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1. Introduction
This report presents the results of the geotechnical investigation carried out by Coffey Geotechnics 
Pty Ltd (Coffey) for JDSi Consulting Engineers (JDSi) associated with the Stables Development, East 
Port Hedland.

This work was commissioned by Glenn Coffey of JDSi on 13 August 2014 via a purchase order dated 
25 July 2014 (Ref. 00000759).

2. Proposed development
We understand that the subject site is located 4km east of the Port Hedland Townsite and occupies 
approximately 28 hectares over three lots (Lot 5770, Lot 556 and Lot 300).  The site is bound by 
Styles Road to the south, Cooke Point Drive to the west and the existing Pretty Pool residential 
subdivision to the east.  To the north is Pretty Pool.

We understand that the part of the subject site is being leased to the Port Hedland Pony Club, which 
expires in December 2018.  LandCorp are looking to rezone the subject site for residential 
development.

3. Objectives
The objectives of the geotechnical investigation were to complete Phase 2 works as outlined in our 
proposal (Ref. GEOTPERT10160AA-AA) and to provide key input in to the following activities:

Conduct geotechnical and ASS field and laboratory testing and sampling, as appropriate, to 
satisfy the objectives of the investigation;
Interpret laboratory and in situ test results to assess engineering soil parameters, as relevant to 
the development;
Provide a preliminary assessment of the permeability of the materials;
Prepare geotechnical reports as appropriate; and
Provide a geotechnical report outlining the suitability of the site for development.  This would also 
include a discussion of the key geotechnical risks and opportunities for the development.

4. Information supplied by JDSi
You have provided us with the following information:

East Port Hedland Concept Plan Report (August 2012);
East Port Hedland Geotechnical Reconnaissance;
Phase 1 East Port Hedland Urban Water Advice;
Port Hedland Coastal Vulnerability Study;
Preliminary Environmental Assessment Report;
Preliminary Noise Assessment;
Stage 3 East Port Hedland – Request for Services;
KMZ files for aboriginal site data and Pretty Pool site;
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LiDAR files covering project area; and
Aerial Video footage of the site.

5. Fieldwork
5.1. General
Fieldwork was carried out on 11 September 2014 in the full time presence of personnel from Coffey.  
Test Pit locations were measured by handheld GPS relative to MGA94 and elevations were assessed 
using LiDAR contour plans provided.

Access to the site was from Styles Road and Sheridan Road. Access within the site was typically 
along existing unsealed tracks and was limited in in some area areas due to presence of soft 
estuarine deposits and spring tides. Access into the Stables area was limited due to presence of 
livestock. Trafficability at the time of fieldwork was suitable for 4 wheel drive and an excavator.
Weather conditions were clear and fine.

Approximate investigation locations and general site photograph locations and directions are shown 
on Figure 1. General site photographs are shown in Figure 5 to 20.

5.2. Test pit excavations
A total of 16 test pits (TP1 to TP16) were excavated by a 5 tonne rubber tracked excavator to depths 
varying from 0.05m to 2.6m below the existing ground surface. Details of the test pit locations, 
including coordinates and elevations (based on client supplied LiDAR plan), are shown in Table 1.

Table 1 – Test Pit Coordinates and Elevations

Test Number Easting
(50 MGA 1994)

Northing
(50 MGA 1994)

Elevation
(mAHD)

TP1 670603 7752904 3.9
TP2 670569 7752944 2.9
TP3 670450 7752947 3.2
TP4 670463 7752984 2.6
TP5 670329 7753030 2.6
TP6 670218 7753068 2.4
TP7 670222 7753014 3.2
TP8 670184 7753019 3.1
TP9 670047 7753073 3.0
TP10 669953 7753102 3.0
TP11 670152 7753028 3.1
TP12 670328 7752994 3.7
TP13 670961 7752994 6.2
TP14 671155 7752923 3.8
TP15 671137 7752922 3.4
TP16 670703 7753138 2.8
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The records of the test pit logs showing the major strata that were intersected, the depths at which the 
samples were taken, in-situ tests carried out, and the results of these tests, together with photographs 
and Explanation Sheets defining the terms used, are presented in Appendix A.

5.3. Hand probes
Due to the soft nature of the estuarine deposits and the spring tides, access to areas containing 
estuarine muds using an excavator was limited. In order to assess the thickness of estuarine deposits 
overlying the limestone hand probes were used to push through the soft estuarine deposits. The
depth to limestone as assessed using the hand probes is illustrates on Figure 1.

5.4. Infiltration testing 
Two falling head permeability tests, P1 and P2, were carried out across the site, as shown on Figure 
1. Tests were completed within the upper 0.5m from ground surface level. The recommended design 
permeability value is discussed in Section 8.4.

6. Laboratory testing
Laboratory testing was carried out in accordance with the general requirements of AS 1289 by Coffey 
Information, a NATA registered soils laboratory.

A summary of the results are presented in Table 2. Test certificates are attached in Appendix B.

Table 2 – Laboratory Testing Results

Particle Size Distribution

P1 0.5 4 92 4 -
P2 0.5 1 94 5 -

TP2 0.1 - - - Awaiting Results
TP2 0.4 - - - Awaiting Results
TP4 0.5 - - - Awaiting Results
TP4 1.0 - - - Awaiting Results
TP5 1.4 - - - Awaiting Results
TP6 1.3 - - - Awaiting Results

We are awaiting the laboratory results of the Acid sulfate soils testing. Once results are received an 
assessment will be provided as an addendum to this report.
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7. Site conditions
7.1. Surface conditions
The site occupies an irregular shaped area predominately bound by Styles Road to the south, Cooke 
Point Drive to the west and the existing Pretty Pool residential subdivision to the east and tidal flats to 
the north.

The site is approximately 28 hectares over three lots (Lot 5770, Lot 556 and Lot 300) and is situated 
on topography with ground elevations ranging from 8m AHD to about 2.4m. Lot 5770 is currently 
leased to the Port Hedland Pony Club for horse stable and pony club activities.

Vegetation predominantly comprises low lying shrubs, small trees grass and mangroves. A number of 
unsealed access track tracks exist across the site.

7.2. Subsurface conditions
The 1:50,000 Geology Series map (Port Hedland sheet) indicates that the subsurface profile 
comprises dune limestone, mud and silt, older dune shelly sand and mobile dunes as shown on 
Figure 2.

Based on the field investigation and the above map the site has a generalised subsurface profile 
presented in Table 3.

Table 3 – Generalised Subsurface Profile

Area Unit Description Remarks

A Dune Sand
Sand;  Fine to coarse grained sand 
with trace silt gravels and shell, loose 
to medium dense

Previous investigations in the area 
indicate the dune sand is underlain 
by Estuarine muds as illustrated in 
TP15, or by limestone.

B Estuarine Deposits

Sandy Clay/Clay:  low to high 
plasticity, grey and brown, generally 
very soft to soft, stiff to hard in some 
areas

Typically underlain by Limestone,
and overlain by Dune Sand  

C Limestone
Pale brown/yellow, well to very well 
cemented, low to high strength, 
occasional voids

Calcarnite and Calcisilite likely to be 
underlain by red brown silty Sand 
(Red Beds). Typically overlain by 
Estuarine deposits and Dune Sands.
Overlain by thin layer of clay/sand in 
some areas.

Inferred boundaries delineating Areas A, B and C within the site are illustrated on Figure 3. In the 
western portion of the site a shallow basin of estuarine deposits overlies the limestone as illustrated 
by the hatched area on Figure 3. 

Figure 1 includes the location of sub-surface sections through the site. The sections are presented on 
Drawings 1 to 4 and show the interpolated sub-surface profile across the site.

It should be noted Cooke Point Drive boarders the western boundary of the site and it is likely that fill 
material associated with the construction of the road exists in this area. 
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7.3. Groundwater
Groundwater levels measured during the course of the investigation are presented in Table 4.

Table 4 – Groundwater Elevations

Test Number Depth to Groundwater (m) Approx. Surface Level
(mAHD)

Approx. Level of 
Groundwater

(mAHD)
TP1 Not Encountered 3.9 Not Encountered
TP2 Not Encountered 2.9 Not Encountered
TP3 Not Encountered 3.2 Not Encountered
TP4 0.9 2.6 1.7
TP5 1.4 2.6 1.2
TP6 1.4 2.4 1
TP7 Not Encountered 3.2 Not Encountered
TP8 Not Encountered 3.1 Not Encountered
TP9 0.9 3.0 2.1
TP10 1.1 3.0 2.9
TP11 0.4 3.1 2.7
TP12 Not Encountered 3.7 Not Encountered
TP13 Not Encountered 6.2 Not Encountered
TP14 Not Encountered 3.8 Not Encountered
TP15 1.9 3.4 1.5
TP16 1.9 2.8 0.9

It should be noted that groundwater levels on a particular site are influenced by several factors 
including:

Regional groundwater levels;
Local Geology;
Rainfall;
Tides;
Local and Regional Drainage;
Changes in land use;
Groundwater extraction.

Rainfall has a major effect on groundwater levels, particularly from November through to March (i.e. 
during “the wet season”).  The hydrology and stormwater diversion for the area will need to be 
considered, but fall outside the scope of this study. The process of urbanisation can affect 
groundwater levels.  Road paving and house construction removes a portion of the soil surface from 
which evaporation can take place. Whether or not roof runoff is piped off site or returned to the soil via 
soak wells or directly off the roof will also have an effect.

Groundwater levels recorded in July 2013 in the vicinity of the site indicate that groundwater levels 
would be approximately R.L. 2.5m AHD to R.L. 3m AHD.  Generally this coincides with a groundwater 
level perched on the Estuarine Muds.  As such, there is likely to be a significant range in groundwater 
level, particularly after a rain event or “the wet season”.
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Tides are likely to influence the groundwater levels at the site.  Based on Foulsham (2010), the 
following tidal data is relevant:

Highest Astronomical Tide (HAT): 3.59m AHD;
Mean high water spring tide:  2.79m AHD;
Mean Sea Level:  0.0m AHD;
Mean low water spring tide:  -3.01m AHD
Lowest Astronomical Tide (LAT):  -3.92m AHD;
1 in 50 year storm surge level:  4.9m AHD; and
1 in 100 year storm surge level:  5.4m AHD.

8. Recommendations
8.1. General
It should be noted that the ground encountered by the test pits represent the ground conditions at the 
location where the tests have been undertaken and as such are an extremely small proportion of the 
site to be developed. Accordingly, variations to the ground conditions are likely and allowance should 
be made for variability in the design and construction budgets.

Whilst, to the best of our knowledge, the information contained in this report is accurate at the date of 
issue, ground conditions including groundwater levels can change in a limited time or due to seasonal 
fluctuations. For example fill could be added to a site or surface materials removed from a site that will 
change the thickness of surface materials and depth to the underlying materials. The potential for 
change in ground conditions should be recognised particularly if this report is used after a protracted 
delay.

It is also recommended that any plans and/or specifications prepared which relate to the content of 
this report or amendments to original plans and specifications be reviewed by Coffey to verify that the 
intent of the recommendations contained in this report are properly reflected in the design.

8.2. Acid sulfate soils
Figure 6 of the Western Australia Planning Commission (WAPC) Planning Bulletin 64 – shows the site 
to be located in an area of low to high risk of ASS occurring within 3m of natural soil surface (or 
deeper). 

We are awaiting the laboratory results of the acid sulfate soils testing. Once results are received they 
will an assessment will be provided as an addendum to this report.

8.3. Site classification
Australian Standard AS2870-2011 provides a system of site classification for residential slabs and 
footing design as follows:
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Table 5 – General Definition of Site Classes

Class Foundation
A Most sand and rock sites with little or no ground movement from moisture changes
S Slightly reactive clay sites with only slight ground movement from moisture changes
M Moderately reactive clay or silt sites, which may experience moderate ground movement from 

moisture changes
H1 Highly reactive clay site, which may experience high ground movement from moisture changes
H2 Highly reactive clay site, which may experience very high ground movement from moisture 

changes
E Extremely reactive sites, which may experience extreme ground movement from moisture changes
A to P Filled sites
P Sites which include: Soft soils, such as soft clays or silts or loose sands; landslip; mine subsidence; 

collapsing soils; soils subject to erosion; reactive sites subject to abnormal moisture conditions or 
sites which cannot be classified otherwise

Port Hedland is located to the north of the Tropic of Capricorn and as such experiences a dry climate. 
Australian Standard AS 2870, Residential Slabs and Footings adopts a depth of design suction 
change (Hs) of 4m for site classification foundation design.

The standard recommends that for sites with deep-seated moisture changes characteristic of dry 
climates and corresponding to Hs equal to or greater than 3m, the classification shall be M-D, H1-D, 
H2-D or E-D as appropriate. 

As such a minimum foundation design of Class M-D should be adopted for construction within Area A 
on Figure 1.

In the case of the Area B a classification of Class P would be appropriate given their very low bearing 
capacity and excessive settlements. In such cases foundations are to be designed based on 
engineering principles. As granular fill will be required to bring the site to design levels the standard 
allows for the reclassified, in accordance with engineering principles, to a classification lower than 
Class P and the adoption of the standard footing designs. 

In the case of the Area C a classification of Class A would be appropriate.

These classifications are judged to be appropriate for the site provided that the recommendations 
contained in this report are adopted.  

It is anticipated that the Area A and B could potentially be classified as Class A-D, as fill may be 
required to bring ground level up to design level and as such the maximum depth to seasonal 
moisture variation may be located within non-cohesive soil, resulting in negligible potential for surface 
movement due to seasonal variation. 

8.4. Soak wells and sumps
The natural sand soils identified in the TP13 and in Area A are considered to be free draining, whilst 
the estuarine deposits and Limestone are not.

The process of urbanisation can lead to an increase in the rate of runoff from rainfall events. Rainfall 
that would otherwise infiltrate and move slowly through the soil to streams, lakes and rivers, when 
directed into gullies and pipes will move rapidly and create adverse environmental effects. The use of 
soak wells is likely to slow the movement of water there is likely to be compatible with the principles of 
Water Sensitive Urban Design. However the use of soak wells can have adverse effects on footing 
performance and/or amenity of a residential development.
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In Port Hedland, it is common to have houses without gutters and rainfall runs directly off the roof onto 
the ground (or a designed gravel drainage layer).  Therefore, the design of a surface water disposal, 
including rainfall runoff and collection, becomes an issue rather than groundwater disposal.

Should soak wells be considered, then they need to be designed based on a perched water table 
sitting on or above the Estuarine Muds.  As a guide, for the purpose of soak well/ sump design, the 
water table is regarded as shallow if the depth to water table below the base of the soak well/sump is 
less than the square root of the base area. For a typical domestic soak well with a nominal height of 
600mm and a nominal diameter of 600m, a depth to the winter water level (from finished lot level) of 
about 1.2m to 1.5m is required for soak wells to operate efficiently. 

The use of a mixed system involving provision of sufficient storage volume in soak wells for short 
duration high intensity rainfall events and provision of controlled over flow for long duration rainfall 
events can be considered. 

Based on our experience, analysis of laboratory results of the sand soils within Area A and to allow for 
silting effects a permeability value of 5m per day should be used in the design of soakwells and 
basins with in Area A. Consideration should be given to grading of development towards road 
reserves and low lying areas in order to direct runoff to these areas.

8.5. Foundations 
8.5.1. Shallow foundations
We recommend an allowable bearing capacity of 150kPa provided the following:

Area A - ground surface is prepared in accordance with the recommendations provided in 
Section 9.2.
Area B - ground improvement recommendations provided in Section 10 are undertaken,
including a detailed design phase of the works, 
Area C - ground surface is prepared in accordance with the recommendations provided in 
Section 9.4.

The following should be noted about the shallow foundations:

Where foundations are founded in engineered fill material that that material should be compacted 
to accordance with Table 7;
There should be at least 2m of fill between the top of the estuarine deposits layer and the bottom 
of the foundation; and
The allowable bearing pressure for the footings should be limited to no more than 150kPa. 
Allowable bearing pressures are based on the following assumptions:

Load eccentricity is less than 10% of footing width;
Load inclination (H/V) is less than 10%;
The ground surface is horizontal; and
There is no interaction between adjacent footings.

Where the above recommendations cannot be achieved, then the ground improvement works 
recommended in Section 10 may have to be refined.  These adjustments could be made during the 
detailed design phase of the works.

8.5.2. Deep foundations
Deep foundations may be considered for the structures in lieu of carrying out significant ground 
improvement works.  Pile design parameters are provided in the following sub-sections.
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It should be noted that if piling is considered for the structures then adequate allowance has to be 
made for differential settlement between piled and non-piled sections of the site.  The differential 
settlements will typically be the greatest at connections to houses and as such services and 
connections to houses will need to be designed accordingly.

Pile Types
It is recommended that bored piles be considered for use at the site.  Bored piles have the advantage 
of relatively low vibrations during the installation process and can be implemented with high quality 
control procedures.

The bored piles would also be effective in assessing that the founding stratum (Limestone) has been 
intersected and an adequate embedment has been achieved.

Estimated Safe Working Loads
Safe working loads for a range of pile diameters have been estimated using the recommendations 
provided in Fleming et al (1992) and are presented in Table 6.  The estimation of the pile capacity is 
assuming on end bearing piles founding on the Limestone.

Table 6 - Safe Working Loads for Pile Under Axial Compression

Pile Diameter
(mm)

Safe Working Load
(kN)

300 45
400 85
500 130
600 185

The safe working loads have been estimated assuming a global factor of safety of three.  Should 
piling be considered further for the site, further analysis will need to be undertaken to confirm the pile 
capacity in accordance with AS 2159 – 2009, taking into account a geotechnical strength reduction 
factor (which is based on the number and type of pile testing undertaken, and the average risk rating 
for the development).

8.6. Flexible pavements
8.6.1. Subgrade CBR
In Area A that is underlain by Dunal Deposits, a preliminary design subgrade California Bearing Ratio 
(CBR) of 10% is recommended. The adoption of this design value is contingent upon strict 
compliance with the site preparation recommendations given in Section 9.2

Where excess limestone in from Area C won on site, this material may be crush and reused as 
structural fill. A preliminary design subgrade CBR of 30% is recommended for crushed limestone 
material. 

Where areas are to be built up to the design level using imported fill materials, the design CBR value 
will be dependent upon the material used in the filling process.  Based on our experiences in the Port 
Hedland area, the range in CBR values could be between 5% and 10%.  As part of the quality 
assurance testing programme of the importation of fill, CBR testing should be undertaken of the near 
surface materials to confirm the design CBR values.
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The estuarine muds are considered to form poor quality subgrade. For design of temporary haul 
roads to facilitate construction, a subgrade CBR of 2% is recommended. 

8.6.2. Pavement design
For medium and heavily trafficked public roads with an asphalt surface, pavement thickness design 
should be/have been based on Austroads (2012) Guide to Pavement Technology Part 2: Pavement 
Structural Design. 

For lightly trafficked public roads, pavement thickness design should be/have been based on the 
Austroads (2006) Supplement to Austroads Pavement Design Guide.  For public roads with a sprayed 
seal surface, pavement thickness design may be/has been based on the empirical design chart in 
Main Roads WA Engineering Road Note 9 (2013). 

In intersections and tight turning areas, asphalt surfacing must be provided at intersections and tight 
turning areas.

Based on our experiences with pavements for the Pretty Pool Stage 1 Development, the 
recommended pavement composition is:

Surface 30mm thickness of dense graded asphalt with 10mm aggregate
tack coat
2 coat emulsion primer seal
prime

Base Course 150mm Crushed Rock Base / Lateritic Gravel
Sub Base 150mm Crushed Lateritic Gravel / Pindan Sand

8.6.3. Pavement materials
Pavement materials for public roads should conform to the “Guide to the Selection and Use of 
Naturally Occurring Materials as Base and Sub Base” jointly published by Main Roads Western 
Australia and Australian Geomechanics Society (2003).

It must be understood that some cracking is normal if self-stabilising materials (lateritic gravel, 
ferricrete, calcrete), cement stabilised material or material with a significant linear shrinkage is used. 
Cracking is more visually apparent when asphalt surfacing is used compared to a sprayed seal. 
Cracking (which may originate in the base course) is more apparent when asphalt manufactured 
using laterite or ferricrete (ie red asphalt) is used as the surfacing.

The method for construction must comply with current MRWA specifications.

8.7. Earthquake parameters and liquefaction
Based on the site investigation and AS 1170.4 – 2007 Structural Design Actions – Part 4: Earthquake 
actions in Australia, the site subsoil class is estimated as follows:

Class Ce (shallow soil site) in Area A (Dune Sand);
Class De (Deep of soft  soil site) in Area B (Estuarine deposits); and 
Class Be (rock site) in Area C (Limestone).

The Hazard Factor (Z), as defined in AS 1170.4 – 2007, for Port Hedland is 0.12.
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Soil liquefaction tends to occur in saturated, loose sandy soils that are subject to high seismic stress 
(cyclic).  As a result, the sandy soils lose strength and stiffness and may undergo significant 
settlement or displacement.  In the Dune Deposits, there is potential for isolated loose zones that may 
be susceptible to liquefaction.  The result of an isolated loose zone liquefying would result in surface 
settlements.

It should be noted that identification of such layers through target geotechnical investigations would 
be difficult.  Therefore, it is recommended that the structures be designed for liquefaction using the 
above parameters, and should an earthquake occur, then a maintenance regime be adopted for any 
damages that occur.

9. Earthworks
9.1. General
Earthworks should be carried out in accordance with the principles set out in AS3798-2007 
Earthworks for Residential and Commercial Developments. 

9.2. Area A (dune sands)
All organic materials (and any uncontrolled fill) should be stripped and stockpiled.  This would include 
the stripping of surface vegetation.  

The organic material is not suitable for use as structural filling. It is only suitable for landscaping 
purposes.

It should be noted that ground conditions and particularly groundwater levels may vary with the 
seasons. As such, site preparation procedures may differ from the above if development proceeds 
during the wet season.

After the site has been stripped to the satisfaction of the Supervising Engineer, the Dunal Deposits 
should be proof compacted using a heavy, self-propelled, smooth drum vibrating roller, capable of 
operating in variable frequency modes. A Dynapac CA250D, or equivalent, is recommended (subject 
to the protection of adjacent buildings from damaging ground vibrations).

For sand with a fines content of less than 8%, a smooth drum roller should be used. For material with 
fines content exceeding 8% a pad foot roller will be required.

The following proof compaction procedure is recommended:

The entire site should be given a minimum of 4 passes with the roller operating in high amplitude 
mode. A pass should include a minimum overlap of 20%.
The site should then be given an additional minimum of 4 passes with the roller operating in low 
amplitude mode.
All weak areas that deform excessively under rolling, should be removed and replaced with 
suitable material.
On completion of vibratory rolling, 2 passes of the site should be made with the roller operating in 
a static mode. This will compact the sands in the upper 300mm that were disturbed by cyclic 
mobility.

It is recommended that the proof compaction be monitored by an Engineer experienced in 
earthworks.
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It should be noted that this area may have deeper underlying Estuarine muds and as such may 
require further geotechnical investigation and ground improvement options, as discussed in Sections 
10 and 11.2.

9.3. Area B (estuarine deposits)
All organic materials (and any uncontrolled fill) should be stripped and stockpiled.  This would include 
the stripping of surface vegetation.  

Stripping of vegetation over the estuarine deposits may be problematic, in particular during the wet 
season or during periods of high tide.  As such, engineering judgement should be made regarding the 
benefit of stripping topsoil versus the difficulty in accessing the softer areas.

Consideration could be given to the placement of a geosynthetic layer over the estuarine deposits to 
assist in providing a trafficable surface.  The geosynthetic layer would also provide tensile strength 
within the fill and act as a separation layer between the Estuarine deposits and the placed fill 
materials.  At this preliminary stage, a product with a tensile strength of >20kN/m at 2% strain should 
be used.

In areas where there is estuarine deposits, proof rolling is not recommended.

It is anticipated that the estuarine deposits may be excavated to depth of approximately 2m to expose 
limestone beneath, prior to back fill with structural fill. The intersection of the estuarine deposits with 
the limestone at ground surface (0m thickness contour) and also the inferred 2m thickness contour 
are shown on Figure 3.

Alternatively or in addition to earthworks above, Coffey recommend deep foundations or ground 
improvement options in areas of Estuarine deposits. These options are outlined in Sections 8.5.2 and 
10.

It should be noted that although it common practice to remove organic material; it may be beneficial to 
leave the mangrove root mat in place in order to act as a natural raft and improve trafficability in the 
area. This method could be adopted provided it is factored into the end design.

9.4. Area C (limestone)
All organic materials (and any uncontrolled fill) should be stripped and stockpiled.  This would include 
the stripping of surface vegetation.  It is anticipated that rock breaking or ripping of the limestone will 
be required where lowering of existing ground surface is necessary, and importing of structural fill 
material may be required where raising of ground level is required.

9.5. Temporary slopes during earthworks
Excavated slopes should be constructed not steeper than IV:3H. Generally the temporary slopes 
should have the following:

slope drainage consisting of catch drains; and,
erosion protection should be provided. 
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9.6. Suitability of site materials for use as fill
Based on limited geotechnical investigation, the dunal deposits and limestone excavated from site 
may be used as structural fill.  However, the material or additional material imported on to the site 
should be the subject of an investigation and laboratory testing regime to confirm the grading and 
compaction characteristics of the material.

It is unlikely that the Estuarine Materials will be suitable for use as structural fill.

Topsoil may be used as fill in landscape areas but should not be used as structural fill.

9.7. Compaction requirements
Earthworks should be compacted to achieve the density requirements set out in Table 7.

Table 7 – Compaction Requirements

Item Application
Compaction Criteria

Minimum density 
ratio

(Cohesive soils)
Minimum density 

index
(Cohesionless soils)

Minimum Dry Density 
Ratio

(Perth sands)

1 Residential – lot fill, house 
sites 95% std 65% 95% mod

2

Commercial – fills to support 
minor loadings, including 
floor loadings of up to 20 kPa 
and isolated pad or strip 
footings to 100 kPa

98% std 70% 96% mod

10. Preliminary ground improvement options
10.1. General
At this stage, Coffey recommend three potential ground improvement options for development across 
the containing estuarine deposits.

The proposed options for site development include:

Preloading with wick drains;
Vibro-replacement columns (stone or sand columns); and
Controlled modulus columns.

Preliminary design information regarding these options can be provided if required.
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10.2. Preloading and wick drains 
Preloading the area following installation of wick drains can be designed to accommodate 90% 
consolidation to be completed within significantly less time period than that of preloading alone, 
depending on the spacing and performance of the drains.  When wick drains are introduced, rapid 
dissipation of pore pressure occurs leading to higher settlements in shorter time.  However, the 
effects of smearing during installation, reduced permeability under increased stress and possibility of 
kinking are concerns associated with wick drains.

Wick drains have become a very common method to improve soft ground and have become routine.

10.3. Vibro-replacement 
Vibro-replacement is a method of forming sand or stone columns within the Estuarine deposits;
founding in the underlying Limestone layer. The use of stone or sand columns would need to be 
incorporated with a load transfer platform at (or near) the design finish ground level.

The stone or sand columns would act as a means of transferring the load of the development through
the soil to a hard founding layer (similar to that of a pile) but also have the added benefit of assisting 
in the consolidation of the soft clayey material.

The economic viability of stone or sand columns is highly dependent upon the supply of suitable stone 
or sand; hence the availability of this resource would need to be assessed before considering this 
option further.

10.4. Controlled modulus columns with load transfer 
platform

Controlled Modulus Columns (CMC) with a Load Transfer Platform (LTP) is considered to be in the 
same class of deformable foundation systems (DFS) such as stone columns, dynamic replacement 
columns, etc.  However, due to the advancement of installation technology, quality control aspects 
and speed of construction, this method is now considered bridging the gap between Rigid Deep 
Foundations such as, reinforced concrete columns, steel caissons, etc., and DFS.  These DFS’s 
utilise comparatively deformable inclusions made of granular materials, cement grouts etc., and 
supports the structural or other loads through a distribution mat without a structural connection 
between the columns and the distribution mat (i.e. load transfer platform (LTP)).

11. Geotechnical considerations
11.1. Issues
Based on the results of the investigation, our understanding of the development and our 
understanding of the geotechnical issues in the Port Hedland area, we believe the main geotechnical 
issues are as follows:

The Estuarine deposits will have a significant amount of settlement when fill material is placed 
over them to bring the site up to the design service level.  The amount of settlement will need to 
be allowed for when initially constructing the site such that the ground surface level remains 
above the design level.
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Services within area B will be subject to a large amount of settlement.  Considering the type of 
development being proposed, it is recommended that replacement of services be factored into a 
maintenance regime.  This should include water, drainage, electricity, sewerage and gas.
Sourcing of fill in Port Hedland is different to the Perth region, in that the fill often contains a large 
amount of fines.  Potential sources of fill material should be identified as early as possible, and 
the supplier should provide classification testing to confirm the quality of the available material.
Area A covered by Dune deposits may have deeper / underlying Estuarine deposits.  As such, 
this area should be subject to a geotechnical investigation using boreholes to confirm the 
stratigraphy in this area.
The use of soak wells should be designed bearing in mind the potential for a high groundwater 
level during the wet season perched on top of the Estuarine deposits.  The soak well design 
should also be commensurate with the nature of any imported fill materials.  However, issues 
associated with soak wells can be mitigated by not incorporating gutters into the housing design.

11.2. Recommendations for further geotechnical 
investigations

Based on the results of the initial investigation, we would suggest undertaking the following additional 
geotechnical investigation once a more detailed site layout has been established: This investigation 
could include, but is not limited to:

Boreholes or Cone Penetration Test (CPT) up to 10m depth in the Dune Deposits;
Additional test pits for the collection of samples for laboratory testing;
Due to limited access to the stables and livestock within the, the area should be targeted for 
future geotechnical investigations;
Laboratory testing;
Permeability testing; and
Reporting to address the above mentioned geotechnical issues.

For budgeting purposes, it is recommended that an allowance of say $50,000 be made for the 
additional investigation, laboratory and reporting works.
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Important information about your Coffey Report
As a client of Coffey you should know that site subsurface conditions cause 
more construction problems than any other factor. These notes have been 
prepared by Coffey to help you interpret and understand the limitations of your 
report.
Your report is based on project specific criteria
Your report has been developed on the basis of 
your unique project specific requirements as 
understood by Coffey and applies only to the site 
investigated. Project criteria typically include the 
general nature of the project; its size and 
configuration; the location of any structures on the 
site; other site improvements; the presence of 
underground utilities; and the additional risk 
imposed by scope-of-service limitations imposed by 
the client. Your report should not be used if there 
are any changes to the project without first asking 
Coffey to assess how factors that changed 
subsequent to the date of the report affect the 
report's recommendations. Coffey cannot accept 
responsibility for problems that may occur due to 
changed factors if they are not consulted.

Subsurface conditions can change
Subsurface conditions are created by natural 
processes and the activity of man. For example, 
water levels can vary with time, fill may be placed 
on a site and pollutants may migrate with time. 
Because a report is based on conditions which 
existed at the time of subsurface exploration, 
decisions should not be based on a report whose 
adequacy may have been affected by time. Consult 
Coffey to be advised how time may have impacted 
on the project.

Interpretation of factual data
Site assessment identifies actual subsurface 
conditions only at those points where samples are 
taken and when they are taken. Data derived from 
literature and external data source review, 
sampling and subsequent laboratory testing are 
interpreted by geologists, engineers or scientists to 
provide an opinion about overall site conditions, 
their likely impact on the proposed development 
and recommended actions. Actual conditions may 
differ from those inferred to exist, because no 
professional, no matter how qualified, can reveal 
what is hidden by earth, rock and time. The actual 
interface between materials may be far more 
gradual or abrupt than assumed based on the facts 
obtained. Nothing can be done to change the 
actual site conditions which exist, but steps can be 
taken to reduce the impact of unexpected 
conditions. 

For this reason, owners should retain the services 
of Coffey through the development stage, to 
identify variances, conduct additional tests if 
required, and recommend solutions to problems 
encountered on site.
Your report will only give preliminary 
recommendations
Your report is based on the assumption that the 
site conditions as revealed through selective point 
sampling are indicative of actual conditions 
throughout an area. This assumption cannot be 
substantiated until project implementation has 
commenced and therefore your report 
recommendations can only be regarded as 
preliminary. Only Coffey, who prepared the report, 
is fully familiar with the background information 
needed to assess whether or not the report's 
recommendations are valid and whether or not 
changes should be considered as the project 
develops. If another party undertakes the 
implementation of the recommendations of this 
report there is a risk that the report will be 
misinterpreted and Coffey cannot be held 
responsible for such misinterpretation.
Your report is prepared for specific purposes 
and persons
To avoid misuse of the information contained in 
your report it is recommended that you confer with 
Coffey before passing your report on to another 
party who may not be familiar with the background 
and the purpose of the report. Your report should 
not be applied to any project other than that 
originally specified at the time the report was 
issued.

Interpretation by other design professionals
Costly problems can occur when other design 
professionals develop their plans based on 
misinterpretations of a report. To help avoid 
misinterpretations, retain Coffey to work with other 
project design professionals who are affected by 
the report. Have Coffey explain the report 
implications to design professionals affected by 
them and then review plans and specifications 
produced to see how they incorporate the report 
findings.

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com


Data should not be separated from the report*
The report as a whole presents the findings of the 
site assessment and the report should not be
copied in part or altered in any way.
Logs, figures, drawings, etc. are customarily 
included in our reports and are developed by 
scientists, engineers or geologists based on their 
interpretation of field logs (assembled by field 
personnel) and laboratory evaluation of field 
samples.
These logs etc. should not under any 
circumstances be redrawn for inclusion in other 
documents or separated from the report in any 
way.

Geoenvironmental concerns are not at issue
Your report is not likely to relate any findings,
conclusions, or recommendations about the 
potential for hazardous materials existing at the site 
unless specifically required to do so by the client. 
Specialist equipment, techniques, and personnel 
are used to perform a geoenvironmental 
assessment. Contamination can create major 
health, safety and environmental risks. If you have 
no information about the potential for your site to be 
contaminated or create an environmental hazard, 
you are advised to contact Coffey for information 
relating to geoenvironmental issues.

Rely on Coffey for additional assistance
Coffey is familiar with a variety of techniques and 
approaches that can be used to help reduce risks 
for all parties to a project, from design to 
construction. It is common that not all approaches 
will be necessarily dealt with in your site 
assessment report due to concepts proposed at 
that time. As the project progresses through design 
towards construction, speak with Coffey to develop 
alternative approaches to problems that may be of 
genuine benefit both in time and cost.

Responsibility
Reporting relies on interpretation of factual 
information based on judgement and opinion and 
has a level of uncertainty attached to it, which is far 
less exact than the design disciplines. This has 
often resulted in claims being lodged against 
consultants, which are unfounded. To help prevent 
this problem, a number of clauses have been 
developed for use in contracts, reports and other 
documents. Responsibility clauses do not transfer 
appropriate liabilities from Coffey to other parties 
but are included to identify where Coffey's 
responsibilities begin and end. Their use is 
intended to help all parties involved to recognise 
their individual responsibilities. Read all documents 
from Coffey closely and do not hesitate to ask any 
questions you may have.

* For further information on this aspect reference should 
be made to "Guidelines for the Provision of Geotechnical 
information in Construction Contracts" published by the 
Institution of Engineers Australia, National headquarters, 
Canberra, 1987.
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