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GLOSSARY 
 

AASS – Actual Acid Sulfate Soil and/or Sediments 

AHO – Australian Height Datum 

ANC – Acid Neutralising Capacity 

ASS – Acid Sulfate Soil and Sediments 

ASSMP – Acid Sulfate Soil and Sediment Management Plan 

CEC – Cation Exchange Capacity 

DEC – Department of Environment and Conservation 

DECC – Department of Environment and Climate Change 

DNR – Department of Natural Resources  

DWE – Department of Water and Energy 

EC – Electrical Conductivity 

EIS – Environmental Impact Statement  

H2O2 – Hydrogen peroxide 

HCl – Hydrochloric acid 

NAGP – Net Acid Generating Potential 

NAPP – Net Acid Producing Potential 

PASS – Potentially Acid Sulfate Soil and Sediments 

pHF – Field pH 

pHFOX – Peroxide Oxidised field pH 

POCAS – Peroxide Oxidation Combined Acidity and Sulfate 

SCR – Chromium Reducible Sulfur 

TAA – Total Actual Acidity 

VENM – Virgin Excavated Natural Materials 

VENM(a) – Non-acid generating VENM 

VENM(b) – Acid generating VENM 
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EXECUTIVE SUMMARY 

 
HMC Environmental Consulting Pty Ltd has undertaken an assessment of acid sulfate soil and 
sediments, potential soil contamination, and agricultural suitability for the Cudgen Lakes Sand 
Extraction Project (the “Project”). 
 
Acid Sulfate Soils and Sediments 

Extensive soil investigations across the Project Site and other landholdings on the Chinderah 
floodplain indicate that the soil profile and underlying sandy sediments are extremely 
homogenous, containing low concentrations of acid generating sediments within the soil and 
throughout the full depth of the sandy sediments. Within the sandy sediments, there are also 
significant sources of acid neutralising capacity, especially below 6m depth.  
 
Very low levels of existing or actual acidity were recorded in all boreholes. Although low levels 
of potential acidity were recorded in samples collected throughout the soil and sediment profile 
below approximately 6m depth, significant acid neutralising capacity was measured which, in 
most cases, greatly exceeded the acid generating capacity.  Potential acidity was noted in soil 
and sediment samples collected above the measured fluctuating groundwater table. Although 
the laboratory testing indicated the oxidisable sulphur in these porous soils exceeded adopted 
action criteria levels there is no evidence of acid induced groundwater problems. 
 
During April to July 2006, approximately 22 000 cubic metres of material was dredged and 
stockpiled within the bunded initial dredge pond area on the Project Site. Monitoring of soil and 
water during this operation confirmed that there is significant acid neutralising capacity within 
the soil and sandy sediments. No soil amendment was necessary during dredging to achieve 
management outcomes. Additionally, water quality within the dredge pond and surrounding 
groundwater bores remained within applicable criteria and standards. This initial dredging 
operation confirmed that the proposed management strategies for the Project can ensure 
successful, environmentally sustainable outcomes. 
 
Furthermore, the adjacent sand extraction operation (now Hanson Tweed Sand) has been 
operating successfully for more than ten years with regular monitoring confirming the 
management of acid sulfate soils and sediments is practical, environmentally sustainable, and 
cost-effective within sand extraction operations in this locality. 
 
Soil Contamination 

A detailed investigation of the site history, a walk over field inspection and soil survey was 
undertaken to identify the potential for soil contamination within the Project Site.  Based on the 
sampling results, site history, geographical location and review of topographic mapping, there is 
a very low level of risk that the Project Site is contaminated with remnants of chemicals from 
current or former sugar cane cultivation.  
 
Based on these findings it is deemed that further sampling and laboratory analysis is not 
required and that the Project Site can reasonably be considered, for the purpose of the 
proposed development, to be uncontaminated. It is considered that there is little environmental 
or health hazard associated with the proposed use of the subject property for sand extraction. 
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Agricultural Suitability 

The proposed use of the land is recognised in the Northern Rivers Farmland Protection Project 
(DIPNR et al, 2005) as a rural industry. There is recognition that extractive industries have a 
place in some agricultural areas. The proposed operation appears to be compatible with 
existing land uses in the area and management strategies to be implemented would help 
ensure that alienation of other agriculture and the impacts from the Project would be minimal. 
 
Soil and land use history investigations and site specific studies have confirmed that acid 
sulfate soils and sediments, potential land contamination and agricultural suitability issues are 
able to be appropriately managed during the construction, operation and rehabilitation of the 
Cudgen Lakes Sand Extraction Project. 
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1 INTRODUCTION 
1.1 Introduction 
 
HMC Environmental Consulting Pty Ltd has been commissioned by R.W. Corkery & Co. Pty. 
Limited on behalf of Gales Kingscliff Pty Ltd (the “Proponent”) to undertake an assessment of 
acid sulfate soils and sediments (ASS), potential soil contamination, and agricultural suitability 
for the Cudgen Lakes Sand Extraction Project (the “Project”). 
 
Appendix 1 of this report lists each of the Environmental Assessment requirements issued by 
the Director-General of the Department of Planning and issues provided by other government 
agencies relating to ASS, soil contamination and agricultural suitability with references to the 
relevant sections of this report where each requirement is addressed. 
 
The Project would include the excavation of sand together with hydraulic extraction (dredging) 
and pumping of the extracted material to a processing area and to nominated fill sites. The 
Project also includes the receipt and, where possible, recycling of Virgin Excavated Natural 
Materials (VENM). 
 
A land use history and soil investigation has been undertaken to assess the potential impacts 
associated with the disturbance of ASS, exposure of persons and the surrounding environment 
to potentially contaminated land, and the agricultural suitability of the Project Site. 
 
 
1.2 Description of the Project Site and Study Area 
 
The Project would involve the removal of approximately 5 000 000m3 of sand over a period of 
15 to 20 years.  The Project Site covers a total area of 67ha which includes:  
 

• a 37ha extraction site south of Altona Drive (‘southern extraction site’);  

• a 9ha extraction site north of Altona Drive (‘northern extraction site’); and 

• a processing area north of Altona Drive covering an area of 3.7ha. 

 
 

Two pipeline corridors are proposed extending north and east from the southern extraction site.  
These are referred to as the “northern pipeline corridor” (0.8km in length) and the “eastern 
pipeline corridor” (1.5km in length).  The proposed northern pipeline corridor would be located in 
the road reserve on the western side of Tweed Coast Road.  The proposed eastern pipeline 
corridor would be located within the road reserve for a proposed subdivision road within land 
owned by the Proponent.  It is acknowledged that the proposed road has not yet been 
approved.  Therefore, an alternative eastern pipeline corridor has been proposed in the event 
that the proposed road is not approved within a suitable timeframe.  An alternative northern 
pipeline has also been proposed in the event that suitable agreements are reached with an 
adjoining landholder. 
 
The Study Area consists of the entire Project Site though focus has been place on the areas 
that would be modified by the sand extraction and processing Project.  The Study Area also 
incorporates a nominal 30m wide area centred on the pipeline corridors.   
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The Project Site is located within the Tweed River floodplain and bounded to the south by the 
Cudgen Plateau which rises to approximately 38m AHD. The land within the Project has 
previously been cleared and drained and is generally level. The Project Site is currently 
intermittently grazed by cattle though preparatory works including a 0.5ha initial dredge pond for 
an approved sand extraction operation was created during 2006. 
 
Figure 1 shows the location of the Project Site and Study Area while Figure 2 shows the layout 
of the Project Site. 

 
 
2 DESCRIPTION OF THE PROJECT 
 
The Proponent proposes to develop and operate a sand extraction operation to supply fill sand 
to a number of nominated fill sites via two pipeline corridors and to produce a range of sand 
products for sale to the local construction industry. The Project would also be appropriately 
licensed to accept virgin excavated natural material (VENM) which would be used in production 
of saleable sand products, used to backfill the northern extraction pond or interned at the base 
of the southern extraction pond.  
 
The operation has been designed to optimise the recovery of sand whilst at the same time 
addressing and managing the environmental constraints within and surrounding the Project 
Site.  As the Project proceeds, the northern extraction pond would be progressively backfilled to 
ultimately form sporting fields and recreational facilities and finalised sections of the southern 
extraction pond would be progressively rehabilitated in order to form a recreational lake and 
surrounding parklands. 
 
Construction and site establishment would occur over an approximately 3 month period in which 
three site entrances and internal roads would be constructed together with the processing 
plants, offices, workshop and perimeter bunding.  The dredge, pipelines to the processing area, 
pumps and other equipment would also be installed during the construction period.  
Construction activities would occur between 7:00am and 6:00pm Monday to Friday and 7:00am 
to 1:00pm Saturday. 
 
The extraction sequence would involve: stripping of topsoil; formation of bunds; and extraction 
of the sand resource (loamy sand and fine grained sand).  Extraction of all material within the 
northern extraction site would be undertaken over four stages progressing east to west to a 
depth of approximately 5m using excavator and trucks.  Within the southern extraction site 
extraction would occur over 10 stages, generally progressing west to east.  Extraction would 
occur to the depth of the resource, typically 20m below current ground level with the upper 
loamy sand material extracted using an excavator and the remaining fine grained sand material 
extracted using a cutter-suction dredge.   
 
The upper loamy sand material would be treated using alkaline amendments, such as 
agricultural lime, prior to being transferred to the processing area for production of various 
construction materials, such as mortar sand.  The fine grained sand material would either be 
trucked or pumped to the processing area and washed to remove oversize and undersize 
materials, producing construction grade sand, or be pumped to a nominated fill site for use as 
fill material.  All fines separated during processing or returned from the fill sites would be 
returned to the base of either the northern or southern extraction pond. 
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Figure 1 

Local Setting 

(A4) Colour 

Note:  A colour version of this figure is available on the Project CD. 
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Figure 2 
Project Site Layout 

(A4) B&W 

 

Note:  A colour version of this figure is available on the Project CD. 
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All soil removal and excavation of sand (ie. mechanical removal) would occur between 7:00am 
and 6:00pm Monday to Friday and 7:00am to 1:00pm Saturday.  Dredging and pumping of sand 
to the processing area, and processing activities, would occur between 6:30am and 10:00pm 
Monday to Friday and 7:00am to 4:00pm Saturday whilst dredging of sand for pumping to fill 
sites would occur between 6:30am and 6:30pm Monday to Friday and 7:00am to 1:00pm 
Saturday.   
 

Sand to be used as a filling material to raise the level of various parcels of land in the Kingscliff, 
Chinderah and Cudgen areas would be pumped hydraulically to the fill sites from the southern 
extraction site as a sand / water slurry. Water draining from the sand at the fill sites would be 
pumped back to the southern extraction pond.  The Proponent intends to use up to two 
enclosed staging pumps beyond the dredge to convey the sand to the fill sites, one located 
within the Project Site and one within each pipeline corridor.  Pumping would only occur along 
one corridor at a time.  Up to 450 000m3 of sand could be pumped annually to the fill sites. 
 

Based on maximum annual sales of 300 000tpa the average number of product truck 
movements on any weekday or Saturday would be approximately 100 and 60 respectively (50 
and 30 loads).  As sales would vary from day to day, the 85th percentile number of product truck 
movements on the local roads on a busy weekday or Saturday would be 130 and 80 
respectively (65 and 40 loads).  Based on the importation and receipt of up to 45 000tpa of 
VENM, it is estimated that the incoming VENM would generate approximately 24 truck 
movements (12 loads) per week.  The 85th percentile volume has been estimated at 32 truck 
movements (16 loads) per day.   
 

In total, it is assumed, once the Project is fully operational, the despatch of products and 
importation of VENM would generate up to 124 truck movements (62 loads) per day on an 
average day. All product distribution and VENM receipt would occur between 7:00am to 6:00pm 
Monday to Friday and 7:00am to 1:00pm Saturday. 
 

Both non acid generating VENM - VENM(a) and potentially acid generating VENM – VENM(b) 
would be received at the Project Site via road trucks, appropriate details recorded and the 
material classification verified.  VENM(a) would either: be processed to produce saleable 
products or used to backfill the northern extraction pond or finalised edges of the southern 
extraction pond.  VENM(b) which is suitable for processing would be placed adjacent to the 
southern extraction pond for treatment, as for the loamy sand material, prior to processing.  
VENM(b) not suitable for processing would be either placed below the water table as backfill 
within the northern extraction pond and capped with a minimum one metre depth of clean fill or 
interned at the base of finalised sections of the southern extraction pond.   
 

All VENM delivered to the Project Site and processed materials despatched from the 
processing area would be transported via Altona Drive, Crescent Street and Tweed Coast 
Road.  Access to the Project Site would be provided via three entrances off Altona Drive, one to 
the processing area and northern extraction site and two to the southern extraction site.  
 

The Proponent would adopt a progressive approach to site landscaping and rehabilitation to 
ensure that, wherever possible, disturbed areas are either temporarily or permanently stabilised 
to limit erosion and adverse visual impacts.  An important component of the rehabilitation of the 
Project Site would be the progressive backfilling of selected finalised sections of the shore of 
the southern extraction pond and introduction of native vegetation to create wetland areas and 
parklands.  The construction of recreational facilities such as walking and equestrian / cycling 
tracks would occur following completion of sand extraction activities.  The final lake would have 
a depth of up to 20m and cover an area of approximately 37ha. 
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3 SITE DESCRIPTION AND PHYSICAL CHARACTERISTICS 
3.1 Land Use 
 
The Project Site is largely cleared and currently used for cattle grazing. An initial dredge pond 
and preparatory works have also been completed for the removal and pumping of 400 000m3 of 
sand from Lot 2 DP216705 under an existing approval (DA 96/518) granted in 1998. Historically 
used as a wet grazing block, the low-lying Project Site has previously been drained and for a 
number of years supported sugar cane. The Project Site is bounded to the east by Crescent 
Street and several residential properties and an existing sand extraction operation (Hanson 
Tweed Sand) to the west. The Chinderah Golf Club and marginal grazing land is located to the 
north while the Cudgen Plateau is located immediately south supporting agricultural uses such 
as cropping and orchards.. Tweed Shire Council is currently constructing the Kingscliff Waste 
Water Treatment Plant immediately northwest of the Project Site.  
 
 
 

3.2 Site History 
 

An examination of historic parish maps dating back to 1913 and topographic maps to 1947 
confirm that the land has consistently been used for agricultural purposes. The early parish 
maps show the land as swamp while the 1947 topographic map indicates some drainage, 
presumably to improve the grazing potential of the land (see Figures 3 and 4). 
 
 

 
Figure 3 

1913 Parish map confirming “swampy” nature of Project Site 
(Source: NSW Department of Lands) 
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Figure 4 

1947 topographic map showing drainage network 
(Source: Tweed Shire Council Library) 

 
It has been stated (Crofts, 1986) that the land within the Project Site was previously used as a 
wet grazing block until 1964 when the land was purchased by John Kiolrup and partially drained 
and developed as a tropical grass and legume seed nursery and farm by Anderson Seed Ltd 
and Terranora Pastures Pty Ltd.     An inspection of the property about 1966 revealed that, due 
to a high water table and water logging, great difficulty was being experienced in growing and 
harvesting legume and grass seeds. Subsequently, Anderson Seed Ltd went into liquidation. 
The property was apparently purchased by Altona Pastoral Co. Pty Ltd on 13 December 1971 
and developed as a cane property during a period of rapid expansion of the cane industry from 
1973. 
 
The 1970 aerial photo (see Appendix 2) appears to show intensive drainage typical of sugar 
cane cultivation, therefore, the cane may have been on the site a few years earlier than 1973. 
No cane drainage is noted in the 1962 aerial photo (see Appendix 2). Interestingly, the 1974 
topographic map (see Appendix 2) does not indicate sugar cane cultivation on the site 
although the map would have been based on investigation and interpretation work undertaken 
several years earlier.  
 
By 1984, the sugar cane enterprise was determined as non-viable due to history of production 
costs exceeding income.  Due to the soil and drainage problems associated with the land, apart 
from grazing of cattle during dry periods, the land has not been used for agricultural activities 
since around this time. A letter dated 2 September 1987 from the NSW Cane Growers 
Association and included in Crofts (1986) notes the frequent inundation, poor nature of the land, 
and recalls that the farm was for many years known as “Frog Hollow”. It was regarded by all 
canegrowers in the district as a non-viable cane farm. 
 
Discussions with the NSW Sugar Milling Cooperative Ltd. (J Tait per. comm.) indicate that the 
last year sugar cane was grown on the site was 1988. It therefore appears sugar cane 
cultivation occurred on the site for a period of 10 to 15 years only. 
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In January 1997, Torrac Investments Pty Ltd submitted a development application to Tweed 
Shire Council revising the 1994 proposal submitted by Keown & Drummond Pty Ltd.  At that 
time, Torrac Investments Pty Ltd held a contract to purchase this land parcel from Bradshaw 
Investments Pty Ltd.   
 
The amended development application proposed to remove 800 000m3 of sand from an area of 
14.3ha to a depth of 8.5m in the southwest corner of Lot 2 DP 216705.  Of this material, 
400,000m3 was to be used to raise the land surface on Lots 1 and 2 DP 828298 which is 
approved for an 89 lot subdivision.  This initial extraction was approved to take place within a 23 
week period. The remaining 400 000m3 was to be available for hydraulic extraction or 
transportation by truck to other approved fill sites, once the Tweed Sand and Turf operation 
ceased production.  
  
The development application was determined by Tweed Shire Council and refused. However, 
the decision was appealed in the Land and Environment Court of NSW.  In October 1998, the 
court ordered that the extraction be approved to remove 400 000m3 of sand by hydraulic 
methods to Lot 1 and Lot 2 DP829298 subject to conditions.   
 
In 2003, a small start-up pond was excavated on the site and surface and groundwater 
monitoring has been undertaken to determine the baseline conditions across the Project Site. 
During April to July 2006, approximately 22,000m3 of material was extracted from the start-up 
pond to create a 0.5ha initial dredge pond to enable the placement of a suitable sized dredge. 
All material extracted was stockpiled within the bunded area in accordance with the 1998 
approval.  The material was covered with topsoil and grassed to limit sand lift-off until dredging 
commences. 
 
Grazing continued across the Project Site during this time. 
 
 
3.3 Topography 
 
The Project Site forms part of the Cudgen floodplain with an elevation ranging from 0.8m to 
1.2m AHD. The Cudgen Plateau rises steeply immediately to the south to an elevation of 30m 
to 40m AHD. Drainage generally flows via formed agricultural drains from the Cudgen Plateau 
north towards the Tweed River (see Webb, 2008). 
 
 
3.4 Geology 
 
Coffey Geosciences (1999) described the regional bedrock beneath the Project Site as inter-
bedded argillite and meta-greywacke of the Neranleigh-Fernvale Beds of lower Palaeozoic age. 
The basement is noted as being overlain with Quaternary organic clays which in turn are 
overlain by Quaternary sands. The sands were assessed as “medium to fine grained with some 
coarse grained, quartzose and poorly graded, with a uniform thickness across the site of around 
21m”. The depositional environment is described as “deltaic, with the presence of shell and 
organic fragments throughout the sequence indicative of alternating marine and terrestrial 
influence throughout deposition”. Tertiary basalt of the Lamington Volcanics overly the 
Neranleigh-Fernvale beds immediately to the south of the Project Site forming the Cudgen 
Plateau. 
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Figure 5 

Section Showing the Local Geology (AGEC, 2007) 
 

(A5 / B&W) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.5 Soils 
 
These investigations have identified that the soils and sediments within the Project Site 
consist of black silty sand topsoil ranging from approximately 0.2m to 0.5m overlying a 
medium to fine grained grey sand interbedded with shelly and humic material to a depth of 
approximately 20m.  
 
 
 
3.6 NSW Department of Water and Energy ASS Risk and Planning Maps 
 
The NSW Department of Water and Energy (DWE) 1:25 000 Acid Sulfate Soil Planning Map – 
Cudgen indicates that the Project Site is located within a Class 3 area and may be affected by 
Acid Sulfate Soils (an extract from this map is duplicated as Figure 6). The DWE 1:25 000 ASS 
Risk Map – Cudgen indicates that there is a high probability of ASS being at a depth of 1m to 
3m with a landform of aeolian, sandplain and an elevation of 2m to 4m AHD. 
 

Source: AGE (2008) – Figure 7 



GALES-KINGSCLIFF PTY LTD 3 - 18 SPECIALIST CONSULTANT STUDIES  
Cudgen Lakes Sand Extraction Project  Part 3 – Acid Sulfate Soils, Soil Contamination  
Report No. 617/04  & Agricultural Suitability Assessment 
 

HMC Environmental Consulting Pty Ltd 

 
Figure 6 

ASS Planning Map Classification (Source: NSW DWE ASS Planning Map-Cudgen) indicating 
depth below which works require preliminary ASS investigation 

(1 = any works, 2 = ground surface, 3 = 1m        
4 = 2m, 5 = works within 500m of 1, 2, 3 or class 4 land that potentially lower watertable below 1 m AHD) 

 
 
 

3.7 Tweed Shire Council Local Environment Plan 2000 
 
The Project Site is zoned Agricultural Protection 1b (2) (see Figure 7) and while the primary 
objective is to protect agricultural land, a secondary objective of this zoning is to allow 
development which is compatible with agricultural activities.  
 
Clause 35 of the Tweed LEP 2000 states that where works are proposed 1m below the natural 
ground surface in Class 3 mapped areas, a preliminary acid sulfate soil assessment needs to 
be undertaken to determine the presence or otherwise of ASS. An applicant may also accept 
that ASS is present.  
 
A management plan is required in accordance with the Tweed LEP 2000 should it be either 
confirmed or accepted that ASS is present.  If a management plan is required, it must be 
prepared in accordance with the Acid Sulfate Soil Manual produced by the Acid Sulfate Soil 
Management Advisory Committee (1998). 
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Figure 7 

Tweed Shire Council LEP Zonings (Source:TSC GIS) 
 
 
 
3.8 NSW Department of Water and Energy Soil Landscape Maps 
 
The NSW DWE Soil Landscape Map “Murwillumbah-Tweed Heads” (Morand, 1996) shows the 
Project Site lies within a “Tweed landscape variant ”(twb) soil landscape which is characterised 
by moderately well-drained Prairie Soils overlying barrier sands. The Tweed soil landscape 
consists of deep Quaternary alluvium and estuarine sediments of the marine plain of the lower 
Tweed catchment. Local relief is >1m and elevation is 1m to 3m. In this soil landscape, up to 
50cm of black, strongly structured clay overlies >200cm of grey sand.  Total depth is nominated 
as >300cm.  Table 4.1 in Morand (1996) noted that while the soils in the “twb” landscape are 
acidic, acid sulfate potential is not listed as a limitation.  
 
This sequence described regionally is not generally consistent with the sequence observed 
beneath the Project Site. The soil profile appears to reflect a Kingscliff (ki) soil landscape with a 
dark loamy sand topsoil. It is noted that the ki soil landscape is mapped immediately east of the 
Project Site. The grey sand is recorded as extending to a maximum depth of 21m. The “ki” 
topsoil is characterised by very strong acidity, low CEC, very low nutrient status and low water 
storage capacity. Table 4.1 in Morand (1996) indicates localised acid sulfate potential in this soil 
landscape.  
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4 ACID SULFATE SOILS AND SEDIMENT ASSESSMENT 
4.1 Literature Review 

4.1.1 Previous Soils and Sediment Investigations 
 
Data from extensive ASS and geotechnical soil investigations on adjoining sites including the 
new waste water treatment plant site and Hanson Tweed Sand Quarry (formerly Tweed Turf 
and Sand) operation were reviewed and compared with the results from the Project Site. 
 
A total of five extensive soil investigations have been undertaken both within the Project Site 
and across the surrounding floodplain over the past 20 years. 
 
 
1. Coffey and Partners (1986). Geotechnical Investigation for Proposed Extractive 

Industry Lot 2 DP 611021 and Lot 2 DP 216705. 
 
This investigation included the drilling of six bores to a maximum depth of 23m. Borelogs 
indicated fine to medium sands with interbedded shelly and humic material. No ASS analyses 
were undertaken. 
 
 
2. Woodward-Clyde (1997). Environmental Impact Statement for Proposed Sand 

Extraction Operation – Lot 2 DP 216705, Cudgen.  
 

This Environmental Impact Statement (EIS) included an ASS soil investigation for a proposed 
sand winning operation on the southern part of the Project Site. The investigation by 
Woodward-Clyde in 1991-1992 included fifteen shallow bores (<1.3m depth) with soil samples 
tested for in-situ pH and electrical conductivity (EC). In situ pH values ranged from 3.2 to 7.0. 
 
A number of soil samples collected during the installation of groundwater monitoring bores were 
incubated for two months and analysed for total iron, total sulfur and Net Acid Producing 
Potential (NAPP). No significant decrease in pH was recorded in samples collected below 4m 
depth during incubation tests, however, pH levels did decrease in samples collected less than 
3m from the ground surface.  Total sulfur levels ranged from <0.01% to 0.05% although a 
negative NAPP was recorded with shell present in all samples. A negative NAPP indicates acid 
neutralising capacity within the soil.  
 
Four test pits were also excavated to 4m depth and samples collected from the adjoining sand 
extraction operation. Weathering tests were undertaken on the samples over a three month 
period. A general decrease in pH was noted during the incubation of the bulk sand samples. 
However, the samples from the sand extraction operation recorded minimal pH change.  
 
 
3. Gilbert & Sutherland (2003b) Acid Sulfate Soil Assessment & Management Plan Lot 

2 DP216705, Crescent Street, West Kingscliff 
 
This ASS investigation included hand augering of two boreholes to a depth of 1.5m within the 
area of the proposed initial dredge operation. The soil profiles were described as silty sand 
topsoil overlying sand. A total of 12 samples were subjected to preliminary screening, 
Chromium Reducible Sulfur (SCR) and Total Actual Acidity (TAA). The SCR ranged from 0.01 to 
0.39%. Seven samples exceeded the action criteria of 0.03%.  
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Acid producing potential was noted as being greatest below the observed groundwater level 
(0.85m below natural ground level).  TAA values ranged from -33 to 35 mol H+/t with two of the 
twelve samples recovered exceeding the action criteria of ≥18 mol H+. Seven of the samples 
recorded some neutralising capacity. 
 
 
 
4. Coffey Geosciences (1999). Cudgen Sand Extraction – Hydrogeological 

Assessment and Installation of Monitoring Bores 
 
Five monitoring bores were installed to an approximate depth of 6m on the Project Site during a 
hydrogeological assessment for a proposed sand extraction operation. Borelogs recorded dark 
grey fine to medium sand from approximately 1.5m depth. ASS investigations were not 
undertaken. 
 
 
 
5. Gilbert & Sutherland (2005). Soil Survey, Acid Sulfate Soil Assessment, Agricultural 

Land Capability Assessment, Hydrological Assessment and Soil Management Plan 
& Addendum Report 

 
Gilbert & Sutherland undertook soil investigations and auditing of soil and water management 
operations on the sand extraction operation (now Hanson Tweed Sand) adjoining the Project 
Site since before 1996. Petrographic analysis of dredged samples collected from the dredge 
pond in 1996 and 1997 recorded no pyrite by reaction in any of the samples tested. Monthly 
monitoring over a fifteen month period in 1997 and 1998 recorded oxidisable sulfur levels 
ranging from <0.01 to 0.03% with Acid Neutralising Capacity (ANC) ranging from <0.1 to 2.8% 
CaCO3. In all cases, there was a negative Net Acid Generating Potential (NAGP) for the 
samples tested. 
 
In 2000, Gilbert & Sutherland undertook an ASS investigation for an application to expand the 
adjoining sand extraction operation adjoining the Project Site. Fourteen boreholes were drilled 
to approximately 6m depth. Preliminary screening was undertaken on 172 samples with 69 of 
these subjected to Peroxide Oxidation Combined Acidity and Sulfate (POCAS) and some SCR 
laboratory tests. The results recorded 44 of the 69 samples exceeding the 0.03%S actionable 
criteria. The majority of the samples recording exceedances were associated with the shallow 
grey-dark grey, fine to medium grained layer. Petrographic analyses were undertaken on only a 
few samples, with only one sample recording a moderate-strong reaction with hydrogen 
peroxide (H2O2). A strong reaction to hydrochloric acid (HCl) was noted in 17 of the 172 
samples suggesting that some shell is available for acid neutralisation. 
 
As part of the investigation for the application to extend the adjoining sand extraction operation, 
Gilbert and Sutherland undertook a detailed soil survey in 2004. Eleven deep (16m) boreholes 
and 20 shallow (0.6m) were excavated. Although the shallow boreholes were used as part of 
the agricultural suitability investigation and not subjected to ASS testing, the borelogs confirmed 
the uniformity of the shallow strata. 
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Preliminary screening was undertaken on 353 samples, 54 of which were subjected to SCR and 
TAA analysis. The preliminary screening indicated that there was no widespread occurrence of 
Actual Acid Sulfate Soil (AASS) within the expansion area for the existing area. Twenty-six of 
the fifty four samples forwarded for analysis recorded %S levels above the action criteria 
(0.03%). 
 
None of the 54 samples recorded TAA levels which exceeded the action criteria (18 mol H+/t). 
The greatest acid generating potential was noted in the dark-very dark grey fine–medium 
grained sand between 1.0 and 2.0m to 5.0m depth. The %S concentrations in the light-medium 
grained sand between 4m and 16m depth was variable with exceedances (>0.03%S) 
associated with thin, relatively discontinuous sand layers containing trace silt, clay or charcoal. 
 
 
 
6. NSW Department of Planning (2006). Tweed Turf and Sand Extraction Operation 

Expansion – Director–General’s Environmental Assessment Report 
 
Section 6.1.5 of this report addressed ASS issues for the proposed expansion of the Tweed 
Turf and Sand operation.   Gilbert and Sutherland’s assessment concluded that, while some 
soils on the site exhibited a risk of acid generation, the potential for significant acid production 
on the site is low because the soils generally contain excess natural buffering capacity in the 
form of calcium carbonate derived from shell grit and other marine organisms. It was also 
concluded that the potential for acid generation would be minimised by using wet excavation 
methods (ie. suction dredging), hydraulic separation of fines during processing, and strategic 
reburial of fines below the water table. These techniques would minimise the potential for 
oxidation of sulfidic sediments, and hence minimise the risk of acid generation. 
 
The Director-General notes that the assessment’s conclusions and management measures are 
supported by the evidence from the existing quarry, which has not recorded any significant 
issues related to acid generation. 
 
The Director-General concludes that: 
 

“The Department, the DECC and the DWE are satisfied that the proposal is unlikely 
to result in any significant acid generation impacts. 

 
A summary of soil investigations in the immediate vicinity of the Project Site is provided in 
Table 1 and shown on Figure 8. 
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Table 1 

Summary of Soil Investigations 
ASS Testing 

 
No. of Samples 

Site Investigator No. of 
Boreholes

Depth (m) 

Y N 
pHf/pHfox SCR/Pos/TAA 

Max 
%SCR/POS

Max 
TAA 

Coffey & 
Partners P/L 

1985 

6 11.0-26.0       

AGC Woodward 
Clyde 1992 

13 
3 pits 

3 

1.30 
4.0 

4.0-23.5 

 
 
 

 40 
33 

 

 
 

3 

 
 

0.05 

 
 
 

Coffey & 
Partners P/L 

1999 

6 5.3-5.8       

Gilbert & 
Sutherland 

2003 

2 1.8    12 0.39 35 

Project Site 

HMC 
Environmental 

2005/06 

10 9.5-20   148 79 0.41 12 

AGC Woodward 
Clyde 1992 

 

2 
1 pit 

3 

1.30 
4.0 

4-23.5 

 
 
 

 7 
8 
 

 
 

3 

 
 

0.04 

 
 
 

GHD 2004 9 
6 

14.95-40.45
5-6 

 
 

 108 15 0.40 2 

New Waste 
Water 

Treatment 
Plant 

Coffey & 
Partners 2004 

30 4-6.5   21 21 0.36 12 

Gilbert & 
Sutherland 

2000 

14 6   172 69 0.22  Tweed Turf and 
Sand (now 

Hanson Tweed 
Sand) Gilbert & 

Sutherland 
2004 

11 16   353 54 0.58 12 

Bay Lobster 
Aquaculture 

Project 

Douglas 
Partners 2004 

10 4   80 10 0.25 30 

 
 
 
4.2 Present Survey and Methodology 

4.2.1 Soil and Sediment Sampling 

During May 2005, eight (8) boreholes were drilled across the southern extraction site to a 
maximum depth of 20m. A further two (2) boreholes were drilled north of the realigned Altona 
Drive on 8 September 2006 to a maximum depth of 6m (see Figure 8). Soil samples were 
taken throughout the soil and sediment profile and subjected to preliminary screening and, 
where appropriate, further analyses including SCR and TAA were undertaken.  POCAS tests 
were performed on a number of samples to confirm results. 
 





SPECIALIST CONSULTANT STUDIES 3 - 25 GALES-KINGSCLIFF PTY LTD 
Part 3 – Acid Sulfate Soils, Soil Contamination  Cudgen Lakes Sand Extraction Project 
 & Agricultural Suitability Assessment  Report No. 617/04 
 

HMC Environmental Consulting Pty Ltd 

 
Samples were collected at 0.5m depth intervals to a depth of 3.0m to assist in identifying the 
oxidation front. Below 3.0m, the sampling frequency varied as summarised in Table 2. 
 

Table 2 
Soil Sampling Interval 

Borehole Sample Depth (m) Sample interval (m) 
0.0-3.0 0.5 BH1 

3.0-20.0 1.0 
0.0-3.0 0.5 BH2 

3.0-18.0 1.0 
0.0-3.0 0.5 

3.0-10.0 1.0 
BH3 

10.0-18.0 2.0 
0.0-3.0 0.5 BH4 

3.0-18.0 1.0 
0.0-3.0 0.5 BH5 
3.0-6.0 1.0 
0.5-3.0 0.5 
3.0-6.0 1.0 

BH6 

6.0-9.0 3.0 
0.0-3.0 0.5 BH7 

3.0-15.0 3.0 
0.0-3.0 0.5 BH8 

3.0-20.0 3.0 
BH9 0.0-6.0 0.5 
BH10 0.0-6.0 0.5 

 
 
A total of 148 samples were subjected to preliminary screening which included field pH (pHF), 
peroxide oxidised field pH (pHFOX), and reactions with H2O2 and HCl. 
 
Of the 148 samples, 79 were selected for either SCR/TAA or POCAS. The SCR test was 
generally applied as it is more sensitive than the POCAS method in determining the acid sulfate 
risk in low pyritic sands and is essentially unaffected by sulfur in mineral and organic forms. 
However, a number of POCAS analyses were undertaken to confirm recorded oxidisable sulfur 
results. A good correlation was noted between the methods. 
 
Samples selected to confirm oxidisable sulfur and existing acidity levels were selected based on 
the screening results, including the reduction in the soil sample pH level following peroxide 
oxidation and the reaction activity of the sample to H2O2. 
 
A summary of the initial ASS survey methodology and soil analysis results was forwarded to 
NSW DWE for comment.  The DWE responded that, due to the homogenous nature of the soil 
profile within the floodplain in this area, the methodology was deemed acceptable although 
there was a requirement for the preparation of a detailed ASS management plan. A copy of the 
then DIPNR response is included as Appendix 8.  
 
A comparison of the sampling intensity undertaken for this Project and that for the proposed 
sand extraction on the adjoining landholding is provided in Table 3.  
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Table 3 
ASS Sampling Intensity 

Project No. of 
Boreholes 

Area 
(Ha) 

Boreholes 
/ Ha 

No. of Preliminary 
screening tests 

No. of SCR/TAA & 
POCAS tests 

Tweed Turf and Sand (now 
Hanson Tweed Sand) 

11 53.3 4.8 353 54 

Cudgen Lakes Sand 
Extraction Project 

10 45.35 4.5 148 79 

 
The borehole intensity across both sites is almost identical. The soil testing regime varies 
between investigations with the emphasis on preliminary screening during the Tweed Turf and 
Sand investigation while the soil laboratory analysis undertaken for the Project included 
relatively more confirmation tests (SCR/TAA & POCAS) per borehole. These different 
approaches were worthwhile and help to confirm the uniformity of the sand resource across the 
floodplain.  
 
 
4.2.2 Mineralogy 
 
In order to assist in confirming the presence of pyrite and any minerals which might be 
contributing to the observed acid neutralising capacity of the soil, several soil samples (BH1-
2.5m, BH1-10m, BH2-3.0m, BH3-5.0m) were forwarded to the Environmental Analysis 
Laboratory at Southern Cross University and subjected to analysis via a scanning electron 
microscope. This information has also been of assistance in tailoring processing operations.  
 
 
4.3 Results 

4.3.1 Soil and Sediment Investigations 
 
ASS investigations undertaken by HMC Environmental Consulting in May 2005 and September 
2006 on the Project Site have confirmed previous investigations on this and adjoining sites. 
 

Table 4 
Preliminary Screening Results – Boreholes BH1 to BH4 

Page 1 of 2 
BH1 BH2 BH3 BH4 Depth 

(m) pHF pHFOX pHF pHFOX pHF pHFOX pHF pHFOX 
0.5 4.7 3.9 5.2 3.7 6.1 4.4 5.2 4.0 
1.0 4.8 4.1 6.0 4.3 5.7 2.4 5.5 2.2 
1.5 4.6 3.5 5.4 2.0 6.0 2.0 5.8 2.1 
2.0 5.6 2.2 6.0 2.1 6.1 2.1 5.7 2.1 
2.5 5.0 2.2 5.6 2.1 6.3 2.2 6.0 2.3 
3.0 5.4 2.3 6.1 2.2 6.4 2.1 7.9 2.6 
4.0 8.1 3.0 7.8 3.0 7.4 2.9 7.6 2.7 
5.0 7.3 2.5 8.0 5.7 7.6 3.2 7.3 2.6 
6.0 9.0 6.3 8.9 5.7 7.8 3.1 8.8 6.0 
7.0 9.1 6.7 8.9 6.5 8.9 6.6 8.0 3.5 
8.0 9.2 7.0 9.1 6.2 9.0 6.8 8.9 6.7 
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Table 4 (Cont’d) 
Preliminary Screening Results – Boreholes BH1 to BH4 

Page 2 of 2 
BH1 BH2 BH3 BH4 Depth 

(m) pHF pHFOX pHF pHFOX pHF pHFOX pHF pHFOX 
9.0 9.2 6.8 9.0 6.9 9.0 6.6 8.8 6.4 

10.0 9.0 7.0 9.1 6.9 9.0 6.7 9.2 7.0 
11.0 8.9 6.9 9.0 6.9   9..0 7.0 
12.0 8.9 7.0 8.6 6.7   9.0 7.0 
13.0 9.0 7.1 9.0 6.8 8.4 6.4 9.2 6.7 
14.0 9..0 6.9 8.8 6.3   8.2 6.5 
15.0 8.9 6.6 8.9 6.8   9.1 6.9 
16.0 9.0 6.8 8.8 6.5 8.8 7.0 8.9 6.8 
17.0 9.2 6.7 8.6 6.8   9.2 7.0 
18.0 9.0 7.0 8.7 6.9 8.7 6.9 9.1 7.1 
19.0 9.0 7.0     9.3 7.2 
20.0 8.8 7.2     8.7 6.6 

 Indicative of PASS 
 

Table 5 
Preliminary Screening Results – Boreholes BH5 to BH8 

BH5 BH6 BH7 BH8 Depth 
(m) pHF pHFOX pHF pHFOX pHF pHFOX pHF pHFOX 
0.5 5.2 4.3 4.7 3.6 4.4 3.3 5.2 2.2 
1.0 5.9 2.3 6.3 2.1 6.0 3.1 5.4 2.2 
1.5 6.2 2.1 5.8 2.1 6.4 2.1 5.7 2.3 
2.0 6.2 2.3 7.0 2.1 6.4 2.2 5.4 2.3 
2.5 6.2 2.3 6.7 2.1 6.5 2.3 5.3 2.3 
3.0 6.3 2.3 7.7 2.3 8.3 3.0 5.3 2.3 
4.0 7.8 3.2 8.1 3.1     
5.0 8.5 6.1 8.3 3.6     
6.0 8.2 5.8 7.9 3.1 8.8 6.8 8.3 6.5 
9.0   8.9 6.8 9.0 6.6 7.1 5.9 

12.0     9.0 7.1 6.5 5.7 
15.0     9.0 7.1 6.2 5.4 
18.0     8.6 7.1   
20.0     7.0 5.9   

 Indicative of PASS 
 

Table 6 
Preliminary Screening Results – Boreholes BH9 and BH10 

BH9 BH10 Depth 
(m) pHF pHFOX pHF pHFOX 
0.5 5.1 4.2 5.5 4.3 
1.0 5.6 2.0 5.6 4.4 
1.5 6.0 2.2 4.9 2.3 
2.0 5.7 2.5 4.7 2.4 
2.5 4.5 2.5 4.5 2.5 
3.0 7.0 2.5 4.5 2.5 
3.5 7.1 2.6 4.7 2.5 
4.0 8.6 6.7 4.8 2.7 
4.5 8.9 4.7 6.1 2.7 
5.0 8.3 6.5 9.1 6.0 
5.5 8.4 6.0 8.7 5.9 
6.0 8.7 6.4 8.7 6.1 

 Indicative of PASS 
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Table 7 
Laboratory Results - Action Criteria Exceedances in Soil and Sediment Profiles – BH1 to BH4 

BH1 BH2 BH3 BH4 Depth 
(m) SCR TAA SCR TAA SCR TAA SCR TAA 
0.5 0.00 7.0 0.00 9.0 0.0 0.0   
1.0 0.00 3.0 0.00 0.0 0.0 4.0   
1.5 0.08 5.0 0.33 7.0 0.26 0.0   
2.0 0.17 0.0 0.19 5.0 0.21 0.0   
2.5 0.58 5.0 0.18 0.0 0.22 0.0   
3.0 0.13 3.0 0.20 0.0 0.22 0.0   
4.0 0.09 0.0 0.15 0.0 0.15 0.0   
5.0 0.13 0.0 0.16 0.0 0.17 0.0 0.19 0.0 
6.0 0.08 0.0 0.06 0.0 0.11 0.0 0.05 0.0 
7.0 0.04 0.0 0.02 0.0 0.02 0.0   

10.0 0.20 0.0 0.02 0.0 0.02 0.0   
13.0 0.03 0.0 0.04 0.0     
16.0 0.01 0.0 0.16 0.0     
17.0       0.06 0.0 
18.0   0.29 0.0 0.13 0.0   
20.0 0.04 7.0     1.07 0.0 

 Indicative of PASS 
 
 

Table 8 
Laboratory Results – Action Criteria Exceedances in Soil and Sediment Profiles – BH5 to BH8 

BH5 BH6 BH7 BH8 Depth 
(m) SCR TAA SCR TAA SCR TAA SCR TAA 
0.5 0.0 0.0 0.0 3.0   0.31 0.0 
1.0   0.41 0.0 0.01 0.0 0.25 0.0 
1.5 0.28 0.0       
2.5 0.16 0.0       
3.0     0.12 0.0   
4.0 0.14 0.0       
5.0 0.06 0.0       
6.0   0.19 0.0 0.06 0.0 0.04 0.0 

12.0     0.03 0.0   
15.0       0.00 0.0 
20.0     0.01 0.0   

 Indicative of PASS 
 

Table 9 
Laboratory Results – Action Criteria Exceedances in Soil and Sediment Profiles – BH9 and BH10 

BH9 BH10 Depth 
(m) SCR TAA SCR TAA 
0.5     
1.0 0.11 12   
1.5   0.17 7 
2.5     
3.0 0.15 7 0.06 10 
3.5     
4.0     
4.5   0.06 5 
5.0 0.03 0   
5.5   0.04 0 
6.0     

 Indicative of PASS 
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Borehole No. 

 
Figure 9 

Soil Profiles within Boreholes 
 
 

Table 10 
Summary of Soil Analysis Results – Boreholes BH1 to BH4 

Range Test 
BH1 BH2 BH3 BH4 

Action Criteria 

pHF 4.6 - 9.2 5.2 - 9.1 5.7 – 9.0 5.2 -9.3 <4.0 
pHFOX 2.2 - 7.2 2.0 – 6.9 2.0 – 7.0 2.1 – 7.2 <3.0 & min 1 unit < 

pHf 
Reaction to HCl Nil-strong Nil - moderate Nil - strong Nil – strong Strong (indicative of 

shell etc) 
Chromium Reducible 
Sulfur %S 

0.00 – 0.58 0.00 – 0.33 0.00 – 0.26 0.05 – 1.07 0.03 (sandy 
sediments) 

Total Actual Acidity 
mol H+/Tonne 

0.0 – 7.0 0.0 – 9.0 0.0 – 4.0 0.0 – 0.0 18 mol H+/Tonne 
(sandy sediments) 

Acid Neutralising 
Capacity mol 
H+/Tonne (%S) 

0-263 (0.42) 0-376 (0.60) 0-195 (0.31) 116 (0.19) -
1449 (2.32) 

 

 

D
ep

th
 (m

) 
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Table 11 

Summary of Soil Analysis Results – Boreholes BH5 to BH8 
Range Test 

BH5 BH6 BH7 BH8 
Action Criteria 

pHf 5.2 – 8.5 5.8 – 8.9 4.4 – 9.0 5.2 – 8.3 <4.0 
pHfox 2.1 – 6.1 2.1 – 6.8 2.1 – 7.1 2.2 – 6.5 <3.0 & min 1 unit < 

pHf 
Reaction to HCl Nil – slight Nil - moderate Nil - slight Nil – slight Strong (indicative of 

shell etc) 
Chromium Reducible 
Sulfur %S 

0.00 – 0.28 0.00 – 0.41 0.01 – 0.12 0.00 – 0.25 0.03 (sandy 
sediments) 

Total Actual Acidity 
mol H+/Tonne 

0.0 – 0.0 0.0 – 3.0 0.0 – 0.0 0.0 – 0.0 18 mol H+/Tonne 
(sandy sediments) 

Acid Neutralising 
Capacity mol 
H+/Tonne (%S) 

0-129 (0.20) 0-125 (0.20) 0-101 (0.16) 7-177 (0.28)  

 
Table 12 

Summary of Soil Analysis Results – Boreholes BH9 and BH10 

Range Action Criteria Test 
BH9 BH10  

pHf 4.5-8.7 4.5-9.1 <4.0 
pHfox 2.0-6.7 2.3-6.1 <3.0 & min 1 unit < pHf 
Reaction to HCl Slight-strong Slight – strong Strong (indicative of shell etc) 
Chromium Reducible Sulfur %S 0.03 – 0.15 0.04 – 0.17 0.03 (sandy sediments) 
Total Actual Acidity mol H+/Tonne 0 – 12 0 – 10 18 mol H+/Tonne (sandy 

sediments) 
Acid Neutralising Capacity mol H+/Tonne 
(%S) 

0-40 (0.06) 0-148 (0.24)  

 
No soil samples in the upper 1.0m of the soil profile recorded existing or actual acidity above 
the recommended action criteria ie. 18 mol H+/Tonne. Six of the ten boreholes recorded nil or 
very low levels of oxidisable sulfur in soil samples from this level. BH6, BH8 and BH9 did record 
elevated oxidisable sulfur concentrations less than 1m below the soil surface.  No SCR tests 
were undertaken from samples collected in the upper 1.0m of the soil profile in BH10. 
 
In all boreholes below 5m depth, there appears to be sufficient buffering capacity within the 
sediments to neutralise any acid generation which might occur due to the oxidation of sulfidic 
sediments. There were no recordings of strong reaction to H2O2 in any sand sediments below 
6m depth. A strong reaction was noted in some of the clayey basement samples but this 
material is not part of the sand resource and would not be extracted. 
 
A moderate to strong reaction to HCl was noted in all the sediment samples collected from 
below 8m depth in BH1 to BH4. A strong reaction was also recorded in samples collected at or 
below 5.0m in BH9 and BH10. This helps confirm the presence of ANC as measured in 
sediment samples from this depth. The other deep borehole (BH8) recorded only a slight 
reaction to HCl and the buffering capacity measured may have been more related to the saline 
groundwater at depth in this part of the Project Site. 
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Soil and sediment analysis results indicate consistent soil and sediment strata with minor 
variation between boreholes across the Project Site and adjoining sites.  Soils and sediments 
consist of black silty sand topsoil ranging from approximately 0.2m to 0.5m overlying a 
medium to fine grained grey sand interbedded with shelly and humic material to a depth of 
approximately 20m.. This depth reduces to approximately 9m to 10m along the southeastern 
part of the Project Site where it borders the Cudgen plateau. Boreholes drilled for Tweed Shire 
Council northwest of the Project Site indicate that the sand/silty sand depth may extend to 35m 
in this area. 
 
Preliminary screening of soil and sediment samples indicate Potential Acid Sulfate Soils and 
Sediments (PASS) exists in all boreholes in the upper soil and sediment profile (<6m depth).  
There is only minor existing acidity in the soil and sediments with TAA levels in all samples 
below the action criteria (18mol H+/tonne). 
 
Oxidisable sulfur has been recorded throughout the soil and sediment profile with action criteria 
(SCR 0.03%) exceeded at varying depths. The maximum oxidisable sulfur level in the sand/silty 
sand was 0.58% (BH1, 2.5m). This result was approximately double the level of the next 
highest recorded level (0.33%). The average recorded SCR level in the sand/silty sand for each 
borehole varied from 0.11% to 0.20%.  
 
The maximum recorded oxidisable sulfur level (SCR 1.07%) was in residual clay at a depth of 
20m. The ANC for this sample greatly exceeded the acid generating potential. This material is 
not part of the sand resource and would not be extracted. 
 
Generally, with few exceptions, the buffering capacity in the sediments below 6m depth 
exceeds the acid generating potential of the sediment.  Evidence of shell and reaction to HCl 
helps confirm this observation. 
 
 
4.3.2 Pilot Study – Initial Dredge Pond (DA96/518) 
 
Between April and July 2006, a preliminary dredging operation was undertaken to establish the 
initial dredge pond capable of supporting the operational dredging approved in 1998 under 
DA96/518). Approximately 22 000m3 of sand was dredged and stockpiled within a bunded area 
on Lot 2 DP 216705. Water quality and acid sulfate soil management procedures were 
implemented as required by the Environmental Management Plan prepared by Gilbert and 
Sutherland (1997) and licences and approvals issued by the, then, Department of Environment 
and Conservation (now, Department of Environment and Climate Change (DECC)) and the, 
then, Department of Natural Resources (now, DWE). Daily water quality monitoring was 
undertaken in the dredge pond together with weekly monitoring of surrounding groundwater 
monitoring bores. Samples of the extracted soil material were collected at the rate of 
approximately 1/1000m3 and subjected to laboratory testing including preliminary screening 
(pHF, pHFOX) and confirmatory testing including SCR and TAA.  A number of samples were also 
subjected to the POCAS test to confirm results. 
 
This preliminary dredging operation enlarged the excavated start-up pond from 200m2 to 
5,000m2. The stockpile area and dredge pond were enclosed in a 2m high earthen bund. No 
discharge beyond the earthen bund occurred during the dredging operation. 
 



GALES-KINGSCLIFF PTY LTD 3 - 32 SPECIALIST CONSULTANT STUDIES  
Cudgen Lakes Sand Extraction Project  Part 3 – Acid Sulfate Soils, Soil Contamination  
Report No. 617/04  & Agricultural Suitability Assessment 
 

HMC Environmental Consulting Pty Ltd 

 
Results from soil and sediment sampling indicated there was some oxidisable sulphur present 
in the extracted material at levels slightly above the action criteria for sandy sediments (SCR 
0.00 – 0.04%) . However, in all cases, the inherent ANC within the soil significantly exceeded 
any potential acid generation. The physical separation of the fines from the sand resource was 
evidenced by the result from a soil sample collected in the return dredge water during the 
dredging operation. The sample collected in the return water immediately upgradient of the 
initial dredge pond recorded a SCR of 3.13%. Fines were returned via sluicing to the base of the 
initial dredge pond to ensure oxidation of any sulfidic material was minimised. 
 
Water quality monitoring within the initial dredge pond did not record any acute acidification with 
the pH ranging from 6.3-8.2 with a mean value of 7.2. Weekly groundwater monitoring was 
undertaken at 10 sites during the preliminary dredging operation. Monitoring included in-situ 
testing via a multi-parameter meter and also monthly laboratory testing for chemical parameters 
including chloride, sulphate and dissolved metals.    
 
 
 
4.3.3 Surface Water Quality 
 
Regular water quality monitoring has been undertaken at a number of sites within and 
surrounding the Project Site including drains and the initial dredge pond.  Drains in the area 
have been monitored intermittently since September 2003 though, monthly monitoring of the 
drain which bounds the southern boundary of the Project Site was undertaken during the initial 
dredging operation carried out during the period April to June 2006.  There is very little evidence 
of extreme acidity with only one pH measurement recording less than pH 5.5 (SW5, 11/5/05, pH 
2.73).   
 
The initial dredge pond has consistently recorded pH levels at or above neutrality (ie. pH 7 or 
above) as summarised in Table 13. 
 
The samples indicate that the water quality in the drains is variable with some tidal influence 
noted, especially during dry conditions, when electrical conductivity has been recorded up to 
32,100 µS/cm (SW6, 28/2/05). This monitoring site is located in a tidal drain northwest of the  
southern extraction site adjacent to the northwestern boundary of the new waste water 
treatment plant (see Figure 10).  
 
Samples collected from the drain along the southern boundary of the Project Site (MB1A) have 
generally been fresh (EC<510µS/cm) although brackish to saline conditions have also been 
recorded (EC 2300 & 19510 µS/cm) during low flow conditions.  
 
The start-up dredge pond (ie. prior to creation of the initial dredge pond) water was fresh and 
subject to elevated nutrient concentrations (max. nitrate 4.05mg/L, 14/10/04) presumably 
attributable to the permitted access of cattle into this area. This pond was bunded with no 
discharge off site even during major flood events (eg June 2005). 
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Table 13 

Surface Water Monitoring 
Parameter 

Range (mean) 
Site 

pH Electrical 
Conductivity 

(µS/cm) 

Total 
Nitrogen 
(mg/L) 

Total 
Phosphorus 

(mg/L) 

Suspended 
Solids  
(mg/L) 

Dissolved 
Oxygen 
(mg/L) 

SW5 2.73-8.55 
(7.02) 

257-24 200 
(3 847) 

0.25-4 
(1.60) 

0.06-0.32 
(0.17) 

1.7-16 
(5.2) 

1.81-13.3 
(4.89) 

SW6 5.98-8.57 
(7.52) 

102-32 100 
(12 419) 

0.2-2.8 
(1.04) 

0.05-0.38 
(0.19) 

1-13 
(3.9) 

1.45-4.48 
(4.84) 

MB1A 6.52-8.42 
(7.26) 

313-19 510 
(2 992)) 

0.23-2.24 
(1.06) 

0.08-0.64 
(0.34) 

1.4-12 
(5.07) 

0.36-8.17 
(2.84) 

MB3A 6.71-8.93 
(8.63) 

488-24 200 
(6 972) 

0.11-1.68 
(0.78) 

0.04-0.42 
(0.22) 

2.8-10 
(6.1) 

0.36-8.24 
(4.83) 

MB4A 6.67-9.07 
(7.49) 

683-12 200 
(5 270) 

- - - 1.58-7.09 
(5.35) 

MB5A 6.76-9.3 
(7.86) 

62-602 
(308) 

- - - 2.33-7.95 
(5.90) 

Initial 
Dredge 
Pond 

6.67-
9.01(8.22) 

120-1 390 
(639) 

1.7-7.0 
(4.02) 

0.17-0.28 
(0.22) 

6-68 (31) 5.84-8.37 
(7.34) 

* See Figure 10 for site locations. 
 
The large dredge pond associated with the Hanson Tweed Sand operation has been regularly 
monitored for over ten years.  During this period, recorded pH levels have been consistently in 
the range 6.5 to 9.0 and EC indicating a fresh to brackish range. 
 
 
4.3.4 Groundwater Quality 
 
A detailed investigation of the impacts of the Project on groundwater has been undertaken by 
Australian Groundwater and Environmental Consultants Pty Ltd (AGE, 2008).  A number of 
groundwater investigations, including the installation of approximately 25 groundwater 
monitoring bores, have been conducted across the Project Site from 1991. The hydrographs for 
MB1 to MB5 indicate that the water table within the Project Site has a seasonal fluctuation of 
about ±0.50m with an average level of about 0.25m AHD. The natural ground surface level is 
approximately 1.0m AHD.   
 
Analyses of groundwater samples by various investigators indicates that the salinity in the 
Quaternary sands aquifer is dependent on depth and distance from the Cudgen Plateau. The 
salinity generally increases with depth and movement north away from the Cudgen Plateau. 
There is also an apparent increase in salinity where monitoring bores are sited adjacent to 
tidally-influenced drains. 
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Figure 10 
Water Monitoring Sites 

 

 
 
 
 
 

The mean pH level in all monitoring bores is around neutral (see Tables 14 and 15) with only 
one bore (MB2, mean 6.47) recording a mean pH level <6.5. This bore also recorded the only 
sample with a pH <5.5 (4.62, 19/7/2005).  Elevated iron and aluminium levels have been 
measured in groundwater samples (Fe max. 26mg/L, Al max. 12 mg/L) which are indicative of 
ASS but are also features of the basalt soils of the Cudgen Plateau. It was noted that the 
scanning electron microscope recorded clay particles in the soil samples which may have been 
a source of the dissolved aluminium and iron. 
 

Table 14 
Groundwater Quality Summary 

Monitoring bores July 1991-November 2005 (a) 
Parameter Range  Mean 

pH 4.62-8.75  7.28 
Electrical conductivity µS/cm2 115-38,200  6935 

Chloride mg/L 8-15,198  1480 
Sulphate mg/L 1-4000  435 

Cl:SO4 0.1-0.5   
Iron mg/L 0.01-26  6.00 

Aluminium mg/L 0.01-12 1.00 
(a)  see Figure 10 for monitoring locations 

 
The chloride to sulfate ratio in groundwater is acknowledged as a potential guide to the 
presence of ASS. A Cl:SO4 ratio of <4 and certainly a ratio of <2 is a strong indication of an 
extra source of sulfate from previous sulfide oxidation (ASSMAC, 1998).  The five monitoring 
bores MB1 to MB5 which have been sampled since 2002 have recorded Cl:SO4 ratios ranging 
from 0.1 to 0.5 (see Table 14) which indicates a source of sulfate available that is not explained 
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by salinity alone. Oxidation of sulfidic sediments will lead to excess sulfate, however, if soil 
buffering capacity is available acid generation would not occur. 
 
 
 
4.3.5 Mineralogy 
 
Several soil samples were forwarded to the Environmental Analysis Laboratory (EAL) at 
Southern Cross University, Lismore and subjected to a Scanning Electron Microscope (SEM). 
The results from the SEM are summarised in Table 16.  
 
Pyrite framboids were noted in the samples from 3.0m, 5.0m, and 10.0m depth (see Figures 11 
and 12). No framboids were noted in the sample from 2.5m depth. These results support the 
laboratory analysis undertaken on these samples which recorded elevated levels of oxidisable 
sulfur in the samples from 3.0m, 5.0m and 10.0m depth. Very low levels of oxidisable sulfur 
(0.01%) were measured in the sample from 2.5m depth.  
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Table 15 
Groundwater Quality Monitoring Summary - Background July 1991-March 2006 and During Initial Dredge Pond Sand Extraction April – June 2006 

pH EC uS/cm Dissolved Oxygen mg/L Calcium mg/L Magnesium mg/L Sodium mg/L Site 
(1) Background Sand 

Extraction 
Background Sand 

Extraction 
Background Sand 

Extraction 
Background Sand 

Extraction 
Background Sand 

Extraction 
Background Sand 

Extraction 
MB1 6.54-7.48 6.43-7.76 872-12720 948-1214 0.05-7.66 0.18-0.66 121-193 135-176 20-36 21-25 23-61 37-38 
MB2 4.62-7.72 4.95-6.40 115-2394 88-199 0.16-5.09 0.16-0.43 0.4-1.8 0.2-0.5 0.33-2.5 0.1-0.2 12-19 12-16 
MB3 6.56-7.73 6.68-7.35 874-3140 819-970 0.05-6.5 0.25-0.41 14.9-219 126-138 33-60 32-36 19-43 25-26 
MB4 6.38-7.65 6.76-7.26 1056-6930 2240-2680 0.01-6.03 0.14-0.45 83-163 88-118 36-82 40-50 186-449 303-379 
MB5 5.77-7.86 6.83-7.48 171-4850 1660-1900 0.14-7.44 0.18-2.51 82-153 90-111 36-78 45-49 155-285 225-257 
MB6A 7.26-8.03 7.26-7.97 2910-4040 1953-3030 0.11-3.32 0.11-3.32 39-63 41-43 23-43 30-31 369-508 491 
MB10 7.09-8.75 7.07-7.65 28600-

43800 
30800-36900 0.71-3.86 1.40-3.86 139-233 168 169-1150 960 6860-7460 7170 

CSP3 6.50-7.80 6.34-7.21 300-901 517-591 0.09-0.34 0.15-2.61 50-157 82 5-17 6.3 9-27 18 

 
Potassium mg/L Sulphate mg/L Iron mg/L Aluminium mg/L Manganese mg/L Chloride mg/L Site 

(1) Background Sand 
Extraction 

Background Sand 
Extraction 

Background Sand 
Extraction 

Background Sand 
Extraction 

Background Sand 
Extraction 

Background Sand 
Extraction 

MB1 5-6 5 161-528 163-191 0.01-26 5.51-14 0.01-0.1 0.01-0.14 0.22-0.34 0.19-0.23 35-154 42-124 
MB2 8-19 17-20 11-27 14-16 2.26-17 2.41-4.85 0.42-12 0.71-1.21 0.01-0.05 0.01 10-40 14-37 
MB3 6-10 9-11 175-259 164-170 0.24-3.35 0.52-1.27 0.01-0.11 0.01-0.13 0.14-0.29 0.15-0.19 35-53 39-181 
MB4 11-21 20-21 46-117 46-69 5.04-9.44 2.38-5.65 0.01-0.34 0.01-0.14 0.15-0.33 0.17-0.18 290-650 57-1141 
MB5 11-40 19-24 165-291 198-256 0.06-6.43 0.67-1.36 0.01-0.09 0.01-0.13 0.16-0.34 0.17-0.18 217-328 220-606 
MB6A 10-19 20 175-178 157-164 0.49-2.74 0.03-0.04 0.06-0.51 0.01 0.24-0.61 0.06 625-941 737 
MB10 213-292 339 1600-2490 1680 0.81-1.96 0.03 0.05-0.2 0.03 0.52-0.64 0.08 350-13250 14000 
CSP3 5-28 5 7-44 4.5 6.58-9.47 0.93 0.04-0.26 0.01 0.21-0.43 0.2 8-67 47 

 
Bicarbonate mg/L Turbidity NTU Arsenic ug/L Site (1)

Background Sand Extraction Background Sand Extraction Background Sand Extraction
MB1 142-283 110-218 - 123-293 - 1-5 
MB2 6-146 7.8-14 - 110-207 - 5-32 
MB3 165-311 183-192 - 6.7-11 - 1-44 
MB4 193-351 237-246 - 15-21.4 - 2-5 
MB5 190-315 233-257 - 15-17 - 1-5 
MB6A 172-206 139 - 1.9-3.2 - 11 
MB10 190-250 247 - 1.2 - 111 
CSP3 161-201 215 -  -  

(1) selected monitoring bores surrounding initial dredge pond 
 

 



SPECIALIST CONSULTANT STUDIES 3 - 37 GALES-KINGSCLIFF PTY LTD 
Part 3 – Acid Sulfate Soils, Soil Contamination  Cudgen Lakes Sand Extraction Project 
 & Agricultural Suitability Assessment  Report No. 617/04 
 

HMC Environmental Consulting Pty Ltd 

The soil sample from 10.0m depth which had the extremely high ANC showed evidence of 
crystalline calcium minerals which supports the evidence of buffering capacity measured within 
the sediments. 
 

 
Figure 11 

Scanning Electron Microscope Image - Pyrite Framboid 
(Source: EAL 2006) 

 
Figure 12 

Scanning Electron Microscope Image - Pyrite Framboids on Sand Grain 
(Source: EAL 2006) 
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However, as noted above, the sample collected from 2.5m in BH1 recorded an %SCR of 0.01 
and existing acidity of 75 mol H+/t. No ANC was recorded. At 3.0m depth in BH2, more 
oxidisable sulfur is noted (%SCR, 0.11) and some existing acidity is also measured (TAA, 50mol 
H+/t). At 5.0m in BH3, there is no existing acidity but 0.16% SCR. Some ANC is also recorded at 
this depth which is almost sufficient to offset any acid production. The soil sample from 10m 
depth in BH1 recorded a similar %SCR level (0.15) as the sample from BH3, however, the ANC 
measured was 1209 mol H+/t which far exceeds the potential acid generation (95 mol H+/t) if all 
the sulfidic material was oxidised. 
 
All these results confirm other laboratory analyses which provide a snapshot of the distribution 
of oxidisable sulfur and buffering capacity within the soil profile. 
 
 

Table 16 
EAL Soil Analysis including SEM Identification 

 
 
 
4.4 Discussion 
 
Results from extensive soil investigations both within the Project Site and from surrounding 
areas of the Tweed River floodplain are very consistent. The soil strata is generally 
homogenous with a thin band of silty sand and silty loam overlying sandy sediments which are 
generally 20m in depth although reducing to 9m to 12m along the southeastern part of the 
Project Site adjacent the Cudgen Plateau . Boreholes drilled for the new wastewater treatment 
plant northwest of the Project Site indicate that the sand/silty sand depth may extend to 35m in 
this area. 
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Oxidisable sulfur concentrations in the sand resource are also consistent.   The action criteria 
(SCR 0.03%) was exceeded at varying depths with the average recorded SCR level for each 
borehole varying from 0.11% to 0.20%. The maximum oxidisable sulfur level in the sand/silty 
sand was 0.58%. (BH1,2.5m depth).  During the investigations, the maximum recorded 
oxidisable sulfur level (SCR 1.07%) was in residual clay below the sandy/silty sand at a depth of 
20m. However, the acid neutralising capacity within the residual clay sample greatly exceeded 
the acid generating potential.  Regardless, the basement / residual clays would not be extracted 
as part of the Project. 
 
Overall, TAA levels from all investigations are very low with a maximum of 35 mol H+/tonne 
recorded on an adjoining Hanson Tweed Sand extraction operation. Significant ANC is also 
recorded for those sediments below 5m to 6m depth with shell fragments common. Preliminary 
screening of soil and sediment samples indicates that PASS is located in all boreholes in the 
upper soil profile (<6m depth).  There is very little existing acidity in the soil with TAA levels in 
all samples collected within the Project Site below the action criteria (18mol H+/tonne).   
 
Generally, with few exceptions, the buffering capacity in the sediment below 6m depth exceeds 
the acid generating potential of the soil and sediments.  Evidence of shell and reaction to HCl 
helps confirm this observation. 
 
 
4.5 Design and Operational Safeguards 
4.5.1 Introduction 
 
The dredging of the initial dredge pond in accordance with the current approval (DA96/518) to 
extract 400,000m3 of sand from the Project Site has provided detailed information on the 
management of ASS for the sand resource found in this area. The information collected 
together with the information obtained from the long term adjacent sand extraction operation, 
would help ensure that practical, cost-effective practices are adopted to minimise any acid 
generation from the disturbance of ASS.  The information, together with previous management 
plans, would also be used to compile a site specific Acid Sulfate Soil and Sediment 
Management Plan (ASSMP) for the Project.  In accordance with relevant legislation, 
consultation with government agencies, in particular DWE and DECC, would be undertaken 
during the compilation of the ASSMP for the Project. 
 
There are two important factors which provide some intrinsic protection against acid generation 
during the life of the Project. 
 

1. The physical separation and interment of the fines within the base of the extraction 
ponds is a management strategy which is an integral part of sand extraction and 
processing. The physical washing of the sand to improve the final product 
provides a means to separate potentially acid generating material from the 
resource and convey this material to a zone (below water) where acid generation 
is unlikely to occur. 

 

2. The natural buffering capacity of the sediments below about 6m depth provides an 
acid neutralising process which requires minimal active management.  
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Both of these processes would occur throughout the life of the Project and provide an ongoing 
measure to assist in minimising any acid generation from the operation. These features of the 
Project have been demonstrated at the adjoining Hanson Tweed Sand operation where the 
sand extraction process involving hydraulic dredging has been undertaken successfully for over 
10 years (as Tweed Turf and Sand). 
 

The remainder of this section focuses on describing the activities on site that would require the 
management of PASS or ASS and describing the components of this management.  An 
important component in managing and/or demonstrating effectiveness of management of PASS 
or ASS is the monitoring of the groundwater and surface water quality in an appropriate 
monitoring regime as described in throughout this subsection. 
 
 
4.5.2 Activities Requiring Management 
 
There are three main operations that would be undertaken during the life of this Project which 
involve the management of ASS or PASS.  Details of these operations and the component 
activities requiring management are set out as follows. 
 

i. Extraction (through excavation and dredging) and processing of 
construction materials. 

 
Site Stripping/Bunding 

• Survey to identify extraction and treatment areas 

• Sampling of topsoil/loam (<1.0m depth) within the extraction sites to determine 
alkaline amendment application rate 

• Application of alkaline amendments at calculated rate prior to site stripping or 
following placement in bunded treatment areas 

• Stripping of vegetation and topsoil within identified extraction area 

• Validation of stripped material prior to placement in perimeter bunds or 
stockpiled and vegetated for rehabilitation work 

 
Extraction and Processing of Construction Materials 

• Material hydraulically removed from the southern extraction pond and pumped 
to the processing area 

• Extracted material for processing washed via a hydrocyclone or similar 
hydraulic separation device 

• Fines/silts returned to the extraction ponds 

• Washed sand tested for PASS and existing acidity if required 

• Washed sand treated with alkaline amendments if potential or actual acidity 
(after adjustment for measured ANC) exceeds action threshold values 

• Treated material subjected to validation testing to confirm adequate alkaline 
amendments incorporated 
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ii. Extraction of fill sand and hydraulic pumping to remote fill sites via a 
pipeline corridor 

 
The process would include hydraulically pumping sand to the fill sites via pipelines 
and pumping the silt-laden tailwater back to the extraction ponds via a separate 
pipeline.  The operations on each fill site would be assessed further during the 
approval process for the filling of each site.  

 
iii. Receipt of Virgin Excavated Natural Material (acid generating and non-acid 

generating) 
 

Two types of VENM would be accepted on site. 
 

(i) VENM(a) – material excavated from the earth that does not contain any 
AASS or PASS.   

 
(ii) VENM(b) – sands and clays that contain AASS or PASS. 

 
The receipt of VENM(a) would require appropriate validation and verification 
protocols to ensure that this material does not contain acid generating or 
contaminated material. Any material verified as VENM(b) which is suitable for 
processing would be stockpiled within an appropriate area adjacent to the active 
southern extraction pond for treatment or placed within the southern extraction 
pond at the active dredge face. Material not suitable for processing would be 
placed either below the water table within the northern extraction pond or placed at 
the base of finalised sections of the southern extraction pond. 

 
 
 

4.5.3 Recommended Management Procedures 
4.5.3.1 Management of Acid Generation During Operations 
 
Objectives 

It would be the Proponent’s objective to minimise the oxidation of PASS material during site 
stripping, extraction and processing operations.  In order to achieve this objective, the 
Proponent would aim to:    
 

• place all pyritic fines within the extraction ponds in a manner which ensures 
adopted surface and groundwater quality criteria are met; 

• treat stripped topsoil/loam at determined rates prior to use in earth bunds or 
rehabilitation; and 

• treat and validate washed sand where required. 
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Management and Safeguards 

These objectives would be achieved using the following operational safeguards and 
management measures. 
 
Site Stripping 

• Collection of soil samples at a rate of 4 per hectare prior to the removal of 
topsoil/loam. 

• Incorporation of alkaline amendment into the soil at the calculated rate prior to 
stripping or following placement on treatment pads. 

• Completion of validation soil sampling of treated material at a rate 1 sample per 
1 000m3 prior to final placement. 

 
Sand Extraction & Processing 

• Bunding of extraction and processing areas to control drainage. 
• No extraction of residual clay material from the base of the sand resource. 
• Ensuring that all surface water and runoff from the extraction and processing 

areas drain into the extraction ponds. 
• Conveyance of return water in a manner which ensures fines/silts remain in 

suspension and do not settle in drainage lines. 
• Processing of extracted material via a hydrocyclone or similar to hydraulically 

separate the fines (potentially containing pyrite) from the sand resource. 
• Treatment of all material not processed using a hydrocyclone or similar with 

alkaline amendments. 
• Return of all separated fines to the extraction ponds for final placement preferably 

using a pipeline with its discharge point at least 1m below the water surface.   
• If a pipeline is not used, any sluicing would be undertaken in a manner that 

ensures turbulent flow and sufficient velocity to prevent the deposition of fines 
material within the drainage line. 

• Settlement of silts/fines a minimum depth below the projected minimum level of 
the southern extraction pond water surface.  It is recognised practice within 
existing dredging operations in similar sand bodies in NSW, eg. Kurnell and 
Dunmore, for silts to be placed where they will settle at least 2m below the water 
surface (R.W. Corkery – pers. comm.).  It is understood this practice has been 
adopted at these locations for almost the past 20 years with no deleterious 
impacts arising from the settled silts/fines. 

 

It is noted that the action of the dredge would result in the recovery of the sand across the depth 
of the resource resulting in the mixture of the deeper materials with excess buffering capacities 
with the upper PASS. 
 
 

Monitoring 

Validation testing of extracted sand and stripped topsoil/loam, would be undertaken as 
described in Table 17. 
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Table 17 
Acid Sulfate Soil and Sediment Testing 

Site Period Frequency Tests Action criteria 
Initial 2 weeks 

following 
commissioning of 
sand extraction 

operation 
 

1 sample/day SCR/TAA >0.03%/18 mol H+/t Extracted sand 
(following 
hydraulic 

separation at fill 
sites and washed 
sand products) 

 Ongoing 1 sample/week SCR/TAA >0.03%/18 mol H+/t 
During stripping 

operations 
 

4 samples/ha SCR/TAA >0.03%/18 mol H+/t Stripped 
topsoil/loamy 

sand / unwashed 
sand Post treatment 

validation 
1 sample/1000m3 SCR/TAA >0.03%/18 mol H+/t 

 
In accordance with ASSMAC guidelines, the action criteria for individual samples is >18mol H+/t 
(0.03%S) with no sample to exceed 25mol H+/t (0.04%).  If any single sample exceeds 18mol 
H+/t (0.03%), then the average of any 6 consecutive samples (including the exceeding sample) 
must have an average not exceeding 25mol H+/t (0.04%S).  If more than 1 sample in any 6 
consecutive samples exceeds 25mol H+/t (0.04%S) then the average of any 6 consecutive 
samples (including the exceeding samples) must have an average content not exceeding 18mol 
H+/t (0.03%S). 
 
In order to ensure compliance with relevant sampling guidelines, the following measures would 
be implemented. 
 

• The Contractor, in consultation with a qualified consultant, would ensure that the 
required number of samples have been collected and tested as specified.  

• The sample size, intensity, methodology, handling and laboratory analysis would 
be conducted in accordance with the NSW ASS Manual (ASSMAC, 1998) and 
amended laboratory methods.  

• Soils would be described according to the Australian Soil Classification (Isbell 
2002). 

• Groundwater and surface water monitoring would be undertaken in accordance 
with ASSMP Elements GW1 & SW1. 

 
All monitoring procedures should be reviewed annually to ensure only meaningful data is being 
collected. 
 
 
Corrective Actions 

In the event that validation or monitoring criteria are exceeded, the following corrective actions 
would be implemented. 
 

• For stripped topsoil or hydraulically separated sands, the ANC of the material 
would be tested. If the measured ANC is insufficient to neutralise the existing and 
potential acidity, alkaline amendments would be incorporated at the appropriate 
rate. 
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• For stockpiled loamy sand and unprocessed sand, the TAA would be tested and, 
alkaline amendments would be incorporated into the material at the appropriate 
rate. 

• Following treatment of loamy sand and unprocessed sand, validation testing 
would be undertaken and additional alkaline amendments applied as required. 
This process would be repeated until compliance criteria is met. 

• If the pH level within the extraction ponds falls below pH 6.5, hydrated lime would 
be introduced at the appropriate rate. Care would be taken to ensure target pH 
level is not “overshot” leading to severely alkaline conditions (pH>9.0). 

 
 
Reporting and Auditing 

Records of monitoring would be kept by site management together with the application rates of 
the alkaline amendment used as neutralising agents. These records would be made available to 
the statutory authorities upon request.   
 

The effectiveness of the operational safeguards and monitoring would also be audited internally 
on a quarterly basis with environmental audits of extraction and processing operations 
conducted by an external environmental consultant and site management on an annual basis. 
 
 

4.5.3.2 Management of Imported Acid Generating VENM (VENM(b)) 
 
Objectives 

It is the Proponent’s objective to provide a regional facility to treat, use or store VENM(b) in 
accordance with relevant environmental guidelines. Therefore, it would be the Proponent’s aim 
to ensure: 
 

• imported VENM(b) is properly managed, including treatment and validation as 
required, to permit production of material suitable for construction uses or 
placement either at the base of the southern extraction pond or below the water 
table within the northern extraction pond; 

• any acidic runoff is treated with alkaline amendments to meet adopted water 
quality targets; and 

• a verification process is in place and implemented to provide protection from the 
receipt of unsuitable material. 

 
Management and Safeguards 

These objectives would be achieved using the following operational safeguards and 
management measures. 
 

• Assessment of the soil material by a suitably trained person in the practices 
recorded in the NSW ASS Manual and classification as VENM(b) prior to 
acceptance at the Project Site. 

• Provision of documentation for each truck load of VENM(b) received at the Project 
Site that demonstrates the excavation of VENM(b) and its transportation and 
handling was conducted in accordance with the NSW ASS Manual to prevent the 
generation of acid. 
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• Placement of VENM(b), received at the premises which is intended to be:  
i. dredged or interned at the base of the southern extraction pond; or 
ii. placed within the northern extraction site a minimum 1.0m below the 

lowest recorded water table elevation;  
both within 24 hours of the time of its excavation at the originating site. 

• Testing of the pH of the VENM(b) immediately prior to under-water disposal 
backfilling to ensure the pH is not less than 5.5. 

• Testing of the pH of the water into which the VENM(b) is placed to ensure it is not 
less than 6.5 at any time.  

• Termination of VENM(b) receival at the premises, if the pH of the water falls below 
6.5, until approval to continue is received in writing from the DECC (EPA). 

 

The Proponent would also follow a VENM verification procedure designed to ensure that the 
only waste received at the premises is VENM. The Proponent would follow procedures that 
include (but are not necessarily limited to) the following. 

 

1. Conduct of pre-acceptance validation prior to agreeing to accept VENM from any 
source. This would incorporate a procedure for collection and recording of 
information about the waste including: 

• the location of the site from which the waste originates (the Waste Origin 
Site), including the street address; 

• a short general description of the Waste Origin Site and any improvements 
on the site;  

• a brief history of activities at the site with particular reference to the 
commercial or industrial activities which may have resulted in the site 
becoming chemically contaminated;  

• whether the Waste Origin Site has been the subject of contaminated site 
investigations and, if so, a summary of the findings of the investigations 
would need to be provided;  

• a brief description of the physical nature of the material(s) proposed to be 
transported from the Waste Origin Site to the premises;  

• sufficient other background information or analysis data to validate that the 
material has been properly classified as VENM; and 

• an estimate of the total amount of VENM proposed to be received from the 
Waste Origin Site where such amounts are greater than 100 tonnes.  

 

Note: the procedure would also include a mechanism whereby, having obtained 
the above information, further inquiries as may be reasonably required, are 
diligently made to ensure that waste to be transported to the premises from the 
Waste Origin Site is VENM. 

 
2. Verification at the time of acceptance must provide reasonable assurance that the 

material is from a Waste Origin Site properly identified in accordance with the pre-
acceptance verification procedure and is VENM from that site. The information 
obtained and recorded must include: 
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• the date and time of entry of the transporting vehicle; 

• a description of the type(s) of VENM in the load; 

• the weight of each load; 

• the identification details of the source of the VENM (the VENM supplier) 
and site of  origin; 

• the details of the transporting vehicle including its registration number and 
driver; and 

• identification details of the company/individual which has employed or 
contracted the driver to transport VENM to the premises. 

Material identified not to be VENM would not be accepted at the site. 
 

3. Implementation of a program of inspection and audit of deliveries designed to 
evaluate the overall effectiveness of the above procedures and which: 

• is statistically designed to provide confidence that waste being transported 
to the premises from a Waste Origin Site has been properly classified as 
VENM; 

• segregates, in a defined area, any load of waste which is the subject of 
inspection and/or sampling until such time as the results of the inspection 
and/or sampling are known; and 

• segregates material which is found to be improperly classified as VENM in 
a discrete, defined area for off site disposal. 

 
Monitoring 

Monitoring as outlined in Table 18 would be undertaken in relation to VENM(b) receival and 
processing / internment. 
 

Table 18 
VENM(b) Testing and Related Monitoring 

Monitoring 
Site 

Period Frequency Field 
Tests 

Action criteria 

VENM Ongoing 1 sample/day 
from each load 

pH <5.5 

During placement of 
VENM(b) 

1 sample/day pH <6.5 Extraction 
Pond Water 

Minimum six months 
after final placement 

1sample/week pH <6.5 

Up & Down 
Gradient 

Groundwater 

During placement 
and minimum 1 year 
after final placement 

Monthly pH, 
elevation 
(mAHD) 

<6.5 (1) 

Minimum 0.5m above top of 
untreated VENM(b) in 
northern extraction site 

(1)This criteria may be varied, subject to approval from statutory bodies, to more closely reflect baseline conditions 
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Monitoring would be undertaken so that: 
 

• the pH of each load of VENM(b) would be tested at the disposal site immediately 
prior to its placement under water using the test method referred to in NSW Acid 
Sulfate Soil Manual (Method 21A and/or Method 21Af) or other approved method; 

• the pH of the water into which the VENM(b) is placed would be monitored daily 
during VENM(b) placement into water and thereafter weekly for a period of six 
months from the date the last load of VENM(b) was placed underwater; and 

• the pH and elevation of up and down gradient groundwaters at the premises 
would be monitored a minimum 1 month and for a minimum of 1 year after the last 
load of VENM(b) has been disposed of. 

 
All monitoring procedures should be reviewed annually to ensure only meaningful data is being 
collected. 
 
 
Corrective Action 

The following corrective actions would be undertaken in the event that monitoring criteria are 
exceeded or incorrect handling or receipt practices are identified. 
 

• Any VENM(b) which has dried out, undergone any oxidation of sulfidic minerals or 
which has a pH of less than 5.5 must be sampled at the maximum rate of 1 
sample/1 000m3 to determine the %SCR & TAA. If analysis records SCR >0.03% or 
TAA> 18mol H+/t, the material is to be treated with the calculated amount of 
alkaline amendment. Prior to final placement or further processing, verification 
testing at the rate of 1 sample/1 000m3 to confirm SCR <0.03% and TAA <18mol 
H+/t would be undertaken. 

 

• As soon as possible after becoming aware that any waste/material accepted at the 
premises is not VENM, the Proponent would: 

 

a)  notify the DECC (EPA) in writing; 
b)  remove the material/waste from the premises and dispose of it at a facility 

licensed to take such waste; and  
c)  implement a procedure to audit all further incoming loads from that Waste 

Origin Site prior to accepting any further waste, until such time as the results of 
such audits demonstrate that the Waste Origin Site's screening and 
assessment procedures have been corrected to prevent further mis-
classification of waste. 

 

• Retesting of materials in the designated treatment pads using SCR + TAA with 
additional alkaline amendment applied as necessary. 

 
 

Reporting and Auditing 

In accordance with the Environment Protection Licence issued for the operation, the Proponent 
would submit to the DECC (EPA) an annual return which would include the following. 
 

• The results of all required monitoring. 
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• A graph showing pH of the water at the monitoring frequency specified for each 
year. The format would show pH trend for each extraction pond over the life of the 
licence. 

• A graph showing quarterly pH in the up and down gradient groundwater at the 
monitoring frequency specified in Table 18 and provided in a format that shows 
the groundwater pH trend over the life of the licence.  

In addition to the annual return, if the pH of the water falls below 6.5, or if waste other than 
VENM is received at site, the Proponent would notify the EPA in writing as soon as practicable. 
 
The Proponent would also retain certain documentation for each truck load of VENM(b) 
received at the site which indicates:  

 

a)  the details of the originating site (name, address, owner & developer, contact 
details); 

b)  the details of the transporter (name, address, contact details, vehicle registration); 

c)  date and time of the extraction of the VENM(b); 

d)  pH of the VENM(b) at the time of its extraction, and at the time immediately prior 
to its placement underwater; and 

e)  the name of the person (certified practicing soil scientist) who assessed the 
material and classified it as VENM(b). 

 

Both the annual return and documentation on VENM(b) received would be retained by the 
Proponent for four years from the date of the annual return receipt of the VENM(b). 
During the initial stages of the operation, a monthly internal environmental audit of VENM(b) 
receival and treatment would be undertaken to ensure appropriate treatment is being conducted 
and records are up to date.  Additionally, verification of neutralising agent application volumes 
and verification results would be sought prior to burial of VENM(b). 
 
 
4.5.4 Groundwater and Surface Water Monitoring 
4.5.4.1 Introduction 
 
In the event that acid is generated by either the soils or sulfidic sediments on site or the 
imported VENM(b), its presence would be identified in either the groundwater or surface water.  
Consequently, it is recommended that a comprehensive groundwater and surface water 
monitoring program is undertaken to establish the impacts (or lack of impacts) the site activities 
are having on water quality. 
 
It is fundamental that site management has systems in place to regularly review the monitoring 
data to ensure that any corrective actions, such as those described in Sections 4.5.3.1 and 
4.5.3.2 are implemented as soon as possible. 
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4.5.4.2 Groundwater Monitoring 
 

Objectives 

It is the Proponent objective to: 
 

• minimise the impact of the extraction and processing operation on groundwater 
hydrology and quality; and 

• where possible, maintain the groundwater elevation outside the boundary of the 
Project Site within the seasonal range. 

 
 
Management and Safeguards 

These objectives would be achieved using the following safeguards and management practices. 
 

• Identifying all existing groundwater monitoring bores (see AGE 2008). 

• Confirming baseline groundwater quality. 

• Regularly measuring groundwater levels. 

• Investigating complaints especially allegations of poor water quality in 
neighbouring dams/bores. 

• Assessing groundwater monitoring results for ASS indicators and salinity. 

• Preparing a response protocol for identified negative impacts from works. 

• Installing a height gauge within the southern extraction pond scaled to m AHD. 
 
Monitoring 

Groundwater within the existing bores would be monitored as described in Table 19. 
 

Table 19 
Groundwater Quality Monitoring 

Site Frequency Tests 
All groundwater monitoring bores  Monthly during first 

year, extending to 
quarterly. 
 

Field measurements of pH, EC, 
temperature, REDOX potential and 
groundwater level (m AHD). 
 

 Quarterly  
 
 
 
 
 

pH, EC, temperature, REDOX 
potential, groundwater level (m AHD), 
dissolved oxygen,   calcium, 
magnesium, sodium, potassium, 
bicarbonate, sulfate, chloride, 
filterable iron, aluminium and arsenic.
 

Continuous groundwater elevation 
loggers (currently located in MB3, MB5 
MB6A & CSP3). 

Continuous during 
operations 

Groundwater level (m AHD). 
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Water levels in the southern extraction pond would be monitored daily via the height gauge 
scaled to m AHD.  Regular inspections of the site, the types, locations and effectiveness of 
control actions in place would also be undertaken. 
 
Water quality in neighbouring dams would be monitored as required. 
 
All monitoring procedures should be reviewed annually to ensure only meaningful data is being 
collected. 
 
 
Corrective Actions 

Where groundwater quality or levels are identified outside specified criteria or where detrimental 
effects to groundwater quality are likely to occur, the following corrective actions would be 
implemented. 

 

• Treatment of oxidising PASS as required and monitoring of runoff from stockpiled 
VENM(b) and loamy sand. 

• Isolation of ASS material exposed due to lowering of groundwater table 
associated with inappropriate drainage or other construction methods from 
stormwater and off site drainage. 

• Reduction of extraction rate in event that off site groundwater drawdown exceeds 
predicted levels  identified to be causing environmental impacts 

 
Reporting and Auditing 

Records of the monitoring activities, complaints received, and control actions subsequently 
taken would be maintained for a period of at least 4 years.  These records would be made 
available to Tweed Shire Council, EPA, DWE or other statutory authorities upon request.  
 
Internal quarterly environmental audits of extraction and processing operations would be 
undertaken by site management and external audits by an environmental consultant on an 
annual basis. 
 
 
4.5.4.3 Surface Water Quality Monitoring 
  
Objectives 

It is the Proponent’s objective to maintain existing surface water quality and ensure that the 
extraction and processing operation does not negatively impact on the background surface 
water quality. 
 
Management and Safeguards 

The following management procedures and safeguards would be implemented to ensure that 
the existing surface water quality is maintained. 
 

• Ensuring drainage of all stormwater from the areas associated with stripping is 
directed to the extraction ponds.  
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• Placing of fines separated during washing or returned from the nominated fill sites 
at the base of the extraction ponds via a snorkel or similar, discharging a minimum 
3m below the water surface to minimise any resuspension of the fines.  

• Making flocculants available to permit dosing of the southern extraction pond 
should suspended solid levels exceed adopted criteria. 

 
 

Monitoring 

Surface water quality would be monitored as described in Table 20. 
 

Table 20 
Surface Water Quality Monitoring 

Site Period Frequency Tests Action criteria 
Initial 2 weeks 
following sand 

extraction operation 
commencement 

Daily 
pH, EC, dissolved oxygen, 
redox and water level (m 

AHD) 

pH <5.0 
water quality trend 
outside adopted 

background levels 

Weekly 
pH, EC, dissolved oxygen, 
redox and water level (m 

AHD) 

pH <5.0 
water quality trend 
outside adopted 

background levels 

Extraction Ponds 
(0.5m depth) 

Monthly 

Above + calcium, magnesium, 
sodium, potassium, sulfate, 

chloride, bicarbonate, filterable 
iron, aluminium, arsenic, and 

water level (m AHD) 

pH <5.0 
water quality trend 
outside adopted 

background levels 

Extraction Ponds 
(1.0m depth 

intervals to base 
of excavation) 

Ongoing during 
operation 

Quarterly pH, EC, dissolved oxygen, 
redox 

pH <5.0 
water quality trend 
outside adopted 

background levels 

Southern 
Extraction Pond 

(0.5m depth) 
Post Operation Quarterly 

Above + calcium, magnesium, 
sodium, potassium, sulfate, 

chloride, bicarbonate, filterable 
iron, aluminium, arsenic, and 

water level (m AHD) 

pH <5.0 
water quality trend 
outside adopted 

background levels 

Drains (SW5, 
SW6, MB1A, 

MB3A, MB5A) 

Ongoing during 
operation Monthly pH, EC, dissolved oxygen, 

redox 

pH <5.0 
water quality trend 
outside adopted 

background levels 
Note:  All daily and weekly tests to be undertaken with hand-held meters. 

 
Corrective Actions 

If a significant deterioration in extraction pond water quality occurs, sand extraction is to be 
reduced and VENM placement temporarily ceased until the source is identified and appropriate 
amelioration measures implemented. 
 
Reporting and Auditing 

Records of the surface water quality monitoring would be kept including actions undertaken and 
amelioration measures implemented.  These records would be made available to statutory 
authorities upon request. 
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Quarterly environmental audits of extraction and processing operations would be undertaken by 
site management and external audits by an environmental consultant on an annual basis. 
 
 
4.6 Impact Assessment 
 
The Project would be able to be managed to ensure any impacts from the disturbance or receipt 
of VENM onto the Project Site is within acceptable limits. Regular monitoring of soil, surface 
water and groundwater would provide an accurate assessment of the adequacy of practices 
implemented as part of the operation or the need to adjust practices.  
 
 
4.7 Conclusion 
 
The analysis of representative soil and sediment samples across the Project Site reveals that 
low levels of oxidisable sulfur are present in the sand and sediments throughout the depth of 
the sand resource and both above and below the natural fluctuating water table. Although rapid 
oxidation and subsequent acidification would be expected, the oxidisable sulfur in the porous 
material within the unsaturated zone does not appear to be creating any acid induced problems 
in the groundwater. Below a depth of approximately 6m, there appears to be adequate buffering 
capacity to neutralise any acid generation associated with the potential oxidation of the sulfidic 
sediments.  
 
As demonstrated by the long-term successful operation of the adjoining sand extraction 
operation and the short-term initial dredging operation on the Project Site, the proposed 
management strategies for the Project provide sufficient protection to ensure any exposure of 
sulfidic sediments is minimised and any acid generation is either avoided due to natural 
buffering or is neutralised via the targeted application of alkaline amendments. 
 
The adoption of the management procedures detailed in Section 4.5 would be an important 
component of this Project. 
 
 
5 CONTAMINATED LAND ASSESSMENT 
5.1 Land Contamination Planning Guidelines 
 
The NSW Department of Planning through its publication Managing Land Contamination 
Planning Guidelines SEPP 55 – Remediation of Land recognises the important role in 
integrating land contamination management into the planning and development control process. 
It is considered that this planning approach will help ensure that changes of land use will not 
increase the risk to health or the environment. 
 
The guidelines recommend that rezonings, development control plans and development 
applications are backed up by information demonstrating that the land is suitable for the 
proposed use, or can be made suitable, either by remediation or by the way the land is used. 
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The guidelines note that a planning authority may need to seek further information when the 
Project Site or land in the vicinity is, or may be, associated with activities listed in a schedule but 
it is not known whether contamination exists.  Table 1 of the guidelines lists agriculture as an 
activity potentially causing contamination. 
 

It is important to note that the guidelines recognise that changes of use on contaminated land 
may proceed provided the land is suitable for its intended use. This is a risk-based approach 
and complements the various guidelines for investigation and remediation of contaminated 
sites. 
Tweed Shire Council’s DCP 16 also requires that, where land is identified as being 
contaminated, it must be demonstrated that it is suitable for development pursuant to SEPP 55. 
 
 
5.2 Preliminary Site Contamination Investigation 
 
An investigation of the Project Site was undertaken to assess the potential for existing site 
contamination.  The investigation included the following elements. 
 

• Detailed site history including review of available mapping and aerial photography 
(see Section 3.2).  

• Walk over field inspection.  

• Identification of contaminants of concern.  

• Soil survey including soil sampling and laboratory analysis for contaminants of 
concern. 

• Interpretation of findings and discussion.  

• Recommendations and conclusions. 

 
 
5.3 Site Inspection 
 
From early 2005 to March 2007, most of the Project Site has been traversed either by foot or 
via a 4WD vehicle by a consultant with HMC Environmental Consulting Pty Ltd. No areas of 
discoloured soil, polluted water, affected plant growth and animal population or significant 
odours were noted. As noted in Section 3.2, the Project Site and surrounds have been drained 
extensively for the development of sugar cane farming, however, this drainage is now 
redundant and in poor repair.  
 
 
5.4 Potential Exposure to Contaminants of Concern 
 
As the land has been previously used for sugar cane cultivation several residual agrichemicals 
were identified as being contaminants of concern. These included various organochlorine and 
organophosphorus pesticides, arsenic, lead and mercury which have been recorded 
constituents of agrichemicals used within cane growing operations. 
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The exposure of any person to potentially contaminated soil is likely to be very low. As part of 
the development of the proposed sand extraction operations, the site would be stripped (in 
stages), with the topsoil treated as required, used in bunding, and stockpiled for future 
stabilisation and rehabilitation works. Some topsoil may be used in blended products, however, 
stripping operations to remove existing vegetation is likely to remove any soil contamination 
within the upper 300mm of the soil profile. It is noted that soil sampling guidelines only require 
sampling of the surface soil (0-100mm) immediately below the vegetative layer. 
 

Using the risk-based approach the potential exposure of any person associated with the 
proposed development is extremely low. The occupation of the site is limited to staff operating 
equipment which is either on water (dredge) or enclosed (loader, fuel tanker, water truck and 
tippers). Only the dredge operator and the loader driver are continuously on site and then only 
during working hours.  
 
 

5.5 Investigation for Adjoining Development (Hanson Tweed Sand) 
 

It is noted that the recent EIS for the proposed extension to the adjacent sand extraction 
operation used a detailed site history to establish the potential for soil contamination. No soil 
sampling and analysis for residual chemicals was undertaken. It was concluded by Gilbert & 
Sutherland (2005) that “the preliminary site history investigation did not identify any previous 
land use activities at the site and surrounds that may have potentially resulted in contamination. 
The current and previous use of agrichemicals appears to be extremely limited..”. 
 
 

5.6 Investigation for Local Cane Grower 
 

Crofts (1986) notes the land was purchased in 1964 as a wet grazing block and was partially 
drained and developed for the production of tropical grass and legume seed until 1871. The 
Central Mapping Authority record it as not under cane when aerial photographs were taken in 
1971.  
 

Crofts (1986) summarises that “all evidence available to me points to the fact that this property 
was developed from swampy grazing land for cane production during the 1970s when cane 
prices were high, has higher than average cane production costs because of its soil and 
drainage problems and is unlikely to become a viable cane farm unless cane prices soar. This 
land would appear to be more suited for other purposes.”  
 

In consideration of the above information, the Project Site would therefore appear to have a 
cane-growing history of up to 13 years. 
 

In a separate investigation during 2005, a potential soil contamination assessment was 
undertaken by HMC Environmental Consulting on a 20ha long-term sugar cane farm in the 
Tweed Valley.  In this investigation, 64 samples were collected across the farm and composited 
into 16 soil samples for analysis (organo-chorines, organo-phosphates, lead, arsenic, mercury, 
copper). None of the samples recorded residual chemical levels above accepted health 
investigation levels.  
 
This farm was further up the Tweed Valley on heavier soils (clay loam) and it is expected that, 
due to the length of time under cultivation (>40 years) would have been subjected to many 
more applications of residual agrichemicals than the Project Site.  
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5.7 Soil Survey 
 
In order to help confirm the contaminant status of the Project Site, a soil survey including 
sampling and laboratory analysis was undertaken in March 2006.  
 

As the distribution of potential contamination was likely to be fairly homogenous, a systematic 
sampling pattern was implemented. No potential “hotspots” were identified.  
 

Six locations were established south of the existing Altona Drive alignment and three locations 
north of the alignment. A 20m x 20m grid was measured around each sampling location and 
samples collected at the corners of each grid – a total of 36 samples (see Figure 13). Soil 
samples were collected from a depth of 0-150mm. The 4 soil samples within each grid were 
composited to form a single sample as shown in Table 21. 

 

Table 21 
Sample Identification 

Composite Sub-samples Laboratory Analyses 
S1 S1A-S1D OCP/OPP; As;Pb;Hg 
S2 S2A-S2D OCP/OPP; As;Pb;Hg 
S3 S3A-S3D OCP/OPP; As;Pb;Hg 
S4 S4A-S4D OCP/OPP; As;Pb;Hg 
S5 SS5A-5D OCP/OPP; As;Pb;Hg 
S6 S6A-S6D OCP/OPP; As;Pb;Hg 
S7 S7A-S7D OCP/OPP; As;Pb;Hg 
S8 S8A-S8D OCP/OPP; As;Pb;Hg 
S9 S9A-S9D OCP/OPP; As;Pb;Hg 

 

 
Note:  A colour version of this figure is available on the Project CD. 
 

Figure 13 Soil Sampling locations 
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The samples were forwarded to a NATA-accredited laboratory for compositing and analysis for 
Lead (Pb), Arsenic (As), Mercury (Hg), Organochlorine Pesticides (OCP) and 
Organophosphorus Pesticides (OPP). The borehole locations were chosen to represent the 
surface of the cultivated soil, in order to target previous practices potentially resulting in residual 
pesticides and metal-based chemicals.  
 
The soil sampling locations are shown in Figure 13 and are identified as S1A – S9D. All 
borehole locations were recorded via GPS. 
 
The adjusted laboratory results for all contaminants of concern were below the Health 
Investigation Levels for Residential “A” exposure setting as produced in Table 11-A of Schedule 
7(b) of  the National Environment Protection Council – National Environment Protection 
(Assessment of Site Contamination) Measure 1999, Table 11-A (NEPC,1999).  Laboratory 
results are attached in Appendix 7. 
 
 
5.8 Sampling Methodology 

 
• All sampling was undertaken by an independent, suitably qualified scientist from 

HMC Environmental Consulting (Mark Tunks). 

• Soil samples were collected using clean stainless steel sampling equipment (hand 
auger and trowel), scrubbed in distilled water, washed with “Decon 90” and rinsed 
with clean distilled water between samples. 

• Following collection, representative samples were transferred to glass jars that 
were laboratory cleaned and supplied directly from Tweed Laboratory Centre. 

• The jars were labelled and placed in an esky on ice for transport to the Tweed 
Laboratory Centre by private car. 

• Samples were prepared and extracted at the laboratory prior to the expiry of 
holding times for each analyte. 

• Chain of Custody documentation was sent with all soil samples, confirming that all 
samples were received chilled and in good order.  

 
 
5.9 Results 
 
The results are summarised in Table 22 and confirm that all contaminants are below 
recognised guidelines for residential or commercial/industrial land uses. 
 
No organochlorine or organophosphorus residuals were detected in any composite sample. The 
maximum adjusted lead and arsenic concentrations were approximately 4% of the investigation 
threshold for sensitive residential use. The maximum adjusted mercury level was approximately 
3.5% of the investigation threshold for sensitive residential land use. 
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Table 22 
Soil Analysis Summary 

Analyte Range mg/kg  Health investigation Level mg/kg (Residential, 
NEPC 1999) 1 

Organo-chlorine <1.0 2.5 (Aldrin + dieldrin) 
Organo-phosphorus <0.5 (2) 

Lead <2 – 3 75 
Arsenic <1 – 1 25 
Mercury 0.07 – 0.17 10 (organic), 15 (inorganic) 
1 Adjusted to allow for  4 composite samples 
2  No guidelines value 

 
 

5.10 Impact Assessment 
 

The preliminary site contamination investigation, including soil sampling program, did not record 
any potential soil contamination across the Project Site. No contamination “hotspots” have been 
identified. The use of stripped topsoil from extraction areas in bunding and rehabilitation work 
would ensure that any potential soil contamination is managed on the Project Site where any 
potential exposure risk is very low. 
 
 
6 CONCLUSION AND RECOMMENDATIONS 

 
The Project Site is recorded to have been used for sugar cane cultivation for 
approximately 13 years. Cane cultivation ceased approximately 15 to 20 years ago. Prior 
to cane cultivation, the land was used for “wet” cattle grazing. 
 
Based on the sampling results, site history, geographical location and review of 
topographic mapping, there is a very low level of risk that the Project Site is contaminated 
with remnants of chemicals from current or former sugar cane cultivation.  
 
After consideration of these findings, further sampling and laboratory analysis is not 
required. The Project Site can reasonably be considered, for the purpose of the proposed 
development, to be uncontaminated. It is considered that there is little environmental or 
health hazard associated with the proposed use of the subject property for sand 
extraction. 
 
 
7 AGRICULTURAL SUITABILITY 
7.1 Department of Infrastructure, Planning and Development & 

Department of Primary Industries Northern Rivers Farmland 
Protection Project 

 
The Project Site is located within an area mapped as Regionally Significant Farmland (see 
Figure 14). 
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The Northern Rivers Farmland Protection Project seeks to protect important farmland from 
urban and rural residential development pressures; thereby keeping farming options open for 
the future.  
 
The Project seeks to establish a system which would protect a broad range of lands to cater for 
a range of agricultural industries that may be important currently or in the future. Urban and 
rural residential development is proposed to be limited on mapped state and regionally 
significant farmland so that farming areas with the most potential for production are not lost to 
urban uses. The Northern Rivers Farmland Protection Project included mapping based on soil 
landscapes. 
 
The proposed development is not considered an urban use and would not undermine the 
integrity of a Regionally Significant Farmland area. Further, the restrictions on development do 
not apply to rural industries which are defined as handling, treating, processing or packing of 
primary products. Rural industry is recommended as being allowed in farmland protection 
areas, without restriction. 
 

 
Figure 14 

Farmland Protection Mapping (Tweed Shire Council GIS) 
 
Additionally, Section 5.4.3 lists the objectives of the farmland protection project which include: 
 

• making provision for the co-management of important agricultural land including 
farming, conservation and extractive industry; and  

• recognising extractive industry as a legitimate rural use which has a priority over 
non-rural use.  

 
Although the Project is considered as a rural industry under the guideline document, further 
investigations have been made into the more stringent industrial use criteria.  In particular, 
Section 5.4.4 of the guideline notes that Councils are able to consider regionally significant 
farmland for stand-alone future industrial use if all of the following apply. 
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• It would not significantly undermine the integrity of a regionally significant farmland 

area. 
A portion of the Project Site has previously been approved for sand extraction (400,000m3) 

and there is an existing sand extraction operation on the adjoining property to the immediate 
west (approved over approximately 70ha). The new Kingscliff WWTP is being constructed 
on an adjoining lot to the northwest and marginal grazing land is located on the adjoining 
property to the north. The Project Site has been recognised as being non-viable cane 
growing land and is currently used for cattle grazing. The Project Site is geographically 
distinct from the elevated Regionally Significant Cudgen plateau farmland to the south. 

 

• It would not compromise local or regional agricultural potential by alienating 
agricultural infrastructure or agricultural transport routes, or decreasing ‘critical 
mass’ for any existing agricultural industry. 
The Project Site is currently being used for low-scale cattle grazing. Sugar cane was 
previously grown on the site but was found to be non-viable. It has been recognised that this 
land is not suitable for sugar cane production (Crofts, 1986) and the loss of this farmland 
area is not considered to have any impact on the viability of the Condong Mill. No loss of 
“critical mass” in cane production would occur. There are also no identifiable impacts on any 
agricultural infrastructure or agricultural transport routes. 

 

• It would not create impacts which would compromise the agricultural use of nearby 
regionally important land. 
The Project Site adjoins an existing sand extraction site to the west and small-
cropping/orchards to the south. The elevated land to the south is on a different soil 
landscape and is physically separated via a large tidal farm drain. Groundwater modelling 
has been undertaken and monitoring would be implemented to ensure operations do not 
impact on existing water and groundwater resources. The physical buffer between the 
extraction ponds and the farming operations to the south is significant and would increase 
over time as the southern extraction pond extends to the north and east. It is noted that the 
farming community on the Cudgen Plateau have previously raised concerns relating to the 
viability of the family farm in this area with very few crops now competitive due to 
fragmentation leading to small properties. A number of growers have moved to the 
Bundaberg area where farms are larger allowing economies of scale.  

 

• It would not be located in an area where there was an identified risk of land use 
conflict near an existing agricultural enterprise. 
The Project Site would not likely be a source of complaint to government authorities relating 
to incompatible land uses. The sand extraction operation would operate during daylight 
hours and be operated by several plant operators. There is no residential component to this 
operation. Unlike residential encroachments into farmland, the proposed development is not 
likely to be affected by any normal farming operations which might create noise or other 
sources of complaint. The physical buffer between the proposed extraction ponds and the 
farming operations to the south is significant and would increase over time as the southern 
extraction pond extends to the north and east. 
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• It would not involve filling part of a floodplain unless consistent with a floodplain 
management plan prepared in accordance with the Floodplain Management Manual. 
Flooding issues have been addressed and only minor filling of the site is proposed to protect 
the processing area. Heights of bunds are to be controlled and flood flow paths retained.  A 
flooding and drainage assessment has been undertaken by SNW (2008) (Part 2 of the 
Specialist Consultant Studies Compendium).   

 

 

• No viable alternative land is available which is suitable for the proposed industrial 
use. 
The Project Site has a sand resource which is approximately 20m in depth. This sand is 
suitable for the construction industry as has been demonstrated by the adjoining operation.  
Due to the location of this resource and the large demand for both fill material (by the 
Proponent) and construction material (which cannot be fully met by the adjoining operation) 
it is considered that no commercially viable alternative sites are available to meet the full 
demand for this material or undertake the Project as proposed. 

 
 
 
7.2 Agricultural Classification 
 
Agricultural land in NSW has traditionally been mapped for planning purposes by the 
Department of Primary Industries (DPI) using the five class “Rural Land Evaluation Manual” 
system. This attempts to estimate potential agricultural productivity and versatility. 
 
The Project Site has previously been assessed to determine an appropriate agricultural 
suitability class. This classification system was developed by the Department of Agriculture 
(now DPI) and the Soil Conservation Service. It provides a ranking of lands according to their 
productivity for a wide range of agricultural activities. It also aims to determine the potential for 
crop growth within certain limits. 
 
The classification is based upon the effects of climate, topography and soil characteristics, the 
cultural and physical requirements for various crops and pastures, and existing socioeconomic 
factors including local infrastructure and geographic location, which combine to determine the 
productive potential of the land and determine its capacity to produce crops, pastures and 
livestock. 
 
Classes 1, 2, and 3 are considered under this system to be highly productive. The Project Site 
is located within a Class 4 area which is defined as “Land suitable for grazing but not cultivation. 
Native or improved pastures established with minimum tillage” (see Figure 15).  
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Figure 15 

Agricultural Land Classifications Source: Tweed Shire Council GIS 
 
 

7.3 Crofts Agricultural Suitability Assessment  
 

During 1986 Professor Frank Crofts an agricultural farm consultant prepared an agricultural 
report on the Project Site (see Appendix 3). The report advises that standard full soil analyses 
were undertaken on all 10 paddocks comprising the property in January 1986.  The analysis 
concluded the following. 
 

1. The paddocks are highly variable in their mineral availability. This implies that the 
cost of properly correcting all mineral deficiencies through the addition of 
appropriate fertilisers would be both difficult and expensive to manage because 
either fertiliser regimes would have to be changed over small areas or fertiliser 
wasted through over-application to some areas. 
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2. The low to medium nitrate levels in all paddocks indicate that large quantities of 
nitrogen fertilisers would be needed to optimise cane yields and moreover, the low 
cation exchange capacities of most soil samples indicate that frequent 
applications of nitrogen fertilisers would be necessary. 

3. While total phosphorus figures are variable, but generally not too low, the very 
high levels of iron in all samples and the very high levels of exchangeable 
aluminium in some samples indicate that a high proportion of phosphates added 
to these soils would be fixed, thus suggesting the need for regular and heavy 
application of phosphotic fertilisers. 

4. Potassium soil levels are also low to medium and the very low potassium 
exchange capacities indicate that potassium fertiliser would also need to be 
applied regularly and at fairly heavy rates. 

 
Crofts then summarises that “the figures from the soil analysis, combined with the knowledge 
that a part of the property is easily waterlogged, suggest that the fertiliser cost of maintaining 
cane yields on this property would be higher than for most of the surrounding cane areas”. 
 
He goes on to conclude that “all evidence available to me points to the fact that this property 
was developed from swampy grazing land for cane production during the 1970s when cane 
prices were high, has higher than average cane production costs because of its soil and 
drainage problems and is unlikely to become a viable cane farm unless cane prices soar. This 
land would appear to be more suited for other purposes”. 
 
Two appendices to this report (appendices 6.3 and 6.4) also point out the low-lying nature of the 
land and the record of marginal productivity.  
 
A letter from the NSW Cane Growers’ Association concluded that “This farm has no chance of 
being an economic cane-farm in the foreseeable future and no other canegrower in this district 
is interested in this farm for the growing of cane. It is most unreasonable that the owner be 
locked into such a position. This land must be allowed for some other use and the proposed use 
(sand extraction) is compatible in the agricultural zone”. 
 
The letter from the neighbouring landholders also concludes that “the property is not an 
economically viable sugar cane producer in average season and market conditions.” 
 
 
7.4 Tweed Turf and Sand (now Hanson Tweed Sand) Agricultural 

Suitability investigation 
 
A detailed investigation of agricultural suitability including soil fertility analysis was undertaken 
as part of an assessment of an extension to the Tweed Turf and Sand (now Hanson Tweed 
Sand) extraction operation.  This investigation included 20 boreholes to 700mm depth. 
Constraints recorded included shallow topsoil depth (0-0.5m), poor drainage, acidic soil (av.pH 
5.36), and soil salinity (0.11dS/m). 
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It was concluded that: 
 

“….the importance of the land for relatively low intensity agricultural production versus 
the value of the sand resource is of most importance. It is considered that the benefits of 
sand extraction to the community far outweigh the benefit of the marginally viable 
agricultural use of the land”. 

 
The Director-General’s Environmental Assessment Report of the then proposed expansion of 
this operation states in Section 6.2. 
 

“The Department is satisfied, subject to the removal of Phase 5, that the site is suitable 
for the development. The site is adjacent to, and forms part of, an existing quarry that 
has been operating since the 1980’s. As an existing quarry, the site is adequately 
serviced with the extraction and processing infrastructure required for the proposal. 
 
The sand resource is significant and has been identified as one of only four regionally 
significant sand deposits in the Tweed Shire. Of these deposits, the resource at the site 
is the only off-stream (ie. not located in a waterbody) one which produces fine washed 
sand, making it the largest source of fine washed sand within Tweed Shire. 
 
The Department acknowledges that the development would result in the destruction of 
existing Class 3 agricultural land and an aquifer that contains generally good quality 
fresh water. However the Department and DPI are satisfied that this loss is justified 
given the significance of the sand resource and the localised nature of the 
development.” 
 

Section 8 of the report concludes: 
 

“The Department recognises that the proposal would permanently alter the landscape of 
the site from low lying agricultural land to a largely aquatic landscape. This alteration 
would obviously sterilise the historical agricultural landuse of the site, however the 
Department and the DPI are satisfied this loss is not significant and is justified given the 
significance of the sand resource.” 

 
The Cudgen Lakes Sand Extraction Project proposes to develop this same regionally significant 
resource. 
 
 
7.5 Cumulative Impacts 
 

The cumulative impact of this development on the agricultural viability of the surrounding state 
and regionally significant farmland has been assessed. 
 
The floodplain on the adjoining properties is currently being used for either cattle grazing, sand 
extraction or residential purposes. Further to the west there are cane growing properties, 
however, as expressed in Croft (1986), there is no recognition by the cane industry that the 
proposed use of the Project Site is affecting the viability of cane production/processing in the 
Tweed area. 
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The elevated horticultural/small cropping land to the south of the property has been farmed 
successfully for a number of years with the ongoing sand extraction operation to the west of the 
Project Site. The Cudgen plateau is on a very different soil landscape and is recognised as 
being very productive land with some constraints. Some concerns have been expressed by the 
landholders in this area relating to the protection of groundwater and dam water resources. The 
proposed development has addressed these concerns in a detailed groundwater modelling 
exercise and water quality investigation (see AGE, 2008 – Part 1 of the Specialist Consultant 
Studies Compendium). The proposed sand extraction would implement management strategies 
to ensure that existing groundwater and dam water quality and quantity are not significantly 
affected by the Project’s sand extraction operations. 
 
 
7.6 Conclusion 
 
The Project Site has been assessed using the Northern Rivers Farmland Protection Project 
guidelines (DIPNR et al, 2005) and the NSW Agriculture Land Classification Guidelines (2002). 
During 1986 an assessment was also undertaken in conjunction with the NSW cane industry to 
determine the long-term agricultural viability of the Project Site. All of the assessments have 
indicated that the Project Site is not suitable for intensive agriculture and is subject to a number 
of constraints including waterlogging and poor uneven fertility.  
 
The Director-General’s Environmental Assessment Report for the now approved expansion of 
the Tweed Turf and Sand (now Hanson Tweed Sand) extraction operation on the adjoining 
landholding concludes that the loss of agricultural land in that case is not significant and is 
justified given the significance of the sand resource.  
 
The sand resource on the Project Site is similar to that found on the Hanson Tweed Sand 
landholding and it is assessed that the Project Site is less viable for agricultural production. 
 
The proposed development would appear to provide significant benefits to the community while 
the potential agricultural uses are limited and do not include any intensive cultivation. 
 
On balance, it is assessed, in relation to agricultural viability, the benefits of the proposal 
outweigh its potential costs. 
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Table A1-1 

Coverage of Environmental Assessment Requirements and Environmental Issues in the  
Acid Sulfate Soils, Soil Contamination and Agricultural Suitability Assessment 

Page 1 of 3 
ENVIRONMENTAL REQUIREMENTS RAISED BY THE DIRECTOR-GENERAL 

RELATING TO ACID SULFATE SOILS, SOIL CONTAMINATION AND AGRICULTURAL SUITABILITY 
 Relevant 

Section(s) 
Key Assessment Requirements, namely: 
 

• The Assessment must: 
− be scientifically rigorous, and prepared in accordance with best practice; 
− be certified by the author; 
− include an executive summary;  
− assess the potential impacts of the Project (including any potential 

cumulative impacts that may arise from the combined operation of the 
Project with the existing or approved operations at the Bolster Quarry), and 
describe what measures would be implemented to avoid, minimise, 
mitigate, offset, manage and/or monitor these impacts; and 

 
References 
 
Refer to the:  
 

• Guidelines for Fresh and Marine Water Quality (ANZECC), Managing Urban 
Stormwater: Soils & Construction (Landcom);  

• the various State Groundwater Policy documents and Floodplain Development 
Manual (Department of Natural Resources); and 

• the Acid Sulfate Soil Manual (NSW Acid Sulfate Soil Advisory Committee). 

 
 
 

Sections 4, 5 
and 7 

ENVIRONMENTAL REQUIREMENTS RAISED BY THE DIRECTOR-GENERAL 
RELATING TO ACID SULFATE SOILS, SOIL CONTAMINATION AND AGRICULTURAL SUITABILITY 

Government 
Agency Paraphrased Requirement Relevant 

Section(s) 
Provide maps showing the locality of the proposed development 
in a regional and local context. Base local context maps on 1:25 
000 topographic plans. 

Figure 1 

Provide a description of: 
− the existing environment on the subject and surrounding 

land; 
− the proposed development and ancillary works; and 
− the manner in which the environment will be modified by 

the proposal. 

 
Section 3 

 
Section 2 

Sections 4.6, 
5.10 and 7.5. 

Clearly identify on an appropriately scaled plan the area subject 
to development. 

Figures 1 and 2

Department of 
Environment and 
Conservation  

Document surveys and assessments that have been undertaken 
by suitably qualified persons and provide the qualifications and 
experience of the person(s) undertaking the work. 

EA Section 1.6 

 Describe dates, site locations, design, methodology, analysis 
techniques, and weather conditions at the time of the 
assessments and surveys. The limitations of surveys should be 
identified and the results interpreted accordingly. 

Section 4.2 
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Table A1-1 (Cont’d) 

Coverage of Environmental Assessment Requirements and Environmental Issues in the  
Acid Sulfate Soils, Soil Contamination and Agricultural Suitability Assessment 

Page 2 of 3 
ENVIRONMENTAL REQUIREMENTS RAISED BY THE DIRECTOR-GENERAL 

RELATING TO ACID SULFATE SOILS, SOIL CONTAMINATION AND AGRICULTURAL SUITABILITY 
Government 

Agency Paraphrased Requirement Relevant 
Section(s) 

Substantiate conclusions drawn in surveys and assessments with 
evidence resulting from those surveys and assessments. The EIS 
should reflect these conclusions and clearly state where 
recommendations of the survey and assessments have been 
incorporated in the proposal. 

Section 4.5 

Assess if the soils to be dredged contain Potential Acid Sulfate 
Soil (PASS) and develop a proposed monitoring program for all 
materials leaving the site. 

Section 4 

Provide a detailed explanation of how the PASS fines that are 
proposed to be returned to the dredge pond at depth will not be 
disturbed during subsequent dredging activities. 

Sections 2 and 
4.5.3 

Provide details of site history.  Consider any earthworks with 
regard to possible soil contamination. 

Sections 3.2 and 
5 

Identify impacts associated with the disturbance of acid sulfate 
soils and potential acid sulfate soils. 

Section 4.6 

Provide any details to describe the existing soil types and 
properties and soil contamination. 

Sections 3.5 and 
5.9 

Identify any likely impacts resulting from the construction or 
operation of the proposal, including the likelihood of: 

− disturbing any existing contaminated soil; 
− contamination of soil by operation of the activity; 
− soil erosion; and 
 
− disturbing acid sulfate or potential acid sulfate soils. 

 
 

Section 5.10 
Section 5.10 
EA Section 

4.3.5.5 
Section 4.6 

References to relevant guidelines – Contaminated Sites – 
Guidelines for Consultants Reporting on Contaminated Sites 
(EPA, 1997); Contaminated Sites – guidelines of Significant Risk 
of Harm and Duty to Report (EPA, 1999). 

Section 8 

Department of 
Environment and 
Conservation 
(Cont’d) 

Describe and assess the effectiveness or adequacy of any soil 
management and mitigation measures including: 

− erosion and sediment control measures; 
− proposals for site remediation; and 
− proposals for the management of these soils. 

 
 

EA Section 
4.3.5.5 

Section 4.5.3 
Tweed Shire 
Council 

Consider DIPNR’s and DPI’s Farmland Protection Project. Section 7.1 

 Conduct an assessment of contamination and potentially acid 
sulfate soils for the materials to be extracted/pumped. 

Sections 4 and 5

Department of 
Primary Industries 
(Fisheries) 

Describe the nature of sediment to be dredged, including Acid 
Sulfate Soil and Potential Acid Sulfate Soils. 

Section 4 
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Table A1-1 (Cont’d) 

Coverage of Environmental Assessment Requirements and Environmental Issues in the  
Acid Sulfate Soils, Soil Contamination and Agricultural Suitability Assessment 

Page 3 of 3 
ENVIRONMENTAL REQUIREMENTS RAISED BY THE DIRECTOR-GENERAL 

RELATING TO ACID SULFATE SOILS, SOIL CONTAMINATION AND AGRICULTURAL SUITABILITY 
Government 

Agency Paraphrased Requirement Relevant 
Section(s) 

Assess the chemical residue of the soil to be excavated and 
relocated. 

Section 5.9 

Describe the location and implications of any cattle tick dip sites 
in the immediate locality. 

N/A 

Describe the agricultural quality of the subject lands and 
immediately adjoining lands. 

Section 7 

Outline the previous, current and potential agricultural use of the 
subject and adjoining lands. 

Section 7 

Provide a description of the impacts of alienating and using the 
land for the purpose of an extractive industry. 

Sections 7.5 and 
7.6 

Department of 
Primary Industries 
(Fisheries) 

Describe the compatibility and impact of the operation on 
adjoining lands including any agricultural enterprises. 

Section 7.5 

Conduct a detailed survey relating to potential Acid Sulfate Soils 
of the area which complies with the ASSMAC guidelines. 

Section 4 

Include a detailed ASS management plan in the EIS if ASS 
material is found on-site.  The EIS must include any technical 
reports, which must include details of sampling, a map detailing 
locations of samples taken, profiles details, results of sampling 
and treatment of any ASS fines as required by the ASSMAC 
Guideline. 

Section 4 

Provide a management plan for the disposal/storage of acid 
sulfate fines.  

Section 4.5.3 

Department of 
Natural Resources 
(North Coast 
Region) 

Assess the impact of the development on this land (Regionally 
Significant Agricultural Land) and cumulative impacts taking into 
account all other existing and proposed sand extractive 
developments within the area. 

Section 7.5 
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Historic Aerial Photos 1962 - 2004 
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 (Source: Tweed Shire Council) 
 

 
Figure 1 

Aerial Photo 1962 

 

 
Figure 2 

Aerial Photo 1970 
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Figure 3 

Aerial Photo 1976 

 

 
Figure 4 

Aerial Photo 1986 
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Figure 5 

Aerial Photo 1993 

 

 
Figure 6 

Aerial Photo 1996 
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Figure 7 

Aerial Photo 2004 
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Appendix 3 
 
 
 

Crofts Agricultural Assessment 
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* Note: Not included within hardcopy. A copy has been provided on the project CD. 
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Appendix 4 
 
 
 

Laboratory Results – Soil Analyses 
(Contamination) – Current Project 
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* Note: Not included within hardcopy. A copy has been provided on the project CD. 
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Appendix 5 
 
 
 

Laboratory Results – Soil Analyses –  
P. Guinane Pty Ltd 
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* Note: Not included within hardcopy. A copy has been provided on the project CD. 
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