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Abstract:  The Brotherson Dock Life Extension (BDLE) project aims to extend the useful life of the 
Brotherson Dock container wharf structures at Port Botany. The wharf structures were built 40 years ago 
and subjected to harsh environmental conditions and operational wear and tear. Chlorides from seawater 
have slowly ingress into the concrete and caused corrosion of the embedded reinforcement steel. Corroded 
steel expands, which cracks, spalls, and then delaminates the concrete cover layer, resulting in loss of 
structural capacity and reduced service life. The project has repaired the current damage and protected the 
wharf structure from future corrosion risk.

The BDLE project consisted of the repair to approximately 2km of quay line and focused on the DP World 
(Berth 10-12) and Patrick (Berth 7-9) terminals. The project involved removal and reinstatement of 340m2 
of defective concrete material, installation a Hybrid Anode Cathodic Protection (HACP_ system with over 
23,000 anodes installed, installation of a submerged Impressed Current Cathodic Protection (ICCP) system, 
and application of a silane impregnating coating system. Port Botany's primary trade is containers, and the 
Port currently handles 96.6% of New South Wales' container volume, making it one of Australia's busiest 
ports presenting unique challenges which were overcome with strong collaboration with all stakeholders 
and to high QSHE standards.
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1. Introduction 

1.1 Northern and Southern Quays (Berth 7-12) 
The Northern Quay operated by Patrick Pty Ltd. Consists of four berths Berth 6 – 9 which is constructed 
using precast counterfort units that measure approximately 18m x 6m, the base of the units is approximately 
15m in breadth tapering up to 4m. Each counterfort unit is topped with a cast in situ capping with a precast 
capping beam tied into the cast inset elements. Protection of the capping beam (atmospheric) and the 
counterfort units (immersed) was the primary goal of the Brotherson Dock Life Extension Project. The 
Northern quay is constructed using approximately 165 counterfort units.    

The Southern Quay operated by DP World, consists of three berth, Berth 10-12 and is similarly constructed 
using counterforts units, however, also contains a Caisson installed at the end of Berth 12. Berths 10-12 
consisted of approximately 153 counterfort units. 

Berth 7-12 was constructed in the late 70; s and early 80’s and has showed signs of chloride ingress and 
resultant corrosion. Berth 6 was constructed during the Port Botany Redevelopment Project in 2013 and 
was not included within the remedial works.

1.2 Southern Return and Eastern Quay 
The Eastern Quay is approximately 200m long and was constructed using a combination of counterfort units 
and sheet piles. While the Southern return was approximately 100m long and was primarily constructed 
using counterfort structures and one corner caisson at the northern end of the Southern Return.   



2. Remediation Concept

Based on the results from a series of investigations completed by AECOM, GHD Consulting and Infracorr 
Consulting from 2007 to 2016, it was concluded that elements of the wharf structure were suffering from 
chloride induced reinforcement corrosion, including the front face, infill and soffit of the capping beam, the 
nib and the counterfort units. Remediation options including concrete patch repairs, the installation of an 
electrochemical corrosion protection system and silane impregnation were recommended to repair the 
wharf structure and increase its serviceable life.  

NSW Ports engaged Infracorr to design remediation works, including the design, preparation of a 
specification and “For Construction” drawings, to extend the serviceable life of the Brotherson Dock wharf 
structure for fifty years. 

3. Corrosion Mechanism

Corrosion of reinforcing steel and other embedded metals is the leading cause of deterioration in 
concrete. When steel corrodes, the resulting corrosion product occupies a greater volume than the steel. 
This expansion creates tensile stresses in the concrete, which can eventually cause cracking, 
delamination, and spalling.

In general terms concrete is an alkaline material, typically with a pH ranging between 12-13. This alkalinity 
provides the steel with a high degree of protection against corrosion through the formation and presence 
of a passive layer on its surface. This film is dense and impermeable multi-layer product consisting ferric 
oxides (Fe2O3 & Fe3O4), and when completely established and maintained, prevents further corrosion of 
the steel.

Over time as a marine structure is exposed to chloride rich environments, chloride ions can migrate 
through the surface cover and can cause corrosion of steel, even if high alkalinity is maintained greater 
than 12. Mechanistically, the chloride ions do not directly attack the integrity of concrete causing 
degradation, however they diffuse through the pores until reaching the steel surface. Chloride ions then 
react with the oxide film causing a local breakdown of the passive film through localised disruption, and 
subsequently pitting corrosion initiates and propagates.

4. Remediation Contract Scope 

4.1 Contract Particulars
In May 2017 the NSW Ports invited tenders for the repair works to be completed over an extended period.  
The contract was based on Australian Standard 4906 – Minor Works Contract and incorporated a 
schedule of rates contract, with the quantity of provisional items such as concrete repairs being measured 
and reimbursed during the progress of the works. 

The tender contract period was 2 years, with a defect liability period of 12 months.  The contract period 
was extended on several occasions to account for the increase in concrete repair areas as well as the 
suspension of the works for six months while the Patricks completed internal upgrades, MCM’s activity 
would have posed an additional disruption to operations which couldn’t be accommodated. 

4.2 Staging of Work
The staging of works was highly variable and required the crews to be extremely flexible to manage the 
frequent shipping movements and tidal conditions. During the planning stages of these works it was 
envisaged that the crew operating in DP World (Berth 10-12) would be opened at the same time as the 
Patrick Berths (7-9). Due to the locality and layout of the sites, MCM had two site facilities and laydown 
areas, one at each terminal. The original plan was that the Northern and Southern Facilities would be the 
primary work areas and only when operations precluded MCM activity the crews would mobilise to the 
Eastern Quay being viewed as and areas for downtime works.



Figure 1. Brotherson Dock Life Extension - Work Staging 

In order for the project to flow efficiently the work breakdown structures needed to follow a set sequence of 
activities to ensure that enough forwards works were completed before other trades commenced on site. 
For instance, Fender Removal needed to be completed before any concrete survey and repairs could 
commence.   

For each unique activity, the works were delivered via task specific installation crews.  Each installation 
crew was self-sufficient with transport, access, power, and materials.  Facility based forklifts (ie one forklift 
each facility) will support each Installation Crew during setup, relocation and pack-up.  

Typical resources required with each of the Installation Crews as per below:

Table 1.  Specialised Installation Crews & Allocated Resources  

Ref Installation Crew Resources
1 Fixed Fender Crew  3 x general hands 1 x access platform 1 x 

hiab truck 1 x forklift (supporting)
2 Survey & Set Out  2 x technicians 1 x general access platform 

1 x forklift (supporting) 1 x truck 
(supporting)

3 Drilling & Slot Cutting  2 x technicians 1 x drilling rig & access 
platform 1 x forklift (supporting) 1 x truck 
(supporting)

4 Repairs & Anode Installation  1 x CP technician 2 x technicians 1 x 
access platform 1 x forklift (supporting) 1 x 
truck (supporting)

5 Water CP  2 x technicians 1 x access platform 1 x 
forklift (supporting) 1 x truck (supporting)

The above table is visually represented by the model presented below.



Figure 2. Task Focused Crew Model

4.3 Practical Constraints
The practical constraints on the project included the following:

• Removal of Pneumatic Fenders 

• Ship Movements/Berth Operations

• Tidal work

• COVID-19 

There were numerous constraints associated with the works; however, the biggest challenge of the project 
was operating within the live container terminals (DP World & Patrick). The original plan to use temporary 
floating fenders to allow MCM to work in with the container ships was abandoned as it would limit the ship 
to shore cranes' ability to load/offload vessels. Consequently, MCM was required to operate in smaller 
sections of quay line 50-80m increments. When ships needed to berth MCM crews had to demobilise site 
and move to alternative areas. Shipping schedules changed frequently (hourly in extreme cases), and the 
crews needed to be able to react and change work plans accordingly. Ultimately working during continuous 
stevedoring operations became untenable and alternative access arrangements were negotiated. 

As expected, weather and tidal conditions within Port Botany at times are extremely aggressive with 
conditions changing rapidly with the onset of southerly breeze precluding any tidal based activities.

In relation to the system installation, areas of heavily congested arrangement of the steel reinforcement was 
also a constraint that needed to be considered in the final design. 

Additionally, our work was fully operational during the Covid-19 pandemic which created additional layers 
of complexity relating to permitting and occupational health and safety.



As discussed above, provided that the temporary fenders were abandoned, resulted more interaction with 
shipping and berth operations for safety reasons, all workers ceased works activities for 30 minutes prior to 
a vessel berthing and 30 minutes after its departure. All works the areas were landside restricted zone and 
required all personnel to have MSIC clearance. 

The variety of activities and operators in the vicinity meant that a system of communication was essential 
with all relevant NSWP, the Vessel Traffic controllers (VTS/PANSW) and the berth users (DP World, Patrick, 
Switzer).  Daily liaison was made with NSWP and others to plan and coordinate items such as:

• Access requirements to the work areas.

• Undertaking of and inspections.

• Shipping movements.

• Safety and environmental management measures and their implementation.

• Planning for taking possession of new work areas.

MCM with the assistance of NSWP, carefully planned the work zones so that there were always areas of 
works available during times where berth space was unavailable. Given that the floating fenders were not 
actioned and consistent berth occupancy these stand-down work areas were completed sooner than 
anticipated. Despite daily meetings and planning sessions the reduced access constraints proved too 
restrictive on the progress of works which led to further negotiations and development of an alternative 
access arrangements which better supported both site and project objectives. The new arrangement 
required MCM to suspend works for several months while the Stevedores completed critical internal capital 
works. Once MCM was able to re-mobilise to site NSWP provided 300m of unimpeded access to the facility 
under the provision that MCM bolstered crew to accelerate the works.

With reference to the Hybrid CP system installation, pre-encapsulated Hybrid anodes were installed in the 
concrete cover parallel to the concrete surface. The use of such anodes prevented short circuits and 
removed the requirement to drill into the capping beam where a risk of cutting the steel reinforcement would 
have been otherwise present. 

To manage the tides and weather MCM supervisors and management would regularly meet to discuss and 
plan the schedule the look ahead works to ensure key targets were met. Having a good mix of low and high 
tide works would ensure that delays due to tides and weather conditions were minimised.



Figure 3. Model of Crane and Mooring line interactions with MCM Crews

5. Access
The Brotherson Dock Life Extension Project’s access platforms were designed to facilitate the installation 
of the Hybrid & Impressed-current Cathodic Protection Systems and complete the concrete repair works as 
prescribed.  The platforms were designed to be multipurpose and able to complete several different tasks.

The temporary access decks were engineered to be as lightweight and as low-profile as possible (figure 6).  
Furthermore, it was imperative to avoid having any structural elements protruding above the kerb so that 
the risk of fouling with mooring lines was minimised.  The access platforms were designed to Australian 
Standard AS 4997-2005 – Guidelines for the design of maritime structures and, where additional guidance 
was required beyond the scope of the Australian Standard, reference was also made to BS6349 – Maritime 
Structures.

Figure 4. (a) Access Deck Type A (b) Access Deck Type C

6. Fender Removal/Installation 
Before commencing work on concrete repairs, the existing arch fenders installed on the capping beam face 
required removal by unbolting these from their fixings. A bespoke access deck was designed to allow the 



deck to straddle the arch fender using a HIAB crane truck, the fender was then removed using pneumatic 
tools and compressor housed on the crane truck.  At the completion of all works on a capping beam panel, 
the fenders were reinstated in their original location and fixed to the refurbished concrete capping beam.  

Figure 5.  Access Deck Type B

Figure 6. (a) Timber Fender Removal - Using Crane Barge Typical Arch (b) Fender removal using 
Crane Truck 



7. Concrete Repairs 
Areas to be repaired were identified by hammer-tapping for delamination and then marked jointly by NSWP 
representative and the contractor the areas were delineated on the concrete surface.  Concrete breakout 
was generally done by percussive hand tools, however in some circumstances where the area grew 
breakout occurred using hydrodemolition with a truck-mounted pump set up on the wharf deck and hoses 
fed over the front edge of the capping beam. 

The marked concrete was removed to a minimum depth of 20mm beyond the internal face of the outer 
reinforcement.  Lateral (plan) concrete removal extended at least 50mm beyond any actively corroding 
reinforcement.  If this required breakout beyond the drummy areas marked out initially, the increase in extent 
was agreed with the NSWP representative.  The final (actual) breakout area was measured and agreed with 
the NSWP representative and recorded on a checklist, which also noted any reinforcing that was augmented 
or replaced.  For comparative purposes, the initial estimated quantity for the project was 147m2 (inclusive 
of contingency); and the final as-repaired quantity was 341m2 average repair was in line with the anticipated 
depth of 90mm. The Eastern Quay (112% increase) and Berth 7 (291% increase) contributed to the largest 
increase in concrete repair growth, provided that these areas are subject to greater exposure to large swell 
conditions and hence greater chloride ingress.  

The exposed reinforcing steel was cleaned of rust and salt by mechanical preparation to minimise the 
number of debris entering the watercourse. The mechanical cleaning process was effective at removing the 
corrosion products adhered to the surface and once removed highlighted how significant the corrosion was. 
The steel was inspected by NSWP representative and the contractor and any steel that had lost 10% of its 
cross-sectional area was deemed to need replacement. Considering the age of the structure, the amount 
of steel requiring augmentation was relatively low approximately 200lm. 

Figure 7. (a) Breakout of Concrete capping beam (b) Breakout of Concrete capping beam 
Concrete repair areas will generally be reinstated using a hand applied methodology with pre-bagged 
proprietary products with specifications including low shrinkage, high compressive and bond strength. The 
area was saturated and surface dry by frequent wetting with potable water, and a slurry coat will be applied, 
which will act as a substrate bonding agent. The mixing will take place adjacent to the workface and the 
product will be applied by the hand rendering method, in 30-50mm deep layers to prevent slumping of the 
material. Each intermediate layer will be scratched to promote bond with the subsequent layer. All hand-
patched areas will be cured with after achieving initial set. No rebar primer was used as per the specification. 

Larger sections of concrete breakout were completed with hydro-demolition, although handheld 
jackhammers and grinders were used to cut at right angles and square off the patches. 



Bond strength testing was completed across both structures to ensure that the applied repair material met 
the manufacturers and consultant’s specifications. Cores were taken at various locations to ensure the 
samples were representative of the works. Testing of the samples was conducted off-site at a NATA 
accredited lab. 

For the bond strength, cores were required to be taken at rate of 3 tests/50m2 of applied repair material. 
The tested cores needed to achieve an average of 1MPa, with no single result less than 0.8MPa to be 
considered a pass. The results obtained were above the required average recording 2.4MPa well above the 
pass criterion specified. 

Figure 8 Typical Schematic of Cores Samples

8. Anode Installation – Hybrid
To commence with anode installation, a Covermeter/GPR survey was carried out in unrepaired areas to 
determine the reinforcing steel layout. Following this, nominal 30mm diameter holes were drilled to the 
nominated depth. To increase efficiency of the anode installation an automated drilling rig was engineered 
specifically for this project. The drilling platform has been engineered so that drills are positioned at the 
correct spacing. The operator of the drilling machine will select which drills are engaged by operating the 
PLC or manually operated valves. 



Figure 9 - Automated Drilling Rig Schematic

All anode holes were connected by 4mm wide by 15mm deep slots for the conductor titanium wire. These 
slots will be cut horizontally and vertically to connect all anodes in each subzone/panel. The drilled holes 
will be soaked with water before installing the anodes. When ready to install, the anodes will be prepared 
with the appropriate length of titanium wire and plastic screw connectors. 

A sealant gun with a hose extension will be used to inject the anode mortar into the hole, ensuring enough 
is injected to encapsulate the anode once it is inserted, with 20mm cover at the base of the hole and 
sufficient space at the top of the hole to allow for the application of the repair mortar plug. As each hole is 
filled, the anode was inserted and clipped to the connector wire with the supplied plastic screw connectors. 
Twisting the excess wire from the anode around the conductor wire will assist in ensuring continuity. 

The energizing of the Hybrid anodes for the impressed current stage was carried out at junction boxes and 
energised using temporary power supplies. Each string of anodes was tested as a separate zone. A shunt 
box and a voltmeter will be used to monitor the current flow during anode installation and identify any short 
circuits. As each anode is inserted and connected, the current flow was recorded. If any anode showed an 
abnormally high or low current, it was disconnected and reinstalled. 

During the initial impressed-current phase, active corrosion sites are re-alkalised, which stops active 
corrosion and returns the steel to a passive state.  The impressed-current is continuously maintained for a 
minimum duration of about nine days and continues until the required 50kC of electrical charge has been 
passed to the reinforcing steel for each square metre of its surface area.

The anodes are to remain powered for 7 to 10 days or until the 50kc/m2 criteria has been achieved and no 
further impressed current energising is required. Each anode string was tested twice a day during this 
period. Upon achieving criteria, the power source will be removed, and the positive cable terminals were 
linked to the negative cable terminal at the junction box as the system goes into its galvanic stage.     

A total of 23538 Hybrid anodes were installed across all seven Berths.



Figure 10. (a) Installation of Hybrid Anodes (b) Current Monitoring & Short Circuit Testing of 
Hybrid Anodes

9. Anode Installation – Impressed Current 
In accordance with the technical specification, 1.2m long jetty anodes (complete with 16mm2 cable tail) was 
installed and mounted to the “free issue” anode mounting brackets. Each bracket will be installed 
approximately 30m apart (i.e., 4 counterfort units) as detailed in the design drawings. Each anode was 
connected to a corresponding 185mm2 zone header cable which will then splice to a 95mm2 positive cable 
before being terminated within the designated TRU using the services pits which ran along the length of the 
quay line, each splice was terminated using epoxy filled cast kits.



. 
Figure 11. Typical Schematic of TRU Locations

A total of four (4) TR units were installed two at the end of Berth 9 (Patricks – TRU-C) one within the Eastern 
Quay (TRU-B) and one at the end of Berth 12 (TRU-C). The TRU’s were connected to one another via 
remote/GSM connections and are controlled from a central location. A total 77 ICCP anodes were installed 
with a total of 22.6 Kilometres of positive feeder and negative return cabling installed.

Figure 12. ICCP anodes Schematic and Installation Photo

10. Protective Coating 

A silane with at least 98% isobutyltriethoxysilane was specified for the protective coating of the wharf soffit. 
The emulsion was selected over a liquid version because of its much-reduced risk of spillage to the 
waterway during application.



The surfaces were prepared by water-blasting at approximately 3,000 psi to remove surface contaminants 
and any curing compound applied to the repairs. The surface was left to dry for at least three days before 
coating application could proceed.  Works were scheduled where consecutive dry days were forecast 
ensuring the concrete was dry before application. 

The silane coating was applied to the capping beam, capping beam soffit and 2m of the deck from work 
punts after the access decks had been removed, using rollers.  The target application rate was 0.35litre/m2 
per coat, depending on the absorbency of the substrate.  A minimum of 2 coats was applied and 
approximately 7,500m2 was applied over the entire asset. 

11. Conclusions
The project is an example of exemplary practice in the repair and protection of concrete wharf substructure 
in Australia.  The environmental constraints required flexibility and continual planning to carry out tidally 
influenced work in an extremely busy port facility.   

Safety was a major focus as the contractor’s crew was required to work around ships and heavy vehicles 
arriving, loading, and departing.  Completion of the project without delays (outside of the increase scope) or 
major incidents was achieved through strict adherence to procedures and excellent communication between 
the contractor, vessel traffic controllers, the owner, and the berth operators.   

All the works identified in the original tender were completed and were done in conjunction with the NSWP 
representative and consultants.  The collaborative approach adopted for his project ensured the successful 
completion of these works. With respect to the actual repair quantities which originally had 147m2 
earmarked for repair, required a total of 341m2 – an additional 132% above the estimated quantities.  

Other factors that may have contributed to this result include the considerable period between survey and 
work; and the fact that many parts of the berths could not be accessed by boat in the very restricted space 
among the operations.  It is always difficult to predict concrete repair quantities until the access is installed 
and the work has started, but a detailed drummy survey of all concrete surfaces is essential in making a 
reasonable estimate.
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