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ABSTRACT:  The West Gate Tunnel Project (WGTP) is a significant piece of infrastructure being delivered by D&C Contractor CPB John 
Holland Joint Venture for the Victorian Government and Transurban, in Melbourne, Australia. The project will deliver twin tunnels under 
Yarraville, a new bridge over the Maribyrnong River, a widened West Gate Freeway and enhanced interchanges. The diversion of the North 
Yarra Main Sewer (NYMS) is a critical component in the realisation of the WGTP.  The 130-year-old brick lined sewer intersects with the 
future 15.6m diameter Earth Pressure Balance Machine (EPBM) driven twin WGTP tunnels and as such, required re-routing. As the sewer 
services approximately 20% of metropolitan Melbourne, a live cutover process was required. The new 636m length sewer diversion was 
constructed in two drives from 3.0m outer diameter Glass-reinforced Plastic (GRP) pipe via trenchless methodology using a Slurry Shield 
TBM, making it the largest diameter GRP pipe-jacked tunnel in Australia.  
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1. INTRODUCTION 

The WGTP is a city-shaping project that will deliver a vital 
alternative to the West Gate Bridge, provide quicker and safer 
journeys, and remove thousands of trucks off residential streets. The 
diversion of the North Yarra Main Sewer (NYMS) represents a 
critical component within this $6.7Bn mega project of state-wide 
significance. The 130-year-old, 2.6m diameter, brick-lined sewer is 
operated by Melbourne Water (MW) and runs along Whitehall 
Street in Footscray and Yarraville in Melbourne’s inner west, 
servicing approximately 20% of the metropolitan area. This heritage 
structure, built in response to Melbourne’s population growth during 
the height of gold rush boom, intersects with the future 15.6m 
diameter EPBM driven twin WGTP tunnels shortly after launch of 
both TBM’s and as such, required re-routing around the northern 
portal adjacent to the Maribyrnong River where the WGTP tunnels 
commence their combined 6.4km journeys.  
The pipe-jacked slurry TBM was launched twice from a single 
14.8m deep, 8.8m diameter secant piled shaft within the northern 
portal site towards upstream and downstream satellite sites within 
Whitehall Street, a major arterial road linking the Port of Melbourne 
with the west. Both upstream and downstream sites accommodated a 
pair of secant piled shafts of 14.2m and 16.9m depth respectively, 
these being the 8.2m diameter retrieval shaft, where the TBM was 
recovered, and the 12.6m x 9.2m diameter elliptical connection shaft 
which was constructed over the existing brick sewer. The shotcrete 
lined shafts were then connected with 12.5m2 steel fibre reinforced 
shotcreted stub adits constructed in treated ground to finalise the 
GRP pipe connections and permanent works. 
This paper discusses the challenges faced in establishing the 
upstream and downstream satellite sites on Whitehall Street, 
tunnelling in difficult ground conditions, constructing two shafts 
over the existing sewer, completing the live connections and 
bringing the new sewer successfully into service. 

2. ADVENT OF MELBOURNE’S SEWERAGE SYSTEM  

Prior to the 1890’s, Melbourne’s sewerage system consisted of open 
sewers. Waste from homes was emptied into open drains that flowed 
into street channels and on into local rivers and creeks. The first 
major metropolitan sewerage system constructed in Victoria was 
developed by the Melbourne and Metropolitan Board of Works 
(MMBW). The system was designed by the Board’s Engineer-In-
Chief William Thwaites. This design of the system represented a 
modified version of the system recommended by British engineer, 
James Mansergh. The system is significant for its critical historical 
role in the development of Melbourne, leading to large 
improvements in hygiene, health and quality of life. The design of 
the comprehensive gravity sewer system demonstrates historical 
technical significance – recognised by Engineers Australia with an 
Engineering Heritage National Marker - which in addition to 
foresight and investment by the city’s founders required a 

sophisticated level of construction skill for the time. By the end of 
the 19th century Melbourne had the earliest major city fully 
integrated sewerage system in Australia. Planning for the system 
started in 1889, construction commenced in 1892 and the first 
customers were connected to the operational system in 1897. 

2.1 System Design 

In 1888, a Royal Commission was appointed to analyse and solve 
the biggest problem of Melbourne at that time, the sanitary 
conditions of Greater Melbourne. In 1890 the Victorian parliament 
authorised the creation of the MMBW. James Mansergh, an 
important British sanitary engineer, who later became chair of the 
Institution of Civil Engineers and a Fellow of the Royal Society, 
was invited to visit Melbourne and report the best solution to drain 
Melbourne’s sewage from his experience in delivering similar 
systems in English industrial towns. Mansergh presented his report 
to the board in 1890, in which he proposed eight different sewerage 
schemes. These options consisted of the construction of two 
independent sewerage networks, one to drain the eastern and the 
other to drain the western parts of the city. By 1891 the board 
appointed Victorian William Thwaites - an experienced railway, 
maritime and drainage engineer - as the Engineer-in-Chief. Thwaites 
analysed and improved Mansergh’s schemes, and proposed to the 
Board a simpler, more economical and hydraulically more efficient 
solution, delivered in a single mammoth effort. Thwaites was able to 
ensure the integrity of the system as a whole, and was responsible 
for all the detailed designs and supervision.  

 
Figure 1: Transverse and inline sections of the existing NYMS 

The original system involved 2400 miles (3840 km) of underground 
gravity sewers, gravitating from the various suburban areas and 
converging at Spotswood. Construction of the Pumping Station 
began in March 1894 with the excavation of a large 25-metre-deep 
hole, much of which was blasted out of solid basalt, with twelve 
oval-shaped pump wells constructed in unreinforced concrete. Here 
a large steam powered Pumping Station raised the sewage via rising 
mains and transferred it to 24km Main Outfall Sewer. This 
gravitated via Brooklyn to a new sewerage farm in Werribee.  
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The Werribee Sewerage Farm is one of the few original Mansergh 
facilities still operating, large, turn-of-the-century filtration 
sewerage systems in the world and one of the earliest to be 
established in Australia. Criticality, the vision of the MMBW 
provided protection of public health at a time when typhoid was 
epidemic and causing an alarming death rate. It brought basic 
sanitation to Melbournians and a dramatic improvement to its 
citizen's public health.  

2.2 Construction 

The construction of the system was one of the most significant 
single infrastructure projects ever undertaken in the history of the 
colony and was a major achievement in terms of surveying, 
engineering and construction work. The construction of the main 
sewers commenced in 1893, using brick lined tunnelling methods 
borrowed from the old world and built by itinerant groups of labour 
- being the advent of civil contracting in the southern hemisphere. 
The NYMS – or the Stoney Creek Main as it was originally known - 
ran through Footscray, crossing the Maribyrnong River and tracing 
the northern edge of the inner suburbs.  

2.2.1 Methods of Construction  

Prior to the developments of modern mechanised mined and bored 
tunnelling techniques, sewer construction involved large amounts of 
manual but highly skilled labour. Tunnel work contracts were sub-
divided and limited in length due to financial, geological and safety 
concerns. Access shafts were dropped roughly 100m apart which 
was likely the limit of survey instruments of the day. Having 
reclaimed this area of Port Philip Bay from swamp, the west 
Melbourne road network today follows the tracks between these 
shafts created as the network expanded – suburbs, churches and 
schools followed. A headframe system (Figure 2) was built at the 
top of each shaft for material access.  

 
Figure 2 Headframe system used for shaft construction and access 

The sewer constructors were limited by ventilation, light and ease of 
surface access with alignments often coinciding with known 
geological features to minimise risks and maximise rates of advance 
and backer’s profits. The shafts were sunk to the Engineers’ 
required depth (typically 12 to 15m or 40’ to 50’) using a method 
called ‘pick and shove’. This involved using cast-iron rings and 
timber to support the ground while sequentially excavating down. 
The rings – forged by blacksmiths in the neighbourhood - came in 
two sections and were bolted together, typically in 6’, 8’ or 10’ sizes 
to suit the client’s need and based on hardware blueprints from 
European schemes. They were positioned on rough cut timbers that 
were driven into the ground on an outwards angle.  
When excavating a tunnel from the shaft bottom a king set was used 
for support. This set was made from cast-iron or timber and 
involved two arched sections bolted at the crown. An invert strut 
was placed at the base to prevent inward movement of sets. To 
advance, 3’ long closed timber sheeting was tapped forward, and a 
pick was used to remove material below. This is a pre-support 
technique similar to modern day forepoling, although the artisan 
knowledge and skill of Victorian era hand mining has largely been 
lost in favour of large mechanised excavation methods. Upon 
advancing 24” to 36” (600mm to 750mm), based on the foreman’s 
experience, a new timber set was installed, and the process repeated. 

 
Figure 3 North Yarra Main Sewer construction 

Ground water inflow was restricted by inserting the timbers close 
together and if there was excessive inflow this was blocked with 
rags or straw. The spoil was pushed out in a trolley or pulled by a 
horse and a pulley system hauled the spoil out of the timbered shafts. 
This timber temporary work remains in the tunnel and shafts prior to 
brickwork being laid inside. At the NYMS, the timber was treated 
with creosote – a by-product of tar distillation from coal energy 
generation industries. Consequently, the NYMS resinous timbers are 
remarkably well-preserved today despite being submerged below 
groundwater for so long.  
The construction of these sewers involved a great deal of skilled 
workmanship – requiring the miners to be multi-skilled craftsmen 
able to excavate, pump out water, cut and build timber, lay tracks 
and build precise brickwork – the complete miner. The arch 
brickwork consisted of three concentric courses using locally made 
‘Melbourne Red’ bricks, built to tolerances that would be impressive 
today – following pointing, excess mortar was flicked up into the 
gap between the bricks and the tunnel face – there was little waste. 
To ensure the tunnel alignment was correct, a surveyor would 
survey three points along the tunnel. Plumb bobs were hung from 
copper wire in the shaft and from the tunnel crown allowing the 
horizontal and vertical alignment to be visually checked by the 
tunnellers – in the case of the NYMS the grade is a constant 1 in 
2230 or approximately 1 foot per quarter mile (650mm per 
kilometre).  
Safety controls used were minimal in comparison to modern 
controls. The most useful apparatus used for air quality was a 
miner’s lamp, which was used to check gases in the tunnel. If the 
flame was blue, methane was present and if the flame went yellow it 
indicated a lack of oxygen. Although fatality data is largely 
unknown, accidents were frequent. Within a few years these miners 
would become the famous ANZAC diggers building trench 
networks in the theatres of the Great War. 

3. WEST GATE TUNNEL PROJECT 

The West Gate Tunnel Project will deliver an alternative to 
Melbourne’s West Gate Bridge. As well as providing a second river 
crossing it will remove thousands of trucks off residential streets in 
the inner west by constructing twin tunnels under Yarraville, 
connecting to the West Gate Freeway. The West Gate Freeway is 
being widened by four lanes including express lanes. 

 
Figure 4 Aerial view of the future Northern Portal (indicative) 

 
Figure 5 West Gate Tunnel Project Map 
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3.1 North Yarra Main Sewer Diversion Establishment 

The diversion of NYMS is critical prior to the launch of the twin 
tunnels. The section of the sewer that is impacted from the 
alignment is at the junction of Somerville Road and Whitehall 
Street. Typically, Peak Dry Weather Flows (PDWF) are in the order 
of 3,300 l/s with Peak Wet Weather Flows (PWWF) up to 7,300l/s. 
The section of the NYMS diverted is 8’6” (2.6m) circular brick 
lined sewer. The diverted sewer runs from Youell Street eastwards 
beneath the cut and cover section of the West Gate Tunnel's 
Northern Portal and re-joins the existing sewer south of Somerville 
Road (Figure 6). This alignment minimised the risk of settlement to 
the newly diverted sewer during construction of the secant piled 
Northern Portal and twin 15.6m diameter bored tunnel works. The 
construction of the sewer was completed in two drives, upstream to 
Youell Street (212m) and downstream to Sommerville Road 
(424m). The depth of works is nominally 13m-15m deep.  

 
Figure 6 NYMS existing alignment (blue), NYMS diversion (black), 

WGTP alignment (grey) 

3.1.1 Traffic Schemes  

The upstream and downstream satellite sites were located within the 
road reserve of Whitehall Street, Yarraville at its intersection with 
Youell Street and Somerville Road, respectively. Importantly, traffic 
volumes were analysed during the planning stages in order to 
determine the best possible traffic scheme. The construction of the 
retrieval and connection shafts at each site required a two-stage 
traffic management set-up and the implementation of multiple local 
lane closures and detours to mitigate the traffic impacts. The shafts 
also impacted the delivery of oversize components of the WGTP 
TBM’s and had to accommodate these requirements. 
Stage 1 of traffic management allowed for the construction of the 
retrieval shafts. Stage 1 at the upstream site (Figure 7) required the 
establishment of a work site in the centre of Whitehall Street (south 
of Youell St) occupying a single lane in both northbound and 
southbound carriageways. A single lane was maintained in each 
direction with the assistance of kerb realignment and pavement 
widening.  

 
Figure 7 Stage 1 Traffic management upstream 

Stage 1 at the downstream site (Figure 8) required the establishment 
of a work site within the southbound carriageway of Whitehall 
Street south of Somerville Road. Southbound traffic on Whitehall 
Street was maintained via the existing northbound lane, while 
northbound traffic was detoured.   

 
Figure 8 Stage 1 Traffic management downstream 

Stage 2 allowed for the connection shafts to be built. The upstream 
site required the establishment of a work site within the northbound 
carriageway of Whitehall Street (south of Youell Street). 
Southbound traffic on Whitehall Street was maintained via the 
temporary lane constructed as part of Stage 1 and a single 
northbound traffic lane was maintained via a shift into the 
southbound carriageway.  
Stage 2 at the downstream site required the establishment of a work 
site on the northbound lanes of Whitehall Street south of Somerville 
Road. Southbound traffic on Whitehall Street was maintained via 
the existing southbound lane whilst northbound traffic continued to 
be detoured.  

3.1.2 Project Geology  

The geology of the north portal area is characterised by its 
variability and complexity; spanning from Tertiary Age sediments 
and weathered volcanics, to recent Quaternary (Holocene) alluvial, 
delta and swamp deposits. 
The upper strata comprise of man-made fill overlying thin veneers 
of Coode Island Silt and Quaternary alluvial outwash, and deeper 
alluvial infill within a paleochannel crossing the northern end of the 
site. The underlying Tertiary Brighton Group sediments are present 
outside the Northern Portal footprint to the south and to the west. 
The Tertiary Older Volcanics, emplaced as a series of lava flows 
erupted in Eocene and Oligocene time (about 30-55mya), are 
variably weathered, ranging from stiff residual soils to very high 
strength slightly weathered basalt. The Tertiary Werribee Formation 
sediments are intercalated with the Older Volcanics. 
The ground conditions encountered along the NYMS diversion are 
similar to those encountered by the north portal excavation, where 
the twin EPBM tunnels will launch. The sewer diversion excavated 
though Palaeochannel Alluvium, Brighton Group sediments and 
residual soil to extremely/highly weathered basalt of the Older 
Volcanics.  

4. TEMPORARY WORKS   

4.1 Shaft Construction  

The NYMS launch shaft was located next to the West Gate Tunnel 
launch shaft excavation. The pipe jacking shafts were constructed 
using 900mm diameter secant piles and were shotcrete lined 
progressively during excavation. The secant piles primary function 
was to control the inflow of any sands that were intersected during 
shaft excavation as well as create a watertight structure. Due to high 
levels of contamination in the area, there were concerns of 
groundwater migration potentially exacerbating this environmental 
issue.   
Each satellite site contained two shafts, a circular retrieval shaft 
sized to accommodate the TBM breakthrough and subsequent 
removal and an elliptical connection shaft which was constructed 
over the existing sewer. Both shafts were constructed using 
unreinforced 900mm diameter secant CFA piles and shotcrete lined. 
A structural condition assessment of the sewer was undertaken prior 
to piling at the connection shafts. The condition report was used to 
determine the structural capacity of the sewer and the limitations on 
the piling and excavation methodology. 
The piles were stopped 1.0m short of the crown of the sewer and 
were completed in two stages to minimise the loading of wet 
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concrete over the structure. CCTV was installed within the sewer to 
monitor the internal brick lining during piling and excavation works.   
The original design specified ground treatment by jet grouting to 
consolidate the ground over the sewer where the shorter piles were 
installed. Jet grouting was also specified in the area through which 
the adit was to be excavated. Jet grouting was considered to be a 
high-risk option and therefore was substituted by installing a cluster 
of ‘soft’ secant piles.  
A shotcrete lined adit connected the two shafts to allow for the 
extension of the pipe jacked tunnel to the connection shaft. The 
reason for implementing a two-shaft solution was to minimise the 
footprint of the site as a single large shaft would not have been 
possible without implementing a full closure of the road for the 
duration of the works. The two shafts also allowed the separation of 
the tunnelling work in the retrieval shaft from the confined space 
and live sewer work within the connection shaft.   
The shafts were excavated initially from the surface using a 14T 
excavator. Once the reach of the excavator was exhausted, a 5T 
excavator was lowered in to the shaft and a crane and kibble were 
used to remove the spoil.  
The geology at the upstream site was predominantly palaeochannel 
alluvium underlying alluvium outwash and Coode Island silt. Lifts 
were limited to 1,500mm however this was later increased to 
2,000mm due to the stiff, self-supporting properties of the soil. The 
downstream site geology was Brighton Group clays underlying a 
layer of fill.  
Groundwater was not present during excavation of the retrieval 
shafts due to the fact that the existing NYMS acted like a hydraulic 
sink draining the groundwater into the deteriorated mortar between 
brick lining. The absence of groundwater significantly increased 
productivity with the excavation and lining of the shafts. 
The connection shafts were excavated in two stages. Stage 1 
involved the excavation and support of the shaft down to the spring 
line of the existing sewer and the removal of the brick work. 
Excavation of the connection shafts posed a greater challenge due to 
the limitations of confined space entry. The shaft was excavated 
under the Melbourne Water Permit System from approximately 
1.5m above the obvert of the sewer. On reaching this level, probe 
holes were drilled to locate the brickwork and any possible 
temporary works that had been left in place after construction. 
Temporary supports and ‘timbering’ remaining in the ground around 
the existing sewer gave an insight on how the sewer was originally 
constructed as described previously.  
Excavation around the sewer down to spring line reduced the 
excavation rate due to the limitations on the size of the excavator. 
Once down to spring line, the existing NYMS brick work was 
removed by hand. A mobile arch platform was used for safe 
personnel access to the top of the sewer (Figure 9). The bricks were 
removed in a prescribed sequence that allowed the sewer to remain 
self-supporting. A one metre wide strip was initially opened to allow 
personnel to work from the shaft base level. Once this strip was 
opened, hand rails were erected either side of the sewer and a 
working platform was established. 

 
Figure 9 Mobile arch platform and brick removal 

4.1.1 Confined Space 

The connection shafts were categorised as confined spaces due to 
having potential harmful atmospheric contaminants and unsafe 
oxygen levels. A confined space entry risk assessment and entry 
permit had to be completed prior to entry or at any time the 
conditions changed. As part of the Confined Space Entry (CSE) 

permit, pre-entry atmospheric testing was conducted within the 
shafts for oxygen, carbon monoxide, hydrogen sulphide and 
explosive gas level (LEL), volatile organic compounds (VOCs) and 
ammonia. Continuous gas monitoring of the atmosphere within the 
shaft was mandatory while personnel were working.  

5. PIPE JACKING  

The pipe jacking was carried out from the 10.4m diameter launch 
shaft situated next to the North Portal excavation. This presented 
major interface issues in terms of space available for pipe jacking 
equipment, the slurry treatment plant and material handling. Due to 
having limited land available to store jacking pipes on site, the pipes 
were delivered daily i.e. ‘just in time’ basis to ensure continuous 
operation. 
Although the anticipated soft ground would have suited an earth 
pressure balance (EPB) TBM, the associated infrastructure required 
to remove spoil made it impossible to fit the necessary set-up in 
such a small area. The decision to utilise a Herrenknecht AVND 
2500AB slurry shield machine was driven by the small footprint 
available to complete the tunnelling activities. Concerns of 
overlying sands was also a contributing factor as the slurry TBM 
employed a hydroshield type air bubble meaning compressed air 
could be used to maintain slurry pressure in the excavation chamber, 
should face stability become an issue during tunnelling. This 
allowed the pressure to be much more accurately controlled than in 
a pure slurry or EPB shield, helping to maintain a reasonably 
constant support pressure with variations in the rate of advance of 
the cutter head and of removal of the spoil.  
The upstream drive (212m) was launched directly below the North 
Portal excavation with as little as 5m cover and required close 
monitoring of face pressures during the 40m section beneath the cut 
and cover excavation. The drive then continued towards the retrieval 
shaft passing Whitehall Street before breaking through (Figure 10).  

 
Figure 10 TBM Breakthrough at the upstream retrieval shaft 

The downstream drive (424m) was launched parallel to the southern 
wall of the cut and cover structure. Concerns were raised with face 
pressures and slurry loss while tunnelling adjacent to the piles of the 
box excavation as the tunnel alignment was above the excavation 
level inside the box. The TBM came as close as 700mm from the 
closest pile at the partially excavated and propped headwall and 
successfully passed the excavation with no issues of slurry loss or 
face stability.  
Surface settlement markers were installed in arrays perpendicular to 
the direction of drive over both upstream and downstream tunnels to 
record any volume loss during tunnelling. Although, face pressure 
was kept below the calculated pressures, no settlement was observed 
for either drive. This indicated significantly better ground conditions 
than those predicted in the Geotechnical Baseline Report (GBR). 
The self-supporting nature and low permeability of the alluvial 
paleochannel deposits allowed the engineers to undertake face 
inspections in ‘free air’ due to the stability of the face and minimal 
groundwater. 

5.1 Slurry Treatment  

The Slurry Treatment Plant (STP) (Figure 11) was located north-
east of the launch shaft and consisted of a 4-stage process. Slurry 
passed through a series of coarse and fine shaker screens and hydro-
cyclones before being sent to the centrifuge to remove finer silts for 
the final treatment. Separated material was contained within a muck 
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bay in front of the shakers and centrifuge and was loaded out using 
an excavator. 

 
Figure 11 Slurry treatment plant 

The upstream pipe jack drive launched in to the residual soil to 
extremely/highly weathered basalt of the Older Volcanics before 
passing through the Palaeochannel Alluvium and reaching the 
retrieval shaft in the Palaeochannel Alluvium. The high clay content 
of the Palaeochannel Alluvium presented major issues with its 
separation from the slurry. The clay became sticky when mixed with 
the slurry and blocked the apertures on the shaker screens leading to 
continuous spillages of slurry in to the muck bay. This meant the 
slurry tanks required a constant supply of fresh water to maintain the 
levels required to continue tunnelling. 
The loss of slurry into the muck bay (Figure 12) also meant the spoil 
could no longer be loaded out using an excavator and vacuum trucks 
were used for the disposal of the spoil. Due to the high cost of the 
vacuum trucks, the construction team fabricated shaker screens with 
a larger aperture to allow for the slurry to pass through and complete 
the separation process. This allowed tunnelling to continue for 
longer periods without having to top up the slurry tanks with water 
and reduced the volume of spoil having to be disposed of using 
vacuum trucks. 

 
Figure 12 Muck out bay slurry 

The downstream drive launched into similar geology however the 
spoil separated from slurry at the STP indicated higher contents of 
quartz sand and gravel. These conditions were ideal for the STP and 
tunnelling progressed well through this ground. Advance rates 
averaged at 4.96m/day for the upstream drive and 15.03m/day for 
the downstream drive. The TBM recorded a best shift advance of 
23.23m and a best week advance of 139.79m as a result, leading to 
the completion of the downstream drive two weeks ahead of 
programme. 

5.2 Annulus Grouting 

Annulus grouting was conducted once the tunnels were stripped of 
their internal services in order to backfill the void between the 
ground and extrados of the pipe, thus securing them in their 
position. Bulkheads were created by sealing the annulus at the shaft 
with grout and installing bleeder lines to indicate the grout had fully 
filled the voids. Grout was injected into the grout ports that were 
fitted with non-return valves at 4, 8 and 12 o’clock at 9m intervals 
up to a pressure of 6 bar until grout appeared at the bleeding lines at 
the bulkhead. This continued upstream until grout was visible at 
each grout port.  

6. LIVE CUT OVER  

Bypass pumping was initially proposed to construct the connections 
during the tender submission. However, on further investigation and 

in discussion with MW, bypass pumping was discounted as the 
mobilisation, implementation and operation of the bypass pumping 
system were determined by CPBJH as significantly increasing the 
overall risk profile of the project compared to simply constructing 
the connection shafts. The factors considered included 1) the 
significant volumes to be bypassed; 2) the quantum of temporary 
works associated with the bypass system being similar to 
constructing the temporary works for each connection shaft; and 3) 
the potential scour effect of the discharge back into the sewer could 
cause additional issues to the existing NYMS brickwork 
downstream of the connection.  
It was determined that should an issue arise that affected the sewer, 
it was safer to deal with the event than implement a bypass pumping 
arrangement. Further, a live flow methodology was previously 
successfully implemented for the connection works on a similar, 
slightly smaller sewer of a similar era within the MW system. 

6.1 Installation of the Flume   

A mechanised telescopic flume was used instead of a bypass system. 
The concept involved a set of three telescopic steel cans that could 
be hydraulically extended and retracted. The cans were slightly 
undersized so that they could fit within the intrados of the existing 
brick sewer. Each end of the flume was fitted with a seal that was 
inflated to the inside of the existing sewer and as such, contained the 
flow within the flume. 
The installation of the flume allowed the demolition of the invert of 
the sewer and further excavation below the spring line. During this 
stage of excavation, the flume was suspended from support beams 
that spanned the connection shaft to take the weight of the flume and 
internal flow so that it did not rest on the internal brick work.  

 
Figure 13 Flume installation downstream 

The flume allowed the excavation of the shaft below the sewer and 
the completion of the reinforced concrete base slab and enabled the 
bottom half of the sewer to be demolished. Following excavation of 
the connection shafts the mined adits between the retrieval and 
connection shafts could be constructed. The 12.5m2 adit SFR 
shotcrete primary lining was sprayed after each 1500mm advance by 
mini-excavator.  

 
Figure 14 Downstream mined adit post shotcrete 

6.1.1 Launch Shaft   

The GRP bend and manhole at the launch shaft were the first to be 
installed as it did not involve live sewer works.  
The connection pipes between the jacked pipe and the GRP bend 
were measured and cut to size prior to installation. The pipes were 
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lowered in to the shaft using slings and jacked into place using 
hydraulic cylinders. Once the connection pipes were levelled to the 
correct alignment the GRP bend was lowered in to the shaft. The 
GRP bend was fabricated with GRP support feet which allowed the 
bend to be packed up with shims to achieve the correct level. The 
bend was connected to the installed pipes with stainless steel 
mechanical couplers lined with an EPDM seal. To prevent flotation 
during the concrete encasement, the GRP bend was anchored to the 
base slab using ratchet straps. 

6.1.2 Satellite Sites 

The sequence of the removal of the flumes and installation of the 
manholes at the satellite sites was critical to prevent disruption of 
the flow of the existing sewer. The procedure of both sites was the 
same and only differed in timing.  
The initial step was to complete the installation of the connecting 
pipe work from the pipe jacked tunnel, through the mined adit to the 
connection shaft. A bespoke rocker pipe was installed at the end of 
each pipe string in the connection shafts. This pipe consisted of a 
special coupler which was supplied in two halves. The bottom half 
was delivered laminated to the pipe and created a saddle for the 
bend to be lowered in to. Connection of the bend to the existing 
brick sewer was completed using a similar coupler that was flanged 
on one end to allow it to be bolted to the brickwork. This flanged 
coupler was also delivered in two halves which allowed the top half 
to be installed out of the flow of the sewer. 
A bulkhead then closed off the adit and retrieval shaft, so backfilling 
could commence. The pipes were chained down to the base slab and 
the concrete encasement was staged to prevent flotation; stabilised 
sand was used to backfill the remainder of the shafts.  
Concrete benches were constructed either side of the bend to keep 
personnel out of the flow of the sewer during the cut over works. 
The downstream flume was removed first by deflating the seals and 
retracting the telescopic sections from the inside of the existing 
sewer creating a ‘wet well’ within the connection shaft. The removal 
of the upstream flume followed, allowing the sewage to flow 
through both the existing sewer alignment and the new pipe jack 
sewer. The GRP bend was then installed at the upstream connection 
shaft and the top half of the bespoke GRP couplings at both joints 
were bolted to the bottom half and then laminated to the pipe. The 
flow was diverted in to the new alignment with minimal flow 
continuing to backflow through the existing sewer from the 
downstream connection shaft. A similar process was followed at the 
downstream connection shaft. The remaining sewage was then 
pumped from the wet well into the manhole stubs in the GRP bends.  

 
Figure 15 Upstream GRP Bend installation 

6.2 Manhole Construction  

Following encasement of the pipes in the connection shafts the 
manhole risers were installed. The risers were delivered as a single 
piece with the internal ladder and drop pipes pre-installed to 
eliminate the requirement of any further confined space works. The 
connection between the manhole riser and bend was grouted to fill 
any voids and laminated externally. The riser was supported at the 
top using a steel collar that was restrained by chains connected to 
the capping beam (Figure 16).  

 
Figure 16 Manhole riser installation and support 

The concrete surrounds of the manholes were cast in-situ using steel 
forms that were bolted together to reduce the time in building 
conventional formwork. The roof slabs were also precast on site 
with cast-in lifting points to allow them to be lifted in to position. 
The internal face of the roof slab was lined with HDPE which was 
fabricated off site to the dimensions of the roof slab to remove the 
need for GRP welding on site.  

7. REINSTATEMENT WORKS 

Reinstatement works were staged to minimise disruption to local 
traffic and number of closures required. Due to the retrieval shafts 
partially occupying the adjacent traffic lanes, the reinstatement of 
these sections was implemented over weekend closures.  
Works included the demolition of the capping beams and top 2m of 
the shafts, backfilling, construction of necessary vent stacks, laying 
of new road pavement, installation of new traffic signals, a new 
centre median and kerbs and revegetation of nature strips. 

8. CONCLUSION 

The NYMS diversion was a challenging, large tunnelling project 
within a mega tunnelling project, which presented both logistical 
and geological challenges requiring novel design and construction 
solutions. The large daily flows of the NYMS made bypass pumping 
uneconomical, and this combined with the age, condition and 
inaccessibility of the sewer saw the D&C contractor implement 
innovative approaches to maintain serviceability during the in-line 
construction of the connections. The use of proprietary telescopic 
flumes to successfully manage the risks of a live diversion was a key 
performance requirement for MW in terms of scheme approval. 
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