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Accelerated low water corrosion (ALWC)
The most common form of AWLC is limited to a horizontal 
band around low water, although it can be found occasionally 
in patches, and extends down to bed level. It generally has 
a recognisable appearance and character istics, revealing 
clean corroding steel under lightly adherent orange and 
black corrosion products, as shown in Figure 1. ALWC is a 
particular form of microbiologically induced corrosion (MIC), 
which occurs in marine environments due to the presence of 
sulphates. The sulphates are converted by sulphate reducing 
bacteria (SRB) into hydrogen sulphide (H

2
S) thereby causing 

direct anaerobic corrosion of the steel surface. The resulting 
H2S is a food (energy) source for the sulphide oxidising 
bacter ia (SOB), which converts it to sulphur ic acid. The 
oxidation of the hydrogen generated at the steel surface means 
that an equilibrium state is never reached in the electrolysis 
process and the corrosion is therefore accelerated by the action 
of a symbiotic colony of SRB and SOB participating in a 
microbial sulphur cycle.

Mar itime structure design has traditionally considered 
corrosion conditions in distinct vertical zones in relation to the 
sea. These zones, and their typical corrosion conditions and rates 
are described below, including ALWC, and shown in Figure 2.

Atmospheric zone (in the dry)
This area is between the top of the structure and the splash zone. 
This area may be exposed to a salt laden atmosphere and rusting 
will occur. Where steel is capped by concrete, crevice corrosion 
may occur at the point of encapsulation.

Splash zone (above MHWS)
This area is alternately wet and dry, and is most susceptible to 
atmospheric corrosion, which can proceed as rapidly as in the 
low water zone when SRB is not a factor. Where the steel pile 
is capped by a concrete structure, differential aeration can occur 
where the concrete becomes saturated by seawater to act as part 
of the electrolyte. 

Tidal zone (between MLWS and MHWS)
Corrosion is usually relatively slow and uniform but concentrated 
corrosion caused by dissimilar metals may occur on fixings (such 
as ladder brackets) located within this zone. Corrosion rates can 
be expected between 0.04 and 0.1 mm/side/year. However, if 
ALWC is present in the low water zone, there is a possibility that 
it will cathodically protect the rest of the tidal zone, which can 
lead to a false perception of the structure condition. 

Low water zone (0.5 m below MLWS to LAT)
Corrosion is relatively severe due to differential aeration at the 
upper-most point of continual immersion of the steel (where 
electrolyte is permanent and oxygen levels peak). Typical corrosion 
rates of 0.08 to 0.17mm/side/year are normal or very severe 
corrosion (concentrated) due to microbially influenced corrosion 
by SRB and/or metal reducing bacteria (MRB). With ALWC, 
typical corrosion rates of 0.5mm/side/year can be expected 
and rates in excess of 1mm/side/year have been reported. The 

characteristic appearance of bright orange rust on piles can be 
overlain by marine fouling and therefore sometimes hidden. 

Immersed zone
Corrosion is relatively slow and uniform. In many cases piles 
are naturally passivated by corrosion by-products and/or marine 
growth. With the exception of MIC, corrosion rates of 0.04 to 
0.13mm/side/year can be expected. There is generally sufficient 
oxygen and conductivity to support a corrosion rate.

Embedded zone
In coarse granular materials where oxygen traces are present, 
cor rosion is slow and uniform. In anaerobic conditions 
(clay, polluted mud) corrosion can only proceed if the soils 
are acidic or contain SRB but such conditions are seldom 
encountered; otherwise the cor rosion can be generally 
regarded as negligible.
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Figure 1. ALWC (left), orange rust (center) and affected substrate (right).

Figure 2. Sheet pile cross section showing corrosion zones.  
(HAT- high astronomical tide; MHWS- mean high water springs;  
MLWS-mean low water springs; LAT – low astronomical tide).  
ALWC zone is about 0.5 m below MLWS to LAT.



60   PORT TECHNOLOGY INTERNATIONAL www.porttechnology.org

MOORING AND 
BERTHING

ALWC can cause rapid perforation of sheet pile, and result in 
surface instability. An accelerated corrosion rate will remove steel 
and value from a structure such that an expected life of 90 years 
may essentially be reduced to 45 years. If a large structure has a 
steel thickness of 30 mm, then at rates of 0.5 mm/year to 1 mm/
yr, half of the structural strength will be gone in 30 or even 15 
years (and holed in 60 or 30 years) with a consequent loss in value. 
For small quays, the thickness of flange and web could be 12 mm 
and 8 mm, giving a service life of as little as 8 years, while the 
design could have been similarly for 60 or 90 years. As corrosion is 
independent of steel thickness, protection for small quays is likely 
to be a relatively large proportion of original construction cost, and 
a considerably smaller proportion for a large structure (although 
the size of the exposed area could be a complicating factor).

ALWC on H-Piles
The U.S. Army Engineer Research & Development Center 
Construction Engineering Research Laboratory (ERDC-CERL) 
installed steel H-piles, 20.3 cm x 20.3 cm and 12.2 metres long at 
LaCosta Island, FL in January 1971 (see Figure 3). The pilings were 
removed after 33 years. Glass flake epoxy and coal tar coatings were 
shown to be efficacious for protecting the piles against corrosion 
as shown in Table 1 and in Figure 4. The 10-year measurements 
of flange thickness profiles for bare carbon steel without sacrificial 
anodes indicated a corrosion rate of 0.32 mm/side/yr in the 
immersed zone. This indicates that some form of concentrated 
corrosion, such as ALWC, may have occurred. Corrosion rates were 
reduced to 0 in the immersed zone when the pilings were outfitted 
with sacrificial zinc anodes for providing cathodic protection (CP).

Figure 3. H-pile field test at La Costa, Island, FL, USA. Figure 4. 33-year test results on selected pilings at La Costa Island, FL, USA.

Coating System 5-year Atmospheric 5-year Immersed 10-year Atmospheric 10-year Immersed

Coal tar epoxy 10 8 10 8

Coal tar epoxy armored 6 8 6 7

Coal tar epoxy on mariner steel 9 4 7 3

Coal tar epoxy 7 3 6 3

Coal-tar epoxy (C-200) 9 4 8 3

Saran 10 0 7 0

Phenolic Mastic 7 8 6 4

Polyester Glass Flake 10 10 10 10

Aluminum pigmented coal-tar 9 3 8 3

Epoxy over Zn-rich epoxy cermmite 9 6 9 6

Vinyl organic Zn-rich 10 9 8 9

Coal-tar epoxy over Zn-rich 10 9 4 6

Epoxy inorganic Zn-rich 6 1 3 0

Epoxy-tar over inorganic Zn-rich 9 1 8 0

Vinyl Mastic Over inorganic Zn-rich 7 2 9 0

Aluminium (Al) flame sprayed 7 8 3 5

Vinyl (Al) 8 7 5 7

Vinyl (Zn) 10 8 9 7

Saran (Zn) 5 1 5 1

Coal-tar epoxy with Zn anodes 10 9 8 9

TABLE 1: RESULTS OF 5 AND 10 YEAR COATING STUDIES AT LA COSTA ISLAND, FL; ASTM D 610 RATINGS FOR  
IMMERSED AND ATMOSPHERIC ZONES
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Methods for control and prevention of ALWC
ALWC can be controlled through the use of coatings and CP, 
which are the same technologies that are employed to protect 
metals from other forms of corrosion. A combination of a 
suitable coating and cathodic protection is often used, where the 
coating is applied down to mid tide level. When the structure 
is also coated in the immersed areas, enough of a smaller 
protective current and cathodic protection system are needed in 
order to protect local areas of anticipated damaged, defective and 
degraded coatings. 

Cathodic protection is often a cost–effective active system to 
prevent corrosion. A minimum potential is required to provide 
CP. In aerobic conditions, protection of steel is achieved at a 
potential of -800mV relative to a silver/silver chloride/seawater 
reference electrode (Ag/AgCl/seawater). This value quoted in 
international standards on CP, such as the National Association 
of Corrosion Engineers (NACE) Standard RP0388. However, 
an electrical potential of -900mV relative to the (Ag/AgCl/
seawater) reference electrode is needed in anaerobic conditions 
and for ALWC. If the structure is composed of separate parts (for 
instance a sheet pile wall), all parts must be mutually electrically 
connected to obtain effective cathodic protection. CP may not 
be fully active at areas where the structure is effectively shielded 
from it, for example, positions where a structure has narrow 
crevices or below disbonded coatings.

Other useful technologies to repair structures include welding 
of doubler plate or wrapping techniques. Tubular pile repair can 
be effected using a coffer dam and may require that steel be 
encased with 75 mm grout using permanent grout bag shutters 
or removable steel shutters.

As Table 2 illustrates, CP can be effective on a typical quay 
structure at a very low cost compared to reconstruction.  
Early detection and moderate repair in conjunction with 
CP retrofit will cost considerable more; however, if ALWC is 
prevented or treated by coatings or cathodic protection in its 
early stages, the long-term financial and operational savings 
could be significant. 

Figure 5. ALWC management strategy flow chart.

Figure 6. Risk management prioritising matrix.

 
Table 2. Cost breakdown for quay structure repair project

Indicative cost per linear metre for quay  % of 
capital cost

Reconstruction (9m mid tide to bed) 100

Cathodic protection  2 – 3

Early/moderate repair and protection – i.e. no holes. 10 – 15

Comprehensive/late repair and protection –  
depending on length of quay and degree of holing 15 – 30
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Design to prevent ALWC
In the design of marine structures, there are two main principles 
for reducing the impact of ALWC: 

1.  Avoid details in the design likely to encourage heavy corrosion 
and apply protection measures.

2.  Allow for future access for inspection and repairs or retrofit 
protection.

The use of different steel qualities in contact with the water 
creates galvanic corrosion cells. These cells can be effectively 
stopped with the use of CP or by interrupting the cell by 
applying a suitable coating. 

Make the structure accessible for inspection and maintenance. 
Avoid areas where access is difficult and make special provisions 
for proper access, including:

•  Shape the coping beam so a limpet dam can be used for 
inspection and maintenance

•  Avoid using pile clusters with very limited space between piles

•  Anticipate future maintenance

•  When it is not intended to apply cathodic protection 
immediately, the implementation of all necessary pre-installation 
provisions for CP should still be considered in order to allow for 
installation at a later date without greatly increased expenditure

Risk based analysis 
A strategy for dealing with ALWC is presented in the form 
of a flow chart in Figure 5, as a long-term monitoring and 
maintenance plan which may require periodic revision as 
conditions change. A risk-based analysis tool, as depicted in 
Figure 6, may be applied to any scale of management, from 
that of a single pile to the management of a large portfolio of 
berths, maritime structures, and other assets. The tool uses a 
standard and proven methodology based on a criticality matrix, 
which considers the impact on the use of the structure and 
the likelihood of occurrence and severity of ALWC attack to 
prioritise structure repairs.

Useful inspection techniques include: Visual inspection 
supplemented by hammer-blow soundings, thickness 
measurements, pitting depths measurements, and electrical 
measurements. Initial surveying must continue until an acceptable 
degree of certainty has been achieved with the results for 
all structures, regardless of whether priority repairs have been 
put in hand for some structures. It is important that the worst-
case attack (on each structure) is identified as soon as possible. 

Repeat surveying is the only reliable basis for forecasting, because 
it should determine the actual corrosion rate rather than the 
presumed linear corrosion rate from construction date.

Summary
ALWC occurs within the intertidal low water zone, apparently 
due to the influence of a mixed colony of microbes, including 
SRB that colonise on steel pile faces. Higher than average 
corrosion rates can be encountered due to ALWC, up to greater 
than 1 mm/yr. If left untreated, ALWC can cause significantly 
premature weakening, perforation, and ultimately, collapse 
of maritime structures. A risk-based analysis procedure, which 
provides a risk-based solution to inspection and maintenance 
management, is essential for maritime assets.

ALWC can be arrested and even prevented by using standard 
corrosion control technology such as CP from mid tide level 
down to bed level, based on economic analysis. A corrosion 
protection regime that employs CP in conjunction with a CP 
compatible coating will protect the non-immersed and tidal zone 
area of the structure, as well as reduce anode consumption. 

Recommendations
1.  All existing immersed structures should be inspected for signs 

of corrosion in the low water zone. 
2.  A risk-assessment strategy to the management of port and 

harbour assets is essential. 
3.  Irrespective of structure size, implementation of an asset 

management system will optimise life-cycle costs while 
minimising operational downtime.

4.  Repair techniques that permit continuous working beneath 
water level (using divers, remotely operated vehicles, or 
remotely operated video cameras) and in dry conditions, using 
mobile coffer dams (i.e., Limpet dams/DZIs) should be used. 
These systems permit high-quality survey, repair, and prevention 
work.

5.  The optimum recommended prevention and repair solutions to 
ALWC are: 

   •  Use of doubler plating/welding over and straddling corrosion 
thinned areas and holes; except for emergency and temporary 
repairs, the temptation to repair small areas using patches must 
be resisted

   •  Installation of a professionally designed cathodic protection 
system based on economic analysis

   •  Protective coatings in conjunction with cathodic protection systems
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