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1.0 Introduction 
Figure 1 (in Appendix A) shows the location and extent of a parcel of land fronting Ross River in the suburb of 
Oonoonba in Townsville, which is the subject of an assessment to ascertain its suitability for residential 
development. For over 60 years, this site has operated as an animal research station and administrative centre for 
the DPI. As depicted in Figure 1, the block of land has been sub-divided into two study zones, referred to as Area 
1 and Area 2. 

This report contains the results of a geotechnical evaluation of Area 1 & 2, to establish the suitability of the two 
areas for sub-division development for residential housing. In the context of this report, the geotechnical 
assessment of suitability focuses on the following key issues: 

• Whether excessive ground settlement would occur for residential buildings 
• Do the natural soils provide adequate bearing capacity for building foundations 
• Will the reactivity properties of the subsoils excessive, impacting the design of building foundations 
• Whether the natural subsoil conditions pose any difficulties for earthworks operations, e.g.: is there a shallow 

water table level; are the natural subsoils unsuitable for use as fill once excavated; and are trench 
excavations for services and foundations likely to collapse. 

The philosophy has been to establish how geotechnical conditions compare to those that would be considered 
typical in the region and whether the conditions would warrant “special” treatment or “special” foundation design. 
Australian Standard AS 2870 – Residential Slabs and Footings – Construction, provides clear guidelines on 
conditions considered suitable for residential building sites.  

Code AS2870 stipulates that residential sites must be assigned a classification. Table 1 summarises these 
standard classifications. 
Table 1 Site Classifications as per AS2870 

Class Description 
A Stable Conditions 
S Slightly Reactive Clay Sites 
M Moderately Reactive Clay Sites 
H Highly Reactive Clay Sites 
E Extremely Reactive Clay Sites 
P Problem Sites, e.g. soft soils, loose sands, collapsing soils, deep 

uncontrolled fill 
 
In the local region, Site Classifications are mostly “S”, “M” or “H”, and as such the building foundation 
requirements for these classifications could be considered “normal”.  Where sites are classified “E” or “P”, means 
that either ground treatment is necessary or special foundation strengthening is required, which adds a significant 
increase to the cost of residential construction. 

Consequently, in this report the assessment has been undertaken to establish whether Areas 1 and 2 would be 
classed as either “S”, “M” or “H” (indicating development requires no special treatment or special foundations), or 
whether an “E” or a “P” classification is appropriate (indicating special treatment works or special foundations 
would be necessary). In the latter case, the value of the land for residential sub-division is reduced, if compared to 
the value of alternative land sites in the region where sites would be typically classified “S”, “M” or “H”. 

Development of a site also requires a degree of earthworks to provide acceptable flood immunity levels and to 
provide grade to aid drainage. In examining the extent of earthworks necessary to complete development of 
Areas 1 & 2, it has been assumed that the finished ground level would need to be a minimum of about RL 4.0 m. 
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2.0 Site Investigation 
Geotechnical investigations were integrated with the environmental (contamination, UXO and Acid Sulphate Soils) 
investigations, for efficiency and economy. The environmental assessment assigned a total of 39 test locations 
where backhoe pits were carried out to establish ground profile and allow subsoil sampling. Figure 2 identifies the 
location of all 39 test points. 

To supplement the information recorded in the environmental test holes, geotechnical investigation was 
performed at selected environmental test points. In Area 1 four tests sites were chosen for geotechnical logging, 
sampling and Dynamic Cone Penetromenter (DCP) testing, whilst a further seven locations were chosen for Cone 
Penetrometer Testing (CPT). A similar number of investigation locations were spread across Area 2. Table 2 lists 
the Environmental Test Sites where geotechnical investigations were performed. 
Table 2 Geotechnical Investigation Locations 

Area Environmental Test Sites 
 Geotechnical Logging, Sampling & DCP Testing CPT’s 
1 8, 12, 15, 17 6, 10, 13, 15, 18, 22, 27 
2 2, 4, 25, 26 1, 20, 28, 29, 30, 31, 33, 35, 38, 39 

 
Test pits were generally excavated to 1.5 m depth or more, whilst the CPT’s generally extended to a depth of  
10.6 m. The CPT’s provide excellent and continuous data on the nature and engineering properties of the 
substrata materials intersected, whist the DCP test (extending to a depth of 3 m), provides an indication of relative 
density/consistency of the subsoils. 

The CPT data logs, the DCP test results and logs describing the profiles in the geotechnical test pits, are all 
included in Appendix B. 

To assist in the geotechnical evaluation, selected soil samples recovered from the geotechnical test pits have 
been subjected to laboratory tests. Soil classification tests (i.e. Particle Size Distribution, Atterberg Limits and 
Emerson Crumb Tests) and Soil Shrink/Swell tests have been undertaken on the sample locations listed in Table 
3. 

All laboratory test results appear in Appendix B. 
Table 3 Scope of Laboratory Testing 

Classification Testing Shrink/Swell Testing 
Test Site Depth (m) Test Site Depth (m) 
Area 1 
8 0.5 – 1.2   
8 1.2 – 3.0   
12 0.25   
12 0.75 12 0.75 
17 0.15 – 1.3   
17 1.5 17 1.5 
Area 2 
2 0.5 2 0.5 
4 0.5 4 0.5 
4 1.3 – 1.6   
25 0.0 – 0.6   
26 0.4 – 1.7   
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3.0 Geotechnical Interpretations of Ground Conditions 

3.1 Area 
The ground surface level across Area 1 is undulating, with the majority of the area at gentle slopes with level 
varying between RL 4 m and RL 5 m. However, there is a prominent channel/gully running approximately north-
south and bisecting Area 1, where water is permanently ponded and ground surface level drops from about RL 4 
down to < RL 2 m. There is also another less prominent channel/gully, on the east side of the north-south gully, 
which runs south-east to north- west from the southeast corner of the parcel of land. Here ground level drops from 
RL 4 m down to around RL 3 m. 

It is also important to acknowledge existence of a large diameter Council Sewer Pressure Main that traverses 
Area 1 from west to east, and is exposed across the north-south running gully referred to above. 

Ground conditions comprise mostly weak alluvial sediments in the top 5 to 7 m, which is generally underlain by 
Very Stiff to Hard Clays. The constituents of the upper alluvial deposits across Area 1 vary considerably, with 
interlayered Sands, Silty Sands, Clayey Sands and some Sandy Clays/Clayey Sands.  

For the Sandy strata (i.e. Sands, Silty Sands, Clayey Sands), the strengths range from Very Loose through to 
Medium Dense, with no consistent pattern recognizable, e.g. Very Loose zones are recorded in places at surface 
and elsewhere at depth, and in some locations both at surface and again at depth. 

For the less evident Sandy Clay/Clayey Sand layers found in the upper 5 to 7 m of alluvial deposits, in most 
instances strength is of Stiff Consistency or better. 

Groundwater levels recorded in test pit holes was unexpectedly variable. For example Test Pit location 8 
(adjacent north-south running gully) was very high at RL 3.2 m (probably at or above water level in the adjacent 
gully), whilst elsewhere levels of RL 2.5 m and RL 0.85 m were recorded and in other places no water level was 
detected at all. 

Laboratory testing indicates that in all instances, the fines in the alluvial deposits are of low plasticity. Also, the 
fines are classed as having low erodibility properties. The shrink/swell tests, in combination with the soil 
classification tests, clearly places the ground conditions as a Class A – Stable site, with respect to soil reactivity 
(i.e. ignoring soil strength and site fill influences on Site Classification). 

Existing moisture contents in the subsoils range from about 11 % through to 26 %. For the low plasticity and non-
plastic soils that are prevalent across the site, these moisture levels are relatively high and may be expected to be 
too wet to achieve compaction during earthworks operations. Admittedly, the investigations were carried out in 
mid April, towards the end of a solid wet season. 

3.2 Area 2 
The north-south running gully/channel described in Area 1, extends northwards through Area 2 dissecting the site 
and connecting  to Ross River on the northern boundary, where two channels discharge into Ross River. A series 
of five ponds have been constructed adjacent the north-south running gully/channel, on the eastern side.  

The base of the gully/channel appears to extend down to a level < RL 2 towards the southern end, falling to < RL 
1 at the northern end. Either side of the gully/channel, ground levels vary mostly between RL 4 m and RL 5 m. 
Along the western boundary the surface level of the bank is a relatively uniform RL 5 m, whilst adjacent the Bruce 
Highway on the eastern boundary, for a width of 50 to 150 m, the surface level is mostly around RL 3 m. Along 
the northern boundary fronting Ross River, the surface level of the bank is mostly around RL 4 m, with some 
lower lying gullies and channels adjacent the bank. 

The subsoil profiles identified in the investigation sites within Area 2 highlight even more variation than identified 
in Area 1. The consistently strong basement strata evident in Area 1, appears to only extend across part of Area 
2. West of the north-south running gully/channel and along the northern frontage to Ross River (≈ 100 m wide 
strip), Medium Dense Sands extend to depth. Elsewhere, underlying hard strata is observed (similar to that 
recorded in Area 1 in places and in other places resulting in effective refusal of the CPT apparatus). 

In the upper strata, Sandy soils (i.e. Sands, Silty Sands, Clayey Sands), are most prominent, although significant 
Clay layers are evident too. In most locations, there are significant depths (i.e. > 1 m thick) of Very Loose to 
Loose Sandy soils, which are sometimes evident at surface and elsewhere are below surface. In a few locations 
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(namely sites 20, 35 & 39 which are widely scattered across Area 2), significant thickness of Soft Clay was 
recorded. 

Observed groundwater levels were again highly variable, with standing level as high as RL 4.1 m at the central 
location of test site 4, and elsewhere not observed to the base of investigation to as low as RL 1.0 m at location 2. 
At some locations, test pits had to be terminated due to collapse of the sides (e.g. locations 25 & 26 at depths of 
1.7 & 1.8 m), where wet Sands existed. 

Laboratory testing shows that apart from a medium plasticity clay recorded at 0.5 – 1.3 m depth at test location 4 
(centrally positioned in Area 2), the soils were all of low plasticity fines, as observed for Area 1. Also, the soils 
tested as having low erodibility characteristics. As for Area 1, shrink/swell tests and soil classification tests, 
indicate that the ground conditions would be classified as a Class A – Stable site, with respect to soil reactivity 
(i.e. ignoring soil strength and site fill influences on Site Classification). 

Insitu soil moisture levels varied widely, from excessively dry (e.g. locations 25 & 26, near surface), through to 
relatively wet (e.g. locations 2 & 4 around 1 m depth). 
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4.0 Impact of Ground Conditions on Suitability of Site for 
Development 

As presented in Section 1 of this report, the geotechnical assessment of land suitability for residential sub-division 
is made by assessing: 

(1) Potential settlement 
(2) Adequacy of bearing capacity 
(3) Level of soil reactivity 
(4) Difficulties with earthwork operations 
Each of these four attributes is discussed separately below for Area 1 & 2, and is then followed by a description of 
recommended treatments to render the site suitable for residential development. 

4.1 Area 1 
Settlement 

• Investigation has identified near surface layers of Very Loose and/or Loose Sandy deposits in virtually all 
test locations. Whilst there are also medium dense layers and firm or better clayey strata, the Very Loose 
and Loose deposits present potential for significant settlement under building foundations. There is no clear 
pattern as to where and at what depth these weaker deposits occur, e.g. they are not isolated to low lying 
zones of the site. 

• Australian Standard AS2870 identifies Very Loose and Loose Sands and Swampy Silts as posing potential 
settlement issues for residential building construction. 

• Settlement in Sandy soils tends to occur immediately as loading is applied (c.f. Clay soils where settlement 
takes some time after first loading), hence a good proportion will develop harmlessly in construction. 
Notwithstanding this, it would be appropriate to adopt some form of site treatment for this site, in order to 
reduce the degree of settlement occurring with building construction. Furthermore, unless treatment is 
employed, it would be necessary to classify the site as a Class “P” (Problem Site), which means building 
foundations would need to be purposely designed for each residential block. 

• Suitable treatment schemes, which would avoid classifying Area 1 as a Class “P” site are discussed further 
below. 

Bearing Capacity 

• Comments here are similar to those above for Settlement. The Very Loose and Loose Sandy soils allow only 
low bearing capacities, and consequently treatment of the site is needed to avoid a classification of Class 
“P”. 

• Suitable treatments are discussed further below. 

Soil Reactivity 

• Testing shows quite clearly that the soils across the site are of very low reactivity, and that the site would be 
classified as “non-reactive”. Therefore, with respect to Soil Reactivity movements, this site is considered 
very stable. 

Earthworks Difficulties 

• Significant earthworks will be required to level the site and fill the low lying zones. The current development 
proposal plan implies that the north-south running gully/channel will be filled and developed over within Area 
1. Filling operations will need to be undertaken carefully and thoroughly, first involving de-watering to drain 
the ponded areas, followed by a drying out period before any filling can commence. The floor of these 
currently ponded areas is likely to be weak and ground treatment will be required first before fill can be 
placed. 

• Fill depths across the majority of the site would generally not exceed about 1 m, however backfilling of the 
areas currently ponded will involve fill depths in excess of 2 m. 
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• There are many mature trees across the site and some existing buildings. Where these must be removed, 
careful supervision of backfilling and compaction operations will be crucial, to avoid the site being 
downgraded to a Class “P” (Problem) Site. 

• Collapsing ground conditions and water ingress in service trenches (down to about 1.5 m) are not expected 
to be major issues across the majority of Area 1. However, in the low lying gullies/channels, water levels will 
be much closer to surface and collapsing conditions will exist at these locations. Trench excavations below 
about 1.5 m depth, are likely to encounter seepage ingress and probable collapsing conditions. 

• Some special protection works may be required along the length of the existing large diameter Council 
Sewer Pressure Main that traverses Area 1 from west to east. There may be severe limitations on allowable 
surcharge loading on this pipe, which may necessitate some form of bridging structure. Further investigation 
into the Pipe material, class and gradeline would be needed to establish whether any protection works were 
necessary. 

• With respect to the suitability of the existing soils for cut/fill operations, some caution is expressed. Silty 
Sands, Clayey Sands and Sandy Silts are likely to be commonly encountered during the works, and may be 
difficult to work with and very sensitive to the level of moisture when attempting to compact. There could be 
delays in allowing these soils to dry sufficiently before adequate compaction can be achieved, depending on 
soil moisture conditions at the time of the works. 

• It is anticipated that Sands/Silty Sands/Clayey Sands will be the dominant subgrade soils for road 
pavements across the sites, with minor amounts of Clay soils. The Sandy soils will provide reasonable 
subgrade support for pavements, and can be expected to achieve CBR strengths in excess of 7 %, which is 
better than typically experienced around Townsville. However, the soils may be highly moisture sensitive so 
extra efforts will be needed in preparation of these subgrade soils. 

4.2 Area 2 
Settlement 

• As for Area 1, investigation has identified near surface layers of Very Loose and/or Loose Sandy deposits in 
virtually all test locations, which present potential for significant settlement under building foundations. There 
is no clear pattern as to where and at what depth these weaker deposits occur, e.g. they are not isolated to 
low lying zones of the site. 

• Refer to the comments on Very Loose and Loose Sandy deposits given for Area 1 above, as they are 
equally appropriate here. 

• At test locations 20, 35 and 39, significant layers of Soft Clays were recorded below about 1 m depth, which 
also pose potential settlement issues.  

• Notably though, according to the current development proposal, most of the existing north-south running 
gully/channel would be retained as a “green” zone. Test locations 20 and 39 fall into the nominated “green” 
zone, however there may be other zones between locations 20 and 39 where residential development is 
proposed and which may sit on Soft Clay layers.  

• At test site 35, residential development is proposed and ground settlement could be significant. Due to the 
weight of fill (likely to be around 1 m depth) and the weight of building construction, settlement in the order of 
50 mm is possible.  

• Further investigation would be necessary to delineate the extent of areas where settlement from Soft Clay 
layers will influence residential buildings. Once delineated, these zones could be preloaded for a period prior 
to building construction, to render the sites satisfactory for normal residential construction. Provided the 
investigation work is completed early on, the preloading work could be initiated and completed before these 
parcels of land are released to the market. 

Bearing Capacity 

• Comments here are similar to those above for Settlement. The Very Loose and Loose Sandy soils allow only 
low bearing capacities, and consequently treatment of the site is needed to avoid a classification of Class 
“P”. 

• Suitable treatments are discussed further below. 
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Soil Reactivity 

• Testing shows quite clearly that the soils across the site are of low reactivity, and that the site would be 
classified as “non-reactive”. Therefore, with respect to Soil Reactivity movements, this site is considered 
very stable. 

Earthworks Difficulties 

• Significant earthworks will be required to level the site and fill the low lying zones. Fill depths across the 
majority of the site would generally not exceed about 1 m, however backfilling of the areas currently ponded 
will involve greater depths 

•  The current development proposal plan implies that the north-south running gully/channel will remain as a 
“green” zone, although it appears as though there will be some backfilling and consequent narrowing of this 
channel in places. 

• The existing man-made ponds that are adjacent the north-south gully/channel will be backfilled and 
remediated according to the current development proposals. The eastern side of these ponds would extend 
into proposed residential blocks.  

• Where residential construction will occur over backfilling of the gully/channel or the man-made ponds, filling 
operations will need to be undertaken carefully and thoroughly, first involving de-watering to drain the 
ponded areas, followed by a drying out period before any filling can commence. The floor of these currently 
ponded areas is likely to be weak and ground treatment will be required first before fill can be placed. 

• There are many mature trees across the site and some existing buildings. Where these must be removed, 
careful supervision of backfilling and compaction operations will be important. 

• To avoid the site being downgraded to a Class “P” (Problem) Site, all filling operations must qualify as 
“engineered” placed fill. 

• Collapsing ground conditions and water ingress in service trenches (down to about 1.5 m) are not expected 
to be major issues across the majority of Area 2. However, in the low lying gullies/channels, water levels will 
be much closer to surface and collapsing conditions will exist at these locations. In general, trench 
excavations below about 1.5 m depth are likely to encounter seepage ingress and probable collapsing 
conditions. 

• With respect to the suitability of the existing soils for cut/fill operations, some caution is expressed. Silty 
Sands, Clayey Sands and Sandy Silts are likely to be commonly encountered during the works, and may be 
difficult to work with and very sensitive to the level of moisture when attempting to compact. There could be 
delays in allowing these soils to dry sufficiently before adequate compaction can be achieved, depending on 
soil moisture conditions at the time of the works. 

• It is anticipated that Sands/Silty Sands/Clayey Sands will be the dominant subgrade soils for road 
pavements across the sites, with minor amounts of Clay soils. The Sandy soils will provide reasonable 
subgrade support for pavements, and can be expected to achieve CBR strengths in excess of 7 %, which is 
better than typically experienced around Townsville. However, the soils may be highly moisture sensitive so 
extra efforts will be needed in preparation of these subgrade soils. 

4.3 Possible Treatments to Render the Site Suitable for Development 
Given the presence of Very Loose and Loose Sandy sediments across the site, some form of treatment is 
considered warranted to avoid the site being classified as a Class “P” (Problem) Site in accordance with 
Australian Standard AS 2870.  

The most cost effective means of treating the site would be to utilise a Broons Hire “Impact Roller”, which 
achieves efficient compaction of substrata down to a depth of 1 m or more below surface. This machine has been 
used successfully on a number of sites in Townsville in the past. It successfully compacts the subsoil to a 
significant depth, and where near surface soft clays are encountered that do not respond to densification, it 
pinpoints their location and extent so that conventional remove and replace methods can be locally employed. 

Treatment with the Impact Roller would best occur once all clearing has taken place, but before any earthworks 
filling operations commence. Subsequent filling operations should be undertaken in accordance with Australian 
Standard AS 3798 – Guidelines on Earthworks for Commercial and Residential Developments, and should involve 
“Level 1” supervision control of earthworks (as set out in AS 3798), to ensure all fill qualifies as “Controlled” fill, as 
defined in AS 2870. In this manner, classification of the land as Class “P” (Problem) Sites can be avoided. 
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With respect to the filling of areas that are currently ponded and are to be developed, a process involving de-
watering, drying out, ground surface treatment and controlled backfilling will be needed to ensure these sites are 
acceptable for residential construction. 

The natural soils across the site are considered suitable for use in cut/fill earthworks operations, however they are 
likely to be highly moisture sensitive, so will require more control than in normal situations. 

Investigations suggest that Soft Clay strata (generally below at least 1 m depth), are present in places within Area 
2, although they have not been identified within Area 1. Assessment has been inadequate to delineate the extent 
of these compressible soils in Area 2, and more intensive investigations are needed. For planning purposes, 
allowance could be made for preloading of these zones containing soft clay strata. This could involve, for 
example, completing all filling operations and then preloading the identified zones with an additional (say) 1 m 
height of fill for a nominal 3 month period before final subdivision of this sector of the site. The extent of Area 2 
likely to be impacted by these soft clays is not expected to be more than about 20 % (given that some suspect 
zones will remain as “green” undeveloped areas). 

In developing the site, it would be prudent to develop an Earthworks Management Plan with a clear set of 
protocols for all earthworks operations (covering Impact Rolling, all filing operations and zones for site 
preloading). This plan could be controlled and verified under a “Level 1” supervision and testing regime, as set 
down in Australian Standard AS 3798.  

In this manner, classification of the residential building sites as Class “P” (Problem) Sites can be avoided. 
Furthermore, it would be most cost-effective if all residential blocks were classified in accordance with AS2870 by 
the “Level 1” geotechnical supervisor at the completion of all earthworks operations (rather than leaving 
classification to be performed individually by each block owner). Effectively the residential blocks would be sold 
with a pre-classification of the site. This practise has been successfully implemented in other residential 
developments in Townsville, and this approach is endorsed by AS 2870. 

Finally, consideration must be given as to what provisions will be needed to protect the existing large diameter 
Council sewer pressure main that traverses Area 1. The requirements for protection cannot be determined on 
currently available information, but could warrant some form of bridging. 

 

 



AECOMOonoonba Site 

J:\MMPL\60158509\6. Draft Docs\6.1 Reports\Clerical\geotechnical\revised final\report.doc 
Revision B - 16 July2010 9

5.0 Summary and Conclusions 
The presence of extensive zones of Very Loose and Loose Sandy deposits across both Area 1 and Area 2, 
suggest that some form of ground treatment is warranted to improve support capacity and reduce settlement 
potential. It is recommended that the site be subjected to improvement via an “Impact Roller”, which can densify 
soils in the upper 1 m or so of the ground profile. This treatment should occur following clearing but prior to any 
filling operations, and should extend over the entire site, but could exclude zones that will not be developed. 

In Area 2, significant Soft Clay strata have been intersected in a few places, generally found more than 1 m below 
surface. The extent of these compressible clay zones needs to be delineated by further investigation. Where they 
extend beneath sectors earmarked for development, then treatment in the form of preloading would be 
appropriate to reduce future settlement concerns. 

Levelling of the site will involve major earthworks operations. This will involve the need to drain and backfill 
currently ponded areas and fill other low lying zones, preloading of settlement prone areas in Area 2 and 
rectification of ground loosened by removal of trees and existing buildings. Consequently, it would be prudent to 
develop an earthworks management plan for the site, which would be implemented under a “Level 1” supervision 
by a Geotechnical Authority in accordance with Australian Standard AS 3798 - Guidelines on Earthworks for 
Commercial and Residential Developments. This plan would ensure that all filling operations meets the definition 
of “controlled” fill, as spelt out in Australian Standard AS 2870 – Residential Slabs and Footings – Construction. 

In this manner, the building sites could avoid classification as Class “P” (Problem) Sites, which will reduce the 
costs of building foundations considerably. Furthermore, it would be beneficial for the Geotechnical Authority 
(undertaking the “Level 1” assessment), to provide pre-classification of all building sites in accordance with AS 
2870, before land is released. 

Finally, further assessment is needed to establish what special measures will be needed to preserve the integrity 
of the existing large diameter Council Sewer Pressure Main that traverses Area 1 from west to east. 
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