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GHD Pty Ltd 
2/115 West High Street 
COFFS HARBOUR  NSW  2450 

Attention: Mr Wayne Cooper 

Dear Sir, 

RE: PROPOSED HILLVIEW HEIGHTS ESTATE SUBDIVISION - MOONEE BEACH 
GEOTECHNICAL INVSTIGATION

Coffey Geosciences Pty Ltd (Coffey) is pleased to present our report on the geotechnical investigation 
for the above site. 

We draw your attention to the attached sheet entitled “Important Information About Your Coffey Report” 
which should be read in conjunction with this report. 

We trust that this report meets with your requirements. If you require further information please contact 
the undersigned in our Coffs Harbour office.  

For and on behalf of 

COFFEY GEOSCIENCES PTY LTD 

DAVID BARKER 
Senior Geotechnical Engineer 

Distribution: Original held by: Coffey Geosciences Pty Ltd 
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1. INTRODUCTION 

Coffey Geosciences Pty Ltd has conducted a geotechnical assessment for a proposed subdivision to be 
located off the Pacific Highway at Moonee Beach.  The aims of the study, which was commissioned by Wayne 
Cooper of GHD Pty Ltd, were to assess: 

General comments on subsurface conditions and excavation conditions at the site; 

Preliminary pavement design parameters; 

Acid sulfate soils, including recommendations on likely treatment options if required, and; 

General comments on the results of testing for soil salinity. 

Coffey conducted the work in general accordance with proposal no. CH1318/1-AA.  This report presents the 
results of the site investigation. 

2. SITE DESCRIPTION & PROPOSED DEVELOPMENT 

The site is approximately 15ha and is situated parallel to the Pacific Highway at Moonee Beach. The site is 
bounded by the highway to the west, beach sand dunes to the east, a creek to the north and by vacant land to 
the south. We understand that the vacant land to the south is likely to become a medium density residential 
subdivision. 

Regionally the site is situated within generally flat to moderately sloping topography.  Locally, the ground 
surface is undulating with gentle to moderate slopes between 5o and 13o. These slopes generally form the 
sides of drainage gullies which run through the site from west to east and south to north.   The site is currently 
undeveloped, except for an easement running parallel to the highway within which services have been 
installed. The majority of the site is covered by native trees, however towards the east the vegetation 
becomes thicker and shorter due to it’s proximity to the ocean. Most of the gullies had standing water, and 
towards the east of the site in the low area behind the sand dunes the ground was wet. 

Drawings provided by the client showed the general subdivision layout, though it is understood that the 
subdivision is at a preliminary planning stage and development details are not yet known. 

3. SCOPE OF WORK 

3.1 Fieldwork

Fieldwork was carried out on 15 September 2004 and comprised the excavation of nine test pits (TP1 to TP9) 
to depths between 1.5m and 3m by rubber tyred backhoe. 

Fieldwork was conducted by a Scientist from Coffey who located the pits, took samples and recorded results 
of in-situ testing, and produced field logs of the subsurface conditions observed.  Figure 1 shows the 
investigation locations.  Engineering Logs are presented in Appendix A, with explanation sheets defining the 
terms and symbols used in their preparation. 

3.2 Laboratory Testing 

Laboratory testing as follows was conducted on samples recovered during fieldwork: 

Six standard compaction and soaked CBR tests; 
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Five pH and electrical conductivity tests; 

Sixteen acid sulfate soils screening tests, and; 

One Peroxide Oxidisable Combined Acidity and Sulfate (POCAS) test. 

Laboratory test result sheets are presented in Appendix B.  The results of the laboratory testing are 
summarised in Tables 1, 2 and 3 below. 

TABLE 1: SUMMARY OF CBR TEST RESULTS 

LOCATION DEPTH (m) MATERIAL TYPE FIELD MOISTURE 
CONTENT (%) 

OPTIMUM MOISTURE 
CONTENT (%) 

CBR (%) 

TP3 0.4-0.6 CLAY 24.6 26.5 2 

TP4 0.4-0.6 CLAY 19.3 22.6 6 

TP5 0.4-0.6 CLAY 19.5 22.7 5 

TP6 0.4-0.6 CLAY 21.5 23.2 6 

TP7 0.4-0.6 CLAY 24.0 26.4 2 

TP8 0.4-0.6 SAND 11.1 17.4 16 

TABLE 2: SUMMARY OF pH  AND ELECTRICAL CONDUCTIVITY TEST RESULTS 

LOCATION DEPTH (m) pH ELECTRICAL 
CONDUCTIVITY 

TP3 0.4-0.6 4.40 0.118 

TP5 0.4-0.6 5.05 0.125 

TP6 0.4-0.6 4.43 0.350 

TP7 0.4-0.6 4.45 0.204 

TP8 0.4-0.6 7.63 0.122 
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TABLE 3: RESULTS OF ACID SULFATE SOILS SCREENING TESTS 

LOCATION 
SAMPLE DEPTH 

(m)
TEXTURE pH IN WATER 

pH in 30% 
H2O2

TP1 0-0.5 Fine 5.7 3.6 

TP1 0.5-1 Fine 5.2 4.3 

TP1 1-1.5 Fine 5.4 4.8 

TP1 1.5-1.8 Fine 5.3 4.2 

TP2 0-0.5 Fine 5.7 3.8 

TP2 0.5-1 Fine 5.6 4.4 

TP2 1-1.5 Fine 5.6 3.3 

TP2 1.5-2 Fine 5.4 3.3 

TP6 0-0.5 Fine 5.5 2.5 

TP6 0.5-1 Fine 4.8 3.6 

TP6 1-1.5 Fine 4.5 4.0 

TP6 1.5-2 Fine 4.7 4.1 

TP7 0-0.5 Fine 5.4 3.5 

TP7 0.5-1 Fine 4.7 3.8 

TP7 1-1.5 Fine 4.3 3.9 

TP7 1.5-2 Fine 4.3 3.2 

Note:  Texture assessed with reference to Table 4.4 ASSMAC Assessment Guidelines, 1998. 

The sample from TP6 at 0-0.5m depth was sent to an external laboratory for POCAS testing.  The results 
indicate the sample has a value of peroxide oxidisable sulphur of SPOS=0.02%. 

4. SUB-SURFACE CONDITIONS 

4.1 Stratigraphy

The Dorrigo / Coffs Harbour 1:250,000 geological map indicates that the site is on the boundary of the 
Coramba Beds comprising of mudstone, siltstone and greywacke with minor volcanic intervals and 
Quaternary Alluvium comprising of sands and clays. 

The stratigraphy interpreted from the test pits TP1 to TP7 may be summarised as follows: 

Topsoil (TP1 to TP5): Silt/Clayey Silt, grey / dark brown, to depths between 0.3m and 0.4m, overlying; 

Colluvial Soil (TP2, TP6 and TP7): Silty Clay / Clay, low to medium plasticity, grey-brown / brown, to a 
depth of about 1m in TP2 and about 0.3m in TP6 and TP7, overlying;
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Residual Soil: Clay, high plasticity, generally very stiff to hard, assessed to be Sandy Clay grading to 
Sandy Gravelly Clay in TP2, grading to extremely weathered siltstone in TP1, to beyond the limit of 
investigation. 

The stratigraphy interpreted from the test pits TP8 and TP9 may be summarised as follows: 

Fill (TP8 only): Silt to 0.05m depth overlying Gravelly Clay to a depth of 0.4m, overlying; 

Alluvial Soil? (TP8 only): Sand, fine to medium grained, pale brown, to a depth of 1m, overlying; 

Organic Soil (TP8 only): Organic Silt, black, some sand, to a depth of 1.1m, overlying; 

Alluvial Soil (TP8 and TP9): Sand, fine to medium grained, pale brown, to beyond the limit of 
investigation. 

Further details of the materials intersected by the test pits are given on the Engineering Logs presented in 
Appendix A, with explanation sheets defining the terms and symbols used in their preparation. 

4.2 Groundwater

Groundwater inflow was observed in TP2 only at 1m depth. Ground water levels may fluctuate after rain or as 
a consequence of other climatic effects. 

5. PAVEMENT DESIGN PARAMETERS 

Laboratory CBR testing indicated that site soils have a soaked CBR of between 2% and 6%.  On the basis of 
the CBR test results, a preliminary design CBR of 2% is recommended for design of flexible pavements.  
Coffey can assist with pavement design if required.  Site preparation as shown in Section 9 is recommended 
as a minimum to enable this design CBR to be achieved. 

Due to the preliminary nature of the geotechnical assessment, a limited amount of sampling and testing has 
been carried out for assessment of preliminary pavement design parameters.  It is recommended that 
additional sampling and testing be carried out to assess the design CBR of subgrade materials once the 
development design has been finalised, in particular the location of the pavements. 

There are several alternatives for the construction of flexible pavements on subgrade materials with a low 
design CBR such as in this case, including; 

Over-excavation of existing subgrade materials and replacement with a select material which has a 
higher soaked CBR value.  The required flexible pavement thickness will depend on the depth of 
over-excavation and the soaked CBR of the select material. 

Mixing of lime with the subgrade soils by in-situ pulvimixer or similar.  The addition of lime to clayey 
subgrade soils generally results in an increased soaked CBR and thus a thinner required granular 
pavement thickness.  This method is generally cost-effective for large areas of road where the 
reduction in pavement gravels offsets the increased subgrade preparation costs.  Our experience 
suggests that a soaked CBR of up to about 7% may be achievable in clay soils with the addition of 
3% lime by dry weight.  It is recommended that laboratory testing be carried out to assess the 
effectiveness of the addition of lime to subgrade soils at this site. 



CH1318/1-AB  
18 October 2004 

5

6. ACID SULFATE SOILS 

6.1 Formation and Potential Impacts 

Acid Sulfate Soils (ASS) are soils which contain significant concentrations of pyrite which, when exposed to 
oxygen, in the presence of sufficient moisture, oxidises, resulting in the generation of sulfuric acid.  
Unoxidised pyritic soils are referred to as potential ASS (PASS).  When the soils are exposed, the oxidation of 
pyrite occurs and sulfuric acids are generated, the soils are said to be actual ASS (AASS). 

Pyritic soils typically form in waterlogged, saline sediments rich in iron and sulfate.  Typical environments for 
the formation of these soils include tidal flats, salt marshes and mangrove swamps below about RL 5m AHD.  
They can also form as bottom sediments in coastal rives and creeks. 

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

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

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

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

6.2 Laboratory Testing 

Samples obtained for the acid sulfate assessment were screened for the presence of actual and potential ASS 
using laboratory methods 21Af and 21Bf of Ahern CR, Blunden B and Stone Y (eds) (1998), Acid Sulfate Soil 
Laboratory Methods Guidelines, ASSMAC. 

The results of the acid sulfate soil screening tests are summarised in Table 3 shown in Section 3.2. 

The following comments are noted from the results presented in Table 3. 

pH of 1:5 soil water solution produced pH<4 in none of the 16 samples tested.  Soil water pH<4 in 
this test is an indication of actual acid sulfate soil. 

H2O2 oxidation produced pH<3 in one of the samples tested.  Soil pH<3 in this test is an indication of 
potential acid sulfate soil; 

On the basis of the screening results, and taking into account the relatively low pH of the water as mentioned 
above, it is considered that the site soils to 3m depth are not actual potential acid sulfate soils, but may be 
potential acid sulfate soils.  To further assess the potential for acid generation, one sample was selected for 
additional testing and sent to an external analytical laboratory for POCAS testing.  The results of the POCAS 
testing are presented in Appendix B and are summarised in Table 4. 
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TABLE 4: RESULTS OF POCAS TEST

Location Depth
(m)

Texture 
based on 
field logs 

SPOS

(%)
Action
Criteria

Value for 
SPOS

2 (%)

TPA 
(mole/tonne)

Action
Criteria

Value for 
TPA1

(mole/tonne)

Action
Criteria

Value for 
TPA2

(mole/tonne)

TP6 0-0.5 Fine 0.02 0.03 51 62 18 

Note:  Values in bold and underlined exceed action criteria. 
1. Action criteria from those presented in ASSMAC (1998) Acid Sulfate Soil Guidelines for 

excavations of less than 1000 tonnes of soil.   
2. Action criteria from those presented in ASSMAC (1998) Acid Sulfate Soil Guidelines for 

excavations of greater than 1000 tonnes of soil.   

Based on the laboratory test results, Total Potential Acidity (TPA) in the sample from TP6 at 0-0.5m depth 
exceeded the action criteria value in Table 4.4 of the ASSMAC Guidelines for excavations of greater than 
1000 tonnes.  TPA did not exceed that action criteria value for excavations of less than 1000 tonnes.  Potential 
Oxidisable Sulfur (SPOS) did not exceed action criteria values. 

6.3 Discussion and Recommendations 

Due to the preliminary nature of the geotechnical assessment, a limited amount of sampling and testing has 
been carried out for assessment of acid sulfate soils.  In addition, some areas which may contain acid sulfate 
soils were inaccessible at the time of the field investigation.  It is recommended that additional sampling and 
testing be carried out to assess acid sulfate soils once the development design has been finalised and the 
location and depth of proposed excavations are known. 

Reference to the Moonee Beach Acid Sulfate Soils Risk Map published by the Department of Land and Water 
Conservation indicates the proposed subdivision development is located partly in an area which has no known 
occurrence of acid sulfate soils and partly in an area which has a low probability of the occurrence of acid 
sulfate soils between 1m and 3m below the ground surface. 

As shown on the engineering logs, most of the test pits were excavated within residual soil profiles.  Residual 
soils are derived from the weathering of rock, and are generally not considered likely to be actual or potential 
acid sulfate soils, as they were not formed as discussed in Section 6.1.  However, some unoxidised pyrite can 
remain in soils which have been weathered from pyrite containing parent rock, which can lead to acid 
generation when soils are excavated in significant quantities.  In addition, the soil sample tested by the 
POCAS method was taken from 0-0.5m depth, and may contain organic material which can affect the ‘acid 
trail’ TPH result, which provides some justification for using only the ‘sulfur trail’ SPOS and TSA results. 

On the basis of the preliminary assessment, it is recommended that further assessment of acid sulfate soils 
be carried out prior to excavation of site soils once the location and depth of excavations are known in more 
detail.  The assessment should target alluvial soil areas below about RL5m AHD, though may include 
sampling and testing of some residual soils.  Based on the results of the preliminary assessment, the residual 
soils are not considered to be potential acid sulfate soils, though test results indicate they may have some 
acid generating potential.  Excavated soils may require treatment with up to 4kg of lime per tonne of 
excavated soil for excavations of greater than 1000 tonnes as a precautionary measure to neutralise acidity 



CH1318/1-AB  
18 October 2004 

7

produced by oxidation of the soils when excavated. 

Good quality fine agricultural lime should be used to treat excavated PASS.  In calculating the liming ratio a 
factor of safety of 1.5 has been allowed (as recommended in the ASSMAC guidelines) above the theoretical 
requirement to take into account the rate of lime reactivity and the possibility of inhomogeneous mixing, 
particularly in the cohesive soils. 

The time required for applied lime to neutralise PASS is widely variable and depends on the specific 
properties of the neutralised soil, although the lime will begin to neutralise the acid soils from the time of 
application. Measurement of the neutralisation of the PASS being treated should be undertaken at a later date 
to provide an indication that the neutralisation process is working or has worked effectively.  

Soil acidity in excavated materials should be monitored.  Should field pH tests and laboratory tests show that 
the soil acidity has not fallen below action criteria, then the material must be reworked and additional lime 
treatment carried out until it is verified that the soil meets the required standard.   

7. SOIL SALINITY 

It is understood that the client required a preliminary assessment of soil salinity at the site.  In consultation 
with the client and an external testing laboratory, soil samples were taken at various locations across the site 
at about 0.5m depth.  These samples were sent to an external laboratory, who tested the sample for pH and 
Electrical Conductivity (EC) by making a1:5 soil:water paste.  The results of this testing are shown in Table 2. 

For the assessment of soil salinity, reference was made to the paper P.G. Slavich and G.H. Patterson  (1993), 
“Estimating the Electrical Conductivity of Saturated Paste Extracts from 1:5 Soil:Water Suspensions and 
Texture”, pp 73-81 of Aust. J. Soil Res., 1993 [Reference 1].  This paper provides a method of estimating the 
EC of a saturated paste extract (ECe) from the EC of a 1:5 soil:water paste (EC1:5).  Soil analysis methods are 
based on ECe.  Reference 1 suggests that ECe may be estimated using a conversion factor f, the values for 
which are shown in a table and vary depending on the soil texture.  Table 1 in Reference 1 indicates that the 
conversion factor for a medium to heavy clay is about f=7 and for a sand f= 10 to 20.  Estimated values of ECe

are shown in Table 5. 

TABLE 5: ESTIMATES OF ECe

TEST PIT DEPTH EC1:5 (dS/m) f ECe (dS/m)

TP3 0.4-0.6 0.118 7 0.8 

TP5 0.4-0.6 0.125 7 0.9 

TP6 0.4-0.6 0.350 7 2.5 

TP7 0.4-0.6 0.204 7 1.4 

TP8 0.4-0.6 0.122 10 

15

20

1.2

1.8

2.4

The estimates shown in Table 5 indicate that values of ECefor the soil samples range from about 1dS/m to 
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2.5dS/m.

8. EXCAVATION CONDITIONS 

Excavations are likely to be within the residual and alluvial materials, and may need to progress through 
extremely weathered material.  

Based on experience with similar conditions, excavation in soil strength materials such as the hard clay 
residual material and medium dense alluvial material could be conducted using conventional excavators or 
bull dozers at least to the depth of the test pits included in Appendix A.  Subsurface conditions below the limit 
of investigation are not known, and it is recommended that further assessment of excavation conditions be 
carried out if deep excavations are proposed. 

Groundwater inflow was observed in one test pit at the time of the investigation, though groundwater 
conditions may change if rainfall is experienced prior to or during construction.  The rate of water inflow is 
likely to be dependant on the excavation location, as water inflow in the residual clay soils are likely to 
significantly less than the alluvial sand soils. 

9. SITE PREPARATION AND EARTHWORKS 

Site preparation and earthworks suitable for pavement and structure support should consist of: 

Prior to construction of roads and placement of any fill, the proposed areas should be stripped to 
remove all fill, vegetation, topsoil, root affected or other potentially deleterious material; 

Following stripping, the exposed subgrade materials should be proof rolled to identify any wet or 
excessively deflecting material.  As the near surface soils on site were observed to comprise clay, they 
may be susceptible to changes in strength depending on soil moisture conditions at the time of 
construction.  Any such areas should be over excavated and backfilled with an approved select 
material;

Approved bulk fill beneath roads should be placed in layers not exceeding 300mm loose thickness 
and compacted to a minimum density ratio of 95% Standard Compaction in accordance with AS1289 
5.1.1 or equivalent.  Clay subgrade fill should be placed and maintained at 60% to 90% of Optimum 
Moisture Content; 

The top 300mm of natural subgrade below pavements or the final 300mm of road subgrade replaced 
should be compacted to a minimum density ratio of 100% Standard Compaction or equivalent within 
the above stated moisture range; 

Fill beneath structures should be placed in layers not exceeding 300mm loose thickness and be 
compacted to a minimum density ratio of 95% Standard Compaction within 2% of OMC; 

All fill should be supported by properly designed and constructed retaining walls or else battered at 
1V:2H or flatter and protected against erosion; 

Earthworks should be carried out in accordance with the recommendations outlined in AS3798-1996, 
‘Guidelines for Earthworks for Commercial and Residential Developments’.

The extent of testing associated with this preliminary assessment is limited and variations in ground conditions 
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may occur between test locations.  It is recommended that further geotechnical investigations be carried out 
prior to development to reduce the risk of variations in ground conditions and to assess issues discussed in 
this report. 

We draw your attention to the attached sheet entitled “Important Information About Your Coffey Report” which 
should be read in conjunction with this report. 

Please contact David Barker or the undersigned if you require further information.  

For and on behalf of

COFFEY GEOSCIENCES PTY LTD 

DAVID BARKER 
Senior Geotechnical Engineer 









CH1318/1-AB 
18 October 2004 

 APPENDIX A 

ENGINEERING LOGS 
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TOPSOIL:  Silt, high plasticity, grey

CLAY:  high plasticity, orange-brown

Gradual colour change to pale grey/red.

Test pit TP3 terminated at 2.6m
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H/Fb

TOPSOIL:  Silt, high plasticity, grey

CLAY:  high plasticity, orange-brown

Gradual colour change to pale grey/orange-brown.

Test pit TP4 terminated at 1.7m
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TOPSOIL:  Silt, high plasticity, grey

CLAY:  high plasticity, orange-brown

Test pit TP5 terminated at 1.7m
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Gradual colour change to pale grey/red.
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Silty CLAY:  medium plasticity, grey

CLAY:  high plasticity, orange-brown

Gradual colour change to pale grey/red.

Some iron cementing.

Test pit TP7 terminated at 2.5m
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MD

FILL:  Silt, high plasticity, dark brown
FILL:  Gravelly Clay, orange-brown.

SAND:  fine to medium grained, pale brown

SILT:  high plasticity, black, organic silt, some sand
fine to medium grained
SAND:  fine to medium grained, pale brown

Test pit TP8 terminated at 2.8m
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LSAND:  fine to medium grained, pale brown

Test pit TP9 terminated at 1.5m
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 APPENDIX B 

LABORATORY TEST RESULTS 












