wave.
increased lcads on the struczure, both for Howaver, = us gther factiors =itigate this

overall loading and local loading; 50 mm of effect. Tor exagple in a real sea-state there
zarine growth leads to 4 load increase of are waves o7 Tany cdirections applied sizulta-

5.5%. neously to zake up the 'design’ wave height.

There is a.so reduced spacial correlation over
{b} The conseguerces of marine growtn, in terms the stricturs as a whole and the design process
cf reduction of factors of safety, are more applies, artitrarily, the caxizum current at
sevare for the fatigue life =f the strurcture ~he same tize and in the same direction as

*han the lcading in the design wave. How=- the design wava.

ever, this =ay be mitigated by the larger

factors of safety introduced in the fatigue (i} The presence of warine growth in noraal quan-

life calculation than those for the design tities is unlikely £o mitigate the effect of

wave load case. The ratiobetWeen the reduqrio vertex shedding in waves,

in factors of safety beinqg approximately 3:l

for the range of marine fouling thickness {3} The impertance 2f Zarine growth as a cdesign

considered. parameter 15 dependent vpon the design tech=

) nigues acplied., The conventicnal design codes
{c) The modificaticn of the Iynamic response of do not recessarily identify the most likely
the structure -y the increased =ass and modes of fiiiure for a larje steel jacket.
added zass srising from zarine growth is rot Hence, :t 15 difficult to use the codes to

50 significant as the direct increase in guantify the :izperrance of marine growth in

loading due to the same thickness of marine relaticn ts =he cther design varibles.

growth. The reduction in fatigue life due to A reliability analysis gives a xncre rigerous
increased dyramic amplification factor from measurement of the relative impertance and

250 mm fouling thickness being approximately this shows that marine growth is among the

LI% comgared -c the reductiion Zue 10 increased mIst ITDCITENT parameters. !

loading of S4n. i

NOMENCLATURE

{d) The majority cf leading induced by waves on

a fixed of fshore structure is generated on C. s free-stean drag coefficient
the uppermcst 32 m of the structure below the Cd = inertia soefficient
mean water level. Hence, any cleaning under- B o member diameter
taken will be most beneficial if concentrated D_ = fatigue damage
in this area. T = force
X = stiffness
(e) The greatest part of the load generated on a M = mass
structure is attributable to the bracing M = mass of topsides (Xg)
members fallowed in iwperiance hy the main t )
legs. Hence, it would be most beneficial Q = dynamic ampi:fication facter
o corcentrate on cleaning the braci=ng and R, = Bevnolds nurker

.main leg members.
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COIPM Working Group on

Surface Conditions.

QUESTIONNATIRE,

At the meeting of the Working Group on 23rd May 1979 in Venice it
was decided to work out a questionnaire to be filled in by the
members. The objective is to propose a cooperative research
programme for the Surface Conditions group.

You are asked to fill in this questionnaire and return it to the
General Secretariat of COIPM as soon as possible, and not later
than lst September 1980. '

2.

§58555555855555585585

Is your laboratory able to carry out measurement of .
drag at relevant Reynolds numbers? yes no

If "No", go to point 3.

Short description of your method.

(rotor apparatus, spinning disc, other)

bounan We have a research programme on drag effect of surface

roughness measured by rotary cylinder and spimnning-disc

apparatus. But the data seems to he guite difference -
from that of ship in service.

It's very difficult to know the actual relationship
between them using such apparatus. I hope the group
will develope other apparatus for cooperative drag
programme.
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Is your laboratory equipped to measure surface yes no
roughness?

If "No", go to point 5.

What type of apparatus is used, and what is

measured?
{Average Height Roughness, Mean Apparent Amplitude,

Center Line Average, Root mean-sguare, other)

(CMMENT. Mean Apparent Amplitude by BSRA electronic hull roughness

enalyser.

If the group decides to carry out a programme to measure
the drag of rough surfaces, what should be the objective?

Drag as function of roughness x
Drag as function of discrete roughness peaks
(blisters, welding seams)
coMneNT.
Other ?\microfouling, slime.
X

Comments (descriptign):
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7.

Should the group investigate the hitherto un-researched
concept "Surface Concentration of Roughness”?

yes no

If "No" co to point 8. . |

Your considerations as to how surface concentration
of roughness should be defined and measured.

(1) (2)

COMMENT. (1) Roughness distribution and Amplitude frequency.

(OMMENT.,

It's an important research item on drag progranme
in laboratory.

(2) Practically, for ship in service,
Mean aparent Amplitude measured by BSEA electronic
Hull roughness Analyser.

If the proposals in point 5 and/or point 6 are accepted
for a cooperative programme, would you participate

actively? . Yes .no

Further comments: ' x

We will decide finally to participate actively for a
cooperative programme, after we understand the
mathodology of research of the group.
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10.

1f none of the proposals in point 5 and 6 are accepted,
should the group then in your opinion

- continue collection.and discussion of
literature on drag and surface roughness,

- be eliminated,

- find other working items
{details below)

Further comments:

Name and Affiliation:

"M, MIYOSHI

'Ship building research association of Japan
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CORROSION UNDER MECHANICAL EFFECTS

Cleaning of fouled ship hulls by high speed water. .-W_ E. Maasberg,
F. Erdmann-Jesnitzer and H. Llouis (Alemania} ................ ...,
influence of the pure electrochemical dissalution on stress corrosion
cracking of aluminium alloys in saline water.—-Ath. Karageorgos
= Yo T
Contribution to the interpretation of the formation of zctive path in
stress corrosion cracking of aluminium alloys in NaCl solutions;
electralytically notched specimens colorimetric indicators, Laser
interferometry, —-Th. Skoulikidis, G. Batis and N. Kouloumbi
i)« e e
Méthode de protection des alliages d’aluminium dans une solution de
NaCl contre la corrosion sous contrainte 3 l'aide des oxydes élec-
trolytiquement préparés; optimization de la méthode par variation
des parametres suivanis: orientation appropriée des oxydes, den-
sité du courant et température du bain d’anodisation et épaisseur
du film.-—Th. Skoulikidis, A. Karageorgos et P. Spathis (Grecial.
Field trials of a cavitating-jet fouling removal device.—A. F. Conn
{Estados Uridos) ... B

CORROSION STUDIES

Corrosion and protection studies in sea water of the reinforcements
of concrete using normalized specimens.. -Th, Skoulikidis, G. Ba-
5 and D Maninakes (Grecia) ool L e

Laboratory tests simulating hot corrosion of marine gas turbines,—
M_ E. El-Dahshan {Arabia Saudita) ... ..ot
Some aspects of hot corrosion of Co-Cr-Al alloys in marine environ-
ments. —M. E. El-Dahshan (Arabia Saudita) ........................
Spe'cial features of electrochemical and corrosion behaviour of metals
in sea water. | L. Rozenfeld, O. }. Vashkov and V. P. Dolin
RUSIA) Lo e
Estudio del mecanisme de formacidon de incrustaciones en enfriadores
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