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1.0 INTRODUCTION 

This report presents the results of the Acid Sulfate Soil Investigation carried out by Soil Surveys 
Engineering Pty Limited for the proposed residential unit development at 3 Moores Road, 
Redland Bay. 

It is understood that the proposed development will comprise the construction of a five by two or 
three storey unit buildings overlying a single level basement. 

From an Acid Sulfate Soil (ASS) perspective, it is expected that bulk excavations of up to 3.00m 
will be required to create the various building platforms.  

2.0 SCOPE OF SERVICES 

The scope of services provided by Soil Surveys Engineering Pty Limited (refer proposal 1-
20916, 2018-10-15, PR VER 1) was to carry out an Acid Sulfate Soil (ASS) Investigation Report 
and development of an Acid Sulfate Soil Management Plan (ASSMP) as required by the 
Information Request from the Department of State Development, Manufacturing, Infrastructure 
and Planning (Reference DEV2020/1093) dated 5th March, 2020.  

3.0 SITE DESCRIPTION 

The development site is located at 3 Moores Road, Redland Bay. Lot 100 on SP309514. Refer 
Figure 1. 

 
FIGURE 1 - SITE LOCATION 
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At the time of the investigation the site was cleared with a surface covering of short grass. A 
small shed is located within the central part of the site. 

Redland City Council contour plans indicate the site slopes slightly generally towards the west. 
Surface levels ranged between RL 2.00m and RL 3.75m. 

Photographs 1 and 2 indicate existing site conditions. 

 
PHOTOGRAPH 1  LOOKING SOUTH ACROSS THE SITE 
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PHOTOGRAPH  2  SITE LOOKING TOWARDS THE NORTH 

4.0 GEOTECHNICAL INVESTIGATION 

4.1 Field Investigation 

Subsurface conditions at the site were investigated by drilling and sampling four boreholes, to 
depths of 4.00m, using a lightweight 4WD mounted drilling rig.  

The field work was carried out on the 5th May, 2020. 

A description of the investigation method, the borehole record and a site plan showing the 
investigation location are included in the Appendices. Borehole coordinates were recorded 
using a hand held GPS device, with accuracy consistent with such devices. 

4.2 Standards 

This study, including the soil classification descriptions and field sampling, were carried out in 
general accordance with the following procedures:- 

 AS 1726 - 2017 Geotechnical Site Investigations 

 Queensland Acid Sulfate Soil Investigation Team, Dept. of Natural Resources, 
'Guidelines for Sampling and Analysis of Lowland Acid Sulfate Soils (ASS) in 
Queensland, 1998' (Oct. 1998, Revision 4.0). 

 The State Planning Policy Guideline: State interest - emissions and hazardous activities 
- Guidance on acid sulfate soils, December, 2013. 

 Queensland Acid Sulfate Soil Technical Manual Soil Management Guidelines v4.0. 
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4.3 Laboratory Assessments 

A staged testing program was carried out on recovered soil samples; Table 1 refers:- 

TABLE 1 LABORATORY TESTING 

Test Method Test Objective 

pHF, pHFOX  and Reaction to HCI & H2O2 Qualitative screening 
ANC (Acid Neutralising Capacity) Quantitative - acid trail 

TAA (Total Actual Acidity) Quantitative - acid trail 
SCr (Chromium Reducible Sulfur) Quantitative - sulfur trail 

S-NAS (Retained Acidity) Quantitative - sulfur trail 

Thirty six (36) samples were screened by Soils Surveys Engineering as part of this study to 
assess field pH (pHF) and pH after oxidation (pHFOX) using 30% hydrogen solution buffered to 
between pH 4.5 to pH 5.5. 

The pHF/pHFOX screening method consists of two steps. In the first step, the field pH of a 1:5 
soil/water suspension is measured (pHF). In the second step, a 30% Hydrogen Peroxide 
solution is added to the sample which is then heated to accelerate the oxidation of the sample. 
The pH after oxidation (pHFOX) is then measured. A significant difference between the pHF and 
pHFOX result is indicative of PASS; however, test results may be affected by other inclusions 
such as shell material and organics. 

Samples were also subject to quantitative analysis by the Chromium Reducible Sulfur suite in 
accordance with appropriate laboratory procedures.  

The Chromium Reducible Sulfur suite had been adopted by QASSIT in Queensland for the 

from naturally occurring alkaline materials (i.e. calcite, coral debris, fine shell fragments) and 

Sulfur test method was selected 
in preference to the Suspension Peroxide Oxidation Combined Acidity & Sulfur (SPOCAS) 
method as it is gives more accurate indications of pyrite content where significant amounts of 
organic matter (and organic derived acidity) are present in the soil samples. 

An overall acid-
used to qualify analytical test results and calculate liming rates. This equation is given by: 

Net Acidity = Actual Acidity (as TAA) + Retained Acidity ( as SNAS) + Potential Acidity ( as SCR) - 
insitu Acid Neutralising Capacity (ANC). 

Laboratory test results are included in Appendix C. 

5.0 GEOTECHNICAL MODEL 

5.1 Subsurface Profile 

Subsurface conditions encountered at the borehole locations generally comprised natural clay 
soils extending to the borehole termination depths at 4.00m. 

Clay fill was encountered to a depth of 0.70m at the location of Borehole 3. 
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Refer the borehole records for a detailed subsurface profile description. 

5.2 Groundwater 

Groundwater was not encountered at borehole locations at the time of the investigation. Whilst 
groundwater was not encountered in the boreholes, it should be noted that groundwater may be 
present; please note that the period of time available (during the drilling of boreholes) is 
relatively short, and hence, the opportunity to observe the presence (or otherwise) of 
groundwater is limited. 

Further, groundwater conditions may fluctuate due to seasonal and climatic variations and 
localised seepage may occur.   

6.0 ACID SULFATE SOILS (ASS) - DISCUSSION OF RESULTS 

6.1 Summary of Quantitative Tests 

The results of the quantitative test results via the Chromium Suite testing are summarised 
below in Table 2. 

TABLE 2 QUANTITATIVE TEST RESULTS SUMMARY 

BH No. Depth (m) pHf pHfox pH kCI 
TAA 

(mol H+/t) 
S-NAS 
(%S) 

CRS (%S) 
Net Acidity 

(%S) 
1 0.50-0.70 6.3 4.9 5.46 213 - 0.009 0.029 
1 2.00-2.20 5.8 4.3 5.02 15 - 0.013 0.033 
1 3.00-3.20 5.6 4.6 4.91 12 - 0.003 0.023 
2 1.00-1.20 5.9 5.4 4.98 320 - 0.003 0.033 
2 2.50-2.70 4.7 4.1 4.54 426 - 0.008 0.048 
3 0.50-0.60 5.0 4.8 4.88 215 - 0.008 0.028 
3 2.00-2.10 4.5 3.7 4.55 640 - 0.003 0.063 
4 1.00-1.20 5.0 4.2 4.80 317 - 0.005 0.035 
4 3.50-3.60 3.9 13.1 4.51 487 - 0.008 0.148 

6.2 Criteria for Evaluation of ASS 

Preliminary Screening 

Criteria for comparison of results of screening tests (pH and pHfox) to indicate possible actual 
acid sulfate soils (AASS) or potential acid sulfate soils (PASS) were based on QASSIT 
guidelines and in accordance with the Moreton Bay Regional Council - Planning Scheme Policy 
Acid Sulfate Soils:- 

 pHf<4 may indicate that oxidation has occurred in the past and that AASS is present. No 
samples tested had pHf values <4. 

 pHfox<3 with a large unit change from pHf to pHfox, strongly indicates the presence of 
PASS. No samples tested recorded pHfox value <3. 

Quantitative Tests 

Texture based acid sulfate soils action criteria (QLD Acid Sulfate Soil Technical Manual v4.0 
2014) considering quantitative test results as a guide to assess the need for an ASSMP is 
presented in Table 3. 

 

4 3.50-3.60 3.9
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TABLE 3 ACTION CRITERIA (QASSTM 2014 VERSION 4.0) 

Texture Range/ Classification Approximate Clay 
Content (%) 

Action Criteria 1-1000 
tonnes disturbed 

Action Criteria >1000 
tonnes disturbed 

S 
(%) 

TAA 
(mol H+/t) 

S 
(%) 

TAA 
(mol H+/t) 

Coarse / Sands to Loamy Sands 5 0.03 18 0.03 18 
Medium / Sandy Loams to Light 

Clays 
5-40 0.06 36 0.03 18 

Fine / Medium to Heavy Clays and 
Silty Clays 

40 0.10 62 0.03 18 

It can be seen from comparison of results from Tables 4 and the above Action Criteria that 
some of the presented laboratory TAA test results do exceed action levels. 

6.3 Assessment 

Based on the stratigraphy encountered in ASS boreholes drilled at the site and results of the 
screening and quantitative analysis carried out, it is apparent that the clay material contains 
very low levels of acidity. 

The results of laboratory analysis indicates the presence of Acidic Soils within the natural soils. 
No test results recorded levels of Potential Acid Sulfate Soil (CRS) above the nominated action 
criteria. The acidity present in the tested samples are due to Titratable Actual Acidity (TAA) 
values exceeding the Action Criteria values with these soil samples located below depths of 
1.00m. 

Test results indicate that acidity in the soil consists predominantly of TAA, therefore these soils 
can be described as Acidic Soils with the origin of the acidity unclear but can be attributed to a 
variety of influences including geology age, landscape position, geochemist interactions or other 
soil-forming processes.  

TAA values exceeded the nominated action criteria recorded pHKCI values of 5.5.  In 
accordance with Queensland Acid Sulfate Soil Technical Manual: Soil Management Guidelines, 
when pHKCI values are 5.5, an Acid Soil Management Plan is required in areas of the site 
where Acidic Soils have been identified. 

An Acid Soil Management plan for the identified areas of the site is presented in Appendix E. 

7.0 LIMITATIONS 

We have prepared this report for the use of LEG Constructions Pty Ltd, for design purposes 
in accordance with generally accepted geotechnical engineering practices. No other warranty, 
expressed or implied, is made as to the professional advice included in this report. This report 
has not been prepared for use by parties other than LEG Constructions Pty Ltd; it may not 
contain sufficient information for purposes of other parties or for other uses. Please note that 
any third party relying on the information contained in this report for any purpose whatsoever 
does so entirely at its own risk, and any duty of care to that third party is excluded. 

Any interpretation or recommendation given by Soil Surveys Engineering shall be understood to 
be based on judgement and experience and not on greater knowledge of the facts than the 
reported investigations would imply. The interpretation and recommendations are therefore 

 sole use in accordance with the specific brief. As such they do 
not necessarily address all aspects of ground behaviour on the subject site. Information 

An Acid Soil Management plan for the identified areas of the site is presented in Appendix E.

5.5.  In 
accordance with Queensland Acid Sulfate Soil Technical Manual: Soil Management Guidelines, 
when pHwhen pHKCI values are 5.5, an Acid Soil Management Plan is required in areas of the site 
where Acidic Soils have been identified.
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provided by others has been taken in good faith, but no liability can be accepted for information 
provided by others. 

data given in this report is based on judgement, not a greater knowledge of facts other than 
those reported. 

Interpretation of the information shown on the logs, and its application to design and 
construction, should therefore take into account the spacing and depth of boreholes, the 
method of drilling, the frequency of sampling and testing and the possibility of other than 

iations between the boreholes. Subsurface conditions between and below 
boreholes may vary significantly from conditions encountered at the borehole locations. 

Please note, if following detailed design, the founding depth of any footings or piers/piles is 
within 3B (B = footing width/pier diameter) above the termination depth of the 
boreholes/pits/CPTU or if any excavations extend below the borehole/pit/CPTU termination 
levels, then Soil Surveys Engineering should be contacted immediately.   

If the above were to occur then the geotechnical data in this report should be considered 
preliminary only; additional investigation is likely to be required. 

In the event that conditions encountered on site during construction appear to vary from those 
expected from the information contained in the report, the Company strongly recommends that 
it immediately be notified. Most problems are more readily resolved when conditions are 
exposed than at some later stage, after the event. Should Soil Surveys Engineering not be 
notified or if this notification is delayed, then Soil Surveys can not be held responsible for the 
effect that any variation has on any aspect of the development. 

Soil Surveys Engineering consider that a documentation review service (during the design 
phase and prior to construction) to verify that the intent of geotechnical recommendations is 
properly reflected in the design, along with construction inspections, forms a very important 
component of the geotechnical engineering design service/process.  

The geotechnical review ensures geotechnical risks to our Client and their project are 
minimised at the design and tender stage of the project. Further, with Soil Surveys Engineering 
being commissioned to carry out geotechnical construction inspections, an opportunity at the 
time of construction to confirm any assumptions made in the preparation of the report and allow 
the effect of any normally occurring variation in ground conditions to be assessed with respect 
to construction becomes available.  

The above statements are not intended to reduce the level of responsibility accepted by Soil 
Surveys Engineering in accordance with our commission, but rather to ensure that all parties 
who may rely on this report are aware of the responsibilities each assumes in doing so and the 
risks they accept should they decline to have Soil Surveys Engineering carry out a geotechnical 
documentation review and geotechnical construction inspections. 
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APPENDIX A 

NOTES RELATING TO THIS REPORT 
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APPENDIX B 

BOREHOLE RECORD SHEETS 
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APPENDIX C 

LABORATORY TEST CERTIFICATES 
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Residential Unit Development 

3 Moores Road, Redland Bay

E1.0 ACID SOIL MANAGEMENT PLAN (ASMP) 

E1.1   Introduction 

The results of the Acid Sulfate Soil Investigation indicates that the soils contained within 
sections of the site are considered to be Acidic Soils as opposed to Acid Sulfate Soils. 

Management outlines in the following section are in general accordance with 
recommendations outlines in the Queensland Acid Sulfate Soils Technical Manual - Soil 
Management Guidelines V.4.0 June, 2014. 

E1.2   Management Plan 

Based on the results of the laboratory tests, it was considered that the natural soils below 
depths of 1.00m contain Acidic Soils and will require treatment and management. 

In accordance with the Queensland Acid Sulfate Soil Technical Manual: Soil Management 
Guidelines to prevent the potential for acid leachate from disturbed soils it is recommended 
that a neutralising agent be applied during site works. The following should be considered:- 

1. The application of a neutralising agent below any fill or stockpile areas is required to
intercept acid migration through the soil profile to underlying ground water horizons.

2. Position lime enriched perimeters around any temporary stockpiles, permanent
stockpiles or fill areas.

3. The implementation of surface water controls to ensure that water runoff form
earthworks zones has pH correction prior to entering detention basins or adjacent
watercourses.

4. Lime treatment of the upper fill layers of fill platforms and batters to mitigate against
the potential for acid migration form fill embankments, as well as addressing the root
zone of landscape areas which may be located over such areas.

5. Lime dusting the base of cut areas, with the area compacted following lime
application to ensure that ag-lime is incorporated into the surface material.

E1.3   Avoiding or Minimising Disturbance

The preferred management strategy for Acidic Soils is to avoid or minimise the disturbance 
of these materials. 

Given the proposed development, avoidance of Acidic Soils is not possible and 
neutralisation of the disturbed soil material will be required. 
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E2.0 ACID NEUTRALISATION 

The material excavated during the excavation may be used as controlled backfill on this site 
provides management of the soils as required is carried out. 

Current experience suggests that one of the most effective methods that can be 
implemented to limit or prevent the adverse consequences of disturbing acidic soils and 
material is the controlled application of agricultural lime (aglime). 

Various neutralising agents are available, with aglime being the most widely used product for 
acid sulfate soil treatment. 

E2.1   Lime Application 

The application of aglime to the soil requires thorough mixing and incorporation into the soil. 
The distribution of actual acid production is sufficiently consistent to allow an approach for 
lime dosing that is based on the depth of excavation. 

It is recommended that strict sampling and testing of the material be carried out during 
excavation. Not only will this lead to economy in the lime requirement, but it would also 
reduce the potential for over-correction in neutralisation and conversely under-correction in 
some cases.  

Based on the assessment of the investigation results and in accordance with guidelines, the 
recommended lime dosing rates are presented in Table E1, using the minimum industry 
safety factor of 1.5. The actual liming rates would need to be factored according to the 
product's quoted neutralising value in order to reach the ideal neutralising capacity.  The 
aglime must be fine grained to ensure better mixing and decreased chance of acid leachate 
runoff occurring. 

Thorough mixing of the aglime is critical. Following excavation of the material, it must be 
dried and ploughed, followed by lime dosing.  This is to be followed by further ploughing and 
harrowing to provide a homogeneous mix of the fill material and the lime. 

Only aglime (calcium carbonate) should be used, as quicklime or slaked lime is not 
considered a long term neutralising agent of sulfuric acid. 

Table E1 presents the estimated lime dosages per cubic metre of soil, based on the results 
of the field investigation and laboratory testing programs.  

TABLE E1 RECOMMENDED LIMING RATES 
Material Type Factored Lime Rate (kg/m3 of disturbed soil)

Fill Material NR
Natural Soils Clay (above 1.0m depth) NR
Natural Soils Clay (below 1.0m depth) 3 to 12
Notes: 
1. NR Not Required.  Does not exceed action criteria values.
2. Bulk density 1.70t/m3 assumed.
3. Lime dosing rates include a factor of safety of 1.5 and based on upper bound results.
4. 100% purity (neutralising value) is assumed for the aglime (any variation from 100% in the product actually

used must be factored accordingly).
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It is recommended that the estimated dosing rates shown be refined by on-site sampling and 
further testing at the time of construction thus allowing appropriate adjustments to be made if 
and when required. This would help safeguard against errors in identifying material types, 

 

Dosing rate calculations were carried out in general accordance with the method set out in 
the Qld Acid Sulfate Soil Technical Manual. 

E3.0 CONSTRUCTION TECHNIQUES 

 E3.1   Stockpiled Material 

All stockpiles of Acidic Soils should be located in settings that will ensure minimal risk of 
adverse environmental impacts following from acid leachate. The following 
recommendations are made for stockpiled material:- 

 Acidic Soils must not be stockpiled for a period greater than 18 hours unless it is 
neutralised first. Stockpiling untreated material any longer may reduce the pH of any 
leachate to the level at which aluminium precipitates out of solution. This will have a 
detrimental effect on the surrounding environment. 

  Stockpiling untreated material can be undertaken in an appropriate setting where all 
leachate/runoff can be controlled. 

 All stockpiles should have bunded drains surrounding them to allow collection, 
containment and treatment of surface runoff and leachate from the stockpile; the 
drains should flow to catchponds. 

 At stockpile locations, aglime (at the rate of 5kg/m2) should be tyned into the 
underlying soil for a depth of 0.3m below surface level. As each stockpile of soil is 
removed for treatment, additional aglime may be added should any of the leachate 
neutralise the original lime placed in the bunds (to be verified through testing). 

 E3.2   Acidic Soils Treatment 

Acidic Soils material excavated from the excavation may be placed in nominated areas for 
immediate treatment. The Acidic Soils material should be placed in layers less than 300mm 
thick to allow for adequate drying, ploughing and subsequent treatment with aglime. 

When each soil layer is spread and adequately dried, the contractor should add lime at the 
prescribed rate and mix thoroughly using agricultural spreaders and ploughs as appropriate 
to ensure a homogeneous mix. 

 E3.3   Groundwater 

Groundwater if encountered should be pumped to detention basin or holding tank for 
treatment prior to discharge. 

The water contained within the treatment bunds should not be removed until the target 
values have been achieved as presented below. 
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TABLE E2 TARGET LEVELS OF NEUTRALISED SOIL AND WATER 
Parameter Criteria Unit 

pH 6.5-8.5 pH 
Tubidity <10%1 NTU 

Suspended Solids <50 Mg/L 
Notes:- 
5. Released waters from the approved discharge point(s) to have turbidity (NTU) less than 10% above the 

receiving waters turbidity - measured immediately upstream of the site. 
6. Water Quality Objectives based on Draft urban stormwater - Queensland best practise environmental 

management guidelines, 2009. 

The water must then be treated to bring the pH and other water quality criteria to acceptable 
levels.  Appropriate neutralising agents, e.g. aglime, slaked lime or magnesium / calcium 
hydroxide must be used to treat the water to an acceptable level prior to discharge.  

E4.0 SITE MONITORING 

 E4.1   General 

A monitoring program should be implemented to provide feedback on the effectiveness of 
the management strategy and provide early warning should environmental degradation 
begin. 

The following aspects have been considered in the monitoring program:- 

 Parameters to be monitored 

 Frequency of monitoring 

 Procedures to be undertaken should monitoring indicate problems 

The following should be monitored during construction:- 

 Groundwater, leachate and discharge directed to ponds/holding tanks. 

 Neutralised soils (soils post liming). 

 E4.2   Stockpiled & Neutralised Soil 

Testing and monitoring of stockpiled and neutralised soils should be performed throughout 
the construction period in the interests of efficient lime dosing.  Verification testing by 
CRS/ANC test methods should be carried out at a rate of at least one sample per 500m3, 
with the sampling and testing intensity increasing should results prove to be variable.  

The following performance criteria must be attained for soil that has been treated using 
neutralisation:- 

1. The neutralising capacity of the treated soil must exceed the existing plus potential 
acidity of the soil. 

2. Post neutralisation, the soil pH is to be greater than 6.5. 
3. Excess neutralising agent should remain within the soil until all acid generation 

reactions are complete and the soil has no further capacity to generate acidity. 
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 E4.3   Contingency 

During construction, the contractor will have stored on site at all times, at least 500kg of 
Aglime to ensure that potentially hazardous situations can be controlled should the need 
arise.  

In addition, for sudden drops in water pH across the site, it is vital that the contractor has 
hydrated or slaked lime available for adding to any low pH waters. 

Hydrated (slaked) lime, although slightly more expensive than Aglime, is recommended to 
neutralise water as it is more soluble. However, a strict pH monitoring program must be 
carried out to ensure an acceptable pH range is maintained. Aglime can also be used 
although it is far less effective and hence more expensive for this purpose than alternatives 
such as hydrated lime. 

E5.0 REPORTING 

Monthly reports are to be submitted to the project principle noting the monitoring 
requirements as outlined below. 

E5.1   Water Quality Monitoring 

Water Quality Monitoring is to be conducted on retained waters and receiving waters 50m 
downstream of the site boundary within 24 hours following rainfall events greater than 20mm 
in 24 hours. 

E5.2   Inspection of Lime runoff protection measures 

Conduct weekly inspections and post rainfall (>20mm in 24 hours) inspections of the lime 
protection measures install as:- 

 Perimeter protection of fill areas and stockpiles and 

 Surface water lows controls 

 E5.3   Acidic Material Excavation 

Material excavated conduct Chromium Suite testing at a rate of 1 per 500m3 prior to re-use 
of material as backfill. Only required for the natural soil not the existing fill material. 

E5.4   Material Scheduled for off-site disposal 

Implement pH correction strategies for material to be removed form site as either unsuitable 
or excess fill. Conduct and record pH test results - as per AS 4969 Chromium Suite with 
samples tested to consist of a minimum of 4 sub samples. Nominated test frequency 1 test 
per 500m3 - test results to be received prior to material being removed form site. Exported 
Material register to be completed to ensure that acidic soil is not removed form site with a pH 
below 6.5. 


