












































Appendix B 
Results of Laboratory Testing 























































Appendix C 
Acid Sulfate Soils Management Plan 
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4 June 2007 

Tattersall Surveyors Pty Ltd 
PO Box 54 
RAYMOND TERRACE  NSW  2324 

Attention: Bob Lander 

Dear Bob 

RE: PROPOSED SUBDIVISION 

 RIVERSIDE ESTATE PROJECT APPLICATION AND SUBSEQUENT STAGES, TEA 
GARDENS 

 GENERAL ACID SULFATE SOILS MANAGEMENT PLAN 

Please find enclosed a generic Acid Sulfate Soils (ASS) Management Plan for all future developments 
within the proposed Riverside Estate Project Application and subsequent stages, Tea Gardens.  The 
plan is aimed at being useable by all future service installers, builders or property owners.  It presents 
an overview of acid sulfate conditions at the site, the potential for exposure to ASS and then provides 
recommendations and procedures for management and monitoring of ASS conditions. 

If you have any questions regarding this management plan, please do not hesitate to contact Robert 
Pearce or the undersigned. 

For and on behalf of Coffey Geotechnics Pty Ltd 

Arthur Love 

Principal Geotechnical Engineer 
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1 INTRODUCTION 

Coffey Geotechnics Pty Ltd (Coffey) has prepared a generic Acid Sulfate Soils Management Plan for 
future developments within the proposed Riverside Estate Project Application, Tea Gardens.  The work 
was commissioned by Bob Lander of Tattersall Surveyors, on behalf of Crighton Properties, the 
developers of the Riverside Estate. 

The Riverside Estate area has been subject to numerous previous acid sulfate soil (ASS) assessments 
and management plans.  Previous development of the adjoining Myall Quays estate has been 
undertaken in accordance with ASS Management Plans prepared specifically for the development 
earthworks programs. 

The purpose of the plan provided in this document was to provide a generic plan for management of 
ASS in future earthworks that occur within the Riverside Estate.  It is understood the plan is to be 
provided as a reference to all lot purchasers and contractors required to work on the site.  It has 
therefore been formatted in a way that will be useable to individual land owners to assist in obtaining 
DA approvals and in controlling and managing ASS during the development of each lot. 

2 SITE CONDITIONS AND PROPOSED DEVELOPMENT 
Topographically, the proposed development area is located within low lying coastal sand plains, with 
elevations typically of the order of 0.75m to between about 2.5m to 3m AHD.  Vegetation generally 
comprises of tall grasses and scattered medium sized eucalypts. 

Geologically the site is located within a region of windblown sand deposits probably of Pleistocene age 
(ie. greater than 20,000 years old) overlain by alluvial clays and the subsurface profiles encountered 
during our current investigation at the site and numerous previous investigations at the adjoining Myall 
Quays site revealed four main natural materials: 

� TOPSOIL:  Silty Clayey SAND, fine to medium grained, dark brown and dark grey; 

� ALLUVIAL CLAY:  Sandy CLAY and CLAY, medium to high plasticity and Clayey SAND, fine to 
medium grained; 

� AEOLIAN SAND:  fine to medium grained, pale grey / white and pale grey / brown; 

� INDURATED SAND:  fine to medium grained, dark brown, pale brown and orange / brown. 

Groundwater depths generally vary from 0.3m to 2.0m below the surface. 

3 WHAT ARE ACID SULFATE SOILS (ASS)? 
3.1 Background Information 

Acid Sulfate Soils (ASS) are soils which contain significant concentrations of iron sulphide or pyrite 
which, when exposed to oxygen in the presence of sufficient moisture, oxidises, resulting in the 
generation of sulfuric acid.  Unoxidised pyritic soils are referred to as potential ASS.  When the soils are 
exposed, the oxidation of pyrite occurs and sulphuric acids are generated, the soils are said to be actual
ASS.
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Pyritic soils typically form in waterlogged, saline sediments rich in iron and sulfate.  Typical 
environments for the formation of these soils include tidal flats, salt marshes and mangrove swamps 
below about RL 1m AHD.  They can also form as bottom sediments in coastal rivers and creeks. 

Pyritic soils of concern on low lying NSW and coastal lands have mostly formed in the Holocene period, 
(ie. 10,000 years ago to present day) predominantly in the 7,000 years since the last rise in sea level.  It 
is generally considered that pyritic soils which formed prior to the Holocene period (ie. >10,000 years 
ago) would already have oxidised and leached during periods of low sea level which occurred during ice 
ages, exposing pyritic coastal sediments to oxygen. 

3.2 Significance of ASS 
Disturbance or poorly managed development and use of acid sulfate soils can generate significant 
amounts of sulfuric acid, which can lower soil and water pH to extreme levels (generally <4) and 
produce acid salts, resulting in high salinity. 

The low pH, high salinity soils can reduce or altogether preclude vegetation growth and can produce 
aggressive soil conditions which may be detrimental to concrete and steel components of structures, 
foundations, pipelines and other engineering works. 

Generation of the acid conditions often releases aluminium, iron and other naturally occurring elements 
from the otherwise stable soil matrices.  High concentrations of some such elements, coupled with low 
pH and alterations to salinity can be detrimental to aquatic life.  In severe cases, affected waters flowing 
off-site into aquatic ecosystems can have a detrimental effect on aquatic ecosystems. 

4 ASS AND THE DEVELOPMENT OF RIVERSIDE ESTATE 
Prior to development, the area was occupied by low lying sand plains with elevations typically of the 
order of 0.75m to about 3m AHD. 

The development of the adjoining Myall Quays residential estate involved raising the level of the land to 
achieve a minimum surface level of 2.1m AHD.  Fill used to raise land levels was won onsite and from a 
sand pit located to the west of the site.  All fill used in the development was tested in accordance with 
relevant guidelines and if necessary treated in accordance with the Acid Sulfate Soils Management 
Plan for the site.  Similar fill materials will also be used to raise site levels across part of Riverside 
Estate Project Application. 

5 POTENTIAL FOR OXIDATION OF ACID SULFATE SOILS 
Installation of services involves placement of sewer mains to varying depths of up to 8m below final 
ground surface level.  Risers are installed on each lot so the connection to sewer will not be required to 
extend to a depth of more than 1m.  However, there is a requirement to pier structures in the vicinity of 
the sewer main to below the zone of influence.  As this will be below the water table in most cases 
driven or screw piles are likely to be used and therefore extensive exposure of ASS is not likely. 

As the majority of residential developments do not involve excavation below 1m depth, the following 
scenarios for exposure of ASS are envisaged: 

� Swimming pool excavations exceeding 1m deep; 
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� Bored piers exceeding 1m deep; 

� Other excavations that exceed 1m deep or involve dewatering by lowering the water table to depths 
of more than 1m. 

It is assumed that excavations for roads will not be below 1m deep and therefore it is not envisaged that 
road excavation will encounter ASS or Potential ASS.  

For any such proposed excavations, or dewatering projects, an acid sulfate soils assessment should be 
undertaken, involving sampling and analysis of soils to the proposed depth of excavation. 

6 MANAGEMENT OF EXPOSED ACID SULFATE SOILS 
6.1 Neutralisation 

The preferred method for managing the relatively small quantities of acid sulfate soil likely to be 
excavated is neutralisation by lime.  The required dosing rate should be derived from testing of 
representative samples of the soil prior to excavation.  Soil samples should be obtained at a rate of 1 
per 50m³ of soil disturbed.  Samples should be taken by a suitably qualified soils technician, engineer, 
or soil scientist and submitted to a NATA registered laboratory for analysis by POCAS or Chromium 
Reducible Sulfur methods. 

The recommended liming agent is fine agricultural lime with an Effective Neutralising Value (ENV) of 
98% or more.  Using lime of this type, the required dosing rate can be calculated from the results of the 
laboratory testing using the following formula: 

Lime required (kg lime/tonne soil) = 1.5 x Total Potential Acidity (kg H2 SO4/tonne soil) 

The lime and soil should be thoroughly mixed, preferably in a bunded area as close as possible to the 
source, with provision for runoff water to be collected and treated prior to release.  Exposed soils in the 
walls and floors of the excavations should be treated by spreading of lime on the exposed surfaces. 

For excavations disturbing less than 1,000 tonnes of soil, liming will be required unless analysis results 
fall below the following criteria: 

SOIL TYPE ACTION CRITERIA 

Sand to loamy sand 0.03% oxidisable sulfur 

18 mol H+/tonne

Sandy loam to light clay 0.06% oxidisable sulfur 

36 mol H+/tonne

Medium to heavy clay or silty clay 0.1% oxidisable sulfur 

62 mol H+/tonne

Where more than 1,000 tonnes of soil is to be disturbed, all soils should be treated unless test results 
fall below 0.03% oxidisable sulfur or 18 mol H+/tonne. 
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Neutralised soils can be used elsewhere on site provided test results on the neutralised soil meet the 
above criteria. 

6.2 Dewatering 
To minimise the impacts of dewatering for installation of services or other excavations, the following 
recommendations apply: 

� Where possible, undertake excavations in the wet (ie without dewatering); 

� Minimise the depth and extent of dewatering by staging the works and maintaining the groundwater 
level as close as possible to the working surface or pipe inverts; 

� Minimise the time of exposure of potential ASS by staging excavations, immediately installing 
services or pipes and backfilling excavation as soon as services are installed; 

� Excavated groundwater should be pumped to a holding tank, pond or bunded area.  The pH of the 
water should be measured and the water released only if a pH of 6.5 to 9.0 is achieved.  If water pH 
is less than 6.5, lime should be added as a slurry to the water until pH meets the required values.  
The preferred method of water disposal is by overland discharge at a rate that allows infiltration into 
the sand subsoils.  Direct runoff to surface drainage or waterways should be avoided; 

� Larger exposures, such as those on the batters of detention basins should be further limed and the 
lower parts of the batter should have a lime buffer placed in the form of limed sand bags (10% lime 
in sand) to allow neutralisation of acid leachate generated from the excavation walls.  If required, (as 
indicated by pH monitoring) additional neutralisation of water should be undertaken. 

7 MONITORING 
7.1 pH Monitoring 

The following monitoring is recommended to gauge neutralisation of excavated potential ASS: 

� Daily measurement of soil pH in distilled water and hydrogen peroxide.  Additional lime should be 
added if soil pH <4 (in distilled water) or pH<3 (in hydrogen peroxide) is encountered; 

� Laboratory testing by POCAS or CRS methods at a rate of one per 50m³ (or part thereof) of 
neutralised soil; 

� Monitoring and liming should continue until required levels have been achieved. 

7.2 Water Monitoring 
Monitoring of pH in water discharged from dewatering operation should be as discussed in Section 7.1. 

Surface waters, such as drainage lines, ponds or creeks in the vicinity of excavations or dewatering 
operation should also be monitored.  Discharge to surface water should be avoided if practical, but 
where necessary, background water quality testing should be undertaken.  Discharges should comply 
with ANZECC 2000 guidelines. 

The following criteria are presented for discharge to surface water: 
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pH INDICATOR FRESH WATER MARINE ECOSYSTEM 

pH 6.5 – 8.5 <0.2 unit change 

Fe (Total) 500µg/L N/A 

Total Dissolved Solids 0-1500mg/L >1500 mg/L 

Aluminium (Total) 5µg/L for pH <6.5 

100µg/L for pH >6.5 

-

8 CONTINGENCY PLAN 
Contingency plans have been discussed in the preceding section but are summarised below.  Sufficient 
lime should be stored on site to allow implementation of the plans. 

Soil

Where tests indicate lime neutralisation has not achieved acceptable results, additional lime shall be 
mixed through the soil until an acceptable result is achieved. 

Water

Water not meeting the criteria outlined above should be treated by addition of lime in the form of a 
slurry.  Mixing rates should be judged by monitoring pH during the process and be confirmed by 
laboratory testing prior to release.  Care should be taken to add lime gradually, as ‘over-shooting’ can 
occur rapidly in such operations. 

9 CONCLUSIONS 
All personnel on sites involved with excavation or dewatering should be made fully aware of the issues 
associated with exposure of ASS and the requirements of this plan. 

The site management procedures should be constantly reviewed to ensure that opportunities for 
exposure and oxidation of ASS are minimised. 

For and on behalf of Coffey Geotechnics Pty Ltd 

Arthur Love 

Principal Geotechnical Engineer 


