Bowen Wharf Concrete Testm$ o=
Report Summary

In May 2024, North Queensland Bulk Ports engaged
the global consultancy firm Arup to coordinate concrete
testing for the existing concrete piles and headstocks
at Bowen Wharf. The purpose of the inspection was to
increase the sample size of testing data and to provide
a comparison to the results of similar tests conducted
in 2019.

Australian Concrete X-Ray (ACX) was commissioned to
undertake the site work, manage the laboratory testing,
and provide a factual inspection report, which can be
found in Attachment A.

Seventeen test locations were successfully assessed,
and fourteen additional chloride tests were completed.
Please refer to Attachment A for a detailed report,
including the pile gridlines for each location.

The concrete inspections and tests conducted by Arup
in 2019 and more recently by ACX confirm that the
reinforcement in the piles and headstocks is corroding.
This finding is also supported by the observed concrete
delamination and spalling on site.

For more information:

1300 129 255 |

bowenwharf@nqgbp.com.au

=

The results from the 2024 testing, including chloride
testing, half-cell testing, and resistivity testing, are
consistent with the findings from the 2019 inspection.

Given the severity and widespread nature of the
corrosion confirmed by the concrete testing, the age
of the structure (over 100 years old), and the 100-year
design life requirement for the future use of the jetty,
repairing the existing piles and headstocks to support
a new deck was found not a practical solution for the
Bowen Wharf project.

The data collected from the concrete testing, which
have been reviewed against industry standards
referenced in this document, suggest that the best
outcome for the Bowen Wharf Project is to replace the
piles and headstocks.

This replacement will eliminate any safety risks
associated with the long-term performance of the
existing piles and ensure a safe and durable structure.
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1. Introduction

This document summarises the findings of the concrete testing undertaken for the existing concrete
piles and headstocks at Bowen Wharf and provides a comparison to the results from the same tests
Arup undertook in 2019 at different locations. The purpose of the inspection work was to increase
the sample size of testing data for the concrete piles and headstocks, to achieve a higher level of
confidence of the test samples being representative of the entire structure.

The procurement of the concrete testing contractor was coordinated by Arup, with Australian
Concrete X-Ray (ACX) commissioned to undertake the site works and manage the laboratory
testing. A factual inspection report has been provided by ACX and is included in Attachment A.
NQBP provided a workboat and skipper for the inspection works. Arup was not present on site for
the testing.

1.1 Reference Information
Background information relevant to this testing is included in the documents listed below:

e Arup: Bowen Wharf Future Options Assessment — Testing Report (REV 2), 15 March 2020
(264408-00-REP-004)

e Shoreline Civil and Marine Consulting: Bowen Wharf Refurbishment Study — Design Report,
16 November 2023 (SCMC-23029-RPT-001)

2. Scope of Work
The scope for the concrete testing works included the following items:

e Undertake the following tasks and testing at a minimum of 23 nominated test locations (as per
the inspection plan included in Attachment B):

— Surface preparation of the test point, involving removal of marine growth and cleaning of the
location to be suitable for the testing.
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Half-cell potential testing to determine the probability of corrosion within the reinforcement
by chloride exposure.

Resistivity testing to determine the corrosion in the reinforcement by impedance
measurement technique.

Chloride content testing by coring in up to 3 increments to determine the progression of
chloride ingress through the concrete according to the AS1478.1 / AS1379 requirements.

— The reinforcement was identified using a covermeter / ground penetrating rader (GPR)
prior to testing to determine the required depth for the tests.

— At a minimum, the chloride testing was taken up to the depth of the reinforcement within
the concrete section. The planned increments are as per the following indicative testing
regime, which included 3 samples per test location of length proportionate to the concrete
cover:

e 0-15mm/0-35mm
e 16-30mm / 36-55mm
e 31-45mm /56-80mm
The above measurements are net of 10mm at either end of the core.

— Re-instatement of core-holes using a suitable high-strength, non-shrink grout.

Undertake concrete coring at two locations within the un-used sections of Piers 119, 120 or
121 (exact locations determined on site to enable suitable coring). The core was required to
intercept the reinforcement in the pile. Re-instatement of the core-hole to be undertaken as

per the chloride testing reinstatement.

Coordinate the lab testing of the samples taken from site.

The nominated test locations were randomly selected prior to the inspection across the publicly
accessible areas of Bowen Wharf, ensuring that no previously inspected piles were re-inspected.
These nominated piles are outlined in Table 1 (refer to Attachment A for pile gridlines for each
location).

Table 1: Nominated locations for concrete testing

Location Pile ID* ‘ Headstock ID*
Middle Wharf Stem 61B, 71A, 72B 61A, 64B, 72A
Outer Wharf Stem 81A, 86B, 96B, 111B, 115A, 118A T8A, 84A, 94A, 97A, 112A, 117D
Public Wharf 202B, 203E, 206C, 210C, 213C, 219E 201F, 202C, 203H, 209A, 212H, 217B

Refer to Attachment A plans for exact location
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Figure 1: Bowen Wharf general arrangement

3. Inspection and Testing Methodology

The inspection was carried out from the 13" to the 17" of May 2024 by 2 ACX technicians, using a
workboat provided by NQBP (with coxswain) and via access from the deck in areas where it was
deemed safe.

3.1.1 Limitations to Testing

During the nominated inspection timeframe, difficult weather conditions including high swell and
high wind conditions limited the window for which the workboat could be used safely for the test
sampling. This issue, combined with the assessment from ACX and the NQBP coxswain that the
nominated test locations underneath the Public Wharf were deemed not safe to inspect based on
large sections of delamination presenting a significant risk of falling concrete, prevented the team to
fully complete the scope of work. It was noted that whilst on site, evidence of falling concrete was
observed.

Where possible, alternative locations were tested to offset these difficulties however it resulted in
the full selection of test locations not being completed. Overall, a total of 17 test locations were
tested, with 14 additional chloride tests being carried out successfully.

For the chloride cores, a number of samples broke down during the extraction process, resulting in
some of the tested locations only having some of the increments able to be tested. In lieu of this,
‘blocks’ of delaminated concrete sections at the test locations were taken and samples were
prepared in the laboratory for testing.

3.2 Half-Cell Potential Testing

The half-cell potential test is a method used to assess the likelihood of corrosion in reinforced
concrete structures.

The half-cell potential measurement principle is to measure the potential difference of dissolved
ferrous ions (from the breakdown of the passive film of the reinforcement steel) and the hydroxide
formed from the release of these ions combined with water and oxygen. The passive film of the
reinforcement is decomposed due to the reaction of the concrete with atmospheric carbon dioxide or
by the presence of substances aggressive to steel (in particular chlorides or salt water).
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The test specification used for the half-cell testing assessment is against the ASTM C876 Standard
Test Method for Half-Cell Potentials of Uncoated Reinforcing Steel in Concrete. The equipment
used for this testing was the Proceq Canin+ Corrosion Analysing Instrument. An example of the
results from the testing equipment is shown in Figure 2
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Figure 2: Half-cell potential readings example (test location 8)

Table 2 outlines the corrosion risk for the half-cell testing method based on the potential difference
readings.

Table 2: ASTM C876 Cu/CuSO4 Half-Cell Criteria

Half-Cell Potential against Cu/CuSOa4 Corrosion Risk

> -200mV Low (<10% risk of corrosion)
-200 mV to -350mV Possible corrosion risk
<-350mV High (>90% risk of corrosion)

3.3 Resistivity Testing

In combination with the half-cell potential testing, resistivity testing was also undertaken for each of
the tested locations. As per Standards Australia HB 84: 2018 Guide to Concrete Repair and
Protection, resistivity measurements indicate the case with which an electrical charge is transported
in concrete and is hence a measure of ionic transport (current) through the concrete. The transport
of charge, in principle, largely determines the rate of corrosion of steel reinforcement and thus
indicates corrosion probability. Resistivity is usually carried out to complement other tests as part of
an overall corrosion survey plan.

Resistivity measurements were taken using the Resipod Proceq-Al, four probe resistivity meter.
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The test specification used for the resistivity testing assessment is against the AASHTO TP 95-11
Surface Resistivity Test Method and uses the following reference values in Table 3 to determine the
risk of corrosion according to the Resistivity.

Table 3: Reference values for Resistivity Testing

Reference Value at 25°C Corrosion Risk

>100 kQcm Negligible risk of corrosion
50 <0 <100 kQcm Low risk of corrosion
10 < a <50 kQcm Moderate risk of corrosion
<10 kQcm High risk of corrosion

3.4 Chloride Testing

Chloride testing of concrete provides a greater understanding of the ingress of chloride ions in the
concrete which initiate steel corrosion. Whilst the half-cell potential testing provides indication of
the presence of chloride ions by measuring the potential difference, the chloride testing analyses the
actual percentage of chloride in the concrete section.

Coring and capture of concrete samples in each of the test locations was undertaken to be analysed
for the percentage of chloride ingress into the concrete at progressive increments into the concrete
section. The samples were collected by ACX and sent to a laboratory for analysis and testing.

The Standards Australia HB 84: 2018 Table 2.2 specifies the probability of corrosion from chloride
ions in Portland cement concrete by total weight by weight of cement. These criteria are
summarised in Table 4. It should also be noted that steel reinforcement corrosion can occur when
the chloride ion content is more than 0.4% W/W cement and can be sustained when greater than
0.1% W/W.

Table 4: Corrosion risk due to chloride ion content according to SA HB84: 2018)

Total Chloride lon Content by Weight of Cement (%) Corrosion Risk
<0.4% Low
0.4-1.0% Dangerous
> 1.0% Very Dangerous

It is noted that in the 2020 Arup Testing Report (264408-00-REP-004), the values in Table 4 were
denoted as “Low”, “Moderate” and “High” corrosion risk, but refer to the same risk level by %
chloride ingress into concrete. For this report, the classifications and descriptions provided in SA
HB84:2018 have been used.

4. Basis for Level and Extent of Testing

The proposed test locations were selected across the Middle Stem, Outer Stem and Public Wharf
sections, as the areas of the jetty/wharf that are currently publicly accessible. The exact location of
specified piles and headstocks for concrete testing were selected at random (to avoid selection bias),
with the following permutations:

e No piles or headstock locations previously tested in 2019 have been selected to be re-tested.
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o Raker piles on the Public Wharf area were not included in the selected of test locations.
e Piles on Pier 49-52 were not included due to being mostly concealed by causeway rock.

For the avoidance of confusion to the previous pile identification system, a new set of Pile ID’s
have been marked up on the drawings in Attachment B (and link to Table 1).

Following a review of the 2019 inspection results a total of 11 test locations were identified to have
already been inspected across the publicly accessible areas of the structure. The SIGTTO/OCIMF
Jetty Maintenance and Inspection Guide (2008), which provides guidance for inspections of
structures such as Bowen Wharf, does not specify a minimum or maximum number of piles to be
nominated for physical testing, but rather that it should be quantified and assessed on a case-by-case
basis. Noting this, Arup have nominated that number of tests should be within the 5-10% range of
the overall number of piles to be able to provide a reasonable amount of data to extrapolate out for
the entire wharf. To achieve a 10% coverage of piles/headstocks, 23 additional tests were required
to be undertaken which was nominated by Arup for ACX to complete on site.

As noted in Section 3.1.1, due to the difficulty of accessing the underside of the structure via boat
during the nominated inspection days, only 14 chloride test locations were carried out which is
approximately 7.5% of the total piles/headstocks and still falls within the 5-10% target range to be
used to extrapolate out for the full structure.

5. Testing Results and Findings

51 General Visual Observations — Public Wharf

The following key items were generally observed by ACX throughout the testing programme,
particularly for the Public Wharf area, where a number of the test locations were unable to be
undertaken for safety reasons. Refer to Attachment A for further images of each of the test locations
and general images of the Public Wharf area.

e Widespread, full thickness delamination and exposed reinforcement.
e Unable to perform half-cell potential tests.

e Visual loss of reinforcing thickness, large unstable segments of concrete that appear to be
separating from the superstructure.

e Visually observed debris falling whilst on site.

e Job Safety Assessment by ACX and NQBP coxswain deemed that working underneath the deck
would present an unacceptable risk, with no tangible way to reduce the risk.

Figure 3 shows some examples of the general condition of the Public Wharf area.
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Figure 3: Images of Public Wharf area

5.2 Half-Cell Potential Testing

The review of the half-cell potential tests found that the results indicated High probability of
corrosion with readings lower than the -350mV threshold (as per Table 2). In many cases, the
readings were significantly lower than the threshold which increases the likelihood that active
corrosion is taking place in the reinforcing bars. This result aligns with the visual observation and
explains the concrete spalling and exposed reinforcement.

These results are in line with the previous half-cell results from the 2019 testing, where it was also

found that almost all tested locations were within the high range for corrosion probability. With the
additional sample size of tests in different locations, it is reasonable to conclude that most if not all
areas of the publicly accessible area of the wharf have a high risk of active ongoing corrosion.

Refer to Table 5 below for a summary of the results for each test location.

Table 5: Summary of half-cell potential testing results

Location Tei[CP)?iF?ééecl’srtg)er HaIf-cz(ar:\rgading Classification
Middle Wharf Stem
54A Pile & Headstock 12 -765 High Risk
57A Pile & Headstock 11 -814 High Risk
62A Pile & Headstock 14 -714 High Risk
Outer Wharf Stem
76A Pile & Headstock 8 =779 High Risk
80A Headstock 7 -697 High Risk
84A Headstock 1 N/A* N/A*
84B Headstock 17 -684 High Risk
86B Headstock 2 N/A* N/A*
91B Pile & Headstock 9 -841 High Risk
94B Headstock 4 -795 High Risk
97A Headstock 3 -635 High Risk
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Location Element TesAtCP)?g]ééis":t;Jer HaIf-c(erI]L\rgading Classification
98A Headstock 10 -697 High Risk
112A Pile & Headstock 16 -658 High Risk
114A Headstock 13 -554 High Risk
115A Pile & Headstock 18 -613 High Risk
117A Headstock 5 -593 High Risk

Public Wharf
201F Pile & Headstock 6 -785 High Risk
212B Pile & Headstock 15 -687 High Risk
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5.3 Resistivity Testing

From assessment of the resistivity results for the tested areas, it was found that most of the results
indicated moderate resistance levels according to the criteria in Table 3. It should be noted however
that most of the results were on the lower end of the moderate range, suggesting they are not far
from falling into the high-risk range.

These results are generally in line with the 2019 testing results that typically showed low-moderate
resistivity levels. As a result of the increased sample size of test results and the trends remaining the
same, it can be concluded that these resistivity levels are similar across the entire structure.

Whilst the resistivity tests provide an indication of the corrosion rate and overall risk of corrosion, it
is not typically the primary method used to assess the overall corrosion risk to the concrete
reinforcement. The results should be assessed in combination with half-cell testing, chloride testing
and visual observations.

Refer to Table 6 for the summary of the resistivity testing results.

Table 6: Summary of resistivity testing results

Test Point (as per Resistivity Reading

Location INGCERSE NI Classification

ACX Report) (({0)]
Middle Wharf Stem
54A Headstock 12 218 Moderate
57A Pile and Headstock 11 20.5 Moderate
62A Pile 14 15.9 Moderate
Outer Wharf Stem
76A Headstock 8 12.8 Moderate
80A Headstock 7 12.9 Moderate
84A Headstock 1 14 Moderate
84B Headstock 17 37.2 Moderate
86B Headstock 2 259 Moderate
91B Pile and Headstock 9 15.3 Moderate
94B Headstock 4 35.2 Moderate
97A Pile 3 11 High
98A Pile and Headstock 10 19.8 Moderate
112A Pile and Headstock 16 18.4 Moderate
114A Headstock 13 43.2 Moderate
115A Pile 18 26.5 Moderate
117A Headstock 5 19.5 Moderate
Public Wharf
201F Pile 6 15.4 Moderate
212B Pile 15 273 Moderate
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5.4 Chloride Testing

The chloride test results from the laboratory analysis show that most of the core samples indicated
dangerous or very dangerous chloride content levels (by % weight) according to the criteria outlined
in Table 4. These results provide a clear understanding of the significance of corrosion risk to the
reinforcement bars by measuring the actual chloride content in the concrete. They are consistent
with the half-cell testing and resistivity measurements.

These results are in line with the 2019 testing results that typically showed dangerous and very
dangerous chloride levels as per the SA HB84:2018 criteria. As a result of the increased sample size
of test results and the trends remaining the same, it can be concluded that these results are consistent
across the entire structure.

The results of the chloride testing classify the chloride content as dangerous and very dangerous;
this corresponds to a high risk of corrosion in the reinforcement. The classification does not relate
to the safety of the structure, rather it is an indicator of the corrosion in the reinforcement.

Refer to Table 7 for the summary of the chloride testing results.

Table 7: Summary of chloride testing results

Test Point (as per

Lo ACX Report)

Chloride Content (%) Classification

Middle Wharf Stem
54A 12 1.60% Very Dangerous
57A 11 1.00% Very Dangerous
62A 14 1.60% Very Dangerous
Outer Wharf Stem
T6A 8 0.33% Low
80A 7 0.63% Dangerous
84A 1 N/A N/A
84B 17 2.10% Very Dangerous
86B 2 N/A N/A
91B 9 1.80% Very Dangerous
94B 4 1.10% Very Dangerous
97A 3 0.50% Dangerous
98A 10 1.50% Very Dangerous
112A 16 1.50% Very Dangerous
114A 13 2.20% Very Dangerous
115A 18 N/A N/A
117A 5 0.56% Dangerous
Public Wharf
201F 6 0.61% Dangerous
212B 15 N/A N/A
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6. Conclusion

The concrete inspection and testing undertaken by Arup in 2019 and recently by ACX confirm that
the reinforcement in the piles and headstocks is corroding. This result is also supported by the
evident concrete delamination and spalling that was observed on site. It was found through all of the
chloride testing, half-cell testing and the resistivity testing that the results found in the 2024 testing
are in-line with the results from the 2019 inspection.

Note that the results of the chloride testing classify the chloride content as dangerous and very
dangerous; this corresponds to a high risk of corrosion in the reinforcement. The classification does
not relate to the safety of the structure, rather it is an indicator of the corrosion in the reinforcement

The same conclusions as the Arup 2020 report, below reported, apply to the continued use of the
wharf.

Concrete elements: As the risk of corrosion in the concrete elements is high, it is recommended that
these elements are rehabilitated if NQBP intend to continue the use of the asset for longer than 10
years. For up to 10 years continued asset use we recommend a regular monitoring strategy, such
that any observed deterioration is repaired as required.

In summary,

Considering the severity and widespread corrosion that the concrete testing has confirmed, the age
of the structure (over 100-year-old), and the 100-year design life requirement for future use of the
jetty, repairing the existing piles and headstocks to support a new deck is not a practical solution for
the project. The data collected with the concrete testing, which have been reviewed against industry
standards mentioned in this document, and our understanding of the deterioration mechanism of
reinforced concrete structures, suggest that the best outcome for the project is to replace the piles
and headstocks. The piles and headstocks replacement will eliminate any safety risks associated
with the long-term performance of the existing piles and provide a safe and durable structure.
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Australian Concrete X-Ray

REPORT NO:
REPORT DATE:
CLIENT:

ORDER NUMBER:

PLACE OF TEST:

CORROSION POTENTIAL
SURVEY EXAMINATION OF:

EXAMINATION CRITERIA:

DISCLAIMER:

Technical Data:
Technician/s:
Surface Appearance:

Preparation:

ACX240067-01 Arup Bowen Wharf - HCP
14% June, 2024

ARUP on behalf of Asset owner

Sub-Consultant Agreement

Bowen Wharf outer Wharf Stem

Piles and Headstocks corrosion assessment

1. Visual inspection of reinforcement for corrosion

2. Half-cell potential testing

3. Resistivity

4. Chloride Ingress.

Provided that the corrosion conditions are equal (chloride content or carbonation of
the concrete at the steel surface) the main influences upon the half-cell potentials
are:

Moisture

Moisture has a large effect on the measured potential leading to more negative
values.

Temperature

In order to measure the potential there must be a contact between the probe and the
electrolytes in the pore system of the concrete. Therefore a measurement below the
freezing point is not recommended and can lead to incorrect readings.

Concrete cover thickness

The potential that can be measured at the surface becomes more positive with
increasing concrete cover. Variations in the concrete cover can cause deviations in
the measurements. Very low concrete cover can lead to more negative potentials
which would seem to indicate high levels of corrosion.

Oxygen content at the reinforcement

With decreasing oxygen concentration and increasing pH-value at a steel surface its
potential becomes more negative. In certain cases of concrete components with a
high degree of water saturation, low porosity and/or very high concrete cover and
thus low oxygen supply, the potential at the steel surface may be very negative even
though no active corrosion is taking place. Without checking the actual corrosion
state this may lead to misinterpretation of the potential data.

The latest equipment is used to carefully carry out examinations however due to
limitations of the technology the value of scanning is as a risk reduction method and
the use of GPR cannot guarantee that all objects will be detected or all reflections
interpreted correctly.

For greater risk reduction we recommend gamma radiography examination, which
requires clearance of 25m minimum, horizontally and the floors above and below,
followed by high pressure water blasting or careful chiselling.

ACX does not accept liability under any circumstances for non-detection of objects
and if this is required you must consult your insurance suppler.

Smooth Concrete

GPR mapping of reinforcement and saturating concrete surfaces

| © 2020 Australian Concrete X-Ray | ABN 91 116 587 583 | P 07 3393 6766 |
| info@concretexray.com.au | www.concretex-ray.com.au | Page 1 of 46
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13" through to 17t May 2024

Test Units

Ground Penetrating Radar [GPR] Corrosion Analysing Instrument

Brand / Model

GSSI: Structure Scan Mini XT® PROCEQ CANIN+ (SN 19.1457)

Copper/Copper Sulphate wheel

Test Method Line Scans electrode (single electrode)
Other Details Antenna: 2700 MHz [S/N: 1153] Earth to reinforcement. Continuity
Orientation: Polarised checked using a resistance meter.
Reinforcement Earth or other earth position: Pile and headstock Reinforcment.

Surface Temperature:

27°C - Ambient Temperature

Electrode:

Probe

Electrolyte:

Copper Sulphate

Surface Condition:

Exposed aggregate

Equipment:
Serial No:

Proceq Canin Corrosion Analysing Instrument
19.1457

Test Specification:

ASTM C876 Standard Test Method for

Half-Cell Potentials of Uncoated Reinforcing Steel
in Concrete

Procedure:
Accuracy of position:

Test Limitations:

Verification of results:
Permanent Test Record:

In accordance with the manufacturers’ instructions.

For all targets identified by marking or drawings a safety margin for penetrations of at
least £25mm each side is required. If greater accuracy was requested this can be
reduced to £10mm each side and will be noted on the following pages for the
respective locations

Potential surveys give an indication of the potential for corrosion at the time of
measurement. Note the vertical axis can not be adjusted and the blanked out areas in
the figures were not tested.

ASTM C876-91 states the following,

Potentials more positive than -200mV indicate there is a greater than 90% probability
that no reinforcing steel corrosion is occurring in that area at the time of measurement.
Potentials between -200 and -350 mV indicate corrosion activity of reinforcing steel is
uncertain in that area at the time of measurement.

Potentials less positive than -350mV indicate there is a greater than 90% probability
that reinforcing steel corrosion is occurring in that area at the time of measurement.
Steel distribution indicated below calculated by selecting assumed representative
radar files from each section and using the average spacing.

Non-destructive testing as performed in the following pages does not assess any
potential chloride ion attack on the steel. See sperate report.

Corrosion of pre-stressed steel reinforcement is not possible to detect if it is located
within a protective tube.

The potential field measurement alone offers no quantitative conclusions about the
rate of corrosion. Empirical studies have shown that there is a direct relationship
between the corrosion rate and the electrical resistivity. However corrosion rate
readings are of limited value as the rebar corrosion rate varies considerably with time.
It is more reliable to work with corrosion readings taken over a period of time.

See the following pages.
Photographs appear on the following page/s.

| © 2020 Australian Concrete X-Ray | ABN 91 116 587 583 | P 07 3393 6766 |
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

2.1 The Half-Cell Potential Measurement Principle

Under normal conditions reinforcement steel is protected from corrosion by a thin, passive film of
hydrated iron oxide.

This passive film is decomposed due to the reaction of the concrete with atmospheric carbon dioxide
(CO,, carbonation), or by the penetration of substances aggressive to steel, in particular chlorides
from de-icing salt or salt water.

At the anode ferrous ions (Fe++) are dissolved and electrons are set free. These electrons drift
through the steel to the cathode, whera they form hydroxide (OH-) with the generally available water
and oxygen. This principle creates a potential difference that can be measured by the half-cell

potential difference
Principle of steel corosson in concrete with oxygen availability

The basic idea of the potential field measurement is to measure the potentials at the concrete sur-
face, in order to get a characteristic picture of the state of corrosion of the steel surface within the
concrete. For this purpose a reference slectrode is connected via a high-impedance voltmeter (in
the case of the system Canin* R = 10 MQ) to the steel reinforcement and is moved in a grid over
the concrete surface.

The reference electrode of the Canin® system is a Cu/CuSO, half-cell. It consists of a copper rod
immersed in a saturated copper sulphate solution, which maintains a constant, known potential.

high-impedance voltmater

current flow curves
Iso-potential curves

|electrical

+100
I coordinates X/Y [m]
0

potentlal [mV]
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Proposed-Testing Locations.

LOCATION PILE ID HS / PILE?
Middle Wharf Stem 61A HS
Middle Wharf Stem 61B P ]
Middle Wharf Stem 64B HS BERTHS 1 AND &
Middle Wharf Stem 71A P 045 } PUBLIC ACCESE
Middle Wharf Stem T2A HS
Middle Wharf Stem 72B P j
Outer Wharf Stem 78A HS |
Outer Wharf Stem 81A P G
Outer Wharf Stem 84A HS E
Outer Wharf Stem 86B P
Outer Wharf Stem 94A HS B
Outer Wharf Stem 96B P
Outer Wharf Stem 97A HS
Outer Wharf Stem 111B P
Outer Wharf Stem 112A HS _ -
Outer Wharf Stem 115A P
Outer Wharf Stem 117D HS Any nominated test locations under the
Outer Wharf Stem 118A P public wharf where, deemed not safe
Eug:!g mﬂgg gg;g ';5 for testing due to large sections of

ubli e : o
Public Wharf 2020 HS delamination w_h|ch could fall _W|th little
Public Wharf 203E P orno contgct, V|su_al observations were
Public Wharf 203H HS made of sizable pieces of concrete
Public Wharf 206C P debris falling randomly and without
Public Wharf 209A HS notice.
Public Wharf 210C P
Public Wharf 212H HS
Public Wharf 213C P
Public Wharf 217B HS
Public Wharf 219E P

Test restrictions due to high swell and high wind for 3.5 days prevented some of the nominated
test areas being tested, however new test sites were within proximity where possible, the decision
was made to progress with alternative locations rather than forgo testing altogether.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

tion of the underside of public wharf.

i T

“H‘l“yunm‘l‘\‘l
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Observations of public Wharf visual Inspection

- Widespread full thickness delamination, exposed reinforcing.

- Not able to perform HCP test.

- Visual loss of reinforcing thickness, large unstable segments of concrete
appear to be separating from super structure.

- Visually observed debris.

- Deemed unsafe to access after Job safety assessment was carried out.

- The risk ranking was assessed to be S = Significant to H = High with no
tangible way to reduce to risk.

Consequence
Likelihood \Ifil\}\: Minor | Moderate Catastrophic Risk Ranking
Almost
Certain 5 S S
Likely to — LI
occur L M S H = H.Igh. .
Moderate L M S S = Significant
Unlikely L L M S M = Moderate
Rare L L M S L = Low
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Visual Inspection and assessment for testing.
LOCATION 1 - 84 A&B HS. Outer wharf stem.

Visual Inspection

The location was scanned with ground penetrating radar in polarised orientation from
both sides of the headstock and there was 1 layer of reinforcing detected on each side at
approximately 70mm (average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visual evident, Loss of reinforcing thickness was evident.

Full thickness delamination. Failed continuity test.
Not able to perform HCP test. Visual loss of reinforcing th

iz
7

o Using a Schmidt hammer over the
| outlined area it was determined
that both sides of this headstock
have full thickness delamination
and exposed reinforcing with
obvious loss of thickness.

Calibration
Function Check of electrodes: Result .01 mV
Tolerances 0£5mV
Reference with rod electrode 0+5mV
Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity No
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 2 - 86 B Outer wharf stem.

Visual Inspection

The location was scanned with ground penetrating radar in polarised orientation from
both sides of the headstock and there was 1 layer of reinforcing detected on each side at
approximately 70mm (average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visual evident, Loss of reinforcing thickness was evident.

Full thickness delamination. Failed continuity test.
Not able to perform HCP test. Visual loss of reinforcing thickness

Function Check of electrodes: Result .01 mV

Tolerances 0+5mV

Reference with rod electrode 0+5mV
Reference with wheel electrode 0 + 20mV

Steel reinforcement connectivity No
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 3 - 97 A HS Outer wharf stem.

Visual Inspection

The location was scanned with ground penetrating radar in polarised orientation from
both sides of the headstock and there was 1 layer of reinforcing detected on each side at
approximately 80mm (average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Core sample taken for Chloride ingress test. ( separate report)

Function Check of electrodes: Result .01 mV

Tolerances 0+t5mV

Reference with rod electrode 0+5mV
Reference with wheel electrode 0 + 20mV

Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colors
according to its magnitude; the minimum value obtain was [-635 mV] and maximum
[-315mV].

Refer to frequency % chart next page Potentials more positive than -200mV indicate there is
a greater than 90% probability that no reinforcing steel corrosion is occurring in that area.
Note: Active corrosion
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 4 - 94 B HS Outer wharf stem.

Visual Inspection

The location was scanned with ground penetrating radar in polarised orientation from
both sides of the headstock and there was 1 layer of reinforcing detected on each side at
approximately 80mm (average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Core sample taken for Chloride ingress test. (separate report).

Active Corrosion

Passive

Function Check of electrodes: Result .04 mV

Tolerances 0£5mV

Reference with rod electrode 0+5mV
Reference with wheel electrode 0 + 20mV

Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-795 mV] and maximum

[-295 mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION5-117 A HS Outer wharf stem.

Visual Inspection

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 90mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

Function Check of electrodes: Result .02 mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-593 mV] and maximum

[-495 mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 6 — 201F Hs and Pile Public Wharf.

Visual Inspection Head stock and Pile

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 90mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

\ Nl

Function Check of electrodes: Result .09 mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-785 mV] and maximum

[-675 mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
Extending the through the transition between Edge beam and Pile.
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LOCATION 7 —5-80a HS Public Wharf.

Visual Inspection

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 70mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

Function Check of electrodes: Result .09 mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-697 mV] and maximum

[-643 mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 8 — 1a HS/ Pile coal Pier stem/Public wharf.

Visual Inspection

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 70mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

Function Check of electrodes: Result .03 mV
Tolerances 0+t5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-779 mV] and maximum

[641mV].

Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
Extending through the transition between Headstock and Pile.
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LOCATION 9 -91b Hs and pile Public wharf.

Visual Inspection Head stock and Pile

The location was scanned with ground penetrating radar in polarised orientation from

the top of the headstock and there was 1 layer of reinforcing detected at approximately 70mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.

Block sample taken for Chloride ingress test. (separate report).

Function Check of electrodes: Result 1.2 mV
Tolerances 0+t5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-841 mV] and maximum

[53mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
Extending through the transition between Headstock and Pile.
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LOCATION 10 —98a HS Public wharf.

Visual Inspection

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 55mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

Function Check of electrodes: Result 0.8 mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-697 mV] and maximum

[-385mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
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LOCATION 11 - 57a P/hs Public wharf.

Visual Inspection head stock

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 60mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.

Function Check of electrodes: Result 0.15 mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-814 mV] and maximum

[-321mV].

Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 12 —54a P/hs Public wharf.

Visual Inspection head stock and pile

The location was scanned with ground penetrating radar in polarised orientation from

the top of the headstock and there was 1 layer of reinforcing detected at approximately 60mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.

Block sample taken for Chloride ingress test. (separate report).

Validation was performed on the pile(see Photo).

corrosion.

Function Check of electrodes: Result 0.3 mV
Tolerances 0+t5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-765 mV] and maximum

[-337mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
Extending through the transition between Headstock and Pile.

Potential Map
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 13 -114a hs Public wharf.

Visual Inspection head stock and pile

The location was scanned with ground penetrating radar in polarised orientation from

the top of the headstock and there was 1 layer of reinforcing detected at approximately 60mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.

Block sample taken for Chloride ingress test. (separate report).

Validation was performed on the pile(see Photo).

Bar validation
24mm?
visible corrosion.
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Function Check of electrodes: Result 0.3 mV

Tolerances 0t5mV

Reference with rod electrode 0£t5mV
Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-554mV] and maximum

[-85mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 14 - 62a hs/P Public wharf.

Visual Inspection head stock and pile

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 60mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

Function Check of electrodes: Result 0.3 mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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Australian Concrete X-Ray

REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-714mV] and maximum

[-379mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
Extending through the transition between Headstock and Pile.

Potential Map

Num. of
Meas. mV
1000
1
-50
2
N -100
0
Head stoc s
0
-200
0
-250
0
-300
0
-350
0
Pil 00 [
ile Y
1.20 :
1.30 | Potential Map I
1.40 Xmax & 250
1.50

G ] ] =
[m] 0.00 025 0.50 0.75 1.00 1.25 1.50 1.75 2.00 225 250, Xmin: r) 0.00
Potential against Copper-Copper Sulphate Electrode Ymin: 9 0.00

| © 2020 Australian Concrete X-Ray | ABN 91 116 587 583 | P 07 3393 6766 |
| info@concretexray.com.au | www.concretex-ray.com.au | Page 32 of 46



mailto:gpr@concretexray.com.au
http://www.concretex-ray.com.au/

[ )
Australian Concrete X-Ray

REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 15-212b Hs and pile Public wharf.

Visual Inspection Head stock and Pile

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 70mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

Function Check of electrodes: Result 0.09 mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-687mV] and maximum

[-349mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
Extending through the transition between Headstock and Pile.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 16 — 112a hs and Pile Public wharf.

Visual Inspection Head stock and Pile

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 60mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

Function Check of electrodes: Result 0.04mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-658mV] and maximum

[49mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
Extending through the transition between Headstock and Pile.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 17 — 84b hs Public wharf.

Visual Inspection Head stock and Pile

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 60mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

Bar validation
24mm? K
visible corrosion. |1

Function Check of electrodes: Result 1.12mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-684mV] and maximum

[49mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

LOCATION 18 — 115 a hs and Pile Public wharf.

Visual Inspection Head stock and Pile

The location was scanned with ground penetrating radar in polarised orientation from
the top of the headstock and there was 1 layer of reinforcing detected at approximately 60mm
(average) depth.

Reinforcement locations were marked, and a hole drilled until steel was first encountered.
corrosion is visually evident, Loss of reinforcing thickness was evident.
Block sample taken for Chloride ingress test. (separate report).

Function Check of electrodes: Result .22mV
Tolerances 0+5mV
Reference with rod electrode 0+5mV

Reference with wheel electrode 0 + 20mV
Steel reinforcement connectivity Yes
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~ Australion Concrete X-Ray

REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Half-cell Potential Testing

The attached figures show the potential survey results. This is a plan view that shows X vs. Y
distances in meters, the column shows the measures in mV (megavolt) with different colours
according to its magnitude; the minimum value obtain was [-613mV] and maximum

[49mV].
Refer to frequency % page 8 Potentials more positive than -200mV indicate there is a greater
than 90% probability that no reinforcing steel corrosion is occurring in that area.

Note: Active corrosion.
Extending through the transition between Headstock and Pile.
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Conclusion; Widespread Active corrosion across all elements tested visual
confirmation of active corrosion and visual evidence of delamination. Some elements failed
the continuity tests this could indicate major loss of reinforcement thickness.

Resistivity figures next Page.
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13" through to 17t May 2024

DISCLAIMER:

Technician/s:
Surface Appearance:

Resistivity Results

Care is taken to avoid testing on areas directly above reinforcement as this affects the

resistivity.

Resistivity testing results are only used as

an estimation of the likelihood of corrosion

and are compared to a large body of empirical resistivity data to gauge severity.

Surface contact is the main source of error when taking resistivity measurements. Each
surface must be cleaned and wet enough to allow a current to flow to the concrete

surface.

Resistivity can be directly correlated to chloride diffusion rate. The Resipod conforms
to the AASHTO TP 95-11 Surface Resistivity Test Method and uses surface resistivity
as an indication of the permeability of concrete. With the evaluation of the recorded
results, other corrosion inducing factors should also be considered:

The moisture content of the concrete

The environmental circumstances

The conductivity of the saturating solution
The presents of other corrosive materials

Jason Jones
Exposed aggregate

Preparation: Scrape and clean

Temperature: 26°C

Relative Humidity:

Test Units Brand / Model Test Method Other Details
Resipod g;‘;iﬁq ~A1[RP02-002- Surface Probe 38mm Spacing

Ground Penetrating Radar [GPR]

GSSI - SIR: 3000 [S/N:2186] | Line Scans

Antenna: 1600 [S/N:2318]
Orientation: Polarised and cross-polarised

Protimeter MMS

General Electric BLD5800

[0509110116] Hygrometer

Ancillary Components:

Procedure:

Empirical studies show that a one degree increase in temperature conservatively correlates to a
3% reduction in resistivity.

In accordance with the manufacturers’

Reference values

instructions.

one degree increase in temperature conservatively correlates to a 3% reduction in resistivity.

At 20°C

At 25°C

Negligible risk of corrosion

=100 kQcm

>85.9 kQcm

Low risk of corrosion

50 < a < 100 kQcm

429 <a<85.9 kQcm

Moderate risk of corrosion

10 < a <50 kQcm

8.59 < a <42.9 kQcm

High risk of corrosion

<10 kQcm

<8.59 kQcm
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13" through to 17t May 2024

Australian Concrete X-Ray

Area Identification Resipod Data Result
examined (kQecm)

HS #1 14 moderate
HS #2 259 moderate
P #3 11 High

HS #4 35.2 moderate
HS #5 195 moderate
P #6 154 moderate
HS #7 12.9 moderate
HS #8 12.8 moderate
HS/P #9 15.3 moderate
HS/P #10 19.8 moderate
HS/P #11 20.5 moderate
HS #12 21.8 moderate
HS #13 43.2 moderate
P #14 15.9 moderate
P #15 27.3 moderate
HS/P #16 18.4 moderate
HS #17 37.2 moderate
P #18 26.5 moderate

Surface: Exposed Aggregate

Hygrometer surface moisture reading (average of 5 readings):
Weather: 26° C

Reinforcement Spacing: Top: 200mm x 200mm / Irregular

Reinforcement Cover: Top: 80mm * (10% + 10mm) / Varied.
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Australian Concrete X-Ray

REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s:

13t through to 17t May 2024
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024
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REPORT NO: ACX ACX240067-01 Arup Bowen Wharf — HCP Test Date/s: 13™ through to 17t May 2024

Core Profiling Project 1D 156 29052024
Bowen Wharf chloride ingress Location catalogue.

Sample Listing:

Sample Product Sample LocationfAdditional

Date Type Identification Info Segment increment
Core

29-May Segment 1 lecation 3 Seprment 0-10 mim
Core

29-May Segment 1 location 3 Segrment 10-30 mm
Core

29-May Segment 1 location 3 Segment 30-45 mm
Core

29-May Segment 2 Location 4 Segrnent 0-10 mm
Core

29-May Segment 2 Location 4 Segrment 10-30 mm
Core

29-May Segment 2 Location 4 Segment 30-50 mm
Core

29-May Segment 2 Location 4 Segrnent 50-70 mm
Core

29-May Segment 3 Location 5 Segment 0-10 mm
Core

29-May Segment 3 Location 5 Segment 10-30 mm
Core

29-May Segment 3 Location 5 Segrment 30-50 mm
Core

29-May Segment 4 Location & Segrment 0-10 mm
Core

29-May Segment 4 Location 6 Segrnent 10-30 mim
Core

29-May Segment 5 Location 7 Segment 0-10 mm
Core

29-May Segment 5 Location 7 Segrment 10-30 mm
Core

29-May Segment 5 Location 7 Segrnent 30-50 mim
Core

29-May Segment 6 Location 8 Segment 0-10 mm
Core

29-May Segment 6 Location & Segment 10-30 mm
Core

29-May Segment 6 Location B Segrnent 30-45 mm
Core

29-May Segment Block 1 core 1 Location 9 Segment 0-10 mm
Core

29-May Segment Block 1 core 1 Location 9 Segment 10-30 mm
Core

29-May Segment Block 1 eore 1 Location 9 Segrment 30-50 mm
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Core

29-May Segment Block 1 core 1 Location 9 Segrment 50-65 mm
Core

29-May Segment Block 1 core 2 location 10 Segrment 0-10 mm
Core

29-May Segment Block 1 core 2 location 10 Segment 10-30 mm
Core

29-May Segment Block 1 core 2 location 11 Segment 30-50 mm
Core

29-May Segment Block 1 core 2 location 11 Segrment 50-60 mm
Core

29-May Segment Block 1 core 3 Location 11 Segment 0-10 mm
Core

29-May Segment Block 1 core 3 Location 12 Segment 10-30 mm
Core

29-May Segment Block 1 core 3 Location 12 Segrment 30-50 mm
Core

29-May Segment Block 1 core 3 Location 12 Segrnent 50-70 mim
Core

29-May Segment Block 2 core 2 Location 13 Segrment 0-10 mm
Core

29-May Segment Block 2 core 2 Location 13 Segment 10-20 mm
Core

29-May Segment Block 2 core 1 location 14 Seprnent 20-30 mim
Core

29-May Segment Block 2 core 1 location 14 Segrment 30-40 mm
Core

29-May Segment Block 2 core 1 location 16 Segment 40-50 mm
Core

29-May Segment Block 2 core 1 location 16 Segrment 0-10 mm
Core

29-May Segment Block 2 core 1 location 16 Segrment 10-20 mm
Core

29-May Segment Block 2 core 2 Location 17 Segment 20-30 mm
Core

29-May Segment Block 2 core 2 Location 17 Segrnent 30-40 mm
Core

29-May Segment Block 2 core 2 Location 17 Segrnent 40-50 mm

End Report.
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A1 A | B | C | D E F G H | J K L M N 0 P
LIST OF CONCRETE TEST LOCATIONS
LOCATION PILE ID HS / PILE? 1-2 concrete core locations to be taken
Middle Wharf Stem 61A HS on detached section of either Pier 119,
— Middle Wharf Stem 61B P 120 or 121
Middle Wharf Stem 64B HS
Middle Wharf Stem 71A P
2 Middle Wharf Stem 12A HS
Middle Wharf Stem 72B P
Outer Wharf Stem 78A HS
OUter Wharf Stem 81A P Proposed concrete core
Outer Wharf Stem 84A HS . test area ) BERTHS 1 AND 2 -
Outer Wharf Stem 86B P (ﬁ e ouing sheets (ﬂ PUBLIC ACCESS WHARF
Outer Wharf Stem 94A HS 212/ OUTER WHARF STEM \&/ 118120
83:2:: wﬂgg g:gm ggi |F—)|S < 76 78 80 82 84 8 88 90 92194 96 98 100'02 104 106 108 110 112 1
Outer Wharf Stem 111B P 49 51 53 55 57 59 61 6365 67 69 71 73 75 1 <i
Outer Wharf Stem 112A HS 4 > 7,
| |Outer Wharf Stem 115A P MIDDLE WRARF STEM ", O
Outer Wharf Stem 117D HS 15 N
Outer Wharf Stem 118A P 17 3 COAL PIER STEM
—  |Public Wharf 201F HS o 2
Public Wharf 202B P 23
Public Wharf 202C HS 2 BERTHS 3 AND ¢ - TUG
5 Public Wharf 203E P 27 »
Public Whart 203H HS 31 | y
Public Wharf 206C = 33 35 a7 11T /
=1 |Public Wharf 209A HS || 3
PUinCWharf 210C P o TOUUNDTTOONODODTNDONDTOONDIT MO N O
Public Wharf 212H HS P R R oS8R 8R3IIIITIES
Public Wharf 213C P BOWEN WHARF GENERAL ARRANGEMENT 4
Public Wharf 217B HS NTS.
Public Wharf 219E P
SECTION GEOMETRY DESCRIPTION PURPOSE
PROVIDES SHARED PORT TRAFFIC
CAUSEWAY ~270 M LONG GRAVITY ROCK STRUCTURE AND PUBLIC PEDESTRIAN ACCESS
SUSPENDED TIMBER DECK
PROVIDES SHARED PORT TRAFFIC
MIDDLE WHARF STEM ~165 MLONG \éVlIJTBI_IS'lc'Ingg'IBUEI%rEE AND PUBLIC PEDESTRIAN ACCESS
SUSPENDED TIMBER DECK
PROVIDES PUBLIC PEDESTRIAN
OUTER WHARF STEM ~225 M LONG WITH CONCRETE
_ SUBSTRUCTURE ACCESS ONLY
SUSPENDED TIMBER DECK
COAL PIER STEM ~210 M LONG WITH CONCRETE PROVIDES POF\;I'N'[I\'\’(AFFIC ACCESS
SUBSTRUCTURE
PUBLIC ACCESS ~78 M LONG AND PROVIDES PUBLIC PEDESTRIAN
WHARF ~20 M WIDE CONCRETE STRUCTURE | AcCESS ONLY (NO VESSEL USAGE)
PROVIDES TUG AND OTHER VESSEL
— TUG OPERATIONS ~150 M LONG AND
CONCRETE STRUCTURE MOORING TO FACILITATE
WHARF ~25 M WIDE SERVICING OF THE VESSELS.
NOT FOR
CONSTRUCTION
(l:\lrgRTH QUEENSLAND
ARUP BULK PORTS CORPORATION GENERAL ARRANGEMENT
~ BULK
R e PORTS N,
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| A o o
3
61A
72B
— 64B
~ Y
SN i EES, 10— P SRR S ER— PSSR = SR - e 1) N IS o] ...
4 N B
_ . —
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5 71A 72A
63 64 69 66 6/ 68 69 70 /1 72 73 74 75
- MIDDLE WHARF — PILES
N.T.S.
6 . .
Locations shown In blue to be tested on
headstock
Locations shown in red to be tested on pile
7
8
9
10
hieE)RTH QUEENSLAND
ARUP BULK PORTS CORPORATION CONDITION ASSESSMENT
ﬁ HEAT MAP - MIDDLE WHARF
] CONSULT AUSTRALIA B“lK SHEET 1 OF 2
P s Y PORTS
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A B C D E F G H | J K L M N (@) | P
868 §
96B s
76 77 78 79 ‘ 2
80 81 82 83 a4 85 86 87 88 89 90 91 92 93 94 95 96 97 98 3
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O
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78A 116
6
117D bom
disused piles - exast location (wjthin
111B D Ja this area) to be determined on sjte
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112A 115A 118A _
OUTER WHARF - PILES
N.T.S.
Locations shown Iin blue to be tested on
headstock
Locations shown in red to be tested on pile
Client
NORTH QUEENSLAND
ARUP BULK PORTS CORPORATION CONDITION ASSESSMENT
P HEAT MAP - OUTER WHARF
CONSULT AUSTRALIA B“lK SHEET 1 OF 2
Level 4, 108 Wickham Street
i%[:g}?j;\;:é?s gcl)ddoA #::Tle; (7) 3023 6023 M pnnTs \
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A1 A B C D E F G H | J K M N o}
203H
1 S S = g g S S = = S = S < z z < = < z @
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201F ((J\/xd ((J\,&xj
2
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N AN \
5
210C
PUBLIC ACCESS WHARF - PILES
_ 202C| |202B 203E 206C TS 213C 2178
209A
° Locations shown in blue to be tested on
headstock
| Locations shown in red to be tested on pile
7
8
9
10
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A1

A B c D F G H | J N 0 P
1
) A B
¢ PILE ¢ Pile
HANDRAIL
3 DECK
| RSOSSN SOEO==N Bl === St == | MTOP OF DECK RL +4.50m CD (APPROX.)
M STRINGER
Concrete Headstock
| | CORBEL : fHAT +3.73m Testing Location:
4 To be on the lower-side
| | of the headstock, directly
| | above the pile
CROSS HEAD
. T MHWS +2.83m
A vAR—
Concrete Pile Testing
€ Location:
5 To be at the top section
! 380mm PILE of the pile to maximise
window to inspect
MSL +1.76m around high-tides
_| S v A—
6
MLWS +0.67m
S v AR—
' LAT 0.0m
A v A—
! MIDDLE WHARF STEM TYPICAL CROSS SECTION /A
N.T.S. W
MIDDLE WHARF STEM GEOMETRY
8 TYPICAL APPROXIMATE
ELEMENT MATERIAL GEOMETRY
PILES CONCRETE 380X380MM
] 900MM DEEP X 900MM WIDE,
CI-IIQSA\SDSS?CE)ga/ CONCRETE WITH 400X400MM INVERTED
U-SHAPE VOID
CORBELS TIMBER @400MM, 2M LENGTH
9 @400MM, 4NO. ASSUMED
STRNCERS/ | TIMBER | SUPPORTING ROADWAY, 5.4M
SPAN (EXCL CORBELS)
. CROSS BEAMS TIMBER 230MM WIDE X 110MM DEEP
DECK TIMBER 230MM WIDE X 90MM DEEP
TIMBER 2 NO. 600MM WIDE X 60MM THK
. WHEEL GUIDES| (MARINE PLY) | SPACED AT APPROX. 1050MM
NOT FOR
CONSTRUCTION
Client
NORTH QUEENSLAND
ARUP BULK PORTS CORPORATION MIDDLE WHARF STEM
ﬁ TYPICAL CROSS SECTION
Level 4. 108 Wickh Street CONSULT AUSTRALIA B“lK
52?i+med1e(7\@!'((;2)/5,gé)doyoA #:;rﬂ;(n 3023 6023 M PnnTs \
www.arup.com Arup Pty Ld
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A1

B Cc D G H | J N 0 P
1
2 A B
¢ PILE ¢ PILE
HANDRAIL
3
DECK
| /‘ | TOP OF DECK VARIES FROM RL +4.50m CD (APPROX. LANDWARD)
| , ——— TORL +4.75M (APPROX. SEAWARD
— | 4 STRINGER
| Concrete Headstock
-CORBEL  HAT#3.73m Testing Location:
To be on the lower-side
4 | of the headstock, directly
above the pile
| CROSS HEAD
— | MHWS +2.83m
] I vAR—
' Concrete Pile Testing
N Location:
| To be at the top section
5 380mm PILE of the pile to maximise
window to inspect
MSL +1.76m around high-tides
I vA—
6
MLWS +0.67m
A v A—
LAT 0.0m
I vA—
/|/
7
OUTER _WHARF STEM TYPICAL CROSS SECTION /B
N.T.S. 005
OUTER WHARF STEM GEOMETRY
TYPICAL APPROXIMATE
8
ELEMENT MATERIAL GEOMETRY
PILES CONCRETE 380X380MM
— 900MM DEEP X 900MM WIDE,
CI—ITSASDSS$CE)'?5&/ CONCRETE WITH 400X400MM INVERTED
U-SHAPE VOID
CORBELS TIMBER @400MM, 2M LENGTH
9
@400MM, 3NO. ASSUMED
STRINGERS / TIMBER SUPPORTING TRAFFICABLE
GIRDERS DECK WIDTH, 5.4M SPAN (EXCL.
] CORBELS)
DECK TIMBER 220MM X 100MM THK
TIMBER 1-2 LAYERS OF SHEETS WITH
10 TOPDECKING | (MARINE PLY) THICKNESS OF 15-20 MM
NOT FOR
CONSTRUCTION
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A1

A B Cc D E F G H | J K M 0 P
1
2
A B C D E F G H
N ¢ PILE ¢ PILE ¢ PILE ¢ PILE ¢ PILE ¢ PILE ¢ PILE ¢ PILE
HANDRAIL
TOP OF DECK RL +4.75m CD
3 v
CROSS BEAM HAT +3.73m
B | i N
N
380mm PILE | | | | i : M: HWS +2.83m Concrete Pile Testing
CROSS HEAD Location:
4 380mm PILE | | To be at the top section
MSL +1.76m of the pile to maximise
—— window to inspect
around high-tides
— MLWS +0.67m
I AV
\ LAT 0.0m
N v
5 \
v Concrete Headstock
PUBLIC WHARF TYPICAL CROSS SECTION /DY \ Jesting Location:
— To be on the lower-side
N.T.S. \005 / .
of the headstock, directly
above the pile
6
7
PUBLIC WHARF GEOMETRY
TYPICAL APPROXIMATE
ELEMENT MATERIAL GEOMETRY
8 380X380MM. PILES AT 2700MM
PILES CONCRETE C/C ALONG HEADSTOCK. 8
PILES PER ROW.
1750MM DEEP X 380MM WIDE.
] IEIJER%DSSSTIEI)SED/ CONCRETE 4300MM C/C BETWEEN
HEADSTOCKS.
ASSUME 900MM DEEP X 380MM
WIDE AT ENDS OF EACH BEAM,
9 TAPERING TO 500MM DEEP IN
CROSS BEAMS CONCRETE MIDDLE. MIDDLE SECTION IS
2300MM LONG, ENDS ARE
1000MM LONG. 10 NO. CROSS
| BEAMS.
440MM TOTAL DEPTH (IN
LAYERS OF 220MM + 160MM +
DECK SLAB CONCRETE 60MM). 220MM BASE SLAB USED
0 FOR CAPACITY CALCULATIONS.
NOT FOR
CONSTRUCTION
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