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ABSTRACT: Sydney’s Green Square is Australia’s largest urban renewal project, which involved transforming old industrial land into a 

major new residential, retail and cultural hub. The Green Square Stormwater Drain came about through a strategic alignment between City of 

Sydney and Sydney Water to address flooding in the Green Square area. Through a process of optioneering and hydraulic analysis, a new 2 

km long underground stormwater drain including 1.4 km of multiple 1800 mm diameter pipes was installed by microtunnelling, and an 

anchored retaining wall replaced an open trench box culvert. The new drain augments the existing trunk drain system and reduces flood 

hazard, allowing the greater project to proceed. The trenchless (microtunnel) solution offered an alternative, value-for-money approach that 

reduced impacts on the environment and the community. 
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1. INTRODUCTION 

The Green Square urban renewal area about 3.5km south of 

Sydney’s CBD is Australia’s largest urban renewal project. It will 

deliver considerable economic benefits providing 30,500 residential 

dwellings for 61,000 new residents and a permanent workforce of 

22,000 by 2030. The $A16 billion ($US11b) urban renewal 

development is transforming Green Square from an industrial 

precinct into a vibrant major retail, residential and cultural hub.  

The Green Square Town Centre is at the heart of the 

urban renewal area. Before being developed, the area was part of a 

series of ponds, swamps and creeks that drained through to Botany 

Bay via the Botany Aquifer and Cooks River. Urbanisation changed 

the area’s hydraulic character from a natural water reservoir and 

waterway corridor to an area of hazardous, flash flooding.  

Under existing catchment conditions, flood modelling 

for the 1% annual exceedance probability (AEP) event predicted 

peak flood depths of more than two metres at the town centre’s 

Joynton Ave boundary, and up to one metre at the main transport 

interchange on Botany Road. Models also predict flooding of the 

underground Airport Link rail tunnel at Green Square Station. 

As old industrial land gives way to modern high-density 

development, these existing flood hazards needed resolution to 

protect a growing community. Sydney Water and City of Sydney 

share stormwater management responsibilities in the Green Square 

area under a complex ownership arrangement. Sydney Water is the 

owner and manager of the ‘trunk’ drainage system, while City of 

Sydney owns and manages the ‘local’ drainage system.  

Managing flood risk required close collaboration and 

strategic alignment to devise a trunk drainage solution that ensures 

community safety during floods and enables urban renewal. The 

preferred solution involved installing 2.0km of new conduits with 

the specific aim of reducing high-hazard flooding to low-hazard in 

the 1% AEP flood.  

As well as reducing flood risk, the project helps realise 

broader benefits by incorporating stormwater treatment measures, 

facilitating the town centre’s non-potable water recycling scheme, 

and implementing critical sections of southern Sydney’s regional 

cycleway.  

With almost 30 cumecs flow capacity and $A140 

million capital value, the Green Square Stormwater Drain (GSSD) is 

Sydney’s largest brownfield urban drainage project in 30 years. The 

City of Sydney, Sydney Water and NSW and Australian 

Governments jointly funded the project. After a competitive alliance 

process, GSSD design and construction was awarded to the Drying 

Green Alliance (between City of Sydney, Sydney Water, WSP, 

Seymour Whyte, UGL and RPS). 

 

 

The project’s technical, logistical and community-

related challenges ranged from solving complex hydraulic issues, to 

installing large conduits in heavily built-up areas with extensive 

services clashes, potential utility impacts and major traffic 

disruption. Two alliance consortia had been short-listed on their 

respective concept designs and total out-turn costs from reference 

design and hydraulic models provided.  

The Drying Green Alliance’s alternative design used 

microtunnelling of twin- and triple- reinforced concrete jacking 

class pipes in parallel, instead of open trenched box culverts, to 

install 1800 mm diameter pipes below street level while meeting 

construction challenges, minimising social impacts and costs. See 

Figures 1 and 2. 

 

2. PROJECT PLANNING 

Topographically, the site is on a floodplain within the gently sloping 

Botany Basin containing former tributaries of the Botany Bay 

drainage system – part of a former swamp that was infilled with fill, 

alluvial and aeolian sediments. This network of swamps, wetlands 

and creeks caused some of the biggest challenges over the contract 

duration, working in high water-table ground classified as restricted 

and hazardous. 

The Alliance developed its bid-winning proposition to 

change the stormwater drain’s construction methodology from open 

trenching to a trenchless solution as Table 1 shows. The innovative 

solution saved close to $A50 million in costs for the project and 

client, compared with the original design solution. It also greatly 

reduced environmental impacts and community disruptions. 

 

 Figure 1 Plan of project area showing microtunnel section 
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Table 1 Alliance design solution adopted alternative design using 

microtunnelling 

 
The project works included: 

 1.4 km of multiple 1800 mm diameter pipes installed by 

microtunnelling using concrete jacking pipe in twin- and 

triple-parallel formation using a slurry shield MTBM (see 

Figures 2, 3 and 5) 

 Five caissons between 10–12m in diameter, and up to 10m 

deep (Figure 7), used as launch and receive locations 

 Eight other conventionally shored shafts up to 6m deep 

 A 200m long trunk-drain diversion consisting of two DN1800 

parallel pipes at shallow depth with minimal clearance to 

existing utilities. 

 
Figure 2 Microtunnel boring machine at launch shaft 

 

3. DESIGN 

Project challenges include the design of a one-pass tunnel lining 

system to ensure 100 years of design life and tunnelling close to 

utilities and buildings. Ground engineering challenges and solutions 

employed on the site included landfill and addressed construction 

impacts on adjacent infrastructure.  

 

Design issues addressed in the Alliance’s geotechnical reports 

included: 

 Anthropogenic (man-made) features 

 Existing foundations and tunnels 

 Underground utilities 

 Excavations or filled ground/quarries 

 The presence of boreholes 

 The presence of wells or other shafts 

 Contamination and waste 

 Organic materials (tree roots) 

 Geological features 

 Groundwater. 

 

Design requirements were based on Australasian Society for 

Trenchless Technology (2015) and avoided over specification of 

MTBM means and methods. Additionally, Rob Carr who performed 

the microtunnelling works mobilised in-house MTBMs which 

dictated tunnel diameter enabling the Alliance to remain 

competitive. 

 

The jacking pipes were constructed of reinforced concrete and were 

designed specifically for the project considering maximum jacking 

force and ground conditions. The pipe joint collars were specified as 

stainless steel grade 316 for durability.  

 

4 GROUND CONDITIONS 

The site is underlain by uncontrolled fill materials, overlying 

Quaternary deposits, overlying residual soils and rock, as shown in 

Table 2, and Figures 3 and 4. The depositional nature of marine 

materials, and the uncontrolled nature of fill materials meant the 

variable ground profile presented significant geotechnical 

engineering challenges. These risks were managed by adequately 

scoping investigations, numerically modelling designs and adopting 

observational methods during construction.  

 

4.1 Ground investigations 

Deriving suitable soil parameters for these stratigraphic units was 

critical to ensure safe yet economic design. During reference design 

development, and again to refine the detailed design, the Alliance 

carried out geotechnical test investigations including boreholes, 

cone penetration tests (CPT), and laboratory testing to help derive 

ground parameters. Additional investigations were carried out to 

characterise fill materials for critical construction activities. The 

CPT provided reliable and repeatable digital information about the 

soil that was used to measure in-situ stress, strength and stiffness.  

 
Figure 3 Schematic view of microtunnel drives showing route alignment and stratigraphy 
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Table 2 Simplified stratigraphic units 

 

Unit Depth 

(m) a 

Description 

Fill Up to 

16.5 

Construction rubble, including 

infilled quarries, old waste storage 

areas. Contains domestic garbage and 

construction waste. 

Quaternary 

sediments b 

Up to 19 Loose to very dense sand and silty 

sand, with peat, clay, silt and 

cemented zones. 

Residual soil 3–22 Clay 

Rock – Shale overlying sandstone. Shale 

quarried/ absent in some places 
a  Approximate depth below existing surface level to base of unit  

b Quaternary age deposits can comprise up to four sub-layers; 

marine/estuarine/aeolian sands with clay and peat lenses, overlying 
aeolian sands, overlying estuarine/fluvial sands and clays, overlying 

marine/estuarine/fluvial/aeolian sands, clays and gravels (Hatley 2004). 

 

Borehole and cone penetration test data along the route indicated 

significant lateral variability within the Quaternary sediments and 

reflected the basin’s changing depositional environment during sea 

level fluctuations where lake environments had been encroached by 

dunes or river sediments. 

The Quaternary sediments overlie an ancient land 

surface incised into Ashfield shale and the underlying Hawkesbury 

Sandstone. Ashfield Shale was locally quarried for brick making, 

resulting in some deep areas of uncontrolled fill. One such area 

along the GSSD alignment between Portman Street and Botany 

Road was progressively backfilled with domestic garbage and 

construction waste and the like, to depths of about 16.5m below 

ground level.  

The fill is generally a mixture of soil types with 

significant proportions of ripped sandstone, ash, building rubble and 

slag. The SPT results indicate a filling density equivalent to a loose-

to-medium dense sand, with some very loose layers.  

 

5. MICROTUNNELLING 

5.1 Construction 

Microtunnelling used an Iseki Microtunnel Boring Machine 

(MTBM) using the ‘closed-face slurry shield’ with no tail void 

grouting and bentonite to help the drilling process. Microtunnelling 

commences when the drilling head is placed on the jacking frame 

(Figures 2 and 7).  

 

Figure 5 shows the typical three-pipes-in-parallel 

arrangement, which used available TBM’s in DN1800 size, in lieu 

of procuring larger TBMs at significant project cost. Space 

constraints dictated by existing building lines and property 

boundaries in this heavily built up area required a 1.0m clearance 

between the pipes.  

 
Figure 5 Triple parallel microtunnel section using DN 1800 concrete 

jacking pipes 

 

With the aid of various controls, the microtunnelling 

operator jacks forward the drilling head into the ground. The jacking 

speed, cutters’ rotation, steering, slurry fluid pressures and flow 

rates are all governed by the operator from inside the above-ground 

control room. Once the drilling head is fully inserted into the 

ground, the jacks are retracted, and the first pipe is placed on the 

hydraulic jacking frame. Slurry lines and communications cables are 

then connected to the drilling head, and microtunnelling starts up 

again by advancing the drilling head and successively jacking the 

pipes forward. 

The slurry spoil transport system provides earth pressure 

balance, which is controlled by adjusting the flow rate from the 

control room. Consequently, the rate of spoil removal from the 

drilling head’s cutting face, directly relates to the pace the drilling 

head advances. Furthermore, the slurry system balances 

groundwater pressure by adjusting the slurry pressure in the drilling 

head to equal the groundwater pressure. Being able to vary the 

slurry cycle according to specific ground conditions, allowed 

microtunnelling to continue without reducing performance.  

 

 

 

 

 

Figure 4 Geotechnical long-section of microtunnel drives 

(vertical scale exaggerated ~10x) 
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The Alliance switched to a DN1800 Iseki TCS-HD 

TBM on three of the drives after more in-depth geotechnical 

investigation highlighted the possibility of encountering more 

obstructions. This MTBM was engineered to tunnel through rock. 

Even though it was to be used in sandy soil conditions, it offered the 

best chance of tunnelling through obstructions and provided access 

to the machine’s face for removing obstructions when excavating 

from the surface. 

In one area, the Alliance constructed three 286-m 

parallel tunnels on a curved alignment to avoid critical existing 

infrastructure. This allowed the alignment to be maintained and the 

installation to remain on schedule. In another location, the drain 

passed under a DN1650 trunk sewer constructed of bricks in 1880. 

The three pipes were tunnelled under this critical infrastructure with 

900mm clearance, without damaging the sewer. 

This suited the geotechnical conditions of loose/soft 

Quaternary sediments and high groundwater tables. Microtunnelling 

also often occurred in uncontrolled fill contaminated with building 

waste, requiring careful monitoring and control of pump pressures to 

minimise the settlement risk.   

Elsewhere, diverting an existing trunk-drain required 

microtunnelling under a 100-year-old DN840 steel lead-jointed 

water main with 200mm clearance.  After consulting with Sydney 

Water, the water main joints were strengthened as a risk-mitigation 

measure and the microtunnel was successfully completed with no 

impact on the strategically important water main.   

 

5.2 Construction challenges  

Microtunnelling started on the GSSD alignment between Portman St 

towards Joynton Ave, on 27 July 2015. On 30 July 2015, an incident 

occurred on a microtunnel section in Portman Street, involving 

ground loss into the tunnel accompanied by significant surface 

settlement – see Figure 6.  

During site inspection by Alliance geotechnical 

engineers that day, the footpath surface in the ground loss area 

appeared newer than adjacent sections, possibly indicating previous 

repairs or damage in the vicinity, and a potential source of 

obstructions preventing the MTBM’s continued advancement. The 

settlement magnitude was about 0.4m and had a ‘settlement trough’ 

pattern, indicative of tunnelling-related ground loss.  

The ground loss was over and above that predicted 

based on proper selection of tunnelling methods and equipment, and 

proper equipment operation. Such ground loss would likely be the 

result of loss of control of the ground (for whatever reason) and 

would have resulted in a chimney of ground loss, or settlement up to 

the ground surface, such as observed in the Portman Street footpath. 

Ground conditions in the incident area at Portman Street 

are given in Figure 4, and show mixed-face conditions, associated 

with a zone of uncontrolled fill, loose-sand, and denser sandy 

material, within the 6–8m depth tunnel interval, which coincides 

with the observed settlement trough area.  

Such areas (also contaminated with building waste) 

required careful monitoring and control of pump pressures to 

minimise the settlement risk. In this area, reduced face pressure was 

reported, which coincided with blockages from fragments of plastic, 

timber and steel evident at the MTBM’s face. These blockages were 

removed by flushing out the face, with the face pressure reduced to 

zero. 

It appears that ground loss happened because of flushing 

out the face to remove obstructions and reducing the face pressure to 

zero. This led to groundwater inflow and associated ground loss. 

 

5.3 Caisson construction 

Construction started on five caissons at ground level, 

and worked downwards, which was faster, quieter, and safer than 

traditional construction methods such as secant pile walls. Concrete 

segments were cast on-site to form rings (one on top of the other),  

 
 

Figure 6 Observed ground loss in Portman Street 

 

which were then pushed to form the wall of the shafts 10–12-metres 

deep (Figure 7). The circular shape allowed the caisson to be self-

supporting by mobilising hoop stress without struts or ground 

anchors. To ensure this worked, the overall excavation sequence 

was detailed to avoid asymmetry/unbalanced forces.  

Given how close many of the construction sites were to 

buildings, roads, and trees, it was important to create as little 

disruption as possible for those living, working and commuting 

nearby. In-situ caisson construction proved well-suited for the 

project and required a significantly smaller site footprint than many 

traditional methods. 

 

 

Figure 7 Microtunnel installation within caisson 

 

5.4 Microtunnelling benefits 

Pipe jacking and microtunnelling systems reduce the social and 

environmental disturbance when installing services in urban areas. 

Compared to open-cut trenching, pipe jacking saved 28% CO2 

emissions for the 1800mm-diameter drives (Source: 

pipejackingco2calculator.com). Other microtunnelling construction 

benefits are summarised in Table 3 and included:   

 Minimum impact on more than 120 underground utilities 

crossing the GSSD alignment 

 Minimum impact on existing roads and developments (no 

open cut) 

 Minimum environmental impact (spoil and dewatering) 

 Minimum community impact (no open cut) 

 Cost-effective hydraulic solution. 
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Table 3 Comparison with conventional trenching at depth, between 

Maddox Street and Joynton Avenue 

 

Item Microtunnelling Typical trench 

Spoil volume 10,000m3 80,000 m3 

Groundwater volume 

removed 

40kL/day 1,000kL/day 

Footprint disturbed ~8,000m2 ~25,000m2 

Services (diverted or 

supported) 

5 86 

Greenhouse gas  Saved 28% CO2 

emissions 

 

 

6 SETTLEMENT AND GROUND MOVEMENT 

ASSESSMENT 

Microtunnel works had the potential to impact multiple third-party 

assets comprising over-ground structures, buildings, underground 

structures and utilities. Each asset was assessed for the impact from 

predicted ground movement to manage impacts within acceptable 

limits. Where needed, mitigation measures were developed and 

implemented to ensure all third-party assets remained serviceable 

throughout the project’s construction. 

As an additional complication, tunnelling was carried 

out close to the Airport Line rail tunnel, which extends from Sydney 

CBD to Sydney Airport (Figure 8). 

 

 
 

Figure 8 Typical microtunnel section showing estimated 

displacement on Airport Line rail tunnel 

 

Predicting ground movement and assessing impacts 

followed the well-tested and understood Gaussian curve empirical 

methods for bored tunnels. Finite-element analysis was used next to 

critical locations to create a combined ground movement model, 

which could be used to assess the level of impact on all the adjacent 

assets.  

The potential ground movement analysis assumed a 

percentage of volume loss during construction. This volume loss is 

governed by several factors, such as the behaviour of the material 

encountered during tunnelling and tunnelling method (face loss, 

overcutting, tail void and lining deflection and such). For these 

analyses, a volume loss of 0.5% was assumed, which represents the 

inferred ground condition and the boring method. Back analysis of 

monitoring data from earlier microtunnelling in sandy material for a 

similar Sydney Water (Liverpool to Ashfield) pipeline, indicated 

operating volume loss in the range of 0–0.5%. Generally, control 

zones of 0.5% volume loss were specified for controlling 

movements at source, avoiding adverse impacts, and minimising the 

requirement for intrusive mitigation works. 

A major undertaking throughout design development 

and during construction was the process of identifying the affected 

assets, obtaining information, predicting ground movements, 

assessing impacts, liaising with numerous interested third parties, 

agreeing impacts, designing and agreeing instrumentation and 

monitoring, and developing action plans and requirements for 

mitigation measures.  

Given the number of assets, their sensitivity and in some 

cases their historic significance, the Alliance adopted a systematic 

approach to identify trendlines and provide a structured, progressive, 

settlement prediction and ground movement impact assessment 

methodology that could be applied to the various building types, 

above- and below-ground structures, and utilities. Apart from a few 

minor ground-loss incidents, the actual overall movements were 

generally less than predicted, reflecting the deliberately conservative 

methodology adopted for calculating displacement and assessing 

damage. 

 

7 CONCLUSION 

This paper provides some examples of how geotechnical risk was 

addressed and managed on GSSD during design and construction by 

adopting trenchless technology. GSSD was primarily built via 

microtunnelling, which eliminated high-hazard flooding from the 

area to deliver a liveable urban renewal of this inner-city area. 

Cooperation between local and state government, construction 

contractors and designers in an alliance framework helped deliver 

this project. Risks managed included clearance of just 0.8m between 

buildings and utilities and impacts on the Airport Link rail tunnel. 

Changing the construction methodology of the 

stormwater drain from open trenching to a trenchless solution 

achieved close to $A50 million in project cost savings when 

compared with the original design solution, and significantly 

reduced environmental impacts and community disruption. The 

adopted microtunnelling methods successfully addressed the site 

ground engineering challenges including difficult ground conditions 

and landfill, while also addressing construction impacts on adjacent 

infrastructure.  

Thorough planning processes and rigorous hydraulic 

modelling during reference design development and final design 

optimisation, combined to enable the Alliance to build beneficial 

and cost-effective infrastructure. This work, together with the 

willingness of all to adopt innovative construction methods, resulted 

in wide-ranging community and economic benefits. 
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