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1 INTRODUCTION 

1.1 General 

At the request of Allen Price and Associates (APA) and on behalf of L and T Pastoral Company Pty Ltd 
(L and T Pastoral), Coffey Geotechnics Pty Ltd (Coffey) has carried out a preliminary geotechnical, 
contamination and acid sulfate soil assessment for the Sussex Inlet Masterplan Development.  The site 
is understood to be known at the ‘Golf Course Estate’ at Sussex Inlet, NSW. 

Based on the supplied information and discussions with APA, we understand that the proposed Golf 
Course Estate will occupy a site of about 250 hectares located north of the township of Sussex Inlet, 
bounded by Golf Course Way to the south, Suncrest Avenue and St Georges Basin to the east and 
bushland to the north.  It is understood that the proposed Golf Course Estate will include areas of low 
and medium density residential properties, an eighteen hole golf course with clubhouse facilities, a 
tourist resort development adjacent to St Georges Basin and associated roadways.  It is also 
understood that planning and design are in the preliminary stages and the exact locations of the 
development may be altered depending on potential geotechnical or other constraints.  

The objectives of this preliminary assessment were to : 

• Assess the likelihood for contamination to exist on the site from past or present activities and to 
make recommendations on the need for further investigation. 

• Assess and map, at a preliminary level, the likely presence & extent of acid sulfate soils on the 
site; 

• Provide a broad assessment of geotechnical limitations at the site and design considerations to 
address these limitations. 

• Assess and map the broad soil types, considering potential erodability, dispersability and 
characteristics which may be detrimental to water quality. 

• Carry out soil sampling and provide design CBR values in 5 areas of the site as identified by 
APA to assist with cost estimates for roadways. 

1.2 Scope of Work 

The following scope of work was commissioned to address the objectives of the preliminary 
assessment: 

• Carry out a field investigation including site mapping and excavation of five test pits, laboratory 
testing of five CBRs and five Emerson Class Number tests, and provide geotechnical advice in 
relation to earthworks, soil erodability, site preparation, subgrade CBR and broad indications of likely 
pavement thickness design in selected areas of the site.  
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• A site history and desk study to identify potential Areas of Environmental Concern (AECs) and 
Chemicals of Concern (COCs) including: a review of previous site ownership, review of Council 
records, review of aerial photographs, holding interviews with available people familiar with the 
history of the site (and surrounding sites, if available), review of published geological and 
topographic maps, review of Department of Environment and Climate Change (DECC) records for 
listing of the site, a search of nearby groundwater bores registered with the Department of Water 
Resources (DWR), review of dangerous goods licences held for the site by WorkCover and collation 
of this information. 

• A site walkover to visually assess potential sources of contamination, observe surrounding 
landuses, topography, drainage, nearby sensitive environments, and assess details of the site 
history and desk study to further assess potential AECs and COCs. 

• Conduct a desk study and preliminary field screening and laboratory analysis to assess the 
potential for acid sulphate soils to be present within the site, their potential locations and preliminary 
management options.  Several chromium reducible sulphur tests were also commissioned to check 
the presence of acid sulphate soils at one location at the site.   

2 SITE LANDUSE AND DESCRIPTION 

2.1 Site Location and Landuse 

The location and boundaries of the site are shown in Figure 1.  The site is somewhat irregular in shape 
and comprises five lots.  The site measures approximately 1.5km east-west by approximately 2km 
north-south and covers an area of approximately 250ha.  The site is located approximately 1km to the 
north-west of the CBD of Sussex Inlet, NSW.  The site is bounded by St Georges Basin and an existing 
subdivision to the east, Sussex Inlet Road to the south and west and undeveloped bushland to the 
north.  Land with open paddocks and scattered trees are located to the west of parts of the western 
boundary of the site. Several structures/sheds, an Above-ground Storage Tank (AST) and other 
machinery is stored on a lot adjoining a portion of the south-western boundary.   An operational service 
station adjoins part of the southern boundary of the site along Sussex Inlet Road.  A summary of the 
site identification is presented below in Table 1. 

A 45 ha portion of the site within Lot 5 is currently occupied by the Sussex Inlet Golf Course.  The golf 
course is an 11 hole course and includes open fairways, greens and several dams along drainage 
channels.  Some remnant bushland areas are located between fairways.  The clubhouse and 
maintenance shed for the golf course are located in the southwestern corner of Lot 5.  The remainder of 
the site is occupied by mainly undeveloped bushland.  

The bushland areas of the site have a medium dense cover of trees with some mature eucalypts up to 
10m to 15m tall with thick undergrowth. A sparse cover of grass and leaf litter/natural organic material 
cover the topsoil within the site.   
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TABLE 1: SUMMARY OF SITE IDENTIFICATION 

Street Address Lot 2442 DP1074478 Suncrest Avenue, Lot 125 DP 528699 
Jacobs Drive, Lot 51 DP 1033684 Sussex Inlet Road, Lot 124 
DP 528699 31 Jacobs Drive, Lot 5 DP 568283 7 Golf Course 
Way 

Area Lot 2442 DP1074478   - 54.5 ha 

Lot 125 DP 528699      - 12.2 ha 

Lot 51 DP 1033684      - 41.9ha 

Lot 124 DP 528699      - 41.6ha 

Lot 5 DP 568283          - 83.8ha 

Total Area of Lots         - 234.1ha 

Title Identifiers Lot 2442 DP1074478; Lot 125 DP 528699; Lot 51 DP 1033684; 
Lot 124 DP 528699; and Lot 5 DP 568283. 

Zoning Lot 2442 DP1074478 – 1(a) Agricultural Production, 1(d) 
General Rural, 2(c) Living Areas, 6(a) Open Space Recreation 
(Existing) 

Lot 125 DP 528699 – 1(a) Agricultural Production, 1(b) Arterial 
and Main Road Protection, Special Rural Lifestyle Area 

Lot 51 DP 1033684 – 1(a) Agricultural Production 

Lot 124 DP 528699 – Special Rural Lifestyle Area 

Lot 5 DP 568283 – 1(b) Arterial and Main Road Protection, 1(d) 
General Rural, 1(g) Flood Liable 

 

Local Government Area Shoalhaven 

Parish Farnham 

County St Vincent 

Grid Co-ordinates  35°08’55”E  150°35’00”S (Austral ian Map Grid (UTM)) 

A cadastral plan is also included in Appendix A.   

According to the topographic map, the average rainfall for the area is 1230mm. 

Nearby sensitive landuses are likely to include estuarine/tidalfalt areas to the south of the site near 
Budgee Inlet and to the north-east near Sussex Inlet, nearby residential and bushland areas. 
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2.2 Topography and Drainage 

The general topography of the site consists of relatively flat to gently undulating bushland of overall 
ground slopes generally up to 5 degrees. 

An approximate east-west orientated ridge dissects the site, with the site generally draining to the north 
and northeast on the northern slopes of the ridge, and to the south or southeast on the southern slopes 
of the ridge. 

Several small dams have been constructed along two watercourses within the golf course area.  These 
dams range in plan area from approximately 30m x 30m up to 50m x 100m. The locations of the dams 
are shown in Figure 1. 

The more elevated parts of the site lie in the central and northern areas, with elevations up to about 
23m above Australian Height Datumn (AHD).  A relatively large low lying area (<1m AHD) is located in 
the southern part of the site near Badgee Inlet and extends to the west.  The north eastern part of the 
site is also relatively low lying closer to St Georges Basin. 

2.3 Review of Available Past Reports 

Coffey has recently been carried out geotechnical investigations for a nearby subdivision, located near 
the southern boundary of the site, and has carried out investigations for several other sites within the 
township of Sussex Inlet.  No other reports have been provided to Coffey prior to the preparation of this 
report. 

Based on past experience by Coffey in the area, Sussex Inlet can be divided into two topographical 
areas.  These areas comprise: 

1. Low-lying areas with ground slopes less than about 1 degree.  These areas are generally 
underlain by alluvial or estuarine soils, and in some areas the ground has undergone significant 
filling works to raise site levels above ground that was previously essentially flood prone or 
swamp type areas.  Groundwater is often encountered at shallow depth in these areas, and the 
soil types can vary.  The depth to highly weathered (or less weathered) rock is generally 
assessed to be greater than 10m below ground level in these areas. 

2. Elevated areas with ground slopes ranging between about 1 degree and 5 degrees.  Most of 
these elevated areas are located above about RL+2m AHD.  These areas are generally 
underlain by alluvial or residual soils.  In areas away from drainage channels/pathways, the 
alluvial/residual soil (beneath any topsoil) is generally stiff.  Based on our experience on nearby 
sites, the thickness of soil cover above highly weathered rock in these areas can vary between 
about 1m to 10m depending on topographic location.  Groundwater can be encountered at 
shallow depths (<1m below ground surface) in drainage channels or locally low-lying areas.  No 
rock outcrops have been noted in previous investigations carried out in the vicinity of Sussex 
Inlet.      
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2.4 Soils, Geology, Hydrogeology and Groundwater Us e 

The Ulladulla 1:250,000 Geological Sheet1 indicates that the site is underlain by the Wandrawandian 
Siltstone of the Shoalhaven Group, of Permian age.  The bedrock may occur as a siltstone or silty 
sandstone (pebbly in part).  The Geological sheet also indicates that areas around Badgee Inlet are 
likely to be covered by Alluvium, described as ‘alluvium, gravels, beach and dune sand’.  

A search of groundwater bores registered with Department of Water & Energy (carried out on the 7 May 
2008) indicated that there are approximately 50 registered bores within a 1 kilometre radius of the site.  
One bore is noted as being within the site for Lot 5 DP 568283 (GW108618).  Registration details for 
the bore indicate it was installed in 2008 and is registered for Irrigation (Recreation) – High Security.  
The bore was drilled to a depth of 48m.  The water bearing zone was noted at 15.00m to 15.20m (no 
description of aquifer was supplied).  The drillers log suggests that the water bearing zones were in 
black shale. 

Two groundwater bores, located north and south of the site (GW012826 and GW065202) are registered 
for Recreation (Groundwater) and Domestic Stock Use purposes, respectively. Several other 
groundwater bores are located east and south of the site within the residential areas (GW059615, 
GW055684, GW055685, GW056062, and GW01451) and are registered for Domestic/General Use 
purposes. The search results are included in Appendix A. 

Based on observations of the surrounding topography, groundwater across the site is expected to be 
located at a depth between about 3m to 5m with relatively shallow groundwater in low lying estuarine 
areas.  Deeper aquifers are likely to be located within the rock between 10m to 20m in the more 
elevated parts of the site. 

2.5 Acid Sulfate Soil Occurrence 

ASS is naturally occurring soil and sediment containing iron sulfides which when exposed to oxygen 
can generate sulfuric acid. 

A copy of the Sussex Inlet 1:25,000 Acid Sulfate Soil Risk Map (1997) edition 2, prepared by the 
Department of Land and Water Conservation (DLWC) is reproduced in Figure 2.  The approximate site 
boundary has been marked on this figure.  We note that the boundary is approximate.   

According to the risk map the main central and western parts of the site are marked as ‘no known 
occurrence’ where ASS are not expected to occur. 

Areas marked as ‘low probability’ of ASS occurrence are noted in the southern part of the site near 
Badgee Inlet and extending to the west and also in the north-eastern part of the site near St Georges 
Basin.  These lower lying areas are generally noted as estuarine plains/interdial flat/supratidal flat 
where ASS (if present) would be expected at or near the ground surface to about 1m below the ground 
surface.  A portion in the central southern part of the site is noted as an alluvial plain where ASS (if 
present) is expected to be located between 1 and 3m of the ground surface.  

                                                      

 

1 1:250,000 Ulladulla Geological Series Sheet, Department of Mines, NSW (1974) 



Proposed 1000 Lot Subdivision - Preliminary Geotechnical, Contamination and Acid Sulfate Soil Assessment 

 

Coffey Geotechnics 
GEOTUNAN02704AA-AA 
18 June 2008 
 

6 

Areas of low probability are noted as being within an environment of deposition that has generally not 
been suitable for the formation of ASS.  ASS if present are likely to be sporadic and may be buried by 
alluvium or windblown sediments. 

Areas with a high probability of ASS occurrence are marked within Sussex Inlet and Badgee Inlet in 
bottom sediments. 

3 SITE HISTORY AND OBSERVATIONS 

Information on the site history was obtained from: 

• A historical land title search to review previous landowners and possible past uses of the site; 

• Interviews with available people familiar with the history and operations of the site;  

• Review of selected aerial photographs; 

• A search of NSW DECC and Shoalhaven City Council  records; and 

• A search of dangerous goods licenses held for the site by WorkCover.  

The site history information is presented in Appendix A and a summary is provided below. 

3.1 Summary of Site History 

Land title records and aerial photograph information indicate that site has predominantly been 
undeveloped bushland owned by private individuals (with listed occupations of boarding house 
proprietor, carpenter, solicitor and widow) or registered entities up until the present.  A golf course has 
operated in the south-western part of the site (Lot 5 DP568283). 

Aerial photographs indicated that the golf course may have been established as early as 1961, however 
Council records indicate that the land was acquired for this purpose in about 1976 (Building Application 
(BA) 79/546, BA 94/1474, BA 94/1199, BA 94/729 and BA/95/0560). Council records indicate that the 
golf course has undergone a series improvement to buildings up until its present configuration which 
has 11 holes and 18 tees and caters for a membership of 450 people (3A08/1002 and 3A2008/1000).   

Anecdotal evidence suggested that there has been little evidence of illegal dumping within the site and 
that a bushfire affected the majority of the area in about 2000/2001.   

The greenkeepers shed area is used to store some relatively small quantities of fuels, oils, lubricants 
with a 2000 litre diesel above ground storage tank.  The age of the tank is not known.  Some herbicides, 
pesticides and insecticides have been stored in small quantities in a shipping container for use on the 
golf course.  Anecdotal information indicates that only small quantities are used on the course and they 
do not blanket spray the course.  They are only used on selected tees and greens as needed. 

From the 1980’s until recent the site has been openly discussed as a area of future urban expansion 
which has been undergoing state and local legislative review processes that have required detailed 
studies due to State Environmental Planning Policy (SEPP) 14 wetlands surrounding the Badgee Inlet 
(3A08/1002 and 3A2008/1000). 

A development application for Lot 124 DP528699 indicates that there is the possibility of imported fill 
been used along the border of the current site on the adjacent site, Lot 42 DP 30379. Development 
consent was approved but completion of site works was unable to be verified from Council records (DA 
02/4234).  
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Aerial photographs taken from 1987 indicated what appeared to be two cleared/disturbed areas. These 
are located along the central southern boundary of the site which appears to be within Lot 125 
DP528699 opposite the intersection of Sussex Inlet Road and The Springs Road. No Council records 
were found relating to any activities within this area. The 1:25,000 Sussex Inlet Topographic Map shows 
these areas as being a ‘quarry or gravel pit’.  

The WorkCover search of the Stored Chemical Information Database (SCID) for licenses to keep 
dangerous goods indicated that no records pertaining to dangerous goods storage existed for the site. 

There are currently no NSW DECC notices for the site under the Environmentally Hazardous Chemicals 
Act (1985) or the Contaminated Land Management Act (1997). 

3.2 Site Observations 

A site visit was carried out by a senior geotechnical engineer and an associate environmental engineer 
on the 9 May 2008.  Additional observations were made during the test pitting investigation work on 13 
May 2008.  Selected photographs are included in Appendix E.  The following main observations were 
noted: 

General  

• The majority of the site (approximately 75%) was inaccessible due to the presence thick 
vegetative growth (bushland).  Site observations were made whilst accessing the fire trails at 
the site.  Site features located away from fire trails or inaccessible areas could not be viewed by 
Coffey at the time of the site visit; 

• The southwestern portion of the site (approximately 45ha) has been partially cleared to provide 
golf course facilities for the Sussex Inlet Golf Course.  The fairways and greens for the golf 
course are well established and the golf course appears to have been in operation for at least 
10 years.  The golf course appeared to have undergone some minor filling work and 
landscaping, associated with construction of fairways, greens and gravel access roads.  
Several dams are located across the golf course area; 

• The site area not covered by the golf course comprises essentially undeveloped bushland.  
Several fire trails were located across the site, and the locations of the fire trails observed by 
Coffey are shown in Figure 1.   

• Some localised areas of ponded water were noted on the ground surface in some areas at the 
time of the mapping work and the excavation of test pits.  This appeared to be due to recent 
rainfall, and may indicate the presence of relatively low permeability soils at the site; 

• No rock outcrops were observed over the site during the fieldwork. 

• Some low lying or swampy areas were noted during the site visit.  These generally occurred in 
the south near Badgee Inlet and further to the west, and in the north eastern part of the site 
near St Georges Basin.  The approximate extent of these areas has been mapped in Figure 1.   

• Areas near Badgee Inlet and near St Georges Basin were noted to have mangrove vegetation 
and other more salt tolerant grass sedges; 

• One dumped/burnt vehicle was noted near a fire trail in the northern part of the site.  An 
additional dumped car was noted just to the north of the site (See Figure 5).   
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• Some localised evidence of unauthorised dumped waste was noted in relatively isolated areas 
of the site near the fire trails and also in a partially cleared area in the central southern part of 
the site.  The waste observed included corrugated iron, bottles, paper, plastic, car parts etc.  
(See Photos 7, 9 and 10).  This was observed on the east-west fire train in the central part of 
the site and in an exposed area in the southern part of the site; 

• Water within a small creek/drainage line near Lakeshore Parade was observed to have a dark 
appearance (possibly associated with natural organic decay – see Appendix E, Photo 6); 

• Two fragments of fibre cement were observed on the ground surface on the edge of a golf 
course fairway, near the central northern boundary of the course. The fibro observed appeared 
to be two isolated fragments with no obvious evidence of structures or fill in the nearby area. 

• Some localised and shallow (<0.2m deep) gully erosion areas were noted in areas with 
exposed soil at the site.  This may indicate that the soils are potentially erodible at this site if 
vegetative cover is stripped from the overlying soil. 

Golf Course Greenkeepers Area  

• Observations at the golf course noted the presence of an equipment shed.  The shed was used 
to store various pieces of equipment associated with green keepers duties (including a 
backhoe, mowers, tyres, tools, oils, lubricants etc. – See Appendix E, Photo 3); 

• Relatively small quantities of oils, lubricants (probably less than 50 litres in total) were stored on 
a bench/shelf within the shed (See Appendix E, Photo 2).  The shed had a concrete floor and 
was observed to be in a relatively good condition; 

• An AST was located in front of the shed.  The AST was used to store diesel and was of 2000 
litre capacity.  The AST was elevated with a concrete bund (See Appendix E, Photo 1); 

• A shipping container was located to the north of the main shed and Coffey was advised that 
golf course chemicals were stored in the shed comprising some herbicides, fungicides and 
insecticides (See Appendix E, Photo 4).  Coffey was advised that less than 40 litres of 
chemicals were stored. 

4 POTENTIAL AREAS OF ENVIRONMENTAL CONCERN (AEC) AN D 
CHEMICALS OF CONCERN (COC) 

Based on the results of the site history and site observations some potential Areas of Environmental 
Concern (AEC) and Chemicals of Concern (COCs) were identified at the site.  These areas generally 
make up a small proportion of the overall site, with the majority of the site having been undeveloped 
bushland.  The AECs and COCs are summarised in the following table and are also noted in Figure 5.   
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TABLE 2: SUMMARY OF POTENTIALLY CONTAMINATING ACTIV ITIES, AREAS OF ENVIRONMENTAL CONCERN, LIKELIHOOD O F CONTAMINATION AND CHEMICALS OF CONCERN 

Potentially 
Contaminating 
Activity 

Sub Component / 
Description 

Potential Areas of Environmental Concern 
(See also Figure 5) 

Likelihood of Contamination* Potential Chemicals of 
Concern 

AEC 1. Potential 
Weathering of 
hazardous building 
materials from site 
structures 

Weathering of hazardous 
building materials such as 
lead paint, fibre cement 
containing asbestos and 
galvanised iron. Potentially 
present from former and 
existing site structures. Also 
includes possible use of 
pesticides near buildings. 

The golf course has two main structures 
associated with member’s facilities and green 
keepers shed.  Impacts (if any) are likely to be 
within a few metres of structures.  These are 
located in the central western area of the site.   

Soil media potentially impacted.  

Low to moderate likelihood of soil contamination.  Older and former structures are likely to 
have contained hazardous building materials which could have possibly weathered into 
surrounding surface soils.  The presence of materials with lead paint or asbestos has not 
been confirmed at this stage. 

Spraying for pesticides could have also occurred around building structures. 

 

Lead, zinc, asbestos and 

OCP 

AEC 2. Storage of 
fuels and chemicals 
near greenkeepers 
shed 

Storage and use of 
insecticides, herbicides and 
fungicides. 

Possible localised areas in the vicinity of the 
area near the workshop shed and the shipping 
container and parts of the golf course.  
Dams/drainage lines on the course could act as 
sinks for contamination. 

Soil and surface water media potentially 
impacted.  

Low likelihood of contamination.  Chemicals appear to have generally been stored and 
used in small quantities.  

OCP, herbicides and 
fungicides 

 Storage and use of fuels, oils 
and lubricants. 

Possible localised areas in the vicinity of the 
workshop shed and adjacent to the AST located 
near the greenkeepers shed.   

Soil media potentially impacted. 

Low to moderate likelihood of contamination.  Fuels/oils and lubricants in the workshop 
appear to be stored on paved area and in relatively small quantities.  Areas near the AST 
could have a slightly higher likelihood of impact due to spillages. 

TPH, BTEX, PAH and 
VHC,  

Continued 
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TABLE 2 (CONTINUED): SUMMARY OF POTENTIALLY CONTAMI NATING ACTIVITIES, AREAS OF ENVIRONMENTAL CONCERN, LIKELIHOOD OF CONTAMINATION AND CHEMICALS OF 
CONCERN 

Potentially 
Contaminating 
Activity 

Sub Component / 
Description 

Potential Areas of Environmental Concern 
(See also Figure 5) 

Likelihood of Contamination* Potential Chemicals of 
Concern 

AEC 4. Fibre cement 
fragments in golf 
course 

 Two fragments of fibre cement were noted on 
the edge of a golf course fairway, near the 
central northern boundary of the course 

High likelihood of contamination.  The fibre cement could potentially contain asbestos 
(however was not tested as part of this study).  The fragments observed appeared to be 
two isolated fragments with no obvious evidence of structures or fill in the nearby area. 

Asbestos 

AEC 3. Potential 
leaks from septic 
tanks  

Effluent discharges from 
septic tank near the golf 
course 

Areas near and downslope of the septic tank(s). 
The golf course is likely to be on a septic 
system.  A septic tank was not observed during 
the site walkover, but is likely to be present.  

Soil and groundwater media potentially 
impacted. 

Low likelihood of contamination.  Nutrients and pathogens. 

AEC 4. Fill of 
Unknown Origin and 
Quality 

Fill soils possibly imported to 
the site as part of land filling 
activities 

No obvious areas noted except near some dams 
within the golf course. 

Low likelihood of contamination.  No obvious site evidence of extensive filling noted. TPH, BTEX, PAH, OCP, 
PCB, heavy metals and 
asbestos. 

AEC 5. Unauthorised 
dumped waste/burnt 
out cars off track in 
bushland areas 

 Three relatively small areas within the central 
fire trail and in the exposed area to the south 
(See Figure 5) were noted with some dumped 
waste.  One dumped car was noted in the 
northern part of the site.  .   

Soil media potentially impacted. 

Moderate likelihood of contamination within the areas where dumped materials/car noted.  TPH, BTEX, PAH, OCP,  
heavy metals and 
asbestos. 

AEC 6. Disturbed 
area(s) in southern 
part of site 

 Two areas are noted as ‘quarry or gravel pit’ on 
topographic map and cleared of vegetation 
(disturbed area noted in central southern part of 
site, see Figure 5). This area was also noted to 
have some dumped wastes and cars. 

Low to moderate likelihood of contamination.  Exact activities in this area not know.  
Based on topography/geology, area is unlikely to have been a quarry. 

TPH, BTEX, PAH, OCP, 
PCB, heavy metals and 
asbestos. 

Continued
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TABLE 2: SUMMARY OF POTENTIALLY CONTAMINATING ACTIV ITIES, AREAS OF ENVIRONMENTAL CONCERN, LIKELIHOOD O F CONTAMINATION AND CHEMICALS OF CONCERN 

Potentially 
Contaminating 
Activity 

Sub Component / 
Description 

Potential Areas of Environmental Concern 
(See also Figure 5) 

Likelihood of Contamination* Potential Chemicals of 
Concern 

AEC 7. Area near 
service station 

 Land areas immediately adjacent and 
downslope of the service station (located to the 
south of the site approximately where Sussex 
Inlet Road turns south into township) from 
potential leakages of stored fuels.  

Soil and groundwater are likely to be impacted. 

Moderate likelihood of contamination.  The site is located in an inferred downgradient 
direction of the service station and contamination from the service station (if any) could 
potentially migrate onto the site. 

TPH, BTEX, PAH and lead. 

Notes: 

*  It is important to note that this is not an assessment of financial risk associated with the AEC in the event contamination is detected, but a qualitative assessment of probability of contamination being detected at the potential AEC, based on the 
site history study and field observations. 

TPH  = Total Petroleum Hydrocarbons     BTEX =  Benzene, Toluene, Ethylbenzene, Xylene   PAH =  Polycyclic Aromatic Hydrocarbons   Heavy Metals = arsenic, cadmium, chromium, copper, lead, nickel, mercury, zinc OCP = Organochlorine 
Pesticides   PCB = Polychlorinated Biphenyl      
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5 SUBSURFACE INVESTIGATION 

Fieldwork for the subsurface investigation was carried out on 13 May 2008. Five test pits, numbered 
CTP1 to CTP5, were excavated at the site at the locations shown in Figure 3. The test pits were 
advanced to depths of between 1.8m and 2.3m using a backhoe equipped with a 450mm wide toothed 
bucket.  

Hand Penetrometer tests were carried out at regular intervals in clay soils. 

Five bulk disturbed samples were collected (1 from each test pit) and five additional disturbed samples 
were collected (1 from each test pit). These samples were collected and placed in sealed plastic bags 
for transport back to our soil testing laboratories.   

Six samples from the test pits were collected for Acid Sulfate Soil testing purposes.  Each sample was 
tightly wrapped in plastic film to exclude air and in turn placed into sealed plastic bags. Each ASS 
sample was then placed into an ice cooled chest and transported to the testing laboratory (Biotrack Pty 
Ltd) under chain of custody conditions.   

The field work was carried out in the full-time presence of a Coffey Engineering Geologist, who located 
the test sites, prepared field logs and collected the soil samples. 

6 LABORATORY TESTING 

6.1 Geotechnical 

One bulk disturbed sample and one small disturbed sample were collected from each test pit. The bulk 
samples were tested for CBR and the disturbed samples were tested for Emerson Class Number. All 
geotechnical testing was conducted at Coffey NATA accredited laboratories. 

6.2 Acid Sulfate Soil Screening and Analysis 

Six soil samples were screened by Biotrack Pty Ltd using the field pH and peroxide test, generally as 
described in the QLD Department of Natural Resources, Mines and Energy (2004)  Acid Sulfate Soils – 
Laboratory Methods Guidelines.  Initially the pH of the soil was tested in a 1:5 solution of distilled water 
and then also tested following reaction with 30% hydrogen peroxide.   

The results of the acid sulfate soil screening tests are presented in Appendix D. 

Two samples were selected for analysis using chromium reducible sulphur method (SCR) (which 
includes total actual acidity and potassium chloride extractable sulphur). 

7 RESULTS OF FIELD AND LABORATORY INVESTIGATIONS 

7.1 Subsurface Conditions  

Test pits CTP1 to CTP5 encountered alluvial soil, residual soil or extremely weathered siltstone (a soil 
material) throughout their full profile. 

Minor groundwater seepage was encountered in CTP1 at 2.1m. Groundwater was not encountered in 
any other test pits. 
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Engineering logs of the test pits are given in Appendix B. A summary of the subsurface conditions is 
given in Table 3, below:  

TABLE 3: SUMMARY OF SUBSURFACE CONDITIONS 

Unit Depth to top of 
Unit (m, B.G.L) 

General Material Description Consistency/ 
Density 

Moisture 
Condition 

Unit 1 - Topsoil 0 Clayey Sand, Silty Sand, Sandy 
Silt: Fine grained sand, grey 
some rootlets 

Loose Dry 

Sandy Clay and Silty Clay: high 
plasticity, pale grey and orange-
brown, fine to medium grained 
sand 

Stiff to Very 
Stiff 

Wetter 
than 
Plastic 
Limit 

Unit 2 - Alluvium 

 

0.10 – 0.20 

Clayey Sand and Silty Sand: fine 
to medium grained sand, pale 
grey, pale brown 

Medium 
Dense 

Dry to 
Moist 

Silty Clay: medium plasticity, 
orange brown/ red-brown. Some 
fine to medium grained sand and 
gravel 

Hard/ Friable Drier than 
Plastic 
Limit 

Unit 3 - Residual 0.10 – 0.15 

Clayey Sand: fine to medium 
grained, yellow-brown 

Loose to 
Medium 
Dense 

Moist 

Unit 4 - Extremely 
Weathered 
Siltstone 

0.90 – 1.0 Silty Sandy Clay: low to medium 
plasticity, fine to medium grained 
sand, grey/red-brown/orange-
brown, trace of gravel 

Some highly weathered siltstone 
pockets encountered from 1.5m 

Hard/ Friable Drier than 
Plastic 
Limit 

 

7.2 Geotechnical Test Results 

CBR and Emerson Class Number tests were carried out as part of the geotechnical scope of work for 
the investigation. The full results of the laboratory geotechnical testing program are presented in 
Appendix C.  A summary of the laboratory results is presented in Table 4, below. 
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TABLE 4   SUMMARY OF RESULTS OF LABORATORY TESTING     

         

TEST PIT 
NUMBER 

Sample 
Depth (m) 

below 
ground 

level 
Material 

Description 

Moisture 
Content 

(%) 

Standard 
Optimum 
Moisture 
Content 

(%) 

Standard 
Maximum 

Dry 
Density 
(t/m3) 

CBR 
Value* 

Assumed 
CBR Value 

Emerson 
Class 

Number 

CTP1 0.4-0.5 
Alluvial soil - silty 

clay 16.6 15.7 1.78 6/6 6 3 

CTP2 0.4-0.5 
Residual soil - 

silty clay 13 13.4 1.99 15/19 15 5 

CTP3 0.4-0.5 
Residual soil - 

silty clay 24.6 26.4 1.55 5/6 5 3 

CTP4 0.4-0.5 
Alluvial soil - silty 

clay 15.5 14.8 1.8 10/11 10 2 

CTP5 0.4-0.5 
Alluvial soil - silty 

clay 19.9 20.1 1.62 3/2.5 2.5 2 

         
     

     

Notes to Table 4:(CBR value)  

*First Result is CBR at 2.5mm penetration  

*Second Result is CBR at 5mm penetration       

The laboratory test results indicate the following: 

• One CBR result from CTP5 returned a CBR result of 2.5.  The remainder of the CBR results 
ranged between 5 and 15.   

• The moisture content of the sampled soils were within 0.4% and 2.0% of Standard Optimum 
Moisture Content.    

• The Emerson Class Number test results indicate the soils are partially dispersive, or dispersive 
upon disturbance (remoulding or shaking in water).   
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7.3 Results of Acid Sulfate Soil Screening Tests 

The ASS screening results are included in Appendix D, and the results are summarised in Table 6. 

A field pH below 4 can indicate that actual acid sulfate soils are present (i.e. soils in which oxidation of 
iron sulfides has occurred and have produced acid).  Generally a pH drop below 3 following oxidation 
with hydrogen peroxide indicates the probable presence of unoxidised sulfides in the samples, and for 
the purposes of the screening test, is taken as an indication of the probable presence of potential acid 
sulfate soils. 

The screening results indicated the following: 

• Six soil samples selected for screening recorded field pH values greater than 4, where sample 
CTP1/0.3-0.4m recorded the lowest field pH value of 4.5; 

• Three soil samples (CTP2/0.1-0.2m, CTP3/0.05-0.1m and CTP4/0.3-0.4m) recorded a pH drop 
below 3 following oxidation with hydrogen peroxide which could suggest the presence of 
unoxidised sulfides. 

It is noted that samples from CTP2 and CTP3 comprised residual soil and topsoil, respectively.  The 
screening test is known to be affected by false positive results. 

7.4 Acid Sulfate Soil Action Levels 

In order to assess the significance of the ASS potential, the laboratory results were compared to action 
levels found in the Acid Sulfate Soil Manual (1998) prepared by the Acid Sulfate Soil Management 
Advisory Committee (ASSMAC 1998). 

The ASSMAC action criteria triggers the need to prepare a management plan and obtain development 
consent.  The action criteria are based on oxidisable sulfur concentrations for three differing soil 
textures.  The manual provides different action levels depending on the amount of ASS that is to be 
disturbed.  As the exact volume of ASS to be disturbed by the project is not known, the action criteria 
for a project that will disturb greater than 1000 tonnes of ASS materials has been adopted as a 
conservative approach.  The action criteria provided in the ASSMAC manual are summarised in Table 5 
below.   
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Table 5: ASSMAC (1998) Acid Sulfate Soil Action Cri teria* 

Action Criteria* Soil 
Texture 

Category 

Approximate 
Clay 

Content (%) Sulfur Trail 

Percent Oxidisable 
Sulfur 

Acid Trail 

  (SPOS or SCR) 

(%) 

TAA, TPA or TSA 

(mol H +/tonne) 

Coarse <5% 0.03 18 

Medium 5% to 40% 0.03 18 

Fine >40% 0.03 18 

Notes:   

* - Action criteria where greater than 1000 tonnes of ASS is to be disturbed 

SPOS Peroxide oxidisable sulphur 

SCR Chromium reducible sulphur 

TAA Total Actual Acidity 

TPA Total Potential Acidity 

TSA  Total Sulfidic Acidity 

7.5 Comparison of Acid Sulfate Soil Laboratory Resu lts to Action Criteria 

The ASS laboratory results are summarised in Table 6, which are compared to action criteria provided 
in the ASSMAC manual.  Original laboratory reports are presented in Appendix D. 
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TABLE 6:          
SUMMARY OF ASS RESULTS        
Field Screening and Chromium Reducible Sulfur      
Sample ID CTP1 CTP2 CTP3 CTP4 CTP4 CTP5 
Unit ALLUVIAL RESIDUAL TOPSOIL ALLUVIAL ALLUVIAL ALLUVIAL 

Material Sandy Clay Silty Sand 
Silty Clayey 

Sand Sandy Clay Silty Clay Silty Clay 
Date of Sampling 13/05/2008 13/05/2008 13/05/2008 13/05/2008 13/05/2008 13/05/2008 
Depth (m) Action Criteria 0.3-0.4 0.1-0.2 0.05-.1 0.3-0.4 1.75-1.8 0.3-0.4 
                  
Screening Results                 
pH Field     4.5 5.3 5.2 4.0 5.5 5.1 
pH after oxidation with 
H2O2     3.2 2.3 2.5 2.5 3.1 3.9 
pH Change     -1.3 -3.0 -2.7 -1.5 -2.4 -1.2 
Observed reaction     2 3 2 2 1 0 
Temperature Increase     0 0 0 0 0 0 
                  
Scr Test Results                 
pH KCl      -  -  - 4.64 4.63  - 

TAA (moles H+/ tonne) 18 1  -  -  - 20 25  - 

S KCl (%)      -  -  - <0.01 <0.01  - 

SCr 0.03 1  -  -  - <0.01 <0.01  - 
         
NOTES:         

Bold 
 Concentration exceeds ASSMAC (1998) action 
level  

Observed 
reaction 

(Visual observation at 0-5 
minutes 

1 
Based on ASSMAC (1998) Acid Sulfate Soil Manual (greater than 
1000 tonnes) 0 None  

- Not Analysed    1 Slight  
TAA  Total Actual Acidity   2 Moderate  

S KCL  Potasium chloride extractable sulfur  3 High  
Scr Chromium reducible sulfur   4 Very High (Steam evolved) 
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Two samples from CTP4 at depths of 0.3-0.4m and 1.75-1.8m recorded Total Actual Acidity (TAA) 
levels of 20m/t and 25m/t which exceed the action criteria of 18m/t.  It is noted that potassium chloride 
extractable sulfur was not noted in the samples, therefore the acidity is not likely to sulfuric and 
therefore these soils are not considered to be ASS. 

8 DISCUSSION AND RECOMMENDATIONS 

8.1 Geotechnical 

8.1.1 Overall Site Model and Setting 

Based on the results of the site history, background data and fieldwork at the site: 

• The areas of the site shown in Figure 3 with no shading are located in topographically elevated 
areas within relatively good drainage and stiff subsoils.  For residential subdivisional purposes, there 
is a relatively low risk of encountering problematic ground conditions in these areas.  Careful control 
of surface erosion is still considered important in all areas of this site, as discussed further in Section 
8.1.2, below.  

• The areas of the site shown in Figure 3 with shading are located in drainage channels with 
potentially shallow water inflows or in areas with potential acid sulphate soils.  Also there is an 
increased risk of low strength soils and low CBR soils in these areas.  Careful control of surface 
erosion is considered important in all areas of this site, as discussed further in Section 8.1.2, below. 

Figure 3 outlines these topographical areas, and the limitations for each of these areas, in greater 
detail.   

8.1.2 Soil Erodibility 

The Emerson Class Number tests indicate that the alluvial soils tested had an Emerson Class Number 
of 2 to 3, and residual clay soils tested had an Emerson Class Number of 5. These results suggest that 
the alluvial soils are likely to be more dispersive than the residual soils at the site, however we note that 
the Emerson Class Number test allows identification of potentially dispersive soils, but does not provide 
a direct measurement of their erodibility. It is a considered a preliminary check on soil dispersivity.  

Further testing of the alluvial soils at the site (Pinhole Dispersion Classification testing) is recommended 
during further stages of development to further investigate the erodibility of the alluvial clay soils. 

Earthworks construction using dispersive soils can be undertaken safely provided certain precautions 
are taken, including: 

• Incorporating filters into design of embankments; and 

• Ensuring proper compaction of soils around buried structures, beneath pavements, around 
pipes in trenches and other engineered structures. 

• Control of water ingress and flow through soils 
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8.1.3 Earthworks and Site Preparation 

Excavation of the test pits on the day of the investigation was carried out with moderate resistance to a 
backhoe to a maximum depth of 2.3m. It is expected that excavation conditions over the site would be 
favourable for normal construction plant to the depths investigated. Rock was not encountered within 
CTP1 to CTP5. Excavations over the site during construction are likely to encounter soil materials to a 
depth of at least 1.5m. Some rock hammering may be required in deep excavations, however no rock 
was encountered in the test pits. 

It is anticipated that in many areas of the golf course the ground may have undergone some filling and 
disturbance due to the formation of fairways, tees, bunkers, greens etc. In the areas marked as ‘Alluvial 
Soils’ (green), or in low lying areas on the site (yellow or red) in Figure 2, there is an increased risk of 
encountering deeper soft or water charged soils.   

It is recommended that earthworks be undertaken in accordance with ‘Level 1’ of AS3798-2007.  The 
implementation of good onsite earthworks control is considered particularly important as: 

• potentially erodible soils exist on this site. 

• there are potentially relatively thick deposits of soft, water charged soils along drainage gullies 
and in the lower lying areas of the site. 

• It is known to Coffey that some areas of Sussex Inlet are prone to rapid rises in groundwater 
levels during or following periods of wet weather.  Deeper excavations/cuts within this site will need 
to account for these potential water inflows during construction, and earthworks advice would likely 
need to be provided during these periods.   

8.1.4 Pavement Thickness Design 

Pavements for roads and accessways within the site will need to consider projected traffic movements 
and the subgrade conditions following preliminary earthworks. A preliminary pavement thickness design 
for upper and lower CBR values over a range of traffic loadings (ESA) is presented in Table 7. 
Pavement Design Reference: “A guide to the design of new pavements for light traffic”, APRG Report 
No. 21 (1998).  
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TABLE 7:  PRELIMINARY PAVEMENT THICKNESS DESIGN  

Equivalent 
Standard Axles 

(ESAs) 

Indicative Road 
Type based on 

ESAs 

CBR (%) Flexible Pavement 
Thickness (mm) 

2.5 550 to 600 # 5x104 Minor 

15 250# 

2.5 570 to 620 # 1x105 Local Access 

15 250* 

2.5 630 to 680 # 5x105 Collector 

15 250* 
# Includes subgrade replacement, or stabilisation and assumes subgrade replacement or stabilisation to a 

thickness of between 100mm and 150mm is required. Assumes a thin bituminous surfacing and is based on a 
95% Confidence level.  

* Likely minimum pavement for Shoalhaven City Council. 

The large range of CBR values shown in the laboratory testing indicate a considerable variability in 
proposed subgrade materials over the site. It is therefore recommended that a further detailed 
pavement investigation be conducted on the site when the grades of the roads are finalised and the 
minimum pavement depth has been excavated. Other designs including deeper subgrade replacement, 
stabilised pavements and thicker wearing courses (asphalt) may be considered for roads with low CBR 
values.  

It is possible that the Alluvial soil is of lower CBR value then the residual soils at this site, although 
further sampling and testing for CBR would be required to confirm this.  It is known that some softer or 
water charged soils exist at the site particularly in the drainage channels and low lying areas. Subject to 
detailed subsurface investigation, these areas may require treatment that could include:- 

• Over excavation (up to 600mm) of unsuitable subgrade, and replacement with suitable granular 
materials.   

• Placement of geotextile fabric and geotextile grid materials over the unsuitable subgrade to 
improve stiffness of the subgrade soils.  It is recommended that this is done in conjunction with 
a site trial to check on pavement performance.  This method could prove cost effective against 
the traditional ‘subgrade replacement approach’.      

8.1.5 Footings and Bearing Capacity 

It is assumed that the buildings for the proposed site will comprise mainly of single or two storey 
residential dwellings situated on cut/fill building platforms or suspended over the existing surface. In 
areas where the buildings are developed on cut/fill platforms it is recommended that all perimeter and 
internal stiffening beams or strip footings be founded uniformly in very stiff to hard natural clay soils or 
alternatively be deepened by closely spaced piers to extremely weathered rock. All footings should be 
socketed a minimum depth of 0.5m into natural stiff soils (i.e.below any topsoil or fill materials). Where 
buildings are entirely in cut and the exposed soil/weathered rock conditions are variable then footings 
should generally be deepened to found uniformly in the weathered rock. 
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Where footing excavations encroach into areas of soft ground where large trees have been removed or 
previous filling has been placed, footings must be extended below all deleterious material, topsoil and 
fill, and be founded in the weathered Siltstone/Sandstone. 

Based on the test pit information the following bearing pressures are advised for the Unit 2,3, and 4 
materials. 

TABLE 8:  FOOTING DESIGN PARAMETERS 

Unit Depth to 
Top of Unit 
in CTP1 to 

CTP5 

Type of 
Footing 

Serviceability 
End Bearing 

Pressure 
(kPa) (1) 

Ultimate 
End 

Bearing 
Pressure 

(kPa) 

Ultimate Shaft 
Adhesion 

(kPa) (2 and 3) 

Stiff to hard silty 
clays, sandy clays  

(Unit 2 and 3) 

0.1m to 
0.2m 

Strip, Pad 
or 

Bored Pile 

200 300 N/A 

Extremely 
weathered rock 

(Unit 4)  

0.9m to 
1.0m 

Strip, Pad 
or Bored 

Pile 

300 500 150 

Notes to Table 8 

1. End bearing pressures for bored piles should result in settlement of less than 1% of the minimum footing 
width or pile diameter. 

2. Adopt shaft adhesion values only where the embedded length into the relevant bearing stratum is at least 
2 pile diameters. 

3. For bored piles, the surface of the pile shaft should be cleared of clay smear and roughened using a 
suitable tool fitted to the pile-boring rig.  Augers and drilling buckets do not clean and roughen sockets 
adequately unless they are fitted with tools that protrude laterally from the sides of the auger or bucket. 

8.1.6 Drainage 

Drainage over the site should be controlled by the constructed site drainage structures and directed into 
the current stormwater system or suitable onsite detention. The road layout should be designed to act 
as cut off drains for overland flow and concentrated discharges should be avoided. Any areas disturbed 
during and after construction should be protected from erosion. 

8.2 Contamination Issues 

The results of the site history study and site observations indicate that in general the majority of the site 
has a low likelihood of being affected by soil contamination that would preclude the proposed 
development.  The majority of the site appears to have been bushland.  Some potential AECs were 
noted at the site (as summarised in Table 2).  These AECs generally make up a relatively small 
proportion of the site.  In general each of the potential AECs have been noted as having a low to 
moderate potential for contamination to actually exist. 
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Further investigation would be required in each of the identified AECs to assess if contamination 
actually exists through sampling and testing of soil and groundwater.  Assessment of these areas 
should be carried out in general accordance with guidelines endorsed by the NSW Department of 
Environment and Climate Change (DECC).   

The following general recommendations are made with respect to land contamination: 

• Areas of localised dumping or where car bodies are located should be removed and disposed 
to a licensed landfill.  Remaining soils should be assessed to check for contamination prior to 
redevelopment. 

• Sampling and testing of soils should be carried out to check for contamination following 
dismantling and removal of the greenkeepers shed, AST and septic pits; 

• Fibre cement fragments should be tested for asbestos and/or removed from the site by a 
suitably qualified contractor, assuming they contain asbestos; 

• Preliminary testing should be carried out in areas of the golf course for residual pesticide, 
herbicide and fungicide contamination (particularly if these soils are to be used in other areas of 
the site); 

• Sampling and testing should be carried out in the disturbed area in the southern part of the site 
and near the service station. 

Based on the results of this assessment, it is considered that other bushland areas of the site do not 
warrant further assessment. 

8.3 Acid Sulfate Soils 

An assessment of the potential for ASS to be present at the site was made through a site 
walkover/mapping, reference to ASS risk maps, topographic maps, aerial photographs, geological maps 
and some site investigation work, field screening and laboratory analysis.  The desk study and field 
mapping component of the works provided the majority of the information in relation to this assessment.   

Based on the results of this assessment areas where ASS have a potential to be present are noted in 
Figures 3 and 4.  These areas generally correspond to lower lying areas of the site in the south near 
Badgee Inlet (and adjacent areas to the west), and the area in the north-eastern part of the site near 
Sussex Inlet.  It appears that areas at or below about RL+1mAHD to RL+2mAHD have a higher 
likelihood of being underlain by ASS.  There areas are generally characterised as low lying 
estuarine/wetland areas with mangroves and more salt tolerant plant species.  The current proposed 
development layout provided to Coffey suggests that the majority of these areas where ASS are likely 
to fall into ‘proposed open space dedication’ areas.  The proposed golf club house and part of a 
medium density development area fall within an area marked on the ASS risk map as an alluvial plain 
with a ‘low probability’ of ASS occurrence and if present would be below about 1-3m depth.  Preliminary 
sampling from one test pit in this area (CTP4) encountered alluvial soils down to 2m depth and were not 
considered to be ASS.  Although this area is considered to have a lower likelihood of ASS being 
present than other areas on the site, at this stage, the presence of ASS at deeper intervals in this area 
cannot be discounted. 
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ASS investigations comprising soil sampling and testing are recommended for areas where any 
development has the potential to affect ASS as marked on Figures 3 and 4.  Also, any development that 
may have the potential to draw down the water table to a level where it could impact upon nearby ASS 
should also be assessed.  Based on the results of further assessment (if needed) and depending on the 
level and quantity of ASS disturbance an ASS management plan may be required to be prepared to 
manage these soils.   

9 LIMITATIONS 

The findings contained in this report are the result of discrete/specific methodologies used in 
accordance with normal practices and standards.  To the best of our knowledge, they represent a 
reasonable interpretation of the general condition of the site. Under no circumstances, however, can it 
be considered that these findings represent the actual state of the site at all points.  

During construction, subsurface conditions may be encountered which differ from those described or 
anticipated in this report.  Coffey should be informed immediately if any apparently different subsoil 
conditions are encountered, so that recommendations can be reviewed and amended if necessary. 

 

 

 

 













 











 





































































 




