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ABSTRACT

The corrogon rate in the splash zone of marine piles is severe.  Codtings for gpplication in Stu must
provide protection even when gpplied to contaminated or immersed surfaces.  Petrolatum tgpes have been
used for this application for 30 years and such systems are well established.

Deveopments of this type of coating have been evduated by laboratory tests and case hisories and
confirm thet petrolatum tape sysems with suitable outer coverings maintain long term corroson protection of
gplash zones and are unaffected by sulfate reducing bacteria (SRB).

INTRODUCTION

Corrosion of ged dructures in marine environments is a problem that has to be conddered during both
desgn and maintenance.  The problems with corroson control are probably best illudrated by jetty piles and
whaf piling. Verticd piles pass through the whole range of marine environments from the mud line through
tota immerdon, tida zone, splash zone and marine amosphere. Not only are corrason raes high but they
vary according to the conditions in each zone. See Fig. 1. The most severe corroson occurs in the splash zone
where corrosion rates are generaly more than twice those in the immersed portion.

Above the splash zone protection can be maintained by a range of coatings gpplied to a subgtantidly dry
and wdl-prepared surface. The immersed areas can be protected by cathodic protection. Maintenance of
effective corrosion control is more difficult in the solash and inter-tidal zones.

There are more options for new work such as increasng the thickness of the sted to give a corroson
dlowance, matdlic coaings such as flame orayed duminium and various heavy-duty coatings applied before
ingdlation. The methods described in this paper are for the protection of piles and other structuresin situ.
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A paper by W D Paker and W H Yeigh' published in Materids Performance in 1972 described test
programs and field experience with petrolatum tapes for splash zone protection. Over the 30 years snce, the
systems have been further developed and ingtaled worldwide and severd papers have been published on the
subject®3*°.  Such systems are now well established where in situ application is required but questions
concerning the level of protection, effects of bacteriaand expected sarvice life fill arise.

THE PROBLEM
Corroson rates for the various zones on marine piles are wdl published in various forms. Table 1 gives
results from various sources for the maximum corrosion rate in the splash zore and immersed zone for arange
of locations. These show the maximum corroson raes for the golash zone in the range 150-500 pmly
compared to theimmersed zone a 60- 140 umy.

In a paper to NACE 2001 Rolf Lye® referred to requirements for a corrosion alowance of 400 pmy for
design.

Use of cathodic protection would normdly reduce the corrosion rate in the immersed zone to <25 pmly.
Clearly, effective corroson control measures are required a the splash zone to ensure that design parameters
are not exceeded. In practice the area protected needs to extend from below low water leve to just above the
gplash zone. Such measures are required where use of the gtructure is to be extended beyond the origindly
intended life.

If such work is to be carried out in Stu a coating system is required that can be inddled reigbly both
above and below water and tolerate seawater contaminated surfaces.  For rehabilitation work it would dso
need to accommodeate exising surface pitting.

REQUIREMENTS OF THE COATING SYSTEM

A successful coating for in-Stu gpplication shdl:

Allow gpplication above and below water.

Displace water from the metd subdrate.

Be surface tolerant.

Fill pits and surface irregularities

Ress displacement by weter.

Bewater resgtant and resst sgponification or emulgfication.
Resg microbiologicd action.

Resg damage.

Have long term wesether resstance.

Prevent corrosion or reduceit to avery low leve.
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PETROLATUM TAPE SYSTEMS

Petrolatum tapes have been used for the protection of buried, immersed or exposed sted Structures since
1929. The widening range of uses led to a series of long term exposure tests and investigations in the 1960's.
Much of this work, induding marine exposures in the tidal/splash zones has been reported dsewhere?>°. This
formed the basis for developing a protective sysem for marine piles using petrolatum tgpe and a protective
outer covering. See Fig. 2. Development of a robust outer cover or jacket which could be applied to a pilein
Stu was conddered essentia for successful performance of the sysem.  Initidly jackets were preformed FRP
haf shdls but these have been superseded by more user friendly and effective wraparound jackets.  Various
types are used to suit the range of environments.

Since the 1970's the use of petrolatum tape systems on coadd jetties, harbors and moorings has been
widespread involving a wide range of dimates and sea conditions and protection for over 300,000n? of piles
has been provided worldwide by the authors company. This has required continuous innovaion and
development of the system and verification of performance.

Development of a petrolatum tape that could be gpplied underwater without use of a primer considerably
amplified application and this has been widdy used for over 15 years. This tgpe can accommodate pit
depths up to 2mm (80 mil) without use of a primer or filler. The dewatering agent, inhibitor and biocide
sydem in the tape promote adheson to the metd and minimize the effects of any water or contaminants

trapped under the tape.
TESTING

During the development of this type of tape laboratory tests were carried out by gpplying tapes to sed
pipes under 3wt% sodium chloride solution and leaving them immersad for 3 years  The new tgpe without
primer performed a least as well as the previous tape and primer syssem and consderably better than
conventiond petrolatum tapes used without primer. This was subsequently confirmed by fied testing.

A more recent series of tests confirmsthis.
Immersion in Aerated Sdt Water.

60mm (2.36in) OD ged pipes were blast cleaned and wrapped dry and with the surface wetted with 1wt%
sodium chloride solution.  The wrapped pipes were immersed in Iwt% sodium chloride solution and ar

bubbled through the solution usng a fish tank agrator. After 100 days the pipes were unwrgpped and
examined with the followings results

Wr D Wr Wet
Standard Petrolatum Tepe Nil corroson 20% of areawith heavy dark staining
Petrolatum Tape with : : - -
Dewatering Additive Nil corrosion 7% of areawith light gaining

Specific Electricd Resgtance

This test was carried out to assess whether incorporation of dewatering and other additives would reduce
water resistance as measured by aloss of dectricd ressance.
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The tests were carried out according to BS EN 12068 (Annex J). Wrapped 60mm OD dged pipes were
immersed in 0.1 mal/litre (0.585wt%) sodium chloride solution. The dectrica resstance of each gpecimen
was measured at 50V DC at intervas over 100 days.

The results in Table 2 show that the dectrica resistance of the standard petrolatum tape changed from 10°
to 10® ohm.m? over the period wheress the petrolatum tape with dewatering additive remained unchenged a
108 ohm.m? confirming the water resistance of the wrapping. The resuilts for both types of tape easily exceed
the specified requirements for petrolatum tape of O 10° chmme

MICROBIOLOGICAL RESISTANCE

Concern is often expressed tha sulfate reducing bacteria (SRB) or other marine bacteria could cause
deterioration of the protective coating and consequent corroson of the sted piles This question was raised
following a routine ingpection of the 6 year old protective system on round sted piles of a cargo handling jetty
in Audrdia SRB ae known to be a problem a this Ste enhanced by contamingtion by fertilizers being
unloaded.

In spite of 20 years experience with this sysem without problems and the knowledge that SRB only
metabolize sulfates and cannot utilize hydrocarbons or other organic materids it was opportune to use this site
for a reassessment of this agpect by an independent Iaboratory using natural seawater. This was preferable to
a laboratory based assessment as sawater from the Ste could be used and bacterid cultures taken from the
actud materids taken from Ste.

During the assessment samples of seaweter and corrosion product from the sted piles were examined. The
examinaion showed

Seawater:
SRB Podtive 10* per ml
Hydrocarbon utilisng bacteria Pogtive <1 perml
Iron depositing bacteria Pogtive <10 per ml

Corrosion Product from pile:
SRB Positive 10° per ml

Biologicd Activity of the Petrolatum Protective Layer

Fresh petrolatum tape and primer were smeared onto the inner surface of derile plagtics containers. The
containers were filled with seawater from the ste and stored for 7 days. The tota bacterid count for SRB and
aerobic bacteria was measured at the start and end of the tet period and compared with the control test
without petrolatum samples.  The bacterid counts showed no dgnificant difference between the tes samples
and the control indicating that the petrolatum protective coating does not enhance bacterid growth.

Smilarly there was no loss or change in nature of the petrolatum products after exposure to the seaweter.
Corroson Rate

Tedts were caried out to edablish the effectiveness of the petrolaum based protective system in
preventing corroson in naturd seaweter containing high levds of SRB.
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Twelve mild ged test coupons, 55mm x 20mm x 1.6mm (2.2in x 0.8in x 0.06in) were grit blasted and
accurately weighed. Two were left uncoated as controls. The remainder were coated with petrolatum based
primer and tape. These were assembled in a test chamber through which seawater could be dirculated from a
10 litre reservair (Fig. 3).

The seawater was taken from the jetty Ste. SRB were cultured from the surface of a sample of tgpe taken
from ste and added to the water dong with Postgate’'s medium as a nutrient. The water was circulated using
aperigdtic pump a arate of 30ml/minuteto alow free flow around the specimens.

The firgt series was run for 46 days and the second series for 28 days. On severd occasions the pump was
stopped overnight dlowing the test chamber to drain and aerate to Smulate tidal action. At the end of the test
period the cdls were drained and the specimens removed.

Reaults

At the end of the st the seawater had a dirty black color and odor of hydrogen sulfide. SRB had
colonized the outer surface of dl specimens,

Bacterid countswere

Seawater in Test Chamber RB 10° per m
Outside of wrapped coupon RB >10* per ml
Surface of coupon after unwrgpping B Nil

After remova of the tape wrapping the coupons were cleaned and reweighed. The corrosion rate was
cdculated.

Corroson Rate (Lm/y)
Mean Range
Wrapped coupons 4 36
Uncoated coupons (controls) 216 144-288

There was no visible corrasion on the wrapped specimens. The rate of corrosion for the bare coupons, 216
um/y, agrees well with observed corroson rates of sed piles in the splash zone shown in Table 1. The SRB
count was higher in the laboratory test than normaly encountered in service on the pile. The corrosion rate of
the wragpped specimens was just 1% of the 400 pm/y corroson dlowance used for desgn of offshore
sructures® and agrees well with the maximum corrosion rate of 89 umy a LaGuardia airport reported by
Chaker and LindemutH'.

PROTECTIVE OUTER COVERING

To complete the protective sysem the petrolaum anti-corroson layer must have an outer covering or
jacket to ensure that it is not damaged or displaced by wave action, boats, floating debris or marine fouling.
The outer covering or jacket must be applied in dose contact with the petrolatum tape to prevent water
moving up and down ingde the jacket with tidd movement. Such action could replenish oxygen, corrosve
meterids and nutrients for bacteria or marine organisms. To achieve this the outer covering is commonly
febricated from 1.5-3.0mm (60-120 mil) UV protected high dengty polyethylene (HDPE) or smilar materid.
This can be secured around the pile by use of srapping a regular intervas or by using a fastener or bolted
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system. The bolted sysem provides effective hoop tenson, ease of goplication and increased sarvice life. It
was paticularly developed for aress having severe wave or tidd action. The choice of outer covering depends
largely on the Ste condiitions.

CASE HISTORIES

Product devdopment means taking an exiging product, dudying its peformance and making
improvements.  Improvements must be confirmed by tesing. The rdiability of the teding is corfirmed by
sudying the performancein use. The following case histories are given to support |aboratory test data

Groote Idand, Northern Territory, Audrdia

This jetty was congructed for the loading of bulk manganese ore. In 1978 the origind coating on the 400
HP2 hexagond piles had falled. It was replaced by a petrolatum tape system using a heavy duty laminate tape
as the outer covering. In 2001, after 23 years, ingpections were carried out to assess the need for future
maintenance and reindatement. Corrosion protection was Hill effective and damaged areas due to flotsam etc
will be replaced with the same system that was inddled 23 years ealier.

Port Of Tyne, UK

The berthing for aroll on-rall off ferry service was condructed in 1965. In 1982 42 Rendhex [0 3, 16”
(405mm) piles were protected with a petrolaum tgpe sysem with an outer covering of heavy duty laminate
tape. Ingpection in 2001 after 19 years sarvice confirmed thet the coating system was dill intact and corroson
protection was ill being maintained.

Raynes Quarry, UK

When this aggregate loading jetty in North Wales was condructed in 1984 the engineers were concerned
that the impact and abrasion by sand and aggregate and a moving beach leve would damage the duminium
coaing on the piles. A petrolatum tape sysem with polypropylene jackets was inddled on the piles in 1985.
Ingpections every 3 years have confirmed that the abrason and corrosion protection continues after 18 years
in aharsh environmert.

Abbott Point, Queendand, Audrdia

This project was carried out in 1988 and involved the protection of 14500m? (156000 ft2) of pile surface.
550 ded piles x 1200mm (48 inch) diameter support a cod handling jetty extending 3.9km (2.4 miles) aut to
sea. Protection of 7m of each pile was provided by a petrolatum tgpe sysem with FRP jackets consdting of
hdf shells bolted together with marine brass bolts  The jetty has survived four cydones. Regular ingpections

by the owners confirm that protection continues after 13 years service,
Teppco Crude Pipeline, Texas, USA

The splash zone aress of 16” (405mm), 18" (455mm), 24” (610mm) and 30" (760mm) sted dock piles
were protected in 1990 using a petrolaum tgpe system and 25mm (100 mil) high dengty polyethylene
(HDPE) jacket covering 1.8m (6ft) section of each pile. An area of over 950m? was protected. During
ingoection in September 2001 the outer covering and petrolatum wrapping were removed from an 18" pile.
The outer covering showed no Sgns of deterioration and there was no active corroson on the pile after 11
yearsin sarvice. The pile was rewrapped with petrolatum tape and the same outer jacket reingtalled.
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LaGuardia Airport, New York, USA

In 1991 a petrolatum tgpe system with 25mm (100 mil) HDPE jackets was inddled for golash zone
protection to replace an epoxy coating which was no longer effective. The project cdled for protection for

2000 x 18 inch (455mm) diameter sted piles which support the airport runways over the East River.

Sdection of the corrodon protection sysem followed a stringent assessment program in 1988/89 in which
severd dternative splash zone protective systems were evauated®. The petrolaum tape system with HDPE
jackets gave excdlent results and was chosen as one of the systems to be inddled in 1991. During an
ingpection in 1999, after 8 years sarvice, the outer jackets and petrolatum tape were removed and ultrasonic
thickness tests carried out on the sted subgrate. There was no metd loss and no active corroson. The piles
were rewrgpped and the same jackets reingtalled.

CONCLUSIONS

1. The sveity of corroson of marine sed gructures in the splash zone is wdl established with typica
corroson rates of 150-400 pum/y or 3-8mm (0.12-0.31in) after 20 years.

2.  Theuse of athick petrolatum based coating with a protective outer covering has become accepted as an
effective system for the in Stu protection of the solash zone of marine piles.

3. Indtu agpplication requires a coating that can accommodate surface irregularities and pitting and
tolerate sAt and microbia contamingtion

4. Conventiond petrolatum tapes require a water disolacing primer to ensure corroson protection when
applied to wet or immersed surfaces  Laboratory and fidd tesing confirm thet modification of the
petrolatum tape to displace water and promote adhesion alows gpplication underwater without use of a
primer whilst maintaining water ressance and long term corrasion protection.

5. Recent test programs have confirmed that the petrolaum system is resdant to microbiologicd atack
and will maintain protection againd the corrosve effects of SRB.

6. Caxe higories spaning 23 years confirm that use of a petrolaum tape sysem with a suitable arter
covering will provide effective long term corrogon protection
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TABLE 1
CORROSION RATES

millyear (mpy) = 254 pumly (micronsyear)
(CP) = with cathodic protection.

LOCATION MAXIMUM CORROSION RATE pmly
SPLASH ZONE IMMERSED ZONE
1970 UK ESTUARY 195 80
1977 TOKYOBAY 500 10 (CP)
1983 UK PORTS 180 140
1983 NETHERLANDS 180 60
1983 CYPRUS 210 110
1983 UAE 220 120
1989 LA GUARDIA AIRPORT* 150 25 (CP)
AVERAGE 230 100
RANGE 150-500 60-120
TABLE 2

SPECIFIC ELECTRICAL RESISTANCE TESTS

TIME IMMERSED SPECIFIC ELECTRICAL RESISTANCE (chm.m?)
Days Standard Petrolatum Tape IE%S:;{FJ@KYSQ
2 37x10° 38x10°
20 22x10° 52 x 10°
40 1.2 x 10° 50x 10°
60 8.6 x 10° 5.0x 1¢°
80 8.6 x 10° 5.0x 1¢°
100 5.8x 10° 44x10°
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FIGURE 1 - Corrosion rate profile after FIGURE 2 - Petrolatum tape system with
10 years. outer cover.
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FIGURE 3 - (Drawing courtesy of EXTRIN Consultants, Perth, Australia).
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