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Dr Jim Breakell is an independent corrosion control and materials 
consultant with a particular interest and expertise in marine 
corrosion and its control, including for ALWC. He is the principal 
author of the recently published CIRIA guidance, Management 
of Accelerated Low Water Corrosion in steel maritime structures 
(C634). In the second part of a two-part article for Port 
Technology International, Dr Breakell examines how to protect 
structures against ALWC, on-going monitoring methods and 
conclusions.

Protecting against ALWC
The protection strategies to treat existing structures, particularly 
those in the early to intermediate stage of ALWC attack or in an 
advanced stage after repair, are generally based on well established, 
conventional corrosion control methods which already have a 
track record of protecting steelwork from other forms of 
corrosion in marine environments. These include:

•  Cathodic protection (CP) using galvanic anode and/or 
impressed current system. Either system can be retrofitted to an 
existing structure. CP is a proven technique for protecting steel 
against both microbiological and corrosion processes in seawater 
and can be expected to be effective on maritime structures up to 
about the mid tide zone area if designed, installed, commissioned 
and maintained properly. The provision of partial CP to locally 
protect repaired areas, by fixing a limited number of galvanic 
anodes adjacent to the repair, has also been used to extend the 
life of such repair areas including welds. 

•  Coatings can protect maritime steel structures that are 
continuously or intermittently immersed in seawater. They 
are available in a variety of types (i.e. organic, inorganic and 
metallic) and forms (e.g. paint films, wrappings/tapes, claddings 
etc) and are most commonly applied by spraying, brushing or 
wrapping to suitably prepared surfaces. Coatings should have 
good resistance to abrasion, biodegradation, chemical and 
microbial attack and be compatible with CP. 

•  Concrete jacketing/encasement; both precast concrete 
elements and concrete cast in-situ have been used for protecting 
solid and skeletal structures. Depending on the cover and 
quality of concrete used, corrosion problems on the substrate 
steel surface and/or reinforcement bars (if used) can occur 
over time due to chloride diffusion and/or carbonation. The 
use of corrosion inhibitors in the concrete mix, pre-coated 
reinforcement bars and CP have been used in the past to reduce 
the risk of such corrosion occurring. Build up of corrosion 
product may eventually lead to spalling of the concrete. Beware 
also of introducing corrosion concentration cells onto the 
structure if only partial jacketing/encasement is applied. 

•  Combinations; most commonly CP in combination with 
organic coating applied in the tidal zone and above. The 
presence of a coating in these upper zones not only provides 
protection where the CP is ineffective but also acts to reduce 

the overall protection current required. This, in the case 
of a galvanic anode system, reduces the number and/or size 
of anodes required or can prolong anode life. Such coatings 
should be fully tested for compatibility with CP (i.e. cathodic 
disbondment testing). Overprotection with impressed current 
CP is to be avoided to minimise the risk of coating disbondment 
or hydrogen embrittlement of any high strength steels or at 
sensitive weld areas. Other combinations such as increased steel 
thickness with partial coating or CP in conjunction with partial 
concrete jacketing/encasement have also been used. 

These foregoing protection methods and others are discussed in 
detail in C634 (Breakell, J E, et al 2005) with specific reference to 
their applicability in protecting maritime structures against ALWC.

In practice, the selection of the most suitable corrosion 
protection strategy for dealing with, or reducing the risk of, 
ALWC on affected structures including repairs (i.e. the lowest 
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cost that meets the particular requirements) will be different for 
each structure and location. The particular circumstances should 
be evaluated on an individual basis taking into account the merits 
and risks of each potential strategy. The final selection will depend 
on factors such as:

• Risk of ALWC reoccurring

• Extent and distribution of ALWC

•  Economics – comparison of the financial implications for 
installation, on-going monitoring and maintenance of candidate 
corrosion control methods (i.e. life cycle cost analysis) and 
available resources.

•  Effective life – how long it performs its protective function 
compared with the design, or remaining, life of the structure.

•  Accessibility – whether it can be satisfactorily applied, 
inspected, monitored and maintained.

•  Disruption – whether it can be implemented with minimal 
disruption to operations.

•  Extent of protection required – The options are complete 
(i.e. applied to the whole structure), partial (i.e. applied in a 
specific zone or zones) or focussed protection (i.e. local at 
ALWC patches).

•  Personnel – Availability of on-site, trained personnel for regular 
inspection, maintenance and monitoring duties.

•  Health and safety issues

•  Environmental implications

It should be recognised, that many of the remedial strategies 
that have been proposed or used to date on ALWC affected 
structures are not yet sufficiently well established to have proven, 
long track records of successful operation. The criteria for optimal 
protection are also not as well understood as for ‘normal’ marine 
corrosion. However, it is to be expected that all will contribute 
to the protection against ALWC to a greater or lesser degree 
if designed, installed and maintained satisfactorily. The general 
recommended approach for existing structures affected by ALWC 
is, therefore, to seek competent and independent, professional 
advice to give the lowest cost approach that meets the particular 
requirements. There are few remedial techniques aimed at treating 
ALWC in a more focussed rather than general way, although one 
based on the use of active agents generated from the seawater 
itself (Breakell, J E, 1999) has recently been awarded DTI and 
EPSRC funding for further development.

On-going monitoring
Once remedial measures are complete, regular monitoring of the 
structure (including any repairs) should be performed to determine 
its on-going condition. The installed corrosion protection systems 
should also be monitored 1) to ensure correct operation, 2) to 
establish maintenance requirements and 3) to confirm the efficacy 
of the protection being applied. The following inspection methods 
should be considered with due regards to means of access and 

health and safety requirements and typically carried out after one 
year and subsequently every 3 to 5 years:

•  General – visual inspection, possibly with divers, with particular 
emphasis in the zones susceptible to ALWC; consider also 
photography, video, ultrasonic thickness measurements, on-site 
sampling and subsequent laboratory analysis of surface deposits, etc.

•  Repair plates and welds – visual inspection and ultrasonic 
thickness measurements.

•  Coatings – visual inspection (e.g. for coating damage, 
disbondment, etc.) and repair, as necessary.

•  Cathodic Protection – visual inspection and electrochemical 
surveys; the latter surveys should be carried out at least annually 
for impressed current systems and every 1 to 3 years for galvanic 
anode systems.

In order to generate comparative results between inspections, 
the owner, contractor and consultant should first agree a suitable 
inspection regime and methods of measurement which should 
be adopted for all subsequent surveys. The records of inspections, 
examinations and repairs should be accurately completed and 
preserved for reference in future inspections or surveys as part of 
an asset management programme.

Conclusions
•  The extent to which a maritime structure has been affected by 
ALWC and the action required to ensure it remains operational 
for the required service life will be determined by inspection and 
structural analysis carried out together with, as appropriate, the 
requirements of an asset management strategy. Note that competent 
inspection is required for the accurate identification of ALWC.

•  Repair techniques available for both skeletal and solid structures 
affected by ALWC include welded patch repair or strengthening 
plates, systems utilising concrete, splicing and replacement piling.

•  The selection of the most suitable protection strategy will be 
different for each structure and location. Seek competent and 
independent professional advice to give guidance on the most 
appropriate strategy that meets the particular requirements and 
when to apply it.

•  Efficient and safe access is required to facilitate in-situ repairs 
and installation of corrosion protection systems.

•  Once remedial measures are complete, regularly monitor 
and maintain the structure, including any installed corrosion 
protection systems both for condition and performance, 
throughout its service life.
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