Department of State Growth

SECTION 681
‑
CATHODIC PROTECTION OF REINFORCED CONCRETE STRUCTURES
##This section cross-references Sections 160, 168, 176 (or 177), 684, 686, 687 and 689.

If any of the above sections are relevant, they should be included in the specification.

If any of the above sections are not included in the specification, all references to those sections should be struck out, ensuring that the remaining text is still coherent:

681.01
GENERAL

This section specifies the requirements for the cathodic protection (CP) of steel in reinforced concrete structures which are atmospherically exposed, buried or submerged.  The section applies to both new and existing structures, including relevant inspection and testing, acceptance criteria for both normal reinforcement and prestressed reinforcement embedded in concrete.

Cathodic protection of prestressed reinforcement embedded in concrete shall be subject to approval by the Superintendent.

Note:  Due to the possible occurrence of hydrogen embrittlement, high strength steels should not be exposed to a potential more negative than ‑900 mV (Ag/AgCl/0.5M KCl).  Prestressing steel may be sensitive to hydrogen embrittlement which can cause catastrophic failure due to high tensile loading of prestressing members.  It is essential that caution be exercised in any application of CP to prestressed elements.

CP of steel in reinforced concrete structures shall be undertaken in accordance with the requirements of AS 2832.5, unless otherwise stated.

681.02
PROTECTION CRITERIA
The CP system shall deliver sufficient current to satisfactorily polarise the reinforcement of the whole of the reinforced concrete structure in all cathodic protection zones.

Satisfactory polarisation shall be demonstrated by achieving the protection criteria in accordance with the requirements of AS 2832.5.

Satisfactory polarisation of the steel reinforcement in accordance with these protection criteria shall be achieved within 26 weeks of the date of first energising the CP system for all zones.

681.03
ASSESSMENT OF EXISTING STRUCTURES

The Contractor shall undertake an assessment of the structure, including its material condition, structural integrity and whether and how to repair it, in accordance with the requirements of Section 3.2 of AS 2832.5.

The assessment of the structure shall include as a minimum:

(a)
the nature, extent, location, severity and causes of damage and/or deterioration, and the ability of the structure to perform its function;
(b)
the likely remaining service life of the structure;
(c)
what is required to make the structure safe before and throughout any repair work, and for the required service life.
Any structural assessment that is required shall be undertaken by an Engineer who has qualifications admitting to Corporate Membership of the Institution of Engineers, Australia with a minimum of 5 years practical experience in the design and structural assessment of concrete structures.



To confirm the suitability, determine the extent of the CP system and provide design input for the system, the diagnostic investigation shall be representative of the various structural components of the structure and the cathodic protection exposure zones stated in Clause 681.09 and shall include:

(a)
visual inspection of all defects such as cracks, honeycombing or poor construction joints including a comprehensive photographic record;
(b)
delamination survey of the cover concrete;
(c)
chloride determination at incremental depths and analysis;
(d)
carbonation depth measurement;
(e)
concrete cover;
(f)
alkali aggregate reaction (AAR) assessment, including any long term residual effects of AAR if any over the longer term;
(g)
steel reinforcement continuity -


(i)
continuity between elements of the structure within each zone of the CP system,


(ii)
continuity of reinforcement within elements of the structure,


(iii)
continuity of metallic items, other than reinforcement, to the reinforcement itself;
(h)
potential mapping;
(i)
concrete electrical resistivity;
(j)
corrosion rate measurement;
(k)
compressive strength of concrete;
(l)
volume of permeable voids (VPV) of concrete.

The location and frequency of sampling and testing shall be as specified on the drawings and in this section.

681.04
STANDARDS
(a)
Australian Standards


AS 2239
Galvanic (sacrificial) anodes for cathodic protection

AS 2832.1
Cathodic protection of metals; Part 1: Pipes and cables

AS 2832.2
Cathodic protection of metals; Part 2: Compact buried structures

AS 2832.3
Cathodic protection of metals; Part 3: Fixed immersed structures


AS 2832.4
Cathodic protection of metals; Part 4: Internal surfaces

AS 2832.5
Cathodic protection of metals; Part 5: Steel in concrete structures


AS/NZS 3000
Electrical installations (known as Australia/New Zealand Wiring Rules)


AS/NZS 3012
Electrical installations – Construction and demolition sites


AS 3799
Liquid Membrane ‑ Forming Curing Compounds for Concrete.
(b)
Other Standards


ASTM B265
Standard Specification for Titanium and Titanium Alloy Strip, Sheet, and Plate.
The requirements of the above standards shall apply unless otherwise stated.



681.05
DEFINITIONS
Cathodic Protection (CP):    Cathodic protection of reinforcing steel in concrete is an electrochemical method used to mitigate active corrosion of steel reinforcement, or prevent future reinforcement corrosion by passing a small direct current between an external or embedded anode material and the steel reinforcement.  Sufficient cathodic current will ensure the reinforcing steel is entirely cathodic and suppress any existing or future anodes on the steel within the concrete electrolyte.

Electrolyte:    The liquid component in a composite material such as soil or concrete, in which electric current may flow by ionic charge transfer.
Anode:    A metal which is placed in or in contact with an electrolyte and connected to the steel reinforcement to apply CP to a reinforced concrete structure.
Impressed current cathodic protection (ICCP):    Cathodic protection effected by applying direct current supplied by an external power source to cathodically protect the steel reinforcement in a concrete structure.  The ICCP system necessitates the presence of normal AC power and a transformer/rectifier to convert it to a DC power source.  The external DC power unit is used to create an electric circuit between the steel reinforcement and supplemental anodes which are fixed onto the external concrete surface, embedded into the concrete or buried or submerged (the latter in the case of protection to the buried or submerged zones).  The steel reinforcement is connected to the negative DC output and the anodes are connected to the positive DC output.
Sacrificial anode cathodic protection:    Cathodic protection effected by connecting a low driving voltage sacrificial anode (i.e. reactive metals such as zinc, aluminium or magnesium or alloys of these metals) onto the steel to develop a potential difference between the two metals which is sufficient to counteract any corrosion cells existing on the steel.  The anode material discharges current to the steel through the concrete electrolyte and corrodes preferentially.

Reference electrode:    A monitoring sensor (i.e. Ag/AgCl, Mn/MnO2, Cu/CuSO4) which is permanently fixed (embedded) within an electrolyte, such as concrete, and close to the steel reinforcement, used to measure the electrical potential of that portion of the steel reinforcement.

Transformer/rectifier (T/R):    An electrical power unit which transforms and rectifies AC line voltages to the required lower DC output voltages, also referred to as a ‘DC power supply’.
Zone:    A discrete part of a reinforced concrete structure and/or CP system characterised by different environmental exposure conditions (i.e. submerged, tidal, splash, atmospheric zones) within its overall in‑service environment.

Energising:    The process of the initial application of power to an impressed current cathodic protection system.
681.06
CONTRACTOR COMPETENCY
All Contractor, subcontractor, consultant and supplier personnel used in the design and installation of CP of reinforced concrete shall demonstrate competency through a minimum of 5 years experience in the cementitious patch repair, rehabilitation, coating and CP of concrete structures and demonstrate competency for surface preparation and associated CP system disciplines, and application of the associated cementitious repair materials.  Other staff shall work under direct supervision of the competent personnel.

The CP system installation supervisor shall be trained and qualified in all aspects of the applied techniques and shall be present during work at all times.  Application personnel shall be adequately trained in installation of the CP system and application of the cementitious repair materials.



Documented evidence shall be available to demonstrate experience, qualifications, skills and training of personnel, subcontractors and suppliers.  The Superintendent shall have the sole authority to approve or reject the nominated persons or organisation.

Personnel operating powered boats shall hold a current limited Coxswain's Certificate.
No changes to personnel involved in the project shall be made without the Superintendent's approval.

681.07
MATERIALS FOR CATHODIC PROTECTION SYSTEMS
(a)
General


The types of CP systems which are considered to be suitable for incorporation into the protection of reinforced concrete are:


•
ICCP system with slotted anode ribbons

•
ICCP system with internal anodes


•
ICCP system with mesh anode and cementitious overlay


•
ICCP grid system


•
ICCP system with conductive ceramic anodes

•
ICCP with remote anodes (i.e. buried or submerged) located in the water or mud/soil


•
Sacrificial or galvanic anodes for use in soils, sea and other waters, complying with the requirements of AS 2239.

Due to the differing exposure environments of the various structural elements described in Clause 681.09, more than one system type may be required to be incorporated in the cathodic protection system.


All buried or submerged anodes shall comply with the requirements of AS 2239 and AS 2832, Parts 1 to 4.

Conductive anode systems incorporating either organic or metallic coatings or systems not identified in this clause require approval by the Superintendent.
(b)
Activated Mixed Metal Oxide Titanium Anodes


All anode material embedded within cementitious material shall be activated mixed metal oxide coated titanium (MMO/Ti) in mesh or solid ribbon or similar mesh, grid or tube form that can be installed on the concrete surface, recessed in cover concrete, or embedded within a new or existing structure.  Sufficient anode material shall be installed to provide the necessary current to achieve full cathodic protection in accordance with AS 2832.5 while maintaining a current density on the anode surface of no more than 110 mA/m2.


All titanium used for connecting the anode material shall be Grade 1 titanium conforming to ASTM B265.


The anode material and the titanium feeder strips shall be electrically isolated from any reinforcing steel, any embedded metal work or any conductor in contact with any embedded metals, when installed, after cementitious material placement and after curing.  Methods of electrical isolation where anodes are likely to accidentally come into contact with any embedded metals may include wrapping the anode material and the titanium feeder strips with insulating tape or application of a layer of epoxy resin.    All such taping, application of epoxy or other methods of isolation shall be subject to review by the Superintendent.



The depth of cover concrete over the reinforcing steel beneath each cable slot, adjacent to core holes or beneath the final location of the anode material and the titanium feeder strips shall be measured and results provided for review by the Superintendent.   The minimum separation between the MMO/Ti anode material (including the titanium feeder or connecting strip) and reinforcement shall be 10 mm.


Where anode ribbon mesh is to be installed in slots within the cover concrete, the anode ribbon mesh shall be installed within horizontal slots cut 8 mm wide x 40 mm deep along the full width of the concrete component and at 200 mm centres, unless otherwise shown on the drawings or this section.

The anode material shall be fully embedded in well compacted, cementitious grout or concrete and continuously covered with a minimum 15 mm of grout or cementitious material.

(c)
Connection of the Anodes


Each individual anode material shall be spot welded to a 12 mm wide x 1 mm thick grade 1 titanium strip with a minimum of three spots.


For connections of mesh anodes 12 mm wide x 1 mm thick grade 1 titanium strip shall be spot welded to the full perimeter of anode mesh panels.  Connections that are required by the design between anode mesh panels within the same zone shall be made by at least two titanium strips spot welded to the perimeter strip.  Each anode mesh zone shall be spot welded to a 12 mm wide x 1 mm thick grade 1 titanium strip at each end.


Each of the titanium strips at each end shall be connected to a 1.5 mm2 flexible copper cored cable, PVC double insulated, which extends to a junction box mounted as shown on the drawings and/or as stated in this specification.  All surface mounted conduits shall be supported using grade 316 stainless steel full saddles and 316 stainless steel screws into insulating plugs.  The length of the insulated plugs shall exceed the depth of the screws by at least 5 mm.


Connection between the titanium strip and copper cored cable shall utilise a 6 mm diameter hole drilled centrally through the strip, suitably sized copper crimp lug and 6 mm stainless steel set screw, nut and washers.  The completed bolted connection shall be fitted with a PVC former and encapsulated with electrical grade epoxy casting compound.


The electrical grade epoxy casting compound material used for encapsulating connections shall have the following minimum properties as demonstrated through the product data sheet:



(i)
Thermal Conductivity
0.66 W/(m.K)



(ii)
Thermal Expansion (Linear)
1 x 10-5 K-1


(iii)
Barcol Hardness
25



(iv)
Heat Deflection Temperature
50ºC



(v)
Volume Resistivity
1014 ohm.cm at 25ºC



(vi)
Dielectric Constant
3.28



(vii)
Power Factor
0.015.

Cables shall run vertically up columns and other vertical concrete components within a cable slot and cables shall be backfilled to ensure a minimum cover over the cables of 25 mm.


All items including cables and titanium strips shall be embedded up to locations where components are out of reach of potential damage or vandalism.



(d)
Backfilling of Core Holes and Slots


Internal anode core holes, anode slots, connections and cable slots shall be backfilled with a single component proprietary cementitious mortar with a minimum compressive strength of 23 MPa at 28 days and an electrical resistivity of less than 15,000 Ωcm in accordance with the requirements of Section 689.  The backfill mortar shall be compatible for use with cathodic protection and of proven suitability and durability, as demonstrated by the product datasheet.  The contractor shall provide a work method statement detailing the intended method of ensuring the cementitious backfill grout fully encapsulates the anode material, connections and cable within the core holes and slots, including quality control testing in accordance with the requirements of Clause 689.12.  The general backfilling procedure shall be as follows:



(i)
Ensure the core holes and slots are clean and free from all debris that may obstruct the anode insertion.  The slot surface shall be roughened prior to installing the anode material.



(ii)
Pre-soak the anode material in grout slurry and work the slurry into all parts of the anode geometry.



(iii)
Prime the slot using the slurry of the proprietary cementitious mortar in accordance with the manufacturer’s instructions.



(iv)
Mix the grout to a putty consistency as per the manufacturers instructions.



(v)
For core holes pack grout in the base of the hole and insert the anode to ensure a minimum 100 mm cover between the end of the anode and the concrete surface.  The anode to cable connection shall be in this area.  For slots pack grout in the base of the slot and insert the anode material to ensure a minimum 15 mm cover between the anode material and the concrete surface.



(vi)
Place further grout around the anode, working in with a suitable tool to ensure penetration of grout down the sides of the hole or the sides of the slot.  Use an 8 mm wide packing tool to ensure the anode material does not lift in the slot.



(vii)
Fill and pack the hole with grout.


The MMO/Ti anode material must not be allowed to exit the hole or slot for any connections.  Only the titanium strip shall exit the concrete or grout where necessary.


The grout shall be trowel finished to match the existing concrete surface and cured with two coats of an approved curing compound in accordance with the requirements of AS 3799.


The contractor shall provide test method statements for review by the Superintendent, detailing the intended testing to ensure that total isolation is achieved between the anode materials and the reinforcing steel in accordance with the requirements of AS 2832.5.

(e)
Cementitious Overlay to Titanium Anode Mesh


The titanium anode mesh and prepared concrete substrate shall be overlayed with a single component proprietary spray applied cementitious mortar using the wet or dry sprayed concrete process in accordance with the requirements of Sections 684 and 689 and shall be compatible and suitable for use with cathodic protection.

The electrical resistivity of the spray applied cementitious mortar shall be less than 15,000 Ωcm and shall be compatible with the requirements of the CP system.  Specifications for the spray applied cementitious mortar and systems shall be detailed by the Contractor and shall include quality control testing in accordance with the requirements of Clause 689.12.  The Contractor shall comply with all appropriate reference standards for specification and testing.




The Contractor shall provide a work method statement detailing the intended method of ensuring the spray applied cementitious material fully encapsulates the anode mesh attached to the concrete substrate.  The concrete substrate shall be prepared in accordance with the requirements of Section 689.


The outer edge of the titanium anode mesh shall be continuously covered with a minimum 15 mm of spray applied cementitious overlay.  The titanium anode mesh must not be allowed to exit the spray applied cementitious overlay for any connections.  Only the titanium strip shall exit the concrete or spray applied cementitious material where necessary.


The spray applied cementitious mortar overlay shall be trowel finished to match the existing concrete surface and cured with two coats of an approved curing compound in accordance with the requirements of AS 3799.  Curing compounds shall be removed prior to the application of any protective or decorative coatings in accordance with the requirements of Section 686, unless documented evidence is provided to the satisfaction of the Superintendent that the applied curing compound is compatible with any proposed coatings.


Immediately after placing and for 7 days, the concrete repair material shall be protected from drying out and against the harmful effects of tidal actions and weather including rain and rapid temperature changes.


The contractor shall provide test method statements detailing the intended testing to ensure that isolation is achieved between the anode materials and the reinforcing steel.


All materials proposed for use as part of the works shall be submitted for approval by the Superintendent.  No material shall be used on site without prior written approval of the Superintendent.
(f)
Transformer/Rectifier (T/R)

The transformer/rectifier unit and control panels shall comply with the requirements of AS 2832.5.

681.08
CATHODIC PROTECTION REGULATIONS

The Contractor shall identify and confirm the existence of any assets attached to the reinforced concrete structure, and/or their presence within the surrounding ground.  The Contractor shall further ensure that the CP system, once it has been activated, will not create any adverse effect upon those assets or any other part of the reinforced concrete structure, by creating stray current or interference, and shall design the system appropriately.

The Contractor shall obtain approval to operate the system from the Superintendent and any authority whose assets could be affected, prior to switching on the system.  Any required interference testing shall be the responsibility of the Contractor.

681.09
CATHODIC PROTECTION EXPOSURE ZONES

The following exposure zones have been identified as having different environments which the Contractor shall take into consideration when designing the CP system:

•
Atmospheric zone
•
Splash zone
•
Tidal zone
•
Submerged zone.


681.10
DESIGN OF CATHODIC PROTECTION SYSTEMS

The Contractor shall perform the detailed design of the CP system which shall be capable of delivering sufficient current to satisfactorily polarise and provide 100% protection to the whole of the reinforced concrete structure as stated in this specification for a design life of not less than 30 years.

The design shall include:

(a)
preparation of detailed working drawings and technical specification, including details of the location of monitoring devices (reference electrodes), plus performance requirements of the system;

(b)
drawings describing the extent and type of concrete repairs prior to and after installation of the CP system;

(c)
design calculations related to current densities and any anticipated  losses in the system;

(d)
design basis of the actual condition and the actual resistivity of the concrete zones identified in Clause 681.09.

The Contractor shall design the CP system to ensure protection for all components incorporated into the CP system against power surges caused by lightning strikes and/or voltage variation resulting from any other cause.

The design shall conform to the design parameters detailed in Clause 681.12 and the protection criteria detailed in Clause 681.02.

The CP system shall be designed, specified, installed and commissioned to be in accordance with standards stated in Clause 681.04.  The Contractor shall nominate, with the design documentation, publications supporting the proposed system.
681.11
DESIGN CHECK AND CERTIFICATION

Design drawings and documentation shall be submitted by the Contractor for review by the Superintendent.  The Contractor shall obtain at its own cost certification of the design, including all quality documentation by an independent reviewer.

The independent review shall include confirmation that:

(a)
the current densities and current requirements are appropriate for all cathodic protection zones;
(b)
anode materials and anode operating levels are suitable for the intended purpose;
(c)
reference electrodes, connections, cables, conduits, DC power supplies, and all other equipment are suitable and adequately rated;
(d)
all drawings adequately reflect the proposed system and contain sufficient detail to enable correct installation of the system;
(e)
all installation procedures are adequate;
(f)
the inspection and testing methods are appropriate to ensure the system will be installed and perform as designed;
(g)
the commissioning procedures are suitable to ensure the system can be energised and operated as designed;
(h)
all aspects of the design, specification, drawings, installation, commissioning, records, documentation and operation conform to the requirements of AS 2832.5.



The independent reviewer shall be a person who holds a tertiary qualification in the relevant discipline, eligible to satisfy the requirements of the Australasian Corrosion Association certification as a Corrosion Technologist, competent as defined in Clause 681.06, with at least 10 years experience in CP system design, installation and monitoring of steel in concrete.

The review of the drawings and documentation by the Superintendent will not absolve the Contractor from any responsibility for the work carried out.

HP
The Contractor shall not commence installation of the CP System until the:

•
design and quality documentation has been reviewed by the Superintendent
•
Superintendent has been given full and unqualified certification of the whole design, from the  independent reviewer, stating that the design fully complies with the Contract requirements.

681.12
DESIGN PARAMETERS

The design life of the whole cathodic protection system and each and every component shall be not less than 30 years.  The Contractor shall supply a listing of all major components incorporated within the system including their anticipated service life shall be not less than 30 years supported by documented evidence, and the relevant Australian or International Standard to which they comply.

The whole of the CP system shall be capable of operating for the full design life of 30 years without the replacement of components such as anodes, anode cementitious backfill, fillers or cables, etc.  Systems which incorporate components with a design life of less than 30 years shall not be accepted.  Systems which require replacement of any components at any stage within the 30 year design life shall not be accepted.

The CP system shall:

(a)
be capable of supplying a minimum 20 mA/m2 at the surface of all the steel;
(b)
be capable of synchronous interruption of all DC power supplies.

All internal and external wiring shall be properly protected against vandalism and tidal and splash zone conditions with conduits and protective covers resistant to corrosion and ultraviolet degradation.

681.13
MONITORING AND REFERENCE ELECTRODES

It is essential for the protection of the structure to be easily and readily checked during the intended life of the CP system.  Incorporated into the design of the CP system shall be a simple and reliable system to monitor the various parameters which require regular assessment.  As a minimum this shall include permanent reference electrodes embedded within the concrete structure and external to the concrete for the submerged or buried sections.  The reference electrodes and structure connections shall be cabled to a common location such that access to the cathodically protected concrete components is not required to take the measurements.

Reference electrodes installed to monitor the performance of the CP system shall comply with the requirements of AS 2832.5, unless otherwise shown on the drawings or stated in this section.  Reference electrodes installed in the works shall have a design life of not less than 30 years.

Reference electrodes shall be specifically designed for permanent embedment in reinforced concrete structures and other electrolytes such as soil and water which form part of the CP system for the purpose of accurate monitoring of steel reinforcement potentials.



Reference electrodes shall be installed at multiple representative locations within each individual zone and control area to enable sufficient measurement points to be available to properly assess the performance of the CP system.  The quantity, type and location of reference electrodes shall be as shown on the drawings and as specified in the specification.

HP
Installation of the reference electrodes shall not commence until their location has been approved by the Superintendent.
Final reference electrode locations shall be accurately located and recorded.

Permanent reference electrodes shall be supplied with a calibration certificate prior to installation, and shall be stored, maintained, handled and installed in accordance with the manufacturer’s instructions.  They shall be calibrated on-site against a master calibrated reference electrode immediately prior to embedment, immediately following embedment, and within 24 hours of installation.
Care shall be taken not to place any strain on cable to anode or reinforcement connections or reference electrode cables.

681.14
REPAIR AND REPLACEMENT OF CONCRETE AND TREATMENT OF DEFICIENT STEEL

The Contractor shall complete concrete repairs to all areas of damaged or delaminated concrete as shown on the drawings and as exposed during the removal operation, in accordance with the requirements of Section 689 and this section.  New reinforcing steel shall be incorporated into the structure to compensate for any existing reinforcing steel which is exhibiting loss in excess of 25% of its original cross-sectional area.

All defective and delaminated concrete and existing repair materials shall be broken out to leave a sound and dense concrete surface at least 20 mm beyond the steel reinforcement.  Hammer sounding shall be repeated on completion of breakout to ensure that all delaminations have been removed.  The complete concrete surface to be repaired shall have an exposed aggregate finish and be non-friable and dust free.
The Contractor shall carry out epoxy injection of cracks of width equal to or greater than 0.10 mm to all concrete components of the specified works.  The epoxy resin shall be applied in accordance with Section 687.

The exposed reinforcing steel shall be prepared by removal from the full circumference of all surface rust scale, dirt, grease and any other material that might reduce the adhesion of the new concrete to the steel, in accordance with Clause 689.08(c).

Where existing concrete cover is minimal the new repair shall be re-profiled (as required) to ensure a minimum 50 mm cementitious repair material cover to the steel reinforcement is achieved in accordance with Clause 689.08(b) for exposure Classification C.

In addition to the general testing for electrical continuity of the steel reinforcement, all reinforcement exposed in the concrete removal for repair work, shall also be tested for electrical continuity.
The Contractor shall provide multiple electrical connection points to the steel reinforcement in each zone of the CP system in accordance with the requirements of Section 5.4 of AS 2832, and as shown on the drawings and this section to ensure the effective functioning of the CP system in that zone.


Notwithstanding the requirements of Section 689, cementitious materials used for concrete repairs shall be compatible for use with cathodic protection and of proven suitability, as demonstrated by the product datasheet.  Only cementitious materials shall be used for concrete repairs.  The electrical resistivity characteristics of the repair materials shall be compatible with those of the parent concrete and the requirements of the CP system.  Specifications for repair materials and systems shall be detailed by the Contractor and shall include quality control testing in accordance with the requirements of Clause 689.12.  The Contractor shall comply with all appropriate reference standards for specification and testing.

The cementitious material shall be applied and cured in accordance with the requirements of Section 689.

HP
All materials proposed for use on the project shall be submitted for approval by the Superintendent.
Immediately after placing and for 7 days, the concrete repair material shall be protected from drying out and the harmful effects of tidal actions and weather including rain and rapid temperature changes.
HP
The Contractor shall not commence concrete repair until it has provided the Superintendent with a work method statement for review covering both identification and breakout of concrete repair areas, and remediation in accordance with the specification.

HP
All prepared areas shall not be reinstated with repair material until:

(a)
a joint measurement of the repair area by the Superintendent and the 
Contractor has taken place;

(b)
evidence that the preparation conforms with the requirements of this 
specification has been reviewed by the Superintendent.

681.15
INSTALLATION

The installation of any proposed CP system shall take into account the manufacturer’s recommendations for the use of any particular equipment or material and its suitability for long term performance for a design life of not less than 30 years in the manner or environment in which it is installed.

The Contractor shall be responsible for the provision of all AC power requirements at the required locations for the operation and monitoring of the CP system including the required application to the relevant power authority.
HP
Any electrical equipment, such as transformer/rectifiers and control panels shall be housed in powder coated mild steel, lockable and weatherproof cubicles with a rating of IP 65 at suitable secure locations as shown on the drawings and as stated in the specification to be approved by the Superintendent.
The Contractor shall identify by means of method statements, the activities involved in the installation of the CP system and the requirements for access to each particular section of the structure for the application of the various materials and components.

The Contractor shall identify any special equipment used during installation and shall ensure that the use of the equipment is covered by the relevant Work Health and Safety regulations 2012.
681.16
COMMISSIONING THE SYSTEM

Commissioning shall be carried out in accordance with the requirements of AS 2832.5.  Prior to energising the system, tests shall be undertaken to ensure that all measurements, power and bonding circuits are correctly wired, connected and labelled, to provide the expected resistances.



The Contractor shall then carry out the necessary commissioning procedures including necessary adjustments, to demonstrate stability of the system and that the various protection criteria as described in Clause 681.02 have been achieved.

Full cathodic protection against the aggressive action of chloride ions, in accordance with the various protection criteria as described in Clause 681.02, shall be achieved within 26 weeks of the date of first energising the CP system.

Written records shall be maintained for all tests conducted during commissioning.  Upon completion of commissioning the Contractor shall furnish the Superintendent with four copies of the Commissioning report into which shall be incorporated results of all tests obtained during the commissioning phase.

Submission of the commissioning report which demonstrates full protection of the steel reinforcement within 26 weeks of the date of first energising the CP system, in accordance with the protection criteria as specified in Clause 681.02, shall be required prior to the Superintendent’s issue of the Certificate of Practical Completion of the whole of the works.

681.17
PREPARATION OF A MONITORING AND MAINTENANCE MANUAL

The Contractor shall prepare and provide the Superintendent within 26 weeks of the date of first energising the CP system, four copies of a comprehensive monitoring and maintenance manual which shall contain all information necessary for the Department of State Growth to operate the system.

The report shall include:

(a)
as-constructed drawings of the installed CP System showing the exact location of all cables, reinforcing connections, reference electrodes and conduits.  The drawings shall also define all concrete repair locations;
(b)
all system wiring diagrams, names and addresses of all manufacturers and suppliers of all electrical equipment, including system components all cables, conduit, junction boxes and enclosures as supplied and installed;

(c)
copies of all quality documentation for the project;

(d)
fault finding information for minor repair or replacement of the most likely to fail components;
(e)
transformer-rectifier control panel details;
(f)
wiring schematics and operating manuals for the new electrical equipment details;

(g)
results of all testing completed during and after the installation;

(h)
copy of commissioning report as per Clause 681.16.

681.18
MONITORING AND REPORTING FOLLOWING COMMISSIONING

The Contractor shall monitor the performance of the CP system for 2 years from the commissioning acceptance date in accordance with Clause 681.16 and shall make any necessary CP system adjustments.

The minimum frequency of monitoring shall be as follows:

(a)
once per 3 weeks for the initial 3 months following commissioning;

(b)
once per month for the period 3 to 6 months following commissioning;

(c)
once per 3 months for the period 6 to 24 months following commissioning.

The Contractor shall provide the Superintendent with written reports at 3, 6 and 12 months after system commissioning and thereafter annually and such other times as may be necessary.



681.19
OPERATION AND MAINTENANCE

The period of responsibility by the Contractor for defective materials and workmanship shall commence upon Practical Completion for a period of 24 months.

During the defects liability period, remedial work including the supply of necessary parts, materials and labour shall be conducted by the Contractor when the Contractor’s periodic inspections or monitoring, by either the Contractor or the Department of State Growth, indicate that the system is not performing to specification.  All costs for any inspections or modifications or rectifications by the Contractor shall be borne by the Contractor during this period.

The Contractor shall inform the Department of State Growth 7 days prior to any on-site modifications carried out to the installed system.  The Contractor shall maintain full records of all maintenance work carried out on the system and provide these to the Superintendent upon request.

681.20
QUALITY REQUIREMENTS

(a)
General


The quality, occupational health and safety, and environmental requirements to which the Contractor shall adhere are itemised within Sections 168 and ##176 (or 177):.

(b)
Quality Plan


In accordance with Clause 160.A4 the Contractor shall submit for review by the Superintendent a quality plan which includes:


•
concrete repair, inspection and testing procedures for each of the exposure zones described in Clause 681.09 including material type and resistivity, and curing

•
procedure for the mixing and application of the cementitious backfill grout to the MMO/Ti anodes described in Clause 681.07 including material type and resistivity, and curing

•
CP system repair and installation procedures

•
CP system commissioning procedures

•
CP system monitoring procedures

•
inspection and test plan; procedure for the determination of electrical continuity

•
assessment of concrete surface condition and surface preparation procedures

•
all inspection and testing methods to be undertaken.
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