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ABSTRACT 
 
The Fo Guang Shan Nan Tien Buddhist Order commissioned the first stage of site investigations of 
the proposed Nan Tien Institute site at Unanderra, NSW in 2001.  Wollongong City Council donated 
the land which includes a derelict landfill.  The proposed Nan Tien Institute is being developed in 
accordance with a Masterplan which will ultimately cater for 3000 students and 360 staff.  
Geotechnical and environmental investigations have been undertaken to determine the extent of the 
remedial works that will be required for site development.  The landfill (which closed in 1984), 
occupies nearly 50% of the total institute site.  The results of the investigations have enabled 
geotechnical, environmental and civil design works to be completed for the initial stage of construction 
(the ground consolidation works) which were completed in March 2011.  Discussed within are the 
results of the extensive investigations, the overall design of the groundworks and results from site 
monitoring obtained during site preparation.  Leachate collection and control together with stormwater 
management and civil design required a detailed and innovative design approach.  Discussion is also 
given on the overall concept plan for the gas drainage system and site development. 
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1 INTRODUCTION 
 
In September 2001, Wollongong City Council donated a 12 ha parcel of land at Unanderra to the 
Fo Guang Shan Nan Tien Buddhist Order on which is planned the Nan Tien Institute and Art Gallery.  
The site is opposite the existing Nan Tien Temple at Unanderra, NSW which was opened in 1995 and 
is the largest Buddhist Temple in the southern hemisphere.  About half the Institute site includes a 
derelict landfill which was operated by Wollongong Council up until its closure in 1984. 
 
Geotechnical and environmental investigations have been ongoing since early 2000 with the overall 
masterplan of the site finalised in 2009.  Development of the site will be in stages with Stage 1 to 
include the Cultural Museum, some limited teaching facilities and car parking areas. 
 
Discussed within this paper are details on the geotechnical and environmental investigations, civil 
design, leachate collection and control, earthworks (including dynamic compaction results achieved 
during ground consolidation works completed in March 2011) and environmental monitoring 
undertaken during earthworks (air, noise, dust, odour, landfill gas and vibration).  Discussion is also 
given on foundation systems and gas drainage options that will need to be developed within the 
design of the future buildings. 
 
 
2 BACKGROUND 
 
The existing Nan Tien Temple and the proposed Institute site are located on either side of the F6 
freeway at Unanderra, NSW (refer Figure 1).  The overall site area is around 15 ha with the derelict 
landfill occupying about half of the total site area.  The main challenge to development of the site is 
primarily two fold – firstly, the assessment of both short-term and long term consolidation of the waste 
and then the design of buildings and civil works that can withstand the settlement estimates and 
secondly, the design of a system that will enable collection, treatment and discharge of landfill gases 
(of which methane is the biggest concern) and leachate in a safe and environmentally acceptable way 
over the life of the buildings. 
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3 PROPOSED NAN TIEN INSTITUTE 
 
The proposed Nan Tien Institute is being developed in accordance with a Masterplan which will 
ultimately cater for 3000 students and 360 staff.  It will be a mixed use development consisting of 
formal educational facilities, as well as an art gallery, museum and other cultural facilities.  The overall 
budget for Stage 1 of the project (including remediation of the landfill) is around $30 million AUD.   
 
Whilst architectural design is underway, the first stage of the Institute will generally occur over several 
levels on the site, with basement carparking on the lower levels, then teaching and related facilities to 
a viewing platform at the higher locations on the site.  Specifically, the main buildings are expected to 
be of structural steel and reinforced concrete construction, with internal column loads expected to be 
in the order of 2500 kN. 
 
 
4 SITE INVESTIGATION AND RESULTS 
 
4.1 Geotechnical 
 
Investigations to establish a geotechnical model of the site included 103 test pits to depths of up to 
5 m, 14 cored boreholes to depths of up to 12 m and the installation of 8 standpipe piezometers.  In 
summary, the natural geological profile of the site comprised topsoil over residual clays with latite and 
sandstone bedrock (generally of medium to high strength) below depths of 1 – 1.5 m.  The profile of 
the landfill included a coal washery rejects (CWR) and clay capping layer some 0.5 – 3.5 m in 
thickness (but generally less than 1 m) with the depth of the waste in the order of 4 – 12 m.  The 
landfill waste was interbedded with CWR and clays, as was expected given the conventional operation 
of a putrescible waste facility.  The density of the landfill was generally loose with some denser 
sections as reflected by standard penetration test “N” values in the range 2 – 30.  Perched water 
tables were also present.  The extent of the landfill is shown in Figure 1. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Extent of landfill 
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4.2 Environmental (soil, water, air, noise) 
 
180 test locations were investigated across the site, most of which were in the landfill footprint.  
Contaminant concentrations were compared to the NSW DECC (2006) Health based Investigation 
levels.  Within the soils, elevated levels of manganese and hydrocarbon (C10 – C36) were recorded.  
Testing of groundwater indicated elevated levels of iron, manganese, ammonia, nitrate and total 
phosphorus, typical of levels and contaminants found in landfill leachate.  Methane, hydrogen sulphate 
and carbon dioxide were recorded in the gas monitoring wells with the methane levels within either the 
“explosive” range or exceeding the “explosive limits” and in a range that may cause asphyxiation. 
 
In the areas outside the landfill footprint, no environmental concerns were recorded apart from random 
dumping of uncontrolled fill which was managed by conventional construction practices. 
 
 
5 GROUND CONSOLIDATION WORKS 
 
Site preparation was completed in March 2011 and included construction of a temporary leachate 
collection system, reshaping and benching of most of the site, dynamically compacting the landf ill and 
undertaking of controlled earthworks to achieve design levels.  Monitoring of air quality, noise, 
vibration levels and leachate was ongoing during the works. 
 
5.1 Civil design and leachate control 
 
During initial site works, the expectation was that a relatively significant quantity of leachate would 
discharge from the landfill cell which would reduce after dynamic compaction.  The reduced quantities 
were expected to be treated and managed long term by a membrane bio-reactor (prior to discharge off 
site or re-use on site).  As the bio-reactor could not be sized to cater for the high loads during site 
preparation works, a 2ML leachate pond was constructed downslope of the landfill cell.  Leachate was 
fed into the pond via a 2 m groundwater cut-off trench installed around the toe and flanks of the landfill 
cell.  Once in the pond, leachate was then pumped through a treatment system consisting of pumps, 
sand filters, activated carbon filters and an automatic sampler prior to discharge into the sewer system 
via a Trade Waste Agreement with Sydney Water. 
 
The leachate pond was designed to not only suit its purpose during dynamic compaction and site 
preparation (i.e. as a leachate pond), but to also double as an on-site detention (OSD) pond during the 
life of the Institute.  This OSD pond assists with long-term management of stormwater on the site.  The 
HDPE liner installed in the leachate pond during dynamic compaction was removed and the pond 
readily transformed for the OSD purpose.  This saved having to build two very similar structures twice. 
 
5.2 Dynamic compaction 
 
In order to improve the density of the landfill (and thus to improve longer term performance by limiting 
primary compression and secondary consolidation following progressive waste decomposition), 
dynamic compaction was selected as the appropriate method.  The equipment (shown in Figure 2) 
included a 120 tonne crawler crane dropping a 25 tonne pounder from a height of (nominally) 20 m.  
Compaction was carried out in two phases.  Following placement of a coarse “compaction layer” to 
provide stability for the crane, the primary phase comprised multiple drops of the concrete pounder 
(typically 3 – 4) on a 6 m x 6 m grid with the craters backfilled as the compaction proceeded.  The final 
(or ironing) phase was carried out using a pounder of similar mass but a larger footprint (5 – 9 m2) with 
a drop height adjusted to the pounder size and compression achieved. 
 
Using the methods of Hausmann (1990), an assessment was made of the degree of ground 
improvement with surface settlements of generally 1 – 2 m expected in the areas underlain by the 
deeper landfill.  The survey results following completion of dynamic compaction and were 
predominantly within the range 0.5 – 1.5 m, in line with expectations and generally 10 – 12% of overall 
landfill depth. 
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Figure 2: Dynamic compaction equipment 
 
Following backfilling of the craters, earthworks were undertaken to reshape the surface of the various 
benches after which conventional fill placement was carried out to achieve design levels.  In areas, 
this required the placement of up to 2 m of compacted fill which was placed under Level 1 
geotechnical control to the requirements of Australian Standard AS3798 – 1996.  As a result of the 
success of the dynamic compaction phase (which provided a solid base), the undertaking of additional 
earthworks was relatively straightforward with a compaction requirement of 100% of standard 
maximum dry density achieved in all fill areas.  Fill materials included the use of coal washery rejects, 
a mining by-product from the coal washing process that is obtained at low cost (typical transport only) 
but has very good civil engineering properties for use as general fill. 
 
5.3 Site monitoring 
 
Construction works for the ground consolidation contract were undertaken in accordance with a 
Construction Environment Management Plan (CEMP).  The key objective of the CEMP was to develop 
a monitory programme for regulatory compliance and early detection of any significant environmental 
or community impacts.  The framework for the CEMP is shown in Figure 3. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

Figure 3: Environmental Management Plan Structure 
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Given the potential impacts due to dynamic compaction being carried out on the site and the presence 
of buildings on neighbouring properties, vibration trials were undertaken prior to commencement of 
compaction.  An attenuation graph was prepared as shown in Figure 4 with a buffer distance of 25 m 
nominated for a proposed vibration limit of 8 mm/sec (sector sum and component peak particle 
velocity).  Texcel Vibration Monitors were installed for continuous data recording (one of which was in 
a neighbouring building) and adopting the buffer distances established by the trial, only nine 
exceedances were recorded during the 6 month construction period.  No complaints were received 
from neighbouring properties. 
 

 
Figure 4: Dynamic Compaction Vibration Attenuation Graph 

 
Whilst noise was considered to be the other major environmental impact that could cause community 
concern during compaction activities, monitoring over the 6 month period recorded a total of only 32 
readings above the performance criteria of 75 dBA.  Odour was primarily of concern during the initial 
excavation phase and was managed by minimising waste exposure time.  Similarly, dust was 
managed by the implementation of good construction practices on site.  Leachate and groundwater 
was monitored regularly with all outflow to the CEMP requirements.  Whilst results were typical of 
those expected from a landfill site, manganese and ammonia were flagged as elements of concern. 
 
The obvious area of concern in all landfill projects is landfill gas (LFG).  Methane, carbon dioxide and 
oxygen levels were monitored both inside and outside the landfill boundary as well as within site 
buildings.  Daily monitory of landfill was undertaken using a GA2000 Gas Meter.  Both surface and 
well measurements were taken as well as barometric pressure and lower explosive limit.  Peak 
methane levels of up to 97% were recorded in wells in the landfill footprint, with levels generally in the 
range of 14 – 50%.  Monitoring in wells adjacent to the landfill boundary was generally below threshold 
levels or 0% methane.  Surface and enclosed space monitoring showed that LFG was not considered 
to be an issue at any time during the works. 
 
 
6 FUTURE WORKS AND BUILDING DESIGN 
 
As indicated previously, architectural design of the Institute is in progress.  Once the nature and 
location of the various buildings and associated facilities have been determined, detailed design of 
buildings, civil works, gas drainage system and leachate control will be undertaken.  Based on what 
we know to date, engineering design inputs and expected outcomes are briefly summarised in the 
following sections. 
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6.1 Civil works, services and stormwater drainage 
 
All civil and building services (eg sewer, water, stormwater, electrical, gas, broadband etc) have been 
designed such that they will not need to penetrate the capping layer of the landfill.  All service trenches 
and other ground works that require excavation (such as landscaping) will be within ‘clean’ material 
and limited to excavation depths of 2 m. 
 
6.2 Foundations 
 
The main advantage of dynamically compacting the landfill is that long term settlement of the landfill 
(post building construction) will be significantly reduced, but not eliminated.  As such, footing design 
for buildings located within the landfill footprint will be for driven steel piles founding in the underlying 
latite bedrock.  Flexible aprons will be needed between the buildings (which will experience negligible 
settlement) and adjoining carparks, walkways and recreation areas (which will experience ongoing 
settlement).  Whilst raft slabs may be feasible for some lightweight single story buildings, preliminary 
analysis has indicated that a 1 m thick reinforced earth raft will be needed to provide uniform bearing 
and to equalise the longer term settlements so that differential movements will be within acceptable 
limits. 
 
6.3 Landfill gas drainage 
 
The primary elements of the environmental design are capping profile, methane drainage and 
leachate control.  The requirement of the site capping is twofold; firstly – physical separation by 
covering contaminated materials and secondly – prevention of infiltration to the substrate, thereby 
minimising leachate recharge and mobilisation and migration of contaminates.  Preliminary design of 
the capping layer under buildings includes HDPE, GCL, bentonite, geotextile fabric, 300 mm gravel 
gas drainage layer and a reinforcing geotextile, underlain by the existing waste.  Undercrofts will be 
constructed where possible to allow for suspension of services and cross-ventilation.  Leachate 
collection drains will be installed across the site and be directed to the leachate treatment system.  
The current options for leachate collection include disposal to sewer, reinjection, spray or drip 
irrigation, removal by contractor, ammonia stripping, constructed wet lands and membrane bio reactor. 
 
 
7 CONCLUSION 
 
The use of dynamic compaction and remediation of a derelict landfill will allow the Fo Guang Shan 
Nan Tien Buddhist Order to develop their site and create a teaching and cultural facility as part of the 
existing Nan Tien Temple.  Detailed geotechnical and environmental management plans were 
developed and approved by government agencies.  Geotechnical and environmental performance was 
monitored during site works and will be monitored during building construction.  There were no Lost 
Time Injuries during earthworks and no reported environmental effects to neighbouring properties. 
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