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Cover
The UK's 
� rst national 
tunnelling day 
was a resounding 
success, this 
photo was taken 
at Bond Street

Next issue
In the next issues of Tunnels and 
Tunnelling International, we have a 
spotlight on the Indian tunnelling 
market, as well as a technical paper 
on managing the risk of tunnelling in 
cobbly, bouldery ground. Also included is 
a look at hand mining in Europe

This month…
20 YEARS AGO
Balfour Beatty and BAA are to sign a 'no disputes deal' over the extra costs incurred following 
collapse of the three large diameter Heathrow Express Link tunnels in October 1994. Most of the 
extra costs will be borne by the insurers and the rest will be shared between BAA and Balfour 
Beatty. Cost of the rail link is now expected to be considerably higher than the original GBP 300M 
� gure. After the collapse, foam concrete was pumped in to stabilise the ground while extensive 
investigations into the cause were carried out. A report is due from the HSE in the near future.
Tunnels and Tunnelling, January 1996, p.7

30 YEARS AGO
The HKD 3bn contract for a road and rail immersed tube tunnel across Hong Kong Harbour has 
been won by the New Hong Kong Tunnel Consortium. It will be the third tunnel from Hong Kong 
Island to Kowloon, following the road tunnel opened over 15 years ago, and the � ve year old Mass 
Transit Railway (MTR) tunnel. Kumagai Gumi, which constructed the MTR link, put the idea for 
a combined road/rail tunnel to the Hong Kong Government eight months ago. The government 
then asked for tenders based on the Japanese company's proposals. The current road tunnel is 
heavily congested, and the other harbour crossing options, the Star Ferry and the MTR, do not take 
vehicular traf� c.
Tunnels and Tunnelling, January 1986, p.9

C O M M E N T  

What do you 
think? Send 
your views 
to the editor 
and join the 
debate
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OUR BEST CHANCE

impending investment mountain.
In February 2015 we published a Q&A 

with ITA president Søren Degn Eskesen 
(Tunnels and Tunnelling International, 
February 2015, pp.21-22) in which he 
highlighted the work done to get the 
tunnelling industry on the UN planning 
agenda. Mostly Eskesen looked at storm 
and � ood mitigation schemes; protection 
against the effects of climate change as 
they arise, but with this enormous political 
will moving towards green planning, 
perhaps a new focus on material science 
advances, or ef� ciency of design will come 
through in client requirements.

It is now more important than ever to 
raise the pro� le of the tunnelling industry 
with decision makers, in light of the 
investment to come, and the bene� ts that 
underground space can bring. Initiatives 
such as the UK’s � rst national tunnelling 
day help to increase general awareness of 
tunnelling, and deserve a shout out (see 
cover).

Even thinking cynically, at the very 
least this investment in climate action will 
be another in a long line of boosts for 
underground solutions to ef� ciently deal 
with a rapidly urbanising (and developing) 
global population 

T HE TAIL end of 2015 saw an historic agreement to combat 
global carbon emissions. The hope is to keep global 
warming below a 2oC threshold (actually aiming for 1.5 

oC) and in so doing save the planet. The 2015 United Nations 
Climate Change Conference Agreement, better known as the 
Paris Agreement, or COP 21, has been celebrated by pundits and 
politicians worldwide, despite some of the legally binding phrasing 
being edited out.

The crux of the deal is that developed nations should cut 
carbon emissions, while also preventing developing nations from 
getting hooked on carbon-heavy routes to prosperity. This is 
supposed to be largely � nancial, with USD 100bn set to � ow from 
richer countries to poorer from 2020 to help with climate-friendly 
initiatives. And there’s some detail on relief from the effects of 
climate change, non-binding, and a general spirit of sharing the 
burden.

Zia Qureshi, a non-resident senior fellow in the Global Economy 
and Development Programme for the Brookings Institute (a US 
think tank) and formerly a director in the Development Economics 
department of the World Bank, highlights infrastructure as a key 
part of this climate � ght.

In a document published just prior to COP 21, he writes: 
“Infrastructure development, economic growth, and climate 
protection are intimately related. Infrastructure is a key driver of 
economic growth and development […] Infrastructure is a key 
element of the climate change agenda. Done badly, it is a major 
part of the problem; infrastructure accounts for more than half 
of global carbon emissions. Done right, it is a major part of the 
solution, vital to both climate change mitigation and adaptation.”

The world has been under-investing in infrastructure according 
to Qureshi. There is a need to substantially scale up investment 
across all sectors: transport, water, energy systems, and city 
development. Global investment needed over the next 15 years 
is some USD 90 trillion. As a point of reference, the Gross World 
Product (GWP), the total value of the global economy, was close 
to USD 78 trillion in 2014 according to the World Bank. And the 
international community is looking to build sustainability in to this 

Alex 
Conacher
Editor
Conacher
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News

7  News

16  The Big Picture

 

Project reports

18  North America spotlight
 Nicole Robinson
  An overview of the region's 
 tunnelling work just prior to WTC
 2016 in San Francisco

23  Port Mann Tunnel
 Stephanie Fekete & Andrew   
 McGlenn of McMillen Jacobs 
 Associates
 Excavation of the Port Mann Water
 Supply Tunnel under the Fraser 
 River in British Columbia

27  Ontario microtunnel case 
 studies
 Seamus Tynan & John Grennan,
 Ward and Burke Microtunnelling  
 Analysis of three successful, curved 
 microtunnelling projects in the
 Ontario region, following local   
 client and consultant encourage-
 ment to adopt the method

33  Koralm tunnel
 Keren Fallwell    
 The new link under the Koralpe 
 Mountain Range in Austria   
 comprised three carefully scheduled
 contracts to optimise logistics

Insight
 
39  Deep operations
 Adrian Greeman
 A look at the only operational base
 tunnel, the Lötschberg, and some of
 the challenges facing operators: 
 scheduling, expansion plans, and
 optimisation among others
 

Technical
 
45  Fly Ash in grout
 Phil Antunes, Team Mixing  
 Opinions on the benefits of fly ash  
 vary from person to person and 
 project to project as do the 
 economics. This paper attempts to
 quantify the performance of fly
 ash in two-component grouts 

Above: A train 
on the rail link 
that includes the 
Lötschberg base 
tunnel

Key people in this issue
phil antunes
Phil graduated with a BSc. degree in Civil Engineering and worked 
in the brick and block industry for 13 years doing plant design and 
engineering, automation programming, project management and finally 
as plant manager. He joined Team Mixing six years ago and is currently 
the project manager. He has worked on the design, production and 
commissioning of numerous grout, bentonite and mining backfill plants 
globally and also directs research and development projects for the 
company. See technical section, pp.45-50 

stephanie Fekete
Stephanie is a project engineer with McMillen Jacobs Associates. Based 
out of Vancouver, she was the on-site representative for the Engineer of 
Record during tunnelling on the Port Mann project. See project report 
on pp.23-25

andrew mcglen
Andrew is a lead associate with McMillen Jacobs Associates. He serves 
as Lead Structural Engineer for underground projects in the Vancouver 
and Seattle offices and is the Engineer of Record for the Port Mann 
tunnel and initial shaft lining designs. See project report on pp.23-25
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constructing a sustainable future

at Vinci construction grands Projets, we engineer solutions that are not only financially 
competitive, but also work in a way that is sustainable for the planet. 

sustainability goes beyond the care we take in protecting our people and our environment. 
it’s also a commitment to offer new solutions to our clients and stakeholders. 

We nurture Innovation. 

every two years, the Vinci innovation awards get increased entries, reaching 2,075 in 
2013. these awards reflect the core values of the group and we are proud at Vinci 
construction grands Projets that the lee tunnel project (thames Water) was awarded 
the grand Prize in the uK & ireland.
  
To learn more please visit www.vinci-construction-projects.com/british-isles
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Letter to the Editor 
 
At the recent BTs Christmas debate on the future of sCl 
tunnelling for complex urban underground construction, I 
proposed from the floor that there was an elephant in the room, 
which I referred to as a 'Finite elephant'. I call it that because, 
like its pachyderm equivalent, it is capable of producing copious 
amounts of excrement; although this differs from the usual pile 
of brown, steaming dung in that it is presented as a multi-
coloured, kaleidoscopic extravaganza that attracts a large fee 
and, therefore, must be right. wrong!

The Finite element Method (FeM) was devised to help 
designers improve the economy and efficiency of materials 
used in things like racing cars, supersonic aeroplanes, space 
rockets, nuclear submarines, jet turbines and the like.  sadly 
the tunnelling industry has utilised this advanced computer 
technology to build massive shaft and tunnel linings, where 
before they were a fraction of the thickness.  It is even more 
startling that these underground structures are buried in tens of 
metres of solid ground and aren’t even moving!

what is clear is that either FeM is the wrong design tool for 
the job or tunnel designers haven’t a clue what they are doing 
with it. I suspect it’s a bit of both.

Until the tunnelling industry introduces some sanity into the 
application of FeM the advancement of tunnel design in general 
and the sCl method in particular will be stifled.

Dave Hindle, retired

Rossaga TBM becomes 
first to break through in 
Norway for 20 years 
Norway  The TBM 
mining Norway’s Rossaga 
project broke through on 10 
December. The 7.2m Robbins 
machine became the first 
machine to break through in 
Norway for 20 years. It had 
to contend with incredibly 
hard rock conditions on the 
hydropower project.

The 7.4 km-long headrace 
tunnel for the Røssåga 
Hydroelectric Project offered 
up a number of challenges to 
the crew. 

“We bored through hard, 
quartz-rich rock with rock 
strengths up to 300 MPa 
(43,500 psi) UCS and softer 
karstic limestone with water 
ingress,” explained Tobias 
Andersson, TBM Manager for 
contractor Leonhard Nilsen 
& Sønner (LNS).  Despite 
the geological challenges, 
an advance rate of 250m in 

Aecom Appointed 
to tidewAy 
centrAl section
great britaiN  Aecom has been appointed as the lead design 
consultant for the central section of the Thames Tideway Tunnel 
in London. Working for the contractor, a joint venture of Ferrovial 
Agroman and Laing O’Rourke, Aecom will deliver design services 
for 12km of the project; one of three major works packages.

The central section, the largest section of works, is complex and 
requires tunnelling through varied ground conditions including 
London Clay, Lambeth Group, Thanet Sands and Chalk. The route 
also passes close to existing underground infrastructure. 

Steve Woodrow, Aecom’s head of tunnels, Europe, said: 
“Tideway is one of the UK’s most important new infrastructure 
projects, which will dramatically improve the water quality of the 
River Thames and give London a wastewater system it can rely on. 
Aecom’s tunnelling team brings its recent experience delivering the 
Lee Tunnel to this key civil engineering project.” 

Peter Main, project director for the Ferrovial Agroman, Laing 
O’Rourke JV, said: “The central section of Tideway is a major feat 
of engineering and Aecom brings valuable expertise in tunnelling 
design services that will strengthen our delivery team.”

Aecom is currently working with the Ferrovial Agroman, Laing 
O’Rourke JV to deliver the detailed designs for the central section. 
Construction will start in 2016 and the project is expected to be 
completed in 2023. A spokesman added: “The Thames Tideway 
Tunnel is required to modernise London’s Victorian wastewater 
infrastructure and is set to be the biggest infrastructure project ever 
undertaken by the UK water industry. The new sewage storage and 
transfer tunnel helps address sewage discharge levels to the tidal 
section of the River Thames and will significantly increase capacity 
in the London sewerage network.”

A crane is floated out to begin construction of a pier

Confined space training for tunnellers is underway

one week was achieved, with 
advance rates consistently 
ranging from 180 to 200m 
per week throughout the 
project.

The hard and abrasive 
rock required both fine-
tuning of the disc cutters 
and a learning curve with 
regards to TBM operation. 
“We overcame the rock by 
adapting driving parameters 
to the different geology, 
cutter wear and vibrations of 
the machine. 

"We had regular 
maintenance, but most 
important of all we got really 
good at changing the cutters, 
with times down to 10 
minutes per cutter change, 
which couldn’t have been 
done without good team 
work,” said Andersson.

The machine was launched 
in January 2014. Although 
designed for hard rock, it had 
the capability to excavate 
soft ground, allowing faster 
excavation where possible.
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Harding Prize 2016 
submissions invited 
Great BrItaIN  
Submissions invited for the 
2016 Harding Prize. Entries 
are now being accepted, with 
entry open to those aged 33 
or younger on 1st January 
2016. The entry is to consist 
of an original paper relating 
to any aspect of tunnelling 
which the entrant considers 
to be of interest to others in 
the tunnelling industry, with 
this submitted to the BTS 
Secretary by 31st January 
2016. 

The papers will be 
reviewed by a group of BTS 
committee members, and the 
writers of selected papers will 
be invited to make an oral 
presentation to the April BTS 
meeting, following which the 
winner will be selected.

For more information, 
please visit the BTS website: 
www.britishtunnelling.org.uk

Islamic State tunnel 
network discovered 
IraQ  The recently 
liberated city of Sinjar in 
northern Iraq has yielded 
a network of tunnels. 
Reportedly built by Islamic 
State militants, the longest 
of the 30 or 40 tunnels in 
the network run for “several 
hundreds of metres”. The 
tunnels were outfitted with 

sleeping quarters, electricity, 
sandbags, medicine and 
copies of the Koran. Tools 
for bomb making were also 
discovered. 

Portals were generally 
constructed into the walls 
and floors of houses, which 
were derelict by the time 
Kurdish forces took the city. 
Various media sources quote 
Kurdish commander Shamo 
Eado as claiming: "Daesh dug 
these trenches in order to 
hide from air strikes and have 
free movement underground 
as well as to store weapons 
and explosives. This was their 
military arsenal.

"As we clear the city of 
explosives, we expect to find 
more tunnels. It is just a 
matter of time."

Ground freezing expert 
honoured by university 
USa  Joseph Sopko will be 
recognised as a Distinguished 
Alumnus by Michigan State 
University’s Department of 
Civil and Environmental 
Engineering. Sopko, who is 
director of ground freezing 
for Moretrench, attended 
the university’s Department 
of Civil and Environmental 
Engineering and received a 
Bachelor of Science (1980), 
a Master of Science (1983) 
and a Ph.D. (1990) in 
Civil Engineering. He has 
since devoted his career 

to specialising in ground 
freezing technology.

A Moretrench spokesman 
added: “Sopko joined 
Moretrench in 2010 and has 
been instrumental in growing 
the company’s established 
ground freezing market 
[from the US] to also include 
Canada and South America.”

The university presentation 
ceremony will take place on 7 
May 2016, to be followed by 
recognition at undergraduate 
commencement the following 
day.

Social media success 
for first UK National 
Tunnelling Day 
Great BrItaIN  The first 
UK National Tunnelling Day 
was held on 3 December 
2015. Launched by the 
British Tunnelling Society 
Young Members, the “aim was 
to engage people from all 
walks of life about the cool 
and interesting tunnelling 
projects that are in the UK” 
according to former BTSYM 
chair Eoin O’Murchu.

The event was primarily 
based on social media and 
despite the relatively small 
numbers directly involved 
on the day the impact was 
surprising. 

Twitter Analytics revealed 
that, using the hashtag 
#TunnelDayUK, some 
1.5 million people were 

engaged, while the industry 
contributed almost 1,000 
tweets.

According to the 
BTSYM, feedback from the 
industry has been excellent, 
and companies are now 
clambering to get involved 
with promotion and event 
ideas.

O'Murchu added: "What 
we achieved with only a 
small team of people and 
a little bit of organisation 
was remarkable. Next year 
we hope to run a few events 
UK wide on the day, have 
a planned social media 
schedule, engage more with 
students and really take the 
day to the next level. We 
would love for the day to go 
viral so are hoping to run a 
campaign to make it even 
bigger and more successful 
next year."

See the Big Picture on 
pp.16-17 for the Tunnels 
and Tunnelling pick of the 
best artistic photograph from 
a shortlist provided by the 
BTSYM. We selected Bam 
Nuttall's offering of a lone 
miner in an SCL section of 
the Tottenham Court Road 
Upgrade Project in London.

 The front cover of this 
issue displays a photo of 
young engineers on the 
Bond Street Station Upgrade 
Project in London, and was 
provided by Anita Wu of 
London Bridge Associates.

HatcH Mott MacDonalD to split up
North amerIca  Hatch and Mott MacDonald have 
announced that the Hatch Mott MacDonald (HMM) joint venture 
will be separated into two distinct businesses. HMM’s Canada 
business will become part of Hatch while HMM’s US business 
will become part of Mott MacDonald. HMM’s Pipelines business, 
which operates in both Canada and the US, will also join Mott 
MacDonald. 

Hatch Mott MacDonald was created 20 years ago as a joint 
venture providing engineering and professional services to the 
North American infrastructure market. HMM currently serves the 
transportation, water/wastewater, tunnelling, and oil and gas 
pipelines markets. HMM has grown into a major engineering and 
infrastructure business, with 3,000 staff and 77 offices throughout 
the United States and Canada.

In addition to the HMM joint venture, both Mott MacDonald 
and Hatch provide services in various North American sectors 
outside of HMM's infrastructure markets. 

With the joint venture having more than fulfilled its original 
intent, Mott MacDonald and Hatch agree that the route to 
achieving their respective global growth ambitions is that they 

should now move forward as two separate businesses across North 
America.

Mott MacDonald and Hatch will continue to operate in all 
sectors throughout North America. The change will enable both 
companies to focus on all markets and services, offer more 
expertise to more clients, and provide their staff with greater 
opportunities. Keith Howells and John Bianchini, the CEOs of Mott 
MacDonald and Hatch, made the following comment: "At a time 
of significant renewal in North American infrastructure, this change 
allows Hatch and Mott MacDonald and the staff of HMM to build 
and invest in new ways."

Nick DeNichilo, Hatch Mott MacDonald's CEO, will continue 
to lead the Hatch Mott MacDonald business until the company 
separation is concluded. 

At that point, DeNichilo will become President and CEO of Mott 
MacDonald in North America following the separation of Hatch 
Mott MacDonald into two distinct businesses. Hatch Infrastructure 
in North America will be led by Michael Schatz, Managing Director 
of Infrastructure.

These arrangements are expected to be finalized by early 2016.
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Mouchel appoints new 
technical director for 
transport planning 
GREAT BRITAIN  Mouchel 
has appointed Richard 
Crossley as its senior 
technical director for 
transport planning. Crossley 
joins from WSP Parsons 
Brinckerhoff where he led 
transportation planning 
services in the Middle East. 
Crossley brings with him 
over 40 years of experience 
within the transportation 
consultancy sector, including 
six years with the Department 
of Transport. 

Darren Oldham, Mouchel 
Consulting transport planning 
director says "We are 
delighted to welcome Richard 
to the senior strategic 
team at an important time 
for our business. We have 
witnessed continued success 

in securing major projects 
for key clients like Highways 
England, Transport for the 
North and the DfT, as well 
as being awarded places on 
new frameworks with many 
major local authorities. 
I've also known Richard 
for over 20 years, and he 
is recognised as one of the 
leading strategic thinkers in 
our industry, so he brings a 
wealth of expertise to the 
team. This will be invaluable 
in helping us to deliver 
existing projects, enhance 
our client relationships and 
create new opportunities 
across the sector. I'm really 
looking forward to working 
with him."

Crossley said, "It's a key 
time to be joining Mouchel 
Consulting and more widely 
the Kier Group, as there is a 
great deal of activity in the 
infrastructure sector, which 

we are well placed to address, 
I'm focused on supporting 
the team with the delivery of 
a number of key projects for 
clients including Highways 
England and the Department 
for Transport across the 
North of England and it's an 
exciting time as so much is 
in scope."

A registered Chartered 
Engineer, a fellow of the 
Chartered Institution of 
Highways & Transportation 
(CIHT) and a member of the 
Institution of Civil Engineers 
(ICE), Crossley's experience 
has been gained across 
the UK, the Middle East, 
China and Central Europe. 
Previously he was a divisional 
director for MVA Consultancy 
(now Systra) and Oscar 
Faber TPA working across 
a variety of transportation 
planning consultancy 
projects as well as holding 

10 years of experience within 
local authority highways 
provision. He also spent six 
years working with the DfT 
managing both trunk and 
motorway improvement 
schemes across the north of 
England's network.

Andringa to lead 
Vermeer 
USA  Jason Andringa is 
serving as Vermeer’s President 
and CEO as of 1 November 
2015. This announcement 
was first made in August 
2014, as part of the 
company’s family succession 
planning process.

 “I’m excited, honoured 
and humbled to have the 
opportunity to continue my 
family’s legacy of leadership 
at Vermeer into the third 
generation,” said Jason 
Andringa.

USA  One of the TBMs bored through 
the wall of Sound Transit’s future U 
District light rail station on Friday, 
November 6, completing the third 
segment of the twin 3.5-mile (5.6km) 
tunnels that will serve light rail trains 
from Northgate Mall to the University of 
Washington starting in 2021. 

"The machine has now dug out 
200,000 tons of dirt to reach the 
U-District Station," said Sound Transit 
Board Chair and King County Executive 
Dow Constantine. "Three tunnel 
segments are done; three more to go to 
reach Husky Stadium."

The boring completed the third of 
six tunnel segments being mined by 
contractor JCM Northlink LLC, (Jay Dee 
Contractors, Frank Coluccio Construction 
Company, and Michels Corporation). 
This TBM, "Brenda," was manufactured 
by Hitachi Zosen and launched July 
2014 from the Maple Leaf Portal. It will 
undergo maintenance at the U District 
station site before continuing south 
and connecting with the University of 
Washington Station, which opens with 
University Link first quarter next year.

A second machine named "Pamela," 
manufactured by Robbins, launched from 
the Maple Leaf Portal last November. It 
is expected to arrive at the U District site 
early next year. Both machines are 21.5ft 
(6.5m) in diameter

Tunnelling is expected to be 
complete by the third quarter of 2016. 

Tunnel finishes and cross-passages, are 
scheduled to be complete by the first 
quarter of 2018. When light rail service 
on the Northgate Link extension begins 
in 2021, trains will enter and exit the 
tunnels at the Maple Leaf Portal. The 
project is worth USD 1.9bn.

To date, Sound Transit has bored 
nine tunnel segments for Link light rail 
construction. Mining of the twin tunnels 

serving the Beacon Hill Station were 
completed in 2008. Mining of parallel 
tunnels between downtown and the 
University Link Capitol Hill Station, and 
the Capitol Hill Station and University 
of Washington Station, finished in 2012. 
When the remaining three tunnels for 
Northgate Link are complete, Sound 
Transit will have mined a total of twelve 
tunnels for light rail construction.

Seattle SeeS more mileStoneS on lrt
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A Robbins TBM is assembled 
earlier in the project
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ITA Awards 2015 
INTERNATIONAL  The 
ITA awarded its inaugural 
Tunnelling Awards on 
November 19, in Hagerbach 
Switzerland. The winners are 
listed below.

Project the year 
(exceeding EUR 500m)
The Eurasia Tunnel Project 
(Istanbul Strait Road Tube 
Crossing Project) will connect 
the Asian and European sides 
via a highway tunnel going 
underneath the Bosphorus. 
5.4 kilometres of the project 
will comprise a two-storey 
tunnel to be constructed 
underneath the seabed using 
special technology. 

Project of the Year 2015 
(EUR 50M to 500M)
South Korean Government 
designated Gyeongju city 
as a host city of Low- 
and Intermediate-Level 
Radioactive Waste (LILW) 
disposal site through local 
referendums held in regions 
whose local governments 
had applied to host disposal 
facility in accordance with 
the site selection procedures. 
Bongilri, Yangbuk-myeon, 
Gyeongju, was finally chosen 
to host the LILW disposal 
facility. 

Project of the year (up 
to EUR 50M)
The Norsborg Metro Depot 
is an important part of 
the development of the 
Stockholm metro system. The 
depot will provide storage, 
train wash and service areas 
for 17 trains and will also 
be a working place for 100 
employees. The depot is 
located underground in hard 
rock. It consists in three rock 
caverns, 300 by 24 meters 
each, connecting tunnels 
and areas for technical 
equipment. Conventional 
drill and blast method with 
top modern equipment were 
used. The total rock volume 
is 320 000 cubic meters 
and the total length of the 
tunnels and caverns is 3000 
meters. The scope of the 
project led to the division 

into two contracts: One 
consisting in the excavation 
and the waterproofing of the 
tunnels and caverns, and one 
consisting of the buildings, 
installations and the tracks.

The complete depot is to be 
finished by 2017.

Technical innovation
The vehicle-mounted GPR 
innovation is a non-contact 
and non-destructive testing 
technique very useful in the 
field of operation tunnel health 
status evaluation. Indeed, its 
air-launched antennas can 
detect linings and surrounding 
rock conditions in considerable 
depth (from 0.9m to 2.25m 
underground). Such technique 
has already been used in of 91 
tunnel inspections, with a total 
of 122km inspected through 
the Railway vehicle-mounted 
GPR technique.

The test tunnels are located 
in the Baoji-Zhongwei line, 
Xiangfan-Chongqing line 
under the jurisdiction of Xian 
Railway Bureau. Just as the old 
line of Xiangfan-Chongqing 
line, where the tunnels 
approaching to the design life, 
aging problem is particularly 
prominent. Railway vehicle-
mounted GPR technique for 
tunnel detection can detect 
the tunnel linings of national 
railway network and complete 
the tunnel defect census in a 
short time. 

Environmental 
Initiative of the Year
The Corrib tunnel, located 
on the Irish North was coast, 
aims at permitting Ireland 
to exploit a gas field in 
the Atlantic construction 
without harming the coastal 
environment surrounding the 
planned gas pipeline. The key 
criterion in the identification 
of the modified route, 
underpassing the Sruwaddacon 
Bay between Glengad and 
Aughoose, was the trenchless 
underground construction 
of a 4.9km long section due 
to the environmental impact 
of its location. Regarding 
the sensitive nature reserve 
surrounding the project, the 
client decided to install the 20' 
gas pipeline with all its relevant 

accessory components in 4.9km 
tunnel. The construction of this 
TBM Corrib tunnel has required 
a specific fit-out: a gas pipeline 
and a backfill equipment.

Safety initiative
Emergency refuge forms an 
integral part of a tunneling 
project's wider Emergency 
Response Plan (ERP). In an 
emergency situation (such 
as a tunnel fire) when 
evacuation is no-longer sage 
or practical, a refuge chamber 
is designed to provide a safe 
and secure 'go-to' area for 
personnel to gather and 
await extraction. In looking 
for a solution to the ITA 
Guideline's requirement for 
the use of compressed air 
and to maintain positive 
pressure to refuge chambers 
to avoid ingress of toxins, 
MineARC's engineering team 
has developed a breathable 
air system that is unique 
to the market; offering a 
range of new features aimed 
at reducing running costs 
and improving operational 
safety during an emergency. 
This system is called the 
Compressed Air Management 
System or CAMS.

Innovative use of 
underground space
The Toledo Station is a unique 
example of a decentralized 
museum, offering dynamic 
fruition of the artists' 
creations, as the citizens have 
the possibility to travel along 
an open artistic itinerary. 
Building the station has 
involved the re-systemisation 
of the surrounding urban 
context. Underground works 
include a long pedestrian 
passageway starting from the 
service tunnel, and linking the 
pedestrian platforms to the 
secondary exit in Piazzetta 
Montecalvario.

Young tunneller
Jurij Karlovsec is a Civil 
Engineer specialized in 
Geotechnical Engineering, 
and particularly in tunnelling.  
He currently works as a 
Postdoctoral Research 
Fellow at the University of 
Queensland, Australia, where 

he recently obtained his PhD 
in the field of TBM segmental 
lining integrity detection. 
Jurij's latest achievement is 
his position as founding Chair 
of International Tunnelling 
Association and Underground 
Space Young Member's 
Group.

Consultant of the year
WSP and Parsons Brinckerhoff 
have combined to becomeone 
of the world's leading 
engineering professional 
services consulting firms. 
Together they provide 
services to transform the 
built environment and restore 
the natural environment. 
Their expertise ranges from 
environmental remediation 
to urban planning, from 
developing the energy sources 
of the future to enabling new 
ways of extracting essential 
resources. 

Contractor of the year
Salini Impregilo is operative 
in over 50 countries with 
roughly 34,400 employees 
and a turnover of about € 
4.2 billion (as at 31-12-
2014). The Group has 110 
years of experience, focusing 
on complex and large civil 
engineering projects: dams 
and hydroelectric plants, 
railways and subways, roads 
and highways, civil, industrial 
construction and airports. 

Lifetime achievement
Sebastiano Pelizza received a 
degree in Mining Engineering 
from the University of 
Technology of Turin in 1961. 
He is now a full professor on 
"Tunnel Construction" at this 
University and he is also the 
Scientific Director of the one 
year post-graduate Master 
Course on "Tunnelling and 
Tunnel Boring Machines". 
Specialised in underground 
construction, he has 
designed and supervised the 
construction of more than 
100 tunnels in Italy and 
abroad (Turkey, Saud Arabia, 
Venezuela, Greece, Taiwan). 
He has been ITA President 
between 1995 and 1998. 
Since 2010, he is a member 
of the board of ITACET.
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Acciona-led JV named 
preferred proponent 
for BC Hydro Site C 
civil works 
CANADA  BC Hydro has 
selected Peace River Hydro 
Partners as the preferred 
proponent for the Site C 
main civil works contract, 
it announced November 
25. Peace River Hydro 
Partners include Acciona 
Infrastructure Canada Inc., 
Petrowest Corporation and 
Samsung C&T Canada Ltd. 

Main civil works is the 
largest single contract for 
the construction of the Site 
C project and includes the 
construction of an earthfill 
dam, two 10.8m internal 
diameter concrete-lined 
tunnels between 700m 
to 800m in length and 
approximately 32 million 
cubic metres of excavation 
for structures, including 
the approach channel and 
tailrace. 

BC Hydro said a rigorous 
evaluation process concluded 
that Peace River Hydro 
Partners has a strong 
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Big Bertha 
Begins final 
checks
greAt britAiN  Commissioning of the 
SR 99 TBM continues as Seattle Tunnel 
Partners prepares to resume mining. STP 
began testing machine components in 
November as crews continued welding 
pieces and reconnecting hoses and 
cables. 

The Washington State Department of 
Transportation made the announcement 
on 24 November, which marked the first 
sustained rotation of the cutterhead 
since the machine broke through the 
southern wall of the access pit on 19 
February. 

STP indicated it was planning to 
rotate the cutterhead in both directions 
for about one hour at a time. The 
contractor had begun rotating the 
machine’s cutterhead a few degrees 
at a time the week prior, stopping 
periodically to take measurements before 
completing a full rotation.

During the next phase of 
commissioning, which was due to take 
place in December as Tunnels and 

Tunnelling went to print, STP was due 
to begin to backfill the access pit with 
sand and gravel, and to continue to 
prepare the machine to begin mining. 
STP's most recent schedule shows that 

the machine should have been ready 
to resume mining on 23 December. 
Washington State told Tunnels and 
Tunnelling that it cannot verify the 
contractor's schedule.

A worker in the TBM's control room during commissioning in November 2015, 
prior to filling in the access pit

delivery record for projects 
of a similar size and nature 
and best met BC Hydro's 
requirements for the Site C 
main civil works contract.

"Peace River Hydro 
Partners are excited to be 
part of building a legacy 
project that will benefit 
British Columbians for 
generations to come," said 
Rick Quigley, on behalf of the 
contractor. 

"Our partnership has 
strong roots in Fort St. John, 
and I'm proud to be a part 
of the team building a clean 
energy project in the same 
community in which I live 
and work. 

We look forward to 
working closely with local 
workers and First Nations 
communities to maximize 
the economic opportunity for 
families in the Peace region."

BC Hydro issued a Request 
for Qualifications in April 
2014 and shortlisted four 
proponent teams to provide 
proposals for the main civil 
works contract. 

BC Hydro received 
proposals from all four teams 

this October. A contract is 
expected to be awarded by 
early 2016. The proposal by 
Peace River Hydro Partners is 
within the budget established 
by BC Hydro, and is included 
in the CAD 8.34bn (USD 
6.24bn) cost estimate for 
Site C.

While main civil works 
is the largest contract for 
Site C, other upcoming 
major construction contracts 
include: turbines and 
generators, generating station 
and spillways, Highway 29 
realignment, and substation 
and transmission lines.

Work under this contract 
is expected to create 
approximately 8,000 person-
years of employment over the 
eight-year contract, along 
with business opportunities 
for local, regional and 
Aboriginal businesses. 
Approximately 1,500 people 
will be working on main 
civil works at the peak of 
construction.

To meet the demand 
for jobs and business 
opportunities, BC Hydro is 
planning a series of job fairs 

and business-to-business 
networking sessions in early 
2016. 

The sessions will provide 
an opportunity for local, 
regional and Aboriginal 
businesses and job seekers 
to meet the main civil works 
preferred proponent and 
other contractors.

Strabag set to 
complete Züblin 
takeover pending 
board approval 
AUStriA Contractor 
Strabag has announced that 
it expects to agree terms 
for a complete takeover of 
Züblin. 

Currently the majority 
shareholder, it announced 
that an informal agreement 
has already been reached 
covering the core 
requirements of the deal. 
Although all parties have 
agreed not to disclose the 
specifics at this time. 

Strabag, for its part, still 
required approval from its 
Supervisory Board as Tunnels 
and Tunnelling went to print.
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Specialist Equipment for Sale – Central London

BAM Ferrovial Kier JV have a large number of specialist  
pieces of machinery for sale from their Farringdon site.

For full details of all equipment available and prices, please visit 
http://www.site-cycle.co.uk/ 

Kier.indd   1 14/12/2015   11:34



www.tunnelsonline.info14 | Tunnels | January 2016

 n e w s  /  w o r l d

what do you think? 
send your views 
to the editor and join 
the debate
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HindHead safety exercises
great britain  Highways England 
has released photos of a safety exercise 
held in the A3 Hindhead Tunnel. It said 
it wanted to highlight the success of 
the response from tunnel operators and 
emergency services. 

During the exercise, the emergency 
services dealt with a simulated collision 
involving multiple vehicles. While the 
tunnel operators were responding to the 
initial collision, a second collision was 
simulated further back with one vehicle 
catching fire and filling the tunnel with 
smoke.

The aim of the exercise was to test 
the response of the emergency services 
dealing with a road traffic collision 
and fire inside the tunnel. It is a legal 
requirement that a full-scale exercise is 
carried out every four years. The tunnel 

was closed in both directions overnight 
with a clearly signed diversion in place.

The joint exercise was attended by 
tunnel operators and emergency services 
from Surrey and Hampshire that could 
potentially be called to a real incident 
inside the tunnel.

Tunnelling completed 
on Evergreen Line 
CanaDa  Officials 
announced that tunnelling 
has completed on the 
Evergreen line in Vancouver 
on 27 November, although 
previous delays will push 
back the opening to 2017. 

The TBM drilled a single 
2km-long tunnel starting 
east of Barnet Highway 
in Port Moody to south 
of Kemsley Avenue in 
Coquitlam. The tunnel is an 
integral part of Evergreen 
Line project that will link 
Burnaby, Port Moody and 
Coquitlam to the existing 
SkyTrain line serving Metro 
Vancouver. Boring the tunnel 
was the most complex and 
technically challenging part 
of the Evergreen Line project.

"Celebrating the 
completion of the tunnel 
boring work today is a great 
milestone for the project 
and for the communities 
this line will serve," said 
Minister of Transportation 
and Infrastructure Todd 
Stone. "The Evergreen Line 
project is more than 75 per 
cent complete, and the work 
to finish the line, including 
the tunnel, is well underway. 
Once Evergreen is complete, 
B.C. will have the longest, 
fully automated rapid transit 
network in the world."

The elevated and at-grade 

Emergency personnel executed readiness operations in the A3 Hindhead tunnel

guideway in Burquitlam, 
Port Moody and Coquitlam 
is complete. The station 
buildings range between 80 
per cent and 99 per cent 
complete. There are seven 
stations along the project 
alignment: Lougheed Town 
Centre Station, Burquitlam 
Station, Moody Centre 
Station, Inlet Centre Station, 
Coquitlam Central Station, 
Lincoln Station, and Lafarge 
Lake-Douglas Station.

In October 2012, the 
Ministry of Transportation 
and Infrastructure awarded 
EGRT Construction CAD 
889M to design, build, and 
finance the Evergreen Line 
Rapid Transit Project. EGRT 
Construction, a consortium 
led by SNC-Lavalin, includes 
joint ventures between 
SNC-Lavalin Constructors 
Western, Graham Building 
Services, International 
Bridge Technologies, 
Jacobs Associates Canada 
Corporation, Rizzani de 
Eccher, Seli Canada, and 
SNC-Lavalin Constructors.

EGRT Construction is 
responsible for building 
the elevated and at-grade 
guideways, the tunnel, seven 
stations, power substations, 
train-operating systems 
and roadworks, as well as a 
vehicle-storage and light-
maintenance facility.

The tunnel interior work 
and systems installation will 

continue into summer 2016. 
Train testing is expected to 
begin in the tunnel in the 
fall of 2016 with the line 
operational in early 2017.

NFM and Mulhauser to 
cooperate 
FranCe/SWitZerLanD 
 Manufacturers NFM and 
Mühlhäuser have signed 
an agreement to allow 
Mühlhäuser to work with 
European and selected 
international customers of 
the pair. A spokesman said, 
"Following several successful 
collaborations in developing 
logistical solutions to specific 
project requirements, such 
as Lyon - Turin, where 
Mühlhäuser designed and 
delivered a belt conveyor 
system for an 11.2m NFM 
TBM, the two tunnelling 
specialists agreed to step 
forward with a long term 
cooperation agreement, 
with a view to better serve 
customers with a complete 
tunnelling solution."

Breakthrough on 
Confederation Line 
 
CanaDa  One of the 
roadheaders mining the 
Downtown Tunnel on 
Ottawa’s Confederation 
Line completed final bench 
excavation in Lyon Station, 
it was announced on 25 

November. Mining from the 
West Portal to the eastern 
end of Lyon Station cavern 
is 100 per cent done, ant the 
roadheader was moved to 
Parliament Station cavern. 
Three roadheaders are 
mining Ottawa's 2.5km-long 
downtown tunnel. It is part 
of phase 1 of the city's light 
rail transit (LRT) system. This 
initial segment is 12.5km 
long with 13 stations, three 
underground. Most of the 
alignment is between 16m to 
24m below ground.

The Confederation Line is 
being built through a public-
private-partnership with the 
Rideau Transit Group (RTG), 
which will maintain the line 
through 2038. RTG comprises 
ACS Infrastructure Canada 
Inc., Dragados Canada, 
EllisDon, SNC-Lavalin, Dr. 
Sauer & Partners, Hatch Mott 
MacDonald and Thurber 
Engineering, among others.
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 High Shear Colloidal Mixers
 Containerized Plants
 Full Automation
 Peristaltic & Piston Pumps
 Vertical & Horizontal Silos
 TBM Injection Systems
 Mix Design Testing
 Cellular Concrete Plants

Picture: Crossrail C310 & C305 (London)

Eglinton Tunnel (Toronto)
Northwest Rail Link (Sydney)
Shieldhall Tunnel (Glasgow)
Lima Metro Line (Peru)
Crenshaw/LAX Transit Corridor (Los Angeles)
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Left: A section 
of sprayed 
concrete lining 
at Tottenham 
Court Road 
Station upgrade. 
This photo was 
uploaded by Bam 
Nuttall for the 
UK's National 
Tunnelling Day in 
December 2015 
(see news, page 
8). Bam Nuttall is 
in JV with Taylor 
Woodrow on the 
TCR project
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IN THE dark, early morning crowds 
gathered for a viewing of 563t TBMs 
on the move. It was the weekend of 

April 17–20, 2015, two TBMs were lifted 
out of extraction shaft located just west 
of Allen Road, and moved to the launch 
shaft just east of Allen Road to bypass a 
nearby subway line.

While there was still a number of 
kilometres left to mine on the tunnel 
project, spectators outnumbered 
journalists, excited to see a major 
milestone on a project that is making 
history in Toronto.

In Toronto, these are two of four 
TBMs deployed on 10km of tunnels 
for the 19km-long Eglinton Crosstown 
LRT project. It’s the largest expansion 
in Toronto’s history. Across the country, 
a number of cities are working toward 
large infrastructure projects to increase 
mass transit systems, many of which 
include an underground component.

In North America, demand for 
underground construction stems 
from varying end sectors depending 
on the location. In British Columbia, 
hydroelectricity is the largest source of 
electric power generation. Facilities in 
the province range from large storage 
hydro facilities to run-of-river small 
hydro to micro hydro plants. Increasing 
mass transit infrastructure in Toronto 
has required excavation of tunnels for 
new subway and light rail lines. Cities 
across the US Midwest are updating their 
sewer systems to meet consent decrees 
with the EPA. Deep tunnel networks are 
often the backbone of these billion-
dollar programs. 

BRITISH COLUMBIA
Hydropower is continually a strong 
source of demand for the west coast, 
in fact TAC regional director for 
British Columbia, Serge Moalli, says, 
“Hydroelectricity is leading the way 
in terms of the number of tunnels 
currently underway.”  

REGIONAL REACH
With the World Tunnel Congress meeting at San Francisco for 2016, Nicole Robinson, 
Editor of Tunnels & Tunnelling North America, provides an overview of the region’s 
tunnelling work

Nicole Robinson
Editor of Tunnels and Tunnelling North 
America, Nicole is based in Minnesota

Innergex Renewable Energy, a developer, owner and 
operator of run-of-river hydroelectric facilities, wind 
energy, and solar farms in North America, has a number of 
hydroelectric facilities (HEF) in development, requiring tunnel 
work. The Upper Lillooet HEF is an 81.4 MW plant consisting 
of an approximately 2,500m long inverted D tunnel shaped 
6m wide and 5.5m high. The Boulder Creek HEF is 25.3 MW 
comprising a 2,900m long inverted D shaped tunnel 3.6m wide 
x 4.5m high to be mainly excavated from the downstream 
portal. Moalli reports, approximately 2km of that tunnel is to 
be excavated with a 13 per cent uphill grade. So far, 979m of 
the Boulder Creek tunnel have been excavated. The Big Silver 
HEF is 40.6MW project, conveying water through an 1,800m 
long tunnel with the same dimensions as the Upper Lillooet 
HEF tunnel. 

The BC Hydro and Power Authority, an electric utility in 
British Columbia is moving forward with Phase I of the Site 
C project: included in the works are two diversion tunnels 
approximately 670m and 762 long with a diameter of 12.2m. 
The project also comprises some drainage tunnels with access 
adits under the dam. Technical and Financial submissions are 
currently scheduled for this autumn.

Another BC Hydro project currently under development 
is the John Hart Generating Station Replacement Hydro 
project. Located in Campbell River, on Vancouver Island, this 
nearly USD 1bn project was awarded to InPower BC. The 
project comprises a 2.1km long power tunnel, underground 
powerhouse and associated adit tunnels. At the end of July, the 
116m long, 6m x 6m diameter service tunnel is complete and 
enters the powerhouse cavern on the downstream side. The 

Above: Quartz 
intrusions on the 
Big Silver Tunnel
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Above: TBM 
transportation 
for the Eglinton 
Crosstown 
project

controlled blasting and drilling has gone across the 93-metre 
length of the crown of the powerhouse cavern. There are 
two adits that feed off the service tunnel, with Adit B now 
complete and over 260 metres long. Work is just starting on 
Adit C. Excavation of the main access tunnel 6m wide by 9m 
high is now about 40 per cent complete. Excavation of the 
power tunnel is also about to commence.

Hydropower isn’t the only market creating demand for 
tunnelling across in the province. In Vancouver, a McNally-
Aecon JV completed tunnelling on the Port Mann water supply 
tunnel this summer, and work is on-going for the Evergreen 
Line rapid transit project.

Moalli reports, Metro Vancouver has more tunnel projects 
being planned and proposed: the 1.1km-long Second Narrows 
Water Supply tunnel, the Annacis Main No. 5 Water Tunnel  
and the Coquitlam Intake No. 2.

CSO in COlumbuS 
In the Midwestern United States work is mostly focused on 
TBM tunnelling for combined sewer overflows (CSOs). The 
US Environmental Protection Agency (EPA) identified 746 
communities using combined sewer systems (CSS) in 2004—
the majority located in the Great Lake and Northeastern 
regions. Home to the nation’s older communities, these areas 
were quickly developing in the late 19th century when cities 
began building municipal sewer systems.

According to data from Timetric, the value add of the 
sewage infrastructure construction in the US was USD 10.7bn 
in 2012, continuing to increase each year from USD 10bn in 
2008. The market analyst company forecasts there will be even 

bigger gains, increasing some 23.8 per 
cent over the next five years. 

Water infrastructure construction in 
the US follows very similarly according 
to Timetric, and is also expected to make 
an increase of some 22 per cent from 
2012 to 2017. 

In 2004, the EPA identified Ohio 
as having the highest number of 
communities using a CSS, and its cities 
are finding tunnelling to be the best 
solution to relieve their CSOs. Many of 
the programs comprise more than 20 
miles of tunnels and are worth billions 
of dollars. 

For example, the City of Columbus 
Public Utilities department celebrated 
the breakthrough of the TBM mining 
the 4.5-mile long Olentangy Scioto 
Interceptor Sewer (OSIS) Augmentation 
Relief Sewer (OARS) sewer tunnel in 
September 2015. Approximately 170ft 
below ground, the tunnel will include 
three relief structures that will divert wet 
weather combined sewer flow from the 
OSIS to the OARS tunnel. 

A joint venture of Kenny/Obayashi 
has a USD 264.5M contract for building 
the entire 20ft-diameter tunnel, as 
well as Shafts 1, 2 and 6; OSIS Relief 
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Structure at Shaft 6, Screen Building 
over Shaft 2, West Gate Chamber. The 
overall project is currently scheduled to 
be completed in late summer 2017.

Money talks
In New York and surrounding reach, 
the subway and commuter train 
systems are in dire need of increased 
capacity. Local and state officials have 
finally closed the funding gaps in the 
MTA’s 2015-19 capital plan as of this 
October. The USD 26.1bn plan includes 
the second phase, of four, of the 
Second Avenue Subway. 

Another proposed project for the 
region has significant tunnelling work, 
Amtrak’s Gateway Tunnel under the 
Hudson River, but there is no consensus 
among New York, New Jersey, the federal 
government and other relevant parties 
for sharing the costs.

Other projects along the eastern 
seaboard continue to move forward. The 
Elizabeth River Tunnels Project Team, 
comprised of Elizabeth River Crossings 
OpCo, LLC, SKW Constructors (Skanska, 
Kiewit and Weeks) and the Virginia 
Department of Transportation, placed 
the final element for the new Midtown 
Tunnel in Virginia this summer. RFQs 
have recently been issued for DC Water’s 
largest tunnel in its entire Anacostia 
River tunnels project. 

Western horizon
The SR99 tunnel project to replace 
the Alaskan Way Viaduct in Seattle 
has captured headlines not just in the 
industry but also across the country. At 
the time of its launch in 2013 it was 
the world’s largest TBM. After more 
than a year of down time for repairs, 
the machine was expected to start 
tunnelling again in December 2015.

Meanwhile, Seattle is the home of 
two more large tunnelling projects 
to expand its light rail system. The 
University Link project is scheduled to be 
operational in 2016, and two tunnelling 
contracts completed 2 miles of twin 
tunnels. An extension to the University 
Link project, Northgate Link, is currently 
underway. Two TBMs are mining 4.5 
miles of twin tunnels. The USD 2.1bn 
project is Sound Transit’s largest to-date. 

Looking at California, there are 
several projects with tunnelling 
components at all stages of 
construction. San Francisco will be 
hosting the 2016 WTC and the city’s 
Central Subway project phase 2 is 
nearing completion. Work to expand 
Los Angeles’ Subway and light rail 
lines includes a number of tunnelling 
contracts 

The John Hart 
Generating 

Station 
replacement 

project
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C ONSTRUCTION ON the Port Mann Main Water Supply 
Tunnel (PMMWST) project began back in the spring of 
2011 with the construction of the South Shaft, and this 

summer, a signi� cant milestone was achieved on June 26, when 
“Squirrel”, an EPBM designed by Caterpillar completed its � nal 
advance of the 1,000m tunnel drive. This article provides an update 
of the tunnel construction and highlights some of the unique 
challenges that had to be addressed during construction. 

PROJECT OVERVIEW
The project site is located approximately 30km southeast of 
downtown Vancouver, British Columbia. The deep shafts and 
under-river tunnel will house a new water main that will replace 
the existing crossing constructed in the mid-1970s. The pipeline, 
owned and operated by the Greater Vancouver Water District 
(Metro Vancouver), is a critical link for the supply of high 
quality drinking water, connecting the Coquitlam reservoir to 
municipalities south of the Fraser River. A project plan is shown in 
Figure 1, page 24. 

UNDER THE RIVER
Tunnelling under the Fraser River in the Lower Mainland, British Columbia, is no easy 
task. That is what the Port Mann Main Water Supply Tunnel project team has learned 
over the past three years. Stephanie Fekete and Andrew McGlenn of McMillen Jacobs 
Associates discuss the recent tunnel completion and summarise the demands that were 
required in order to make this drive successful

PROJECT TEAM
The project is being constructed by 
the McNally International – Aecon 
Constructors Joint Venture (MAJV). 
Construction management is being 
provided by Hatch Mott MacDonald. The 
design for permanent structures as well as 
engineering services during construction 
are provided by the Fraser River Tunnel 
Group (FRTG), a team comprised of 
Ausenco, McMillen Jacobs Associates, 
and Golder Associates. McMillen Jacobs 
Associates was responsible for the tunnel 
design and initial lining design for the 
two shafts.

DESIGN REQUIREMENTS 
The selected project con� guration 
consists of a 3.5m diameter bored and 
segmentally lined tunnel mined between 
two 65m deep vertical shafts. The tunnel 
is located approximately 30m below 
the bottom of the river. Two new valve 
chambers will be constructed integral to 
the shafts to control water � ows through 
the tunnel. 

The inside diameters of the initial lining 
of the North and South shafts are 8 and 
13m in excavated diameter, respectively. 
They were constructed between 2011 
and 2013 using slurry walls for initial 
ground support. The � nal linings of the 
shafts are 5m and 11m in inside diameter, 
respectively, and are heavily reinforced, 
permanent concrete linings.

The initial tunnel lining consists of six 
segments (5 + 1 key) forming a bolted and 
gasketed ring, each 1m long and 250mm 
thick. The steel � bre-reinforced segments 
were manufactured locally by Armtec and 
have a compressive strength of 50 MPa, 
and provides the temporary support for 

Stephanie Fekete
Stephanie is a project engineer with McMillen 
Jacobs Associates, based out of Vancouver
Stephanie is a project engineer with McMillen 
Jacobs Associates, based out of Vancouver

Andrew McGlenn
Andrew is lead structural engineer for projects 
in the Vancouver and Seattle of� ces
Andrew is lead structural engineer for projects 

Below: The 
tunnel prior to 
the start of pipe 
installation. This 
view is to the 
North Shaft
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the installation of a 2.1m diameter, 25mm 
thick steel water main pipe. The tunnel 
is located below the depth of riverbed 
scour and is designed to remain functional 
following a major earthquake. 

During design, it was determined 
that there was a risk of lateral spreading, 
which could cause permanent ground 
deformation along both riverbanks 
towards the river, resulting in structural 
demands on the steel final lining. An 
extensive geotechnical drilling program 
combined with seismic analyses and 
structural modelling were undertaken to 
complete the design. The results indicated 
that the tunnel and the steel lining could 
potentially see significant compressive and 
tensile strains. 

Special welding and steel material 
requirements were specified to 
accommodate these strains. 

Tunnelling CondiTions     
Tunnelling was completed on a slight 
downward vertical alignment, with the 
3.5m diameter EPBM working its way 
from the South Shaft in Surrey toward 
the North Shaft in the City of Coquitlam 
on the other side of the Fraser River. 
The TBM was designed to handle high 
groundwater pressures, with 6 bar 
pressure anticipated.  

The tunnel alignment intersects two primary geologic units, as 
shown in the tunnel profile Figure 2. 

Tunnel Soil Group 1 (TSG1), a till-like unit, comprises variable 
dense glacial material, consisting of silty sand, sand and gravel, and 
silty clay with some cobbles and boulders. 

Tunnel Soil Group 2 (TSG2) consists of silty clay, with limited 
granular materials. Approximately 70 per cent of the tunneling 
was in TSG2 (silty clay), with the remaining 30 per cent in TSG1 
(till-like soil). 

TBM launCh
Several TBM launch challenges had to be overcome because of 
the tunnel depth as well as limited workspace at the base of the 

Above: Loading 
the TBM into the 
launch can at the 
South shaft

Below: Figure 1, 
the tunnel and 
shafts near the 
Port Mann Bridge

Fraser River

CN Rail Yard

City of Coquitlam

City of Surrey

Tunnel alignment

North Shaft

South Shaft

Highway 1
Port Mann Bridge

1 km
 TBM

 drive
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South Shaft. Worker access to the base of the shaft was typically 
via a scaffolding stair tower (at 55m depth, which is 24 flights of 
scaffolding), complemented by a crane and man-basket. At only 
11m in diameter, the launch shaft made for a very constrained 
work site. 

Typically in shaft launches, a starter tunnel is excavated 
to provide extra room for equipment. However, because of 
the seismic requirements of the project as well as the high 
groundwater level, a starter tunnel could not be constructed. 
Therefore, the TBM had to be assembled one gantry car at a 
time as the machine advanced and more space became available. 
This assembly process was lengthy as each time a new section of 
the TBM back-up was lowered down to tunnel elevation, new 
temporary configurations had to be implemented for the utility 
connections and various operations, such as muck handling. 

Both shafts utilised “ground replacement” to facilitate launching 
and receiving of the TBM. A rectangular block of concrete panels 
at the break-out and break-in zones was constructed using a 
hydromill and backfilled with a low strength concrete. 

To ensure adequate protection from high groundwater pressure, 
a steel launch can, from which to launch the TBM, was installed 
with three inflatable Bullflex seals as well as a rubber gasket. A 
steel jacking frame was set up at the base of the shaft and used to 
advance the TBM until enough segmental lining had been installed 
to resist the full thrust of the machine. 

Key RequiRements
In order to balance the external soil and 
groundwater pressures, the TBM had to 
be operated at high chamber pressures. 
TBM excavation chamber pressures up to 
5.5 bar occurred during tunnel excavation 
where the full hydrostatic pressure was 
realized. For a portion of the drive under 
the Fraser River, the TBM was operated 
typically in the 3 to 4 bar range because 
of slower groundwater recharge.

Annulus grouting (between the 
segmental lining and the ground) was 
initially conducted via the tail shield. 
Because of issues with grout line blockages, 
this was soon aborted and annulus 
grouting was completed by injection 
through the precast segments for the 
majority of the tunnel drive. 

For each advance, ball valves were 
installed, approximately at the springline 
on either side of the tunnel, and drilled 
out. A two-part cementitious grout (2 MPa 
design strength) was injected at pressure. 
Hydrophilic O-rings were installed into the 
drilled out grout ports at a later date. 

These were highly effective in reducing 
any leakage occurring from the grout ports 
and greatly reduced tunnel water inflow. 

The TBM cutterhead was equipped with 
rippers, gauge disc cutters, scrapers and a 
fishplate (or nose cone). The cutterhead 
was designed such that disc cutters could 
be installed to replace the rippers on two of 
the four spokes.

The rippers were generally effective in 
breaking up the ground so that soil and 
rock fragments could pass through the 
grizzly bars into the excavation chamber. 
The rippers saw variable wear, with some 
displaying very significant wear and others 
minimal wear. 

Some of the cutting tools were 
inspected and replaced during the tunnel 
drive, particularly during tunnelling 
through the granular TSG1 material. 

CuRRent status
With tunnel excavation complete in late 
June, MAJV has now begun installation 
of the final tunnel lining. 9.1m-long 
sections of 2.1m diameter, 25-mm 
thick welded steel pipe are now being 
placed. Each stick of pipe is installed 
with a rail-mounted pipe carrier and then 
circumferentially butt-welded. The tunnel 
annulus will be backfilled with a low 
strength cellular concrete mix installed via 
grout ports in the steel pipes. Because of 
the tunnel grade, several bulkheads will 
be used to divide the tunnel into  
backfill reaches. 

Completion of final lining and 
backfilling work is anticipated for later 
this year, with Project Completion 
scheduled for late 2016  

Top: Tunnel cross 
section

Above: Figure 
2, a simplified 
geological cross-
section. Soil 
conditions shown 
between borings 
are interpreted 
and actual 
conditions will 
likely differ 

Simpli�ed geological cross-section
Soil conditions shown between borings are interpreted and actual conditions will likely differ
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T HE CONSTRUCTION of curved microtunnels is not 
a new technical development within the trenchless 
industry. Historically speaking, the � rst recorded notable 

planned and designed curved microtunnel was successfully 
built by Seibu Construction Company in Chiba, Japan, in 1982. 
The project involved the construction of a 1.8m ID, 847m-long 
gravity sewer beneath the Edo River and the curved portion of 
the sewer alignment involved the execution of a 300m radius 
horizontal curve for a distance of 245m. The success of the 
Edo River microtunnel project inspired the construction of 
several curved microtunnels in Japan, with extreme radii of 
60-80m being achieved. In Europe, there have been multiple, 
long-curved microtunnels, cumulating in the most impressive 
of them all, the 2,535m, 3.0m ID “Europipe," built in 1992 
under the North Sea, in Norway. 

In North America the history of curved microtunnelling 
commences within the current decade. In 2010 Northeast 
Remsco constructed a 1.8m ID, 447m radius horizontal 
curve for a distance of 52.6m as part of the Homestead Ave. 
Interceptor Expansion Project in Hartford, Connecticut. For 
reference, the current record for long distance non-curved 
microtunnelling in North America goes to the Kiewit Bil� nger 
Berger (KBB) JV who constructed a 2.1m ID, 937.87m long 
microtunnel as part of the City of Portland, Oregon’s, East 
Side Combined Sewer Over� ow Tunnel Project. The success 
of these projects or indeed any curved or long microtunnel 
project is due to extensive pre-project planning and the use of 
state of the art microtunnelling equipment. Since 2012, several 
signi� cant microtunnelling “� rsts" have been achieved in 
Ontario, following the reintroduction of the method in 2011. 

CHARACTERISING LONG DISTANCE CURVED 
MICROTUNNELLING
It is important de� ne the parameters that would classify a 
trenchless project as a “long-distance curved microtunnel." The 
authors propose the following criteria: 

BREAKING 
BOUNDARIES

Prior to 2012, the integration of designed vertical or horizontal curves into microtunnel 
alignments was unheard of in Ontario. Following the release of a large number of 
infrastructure projects in suburban Toronto, clients and consultants encouraged 
contractors to present value engineered alternatives to pr oposed project alignments and 
construction methods. Seamus Tynan and John Grennan of Ward and Burke discuss 
three recent projects successfully constructing long-distance, curved microtunnels

1. The microtunnel alignment has been 
pre-designed or value engineered. 

2. The microtunnel boring machine 
(MTBM) is remotely operated from 
the surface. 

3. The tunnel is constructed by pipe 
jacking. 

4. The MTBM has the ability to 
articulate and steer the cutterhead 
through the ground. 

5. The Internal Diameter (ID) exceeds 
1,200mm.

6. The minimum length of the 
microtunnel drive is 200m. 

7. The tunnel alignment incorporates at 
least one Horizontal or Vertical Curve 
or a combination of both (spatial 
curve). 

8. The TBM utilises an advanced 
guidance system that allows 
navigation through curves without 
loss of position information. 

Planning for success
The American president Abraham Lincoln 
famously quoted, “Give me six hours to 
chop down a tree, and I will spend the 
� rst four sharping the axe." The level of 
planning that must be done in advance 
of a long distance curved microtunnel 
cannot be overstated. 

There are several key elements that 
need to be considered and reviewed prior 
to the construction in certain situations 
for the tendering of any long-distance 
curved microtunnel.

Seamus Tynan
Seamus is an engineer with Ward & Burke, 
based out of Ontario
Seamus is an engineer with Ward & Burke, 

John Grennan
John is the director of Ward & Burke 
Microtunnelling, Canada

027_031tun0116ontario.indd   27 22/12/2015   11:12



www.tunnelsonline.info28 | Tunnels | January 2016

 p r o j e c t  r e p o r t  /  c a n a d a

Site investigation 
A separate paper could be written on 
the subject of site investigations for 
microtunnelling projects. While the 
extents and scope of any sub surface 
site investigation are defined by the 
project budget, it is paramount that the 
following subjects be addressed as a 
minimum: 

1. Local landscape use and topography 
2. Local geology 
3. Local hydrogeology 
4. Engineering properties for the soil or 

rock along the proposed alignment 
5. Chemical analysis of soil or rock 
6. Study of past local tunnelling 

experience in project location 
7. Project specific studies, i.e. 

contaminated land
8. Sub surface risks , i.e. buried utilities 

The above subjects should be 
provided in the Project Geotechnical 
Data Report (GDR), which in turn 
should be summarised in the Project 
Geotechnical Baseline Report (GBR). 
A well-written and researched set 
of geotechnical reports with an 
unambiguous set of recommendations 
or statements will often set the tone 
for the project, and the contractor will 
assign costs to cover the “ground risk" 
accordingly. 

Specifications 
Recent standard specifications written 
for microtunnelling projects in Canada 
typically require the contractor to 
provide detailed and comprehensive 
tunnelling submissions prior to 
construction. Such submissions provide 
the client with evidence that the 
contractor has theoretically evaluated 
the project prior to construction. In the 
case of long-distance microtunnelling, 
the contractor is required to include 
additional details such as surveying 
protocols, interjack spacing, risk 
assessments and contingency plans. 

Equipment selection 
In the 1980s, there were more than 
12 manufacturers of microtunnelling 
equipment competing for the small bore 
trenchless market. Today, there are only 
five manufacturers of MTBMs and the 
associated support equipment. The latest 
generation of MTBMs, jacking frames, 
and spoil management systems are 
modular, highly sophisticated, and are 
capable of negotiating the most adverse 
of soil conditions. As with all tunnelling 
projects, the key to success is detail at 
micro management level. The selection 
of the correct equipment is the most 

important element of the project. In applying this analogy to 
long distance curved microtunnels, considerable analyses must 
be contributed towards: 

1. MTBM Selection – The MTBM power system (hydraulically 
driven or electrically driven), the ability to steer through the 
curves in the alignment, cutting head configuration, cutting 
tool configuration, and access capability are important 
parameters to consider during this process. 

2. Slurry Circuit System – The number, position, and size of 
slurry pumps and pipework to transfer the drilling fluids to 
the MTBM and back to the surface needs to be evaluated. 

3. Separation Plant Selection – The separation plant must be 
able to cope with the volumes of material generated by the 
selected MTBM. It must never cause delay to the MTBM. 
Often the separation system is the first system to fail on a 
microtunnel project. 

4. Jacking frame and Intermediate Jacking Station (IJS) 
Selection – The jacking forces must be predicted prior 
to construction and a jacking site specific system must 
be developed to overcome these estimated forces. The 
possibility of stoppages due to maintenance and the 
resulting increase in jacking forces from the stoppage 
should be included in the analyses. 

5. Lubrication System Selection – The distribution system 
selected must be capable of minimising jacking forces for 
the entire length of the tunnel. Like the slurry system, pump 
and pipe sizing play an important role to the success of this 
system. 

6. Backup Components – It is inevitable that wear 
components, particularly in slurry pumps, will need 
replacement on site. It is important to ensure that sufficient 
spare parts are kept on site and that the project is staffed 
with qualified skilled trades to ensure that downtime is kept 
to an absolute minimum. 

Jacking pipe selection 
There are three primary types of jacking pipes that can be 
used in microtunnelling projects, namely Precast Reinforced 
Concrete Pipe, Centrifugally Cast Fiberglass Reinforced Polymer 
Mortar Pipe (CCFRPM), and Steel Liner Pipe. Since each of 
these jacking pipes are materially different, it is extremely 
important that they are designed site specifically. Design 
criteria such as pipe length, maximum jacking load, maximum 
earth load, and joint seal rating are all standard specifications 
that are important. 

However, in long distance curved microtunnelling, the 
ability for the pipe string to take the curved alignment 
and the ability to use IJS units to overcome the jacking 
force requirement are the overruling design criteria. A curve 
introduces non concentric loading through the wall of the 
jacking pipe, therefore, reducing its ability to take load and 
each pipe joint deflects through a curve. IJS units are essential 
on long microtunnel drives to permit forward advancement of 
the MTBM. Therefore, the jacking pipe type selection must be 
able accommodate curves and IJS units. 

Guidance systems
MTBM guidance systems have been in use in the 
microtunnelling industry since the mid 1970s. As a rule of 
thumb, conventional shaft laser based MTBM guidance systems 
are reliable and accurate up to 250m for straight alignments. 
Beyond 250m, Electronic Distance Measuring (EDM) Thedolites 
in conjunction with a tunnel guidance system must be used to 
maintain the line and level of the MTBM. In the case of long 
distance curved microtunnels, there are two options available. 

027_031tun0116ontario.indd   28 22/12/2015   11:12



www.tunnelsonline.info January 2016 | Tunnels | 29

c a n a d a  /  p r o j e c t  r e p o r t  

The first is a Gyro based tunnel guidance system. They use a 
North seeking compass as reference to control alignment while 
grade is controlled by a hydro water level system. 

The system has been around since 1983 and it has been 
widely used in the industry. 

The second system is a more recent development known 
as VMT SLS-LT. It uses automated EDMs to continuously 
measure MTBM position and reference prisms in the tunnel. 
The software in the system continuously recalculates the co-
ordinates of the reference prisms as they move in the tunnel 
with the jacking pipe. 

Both guidance systems require a physical tunnel survey to 
confirm accuracy at regular intervals. The interval spacing is 
usually decided by the alignment tolerances and the accuracy 
of the guidance system being used. A physical survey in 
a microtunnel is extremely difficult in sizes smaller than 
1,200mm ID, therefore, long curved microtunnels are generally 
equal or greater to this diameter. 

These current systems allow the MTBM operator to know 
the real-time and projected position and orientation of the MTBM 
at all times. 

RECENT CURVED MICROTUNNELS - ONTARIO
Long-distance curved microtunnels are site specific and 
require all of the above points to be addressed to ensure a 
successful end result. 

Keswick WPCP Effluent Outfall Expansion  
December 2012- July 2013 
This complex project was located along the southeastern 
shoreline of Lake Simcoe in the Town of Keswick. The project 

owner was the Regional Municipality of 
York who, in order to meet the projected 
demands for the Town of Keswick, 
issued a tender for the expansion of the 
Water Pollution Control Plant (WPCP) 
and the twinning of the existing outfall 
to Lake Simcoe. A detailed technical 
account of the project has been written 
by Gelinas et al., NASTT 2014. 

McNally Construction, of Hamilton, 
Ontario, were the General Contractors 
for the project and they awarded 
a sub-contract to Ward and Burke 
Microtunnelling Ltd. for the construction 
of the microtunnels and associated 
shafts required on the project. The 
original trenchless scope of the project 
involved the construction of 750m 
of 750mm ID sanitary sewer and six 
tunnelling shafts. 

Ward and Burke Microtunnelling 
Ltd. worked closely with the project 
team and developed a value engineered 
alternative design alignment using 
1.2m ID Reinforced Concrete Pipe, the 
elimination of two tunnel shafts, and the 
incorporation of curved microtunnels. 
The details of the curved microtunnels 
were as follows (Table 1). Ward and 
Burke Microtunnelling used the VMT SLS 
LT MTBM guidance system and both 
curved microtunnels drives were completed 
successfully, making the Keswick WPCP 
project the first trenchless project in 
Canada to use designed microtunnel curves 
along its alignment. 

It is also important to point out that 
the Keswick WPCP project also involved the 
“wet" retrieval of the MTBM from the bed 
of Lake Simcoe. This high risk tunnel drive 
was successfully completed, making it the 
first ever wet retrieval of a MBTM from a 
lake bed in Canada. 

The Keswick WPCP Project was very 
well planned, designed, and executed. The 
owner employed a pre-bid qualification 
process and a highly experienced design 
team to provide a detailed contract 
specification for the project. As a result of 
the achievements on the Keswick WPCP 
project, the project team was awarded 
several industry awards, namely:

 ■ Runner Up -Trenchless Technology 
Project of the Year 2013

 ■ Ontario Public Works Association - 2013 
Project of the Year, Structures, CAD10-
50M Category 

 ■ Irish Buildings and Design Awards 2014 
International Project of the Year. 

Elgin Mills PD7 Watermain
 April 2013 - October 2013 
As part of the Regional Municipality of 
York's Long Term Water and Wastewater 
Master Plan 2009, the Elgin Mills PD7 

Table 1. Keswick Outfall Expansion - Curved Tunnel Alignment Details
Curved drive no. 1 Keswick WPCP 

Drive length 335.984m 

Internal diameter 1.2m 

Vertical curve radius - 

Horizontal curve radius 6,850m 

Curve length 295m 

Maximum jacking force 60t 

Number of interjacks 1 

Drive duration 16 Days 

Soil type Wet Sand & Silts

MTBM type Herrenknecht A VN1200 

Primary lining Reinforced Concrete Pipe 

Curved drive no.2 Keswick WPCP 
Drive length 207.969m 

Internal diameter 1.2m 

Vertical curve radius 6600m 

Horizontal curve radius 875m 

Curve length 182.984m 

Maximum jacking force 107t 

Number of interjacks 0 

Drive duration 11 Days 

Soil type Wet Sand, Silts, Boulders

MTBM type Herrenknecht A VN1200 

Primary lining Reinforced Concrete Pipe 
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watermain was identified as critical 
infrastructure required to strengthen the 
current water supply network serving the 
Towns of Richmond Hill and Markham. 
The PD7 watermain was constructed 
along Elgin Mills Rd. from Enford Rd. 
East to Bayview Avenue, with the local 
streetscape defined as dense suburban 
residential sub-divisions. Following a Pre-
bid Qualification process and tender period, 
the project was awarded to Drainstar 
Contracting of Vaughan, Ontario, who then 
issued a sub-contract to Ward and Burke 
Microtunnelling. to construct the trenchless 
tunnel and launch shaft. 

The final product pipe for the 
watermain was specified to be a 600mm 
ID C301 Concrete Pressure Pipe. In order 
to install the watermain along Elgin Mills 
Rd., Ward and Burke proposed to construct 
a 740m-long, 1,500mm ID microtunnel. 
The design alignment consisted of three 
horizontal curves with straight tangents 
in between each individual curve. A total 
of four interjack stations were installed 
into the pipe string during tunnelling 
but none were engaged due to the 
effective and efficient management of 
lubrication throughout the drive. A VMT 
SLS LT MTBM guidance system was used 
during tunnelling. Upon completion, the 
drive entered the record books for being 
the longest curved microtunnel ever 
constructed in North America. 

North Don Sanitary Sewer 
September 2013 - June 2014 
The North Don Sanitary Relief Sewer 
System is located in The Regional 
Municipality of York and its construction 
first commenced in 1974. Over the years 
several extensions were added to the 
system to accommodate population 
growth in the Richmond Hill, Aurora, and 
Newmarket areas of Ontario. The North 
Don Sanitary Sewer Relief Project involved 

the construction of 1,704m of 1,200mm ID reinforced concrete 
gravity sewer by microtunnelling and connections to the existing 
North Don Sanitary Sewer at Carrville Rd and the Bathurst Collector 
Trunk Sewer at Autumn Hill Boulevard. Following a pre-bid 
qualification process and tender period the project was awarded 
Pachino Construction Ltd. of Concord, Ontario, who then issued a 
sub-contract to Ward and Burke Microtunnelling Ltd. to construct 
the trenchless tunnel and tunnelling shafts for the project. 

The sanitary sewer was constructed in three distinct microtunnel 
drives, with the longest tunnel drive being 635m, making it the 
current longest 1,200mm ID microtunnel drive constructed in 
North America. The VMT SLS LT MTBM tunnel guidance system 
was installed to successfully guide the MTBM to each of the 
reception shafts within project tolerances. It is important to note 
that these microtunnels were constructed during one of the coldest 
winters in recent memory. Temperatures regularly plummeted to 
-20OC below making for very challenging tunnelling conditions. 

Kenilworth Ave. Combined Sewer Overflow 
February - July 2014 
Located in the City of Hamilton, Ontario, the Keninworth Ave. 
North project is unique as it involved a long-distance curved 
microtunnel within the Queenston Shale "soft rock" formation. The 
objective of the CSO project was to provide storage capacity for 
the local storms sewers, which had reached maximum capacity. The 
project also involved the upgrading of local watermains and surface 
infrastructure such as traffic signal systems. Rankin Construction 

Below: Lake 
Simcoe, with 
Georgina 
Island in the 
Background
photo: LespaLenik / 
shutterstock.com

Table 2. Elgin Mills PD 7 
multi-curved drive no. 3 elgin mills pD7 

Drive length 740m 

Internal diameter 1.5m 

Vertical curve radius - 

Horizontal curve radius 400m - 180m Long 
3000m - 83m Long 
400m - 80m Long 

Maximum curve radius 150t 

Number of interjacks 4 

Drive duration 51 Days 

Soil type Glacial Till, Sands. Silts. 

MTBM type Herrenknecht A VN1500 

Primary lining Reinforced Concrete Pipe 
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Table 4. Kenilworth Ave. CSO

CURVED DRIVE No. 7 Kenilworth Ave
N. CSO 

DRIVE LENGTH 319m 

INTERNAL DIAMETER 1.5m 

VERT. CURVE RADIUS - 

HORZ. CURVE RADIUS 952m 

CURVE LENGTH 142m 

MAX. JACKING FORCE 90 

NO. OF INTERJACKS 1 

DRIVE DURATION 35 Days 

SOIL TYPE Queenston Shale 

MTBM TYPE Herrenknecht A VN1500 

PRIMARY LINING Reinforced Concrete Pipe 

was the General Contractors for the project. The local streetscape 
around Kenilworth Ave. North is dominated by the Dofasco Steel 
Processing Plant. Due to the density of sub-surface utilities, the 
original straight, 177m-long microtunnel was extended by an 
additional 142m to avoid having to open-trench across a very 
busy intersection at Bath Rd. Ward and Burke Microtunnelling Ltd, 
switched out the standard ELS MTBM guidance system for a VMT 
SLS LT system in under three days and were able to complete the 
remainder of the microtunnel drive in under 10 days. 

Summary and final 
thoughtS
Through correct planning and use of 
the latest microtunnelling equipment 
and technology, long-distance curved 
microtunnelling becomes an economical 
and safe option to overcome the 
constraints that are inherent with 
deep tunnels and congested urban 
environments. 

In all of the projects highlighted, the use 
of long distance curved microtunnelling 
saved the construction of shafts that 
otherwise would have been located on 
busy roads adjacent to existing services and 
structures. 

By using such a system, the workforce 
exposure to live traffic risk is reduced, 
traffic disruption is at a minimum, and the 
client receives cost savings through the 
elimination of shafts 

Table 3. North Don Sanitary Sewer

Curved drive no. 4 North Don San  
Sewer 

Drive length 467.5m 

Internal diameter 1.2m 

Vertical curve radius - 

Horizontal curve radius 500m 

Curve length 57m 

Max jacking force 206t

Number of interjacks 2 

Drive duration 31 Days 

Soil type Glacial Till, Sand, Silts. 

MTBM type Herrenknecht A VN1200 

Primary lining Reinforced Concrete Pipe 

Curved drive no. 5 North Don San  
Sewer 

Drive length 600.6m 

Internal diameter 1.2m 

Vertical curve radius - 

Horizontal curve radius 650m 

Curve length 238m 

Max jacking force 350t 

Number of interjacks 3 

Drive duration 56 Days 

Soil type Saturated Sand and Silts to Clay 
and Silt. 

MTBM type Herrenknecht A VN1200 

Primary lining Reinforced Concrete Pipe 

Curved drive no. 6 North Don San  
Sewer 

Drive length 635m 

Internal diameter 1.2m 

Vertical curve radius 5800m 

Vertical curve length 80m 

Horizontal curve radius 400m 

Horizontal curve length 129m 

Maximum jacking force 350t 

Number of interjacks 2 

Drive duration 42 Days 

Soil type Saturated, Low Shear Strength 
Sand, Silts. 

MTBM type Herrenknecht A VN1200 

Primary lining Reinforced Concrete Pipe 
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W HEN AUSTRIA’S new Koralm 
high-speed railway line opens in 
December 2023 another piece 

of the Trans-European Transport Network 
(TEN-T) will be in place.

The line is part of the 2,400km 
trans-European Baltic-Adriatic Corridor 
linking the Baltic and Adriatic coasts 
and connecting 40 million people. It 
stretches from Gdansk and Gdynia on 
the northern coast of Poland to Bologna 
in northern Italy, crossing through the 
Czech Republic and Slovakia along the 
way and providing a direct link between 
the capital cities of Warsaw and Vienna. ❱

THE KORALM 
CONNECTION
Austria’s Koralm tunnel is part of a new alpine link in 
Europe. Keren Fallwell reports 

Keren Fallwell
Keren joins the Tunnels and Tunnelling team
as a contributing editor this year
Keren joins the Tunnels and Tunnelling team

Aerial view of 
the job site with 
gantries visible 
in the distance
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The 130km-long Koralmbahn, being 
built for ÖBB-Infrastruktur, will provide 
a direct rail link between the cities 
of Klagenfurt and Graz, the capitals 
of the states of Carinthia and Styria 
respectively, reducing the current travel 
time of three hours to less than one 
hour. It will also allow heavy freight 
trains of up to 2,000 tonnes to be pulled 
by only one locomotive. The line will 
carry up to 256 trains a day running at a 
maximum speed of 250kph.

“The line will serve as a missing link 
from north-east Europe to northern 
Italy,” says Dietmar Schubel, head of 
Koralm tunnel KAT 2 for ÖBB. “It also 
provides a new alpine crossing line and 
a connection between Styria, especially 
the Graz area, and Italy, as well as the 
Carinthian area and Hungary.”

This improved access is expected 
to bring economic benefits to the two 
Austrian regions, he adds.

Carinthia and Styria are separated by 
the Koralpe mountains so a key feature, 
and the largest infrastructure element, 
of the new railway is the 33km-long 
Koralm tunnel under this range. It will 
be the longest railway tunnel located 
entirely within Austrian territory.

The tunnel comprises twin running 
tubes – the north and south tubes 
– 40m apart and connected by cross-
passages every 500m. There are 42 cross-
passages in total and there will also be 
a 900m-long emergency station and 
refuge at the mid point.

Before the main excavation for the tunnel, 130 exploration 
wells and a 10km-long exploratory tunnel system were 
excavated to carry out in-depth analysis of the geological and 
hydrogeological conditions.

ContraCt details
The tunnel construction is divided into three main sections: 
KAT1, KAT2 and KAT3. KAT1 comprises the east portal in 
Styria and includes a 3.2km open land route, four bridges and 
a 2.3km tunnel section built by drill and blast using NATM. 
Work began in 2008 and was completed in 2013.

KAT3 involves widening the existing 7.6km-long sounding 
tunnel and building an additional 3.3km of new tunnel for the 
south bore.

KAT2 is the middle and longest contract section – and the 
largest construction contract ever awarded in Austria. It covers 
works from the access shaft, 3km from the eastern portal, west 
towards KAT3.

The EUR 570M (USD 621M) construction contract was 
awarded to the joint venture of Austrian companies Strabag 
and Jäger Bau in 2010, just as Strabag was finishing work on 
the Gotthard Base Tunnel in Switzerland.

The contract length is 37.2km for the two bores –19.7km 
for the south tunnel and 17.5km for the north. Of this, a total 
4.43km (2.57km south and 1.86km north) are being excavated 
by NATM and 32.7km (17.1km south and 15.6km north) by 
TBM. The maximum overburden of the tunnel is 1,250m.

Work started on site in January 2011 with site installation 
and twin shaft construction. 

The NATM works started in April 2011 and were completed 
in December 2012.

A month later the first TBM started in the south tunnel, 
followed by the second TBM in the north tunnel in April 2013.

One of the first technical challenges was launching the two 
Aker Wirth (now CREG-Wirth) double shield TBMs. Establishing 
a construction base near the eastern portal was ruled out for 
environmental reasons so instead a 60m-deep shaft was sunk 

Above: Panorama 
photograph 
inside the tunnel
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and this provided the access for the TBMs to the assembly 
cavern below. The shaft is a double-cell excavation and each 
cell has an 18m diameter. 

The two TBMs feature the typical Aker Wirth wing-type 
gripping system in the rear sections of the shield which 
provides optimal support via the secure three-point bearing to 
produce high-performance boring with little vibration and the 
main benefit, to use gripping in soft geologies. The cutterhead 
is driven by electric motors with an overall power rating of 
4,800kW and a maximum cutting torque of 30,000kNm.

The TBMs are around 175m long and weigh more than 
1,800 tonnes.

GeoloGy
Each TBM is making an average monthly advance of between 
500 and 700m and so far the greatest daily progress has been 
44m.

However, the mountains’ hard rock geology has meant 
the average daily gain is 12m rather than the predicted 17m. 
Despite this slower than expected progress, Schubel says the 
project will still be finished in time for test runs in early 2023 
and for full service in December of that year.

The geology includes gneiss and mica schist as well as 
marbles, amphibolites, eclogites, quartzites and pegmatites. 

“We’re mining through different layers of gneiss, partly 
heavily fractured with high contents of schist, marble and 
quartz,” says Strabag mechanical engineer Robert Goliasch.

There have also been areas with cataclastic rock with 
overbreak and “challenging squeezing of the TBM”. In summer 
2014 the JV Arge Kat2 had to free up the south TBM after 
clocking the cutterhead and squeezing the shield.

“After a rock stabilisation programme using several umbrella 
forepoling and injections of foam and cement, we could free 
up the shield and cutterhead manually,” said Goliasch.

“By using the cutterhead’s maximum torque of 30,000kNm 
and maximum propel force of 150,000kN the TBM could 
finally be driven out of this zone.”

An ongoing challenge is the blocky 
rock areas and the fractures and rock 
burst that damage the cutters and 
the cutterhead. As a result, several 
cutterhead revisions have had to be 
made, says Goliasch.

In February 2015, a fire on the back-
up generating set at the rear of one TBM 
stopped work in the north tube for two 
weeks. Fortunately no-one was injured 
and Schubel was pleased with the way 
the emergency evacuation procedures 
were implemented.

“The execution of the rescue concept 
worked well,” he says. “There were 25 
people on the machine when the fire 
started; 13 rescued themselves using 
the rescue train; five were able to reach 
the next cross heading by foot and the 
remaining seven men were evacuated by 
the rescue team.”

To ventilate the tunnel during 
construction JV ARGE Kat2 is using a 
system similar to that employed on the 
Gotthard base tunnel.

“Because of the length of the tunnel 
we use one tunnel, the south tube, for 
blowing in fresh air. The fresh air is 
distributed from the last finished cross-
passage to the TBM north and south 
and the exhausted air diverted out via 
the north tunnel. Crucial for such a 
ventilation system is a complex control 
system for all fans, flaps and lock gates, 
to fulfil the guidelines of the emergency 
plan,” Goliasch explains.

According to the latest schedule 
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the TBM in the north tunnel will finish 
in summer this year and in the south 
tunnel in spring 2017.

The 9.93m-diameter TBMs are 
installing a 350mm-thick segment 
lining. Along the NATM sections a 
double lining of shotcrete and a second 
concrete lining is installed. 

Managing this stock of segments 
with the constraints of a jobsite 
has been helped by VMT’s Segment 
Documentation System. By linking the 
digital modules for calling up segments 
for the TBM from stock with their 
placing in the tunnel the system means 
stockpiling is avoided and product 
picking is correct.  

Each of the tubes has its own 
segment plant, with room to stock 
around 300 rings. A total of 103,500 
segments will be used for the rings and 
another 17,250 larger invert segments. 

Mobile Baustoffe, a subsidiary of 
Strabag, has supplied 1.2 million m3 of 
concrete required for the prefabricated 
elements of the first two sections and 
exploration galleries. Some 82,000 
tonnes of additives and 350,000 
tonnes of cement were delivered by rail 
from Lafarge, tailoring the chemical 
composition of the cement for the 
geology.

Spoil
The two TBMs working in parallel mean 
that every hour a maximum of 2,000 
tonnes of spoil has to be mucked and 
screened online. Over the course of the 
contract KAT2 will produce 8.6 million 
tonnes of excavated material, 60 per 
cent of which will be reused, including 
1.5 million tonnes for on-site concrete 
production which will provide 1 million 
m3 of concrete for the tunnel’s inner 
lining. 

Some of the spoil will also be reused 
in the landfill required to build the new 
high-speed line.

The aggregates for the concrete are produced in the on-
site gravel plant, the largest that Marti Technik has supplied 
outside its home country of Switzerland. The three-stage 
crushing installation implemented by METSO minerals has a 
downstream wet-classification and a sand-processing unit. The 
plant feed rate is 300 tonnes per hour and the three sand silos 
each have a capacity of 1,000 tonnes.

The 1.2 million tonnes of excavated material destined for 
external recycling is removed by rail.

The muck is carried out of the tunnel through two exits – 
the eastern portal of KAT1 to the Grub depot, or through the 
vertical 60m shafts to the Hollenegg depot. During the initial 
drill and blast phase the mucking out was done by trucks but 
now, with the TBMs in place, 99 per cent is done via the 52km 
network of conveyors supplied by Agir Group of Switzerland. 
There are 82 conveyors in total. In the two bores the longest 
conveyors measure 18.8km and 17km, while the longest 
outdoor conveyor is 6km.

“Our conveyors bring the muck to the two landfill sites, the 
screening site, the aggregates production site and back from 
there to the concrete works, as well as to the railway loading 
site,” says Agir’s Carl Ulrich Wassermann.

In the tunnel the conveyors are kept out of the way by 
being suspended from the roof but outside they are ground 
standing or on bridges 

Above: Conveyor 
setup with 
temporary 
storage areas

Below: The base 
of an access 
shaft on the 
project
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IN OCTOBER this year, Switzerland's 
BLS rail company head of installations 
and projects Daniel Pixley took on a 

new task; upgrading the Lötschberg base 
tunnel at the centre of his network. For the 
next four years he manage a CHF 100M 
(USD 100M) research and design project 
into expansion of the 34.6km long deep 
alpine tunnel as well as overseeing network 
scheduling. 

Actual construction and � tting out 
will take another seven years from 2021 if 
money is voted through.

Currently the tunnel is largely single 
track, though it has a 14km length of twin 
bore in the south. The limitation arises 
from funding restrictions imposed on the 
grand Alpine rail transit scheme which the 
country agreed in 1992 with two main 
north south axes.   

From early on the CHF 4.3bn (USD 

RUNNING DEEP
Switzerland's Lötschberg, was the � rst 
Alpine rail base tunnel to open and 
focuses now on operations and possible 
expansion reports Adrian Greeman

Adrian Greeman
Is a former editor and long-standing 
regular contributor of Tunnels and TunnellingTunnels and Tunnelling

An entrance to 
a cross passage 
within the tunnel
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4.3bn) western side Lötschberg has been the smaller sister to the 
Gotthard axis from Zürich to Milan, whose main 57km twin bore 
base tunnel, the world's longest and deepest rail tunnel, opens to 
commercial service at the end of next year. 

To save costs on the overall alpine system, money was diverted 
from Lötschberg. Its full twin tunnelling was reconfigured and a 
7km long section of its second bore remains to be excavated while 
another 14km is excavated but is without fittings or track, though 
it is used for service and emergency functions.

Now the plan is to fit the empty shell section with track, power, 
signalling and all the other equipment for full train operations, 
reducing the 21km of single track operations to just 7km. 

“There is also a 4km long double track underground approach 
tunnel at the northern, Frutigen portal" says Pixley “and this 

Tunnel layout
Lötschberg was the first of several deep base tunnels to be 
excavated for the swiss nrLa (new rail Link through the alps) 
scheme, commonly called alptransit. approved in 1992 it aims 
to transfer much of the freight transport north to south through 
europe from road to rail for the major axis from rotterdam to 
genoa via Basel.  over 100M.t is moved annually, around one third 
through switzerland.

two high speed deep tunnel routes through the country in the 
scheme,  the Lötschberg via Berne, and a second through Zurich 
and the gotthard pass where a 57km long 2200m deep base 
tunnel opens next year.  a second deep tunnel, the Ceneri, further 
south on the gotthard route opens in a few years time. 

as the earliest of the base tunnels, Lötschberg relied on more 
conventional methodology for its construction than others; some 
20% was excavated by tunnel boring machines and the remaining 
80% by blasting. around 16M.t of spoil was produced of which 
40% was recycled for concrete.

the tunnel has two bores 40m to 60m apart with a 
construction diameter of 9.43m, slightly larger than gotthard and 
Ceneri, which allows for a final tunnel track clearance of 5.85m 
beneath the catenary power line. this is large enough for roll-on 
roll-off truck shuttle trains and double-decker passenger stock. 
gotthard will not accommodate these bigger trains.

Construction started in 1999 and was completed by 2005 
with fitting out following in the next two years and opening for 
commercial traffic at the end of 2007. 

Construction challenges included grouting an important 
aquifer feeding hot springs at the Loèche-les-Bains resort and 
the discovery of asbestos in one section requiring special work 
methods such as water screens.  Discovery of carboniferous rocks 
towards the end of excavation slowed work for a while.

excavation was completed for the eastern bore and all but 
7km of the western side bore, with two major emergency stations 
along the route at Ferden and Mittholz. these were locations for 
construction access adits. there are also crossover tunnel links for 
the tracks at these points and the tunnel has a total 108 smaller 
cross passages for emergency rescue and for housing equipment, 
spaced at 333m intervals. 

the full east side bore is currently fully fitted out with non-
ballasted track with sleepers in shock-absorbing rubber footings 
above a concrete base, and with the full panoply of electro-
mechanical systems. 

signalling is internal cab display using the electronic train 
Control system etCs2.

the western bore is fully fitted along the first 14km travelling 
north from raron portal to the Ferden crossover, and there is a 
concrete road and equipment for maintenance and emergency 
access in the next 14km excavated shell section. 

For the final 7km of tunnel with just the single bore, 
emergency access is provided via a smaller diameter service 
tunnel 5km long, built for initial construction access and 
investigation works, and through the Mittholz access.

currently has only a single track which 
will be also be replaced with a double 
configuration."

The overall 18km of additional double 
tracking will make a huge difference to his 
main task, managing the operations and 
maintenance of the tunnel. The long single 
track section of tunnel currently both 
complicates and restricts the scheduling of 
the freight and passenger services through 
both the up to 2,000m deep tunnel and 
the original higher mountain line 400m 
above, with its older 15km tunnel built in 
1906. The two lines are used in tandem 
for greater flexibility. They both fit into an 
overall 500km long network run by BLS 
which began as the Berne-Lötschberg-
Simplon rail company at the time of the 
first high tunnel line.

Lötschberg's single tracking, imposed 
additional constraints over and above 
those of a long tunnel from the start. In 
actually operation it has also seen changes 
in the tunnel use compared to foreseen use 
when the alpine base tunnel system was 
approved.

Originally it was thought the tunnel 
would have a mixed use with some 
passenger trains, considerable standard 
freight as well as roll-on lorry freight, and 
also car shuttles, much like those used in 
the Channel Tunnel. The diameter of the 
tunnel is larger than Gotthard as a result, 
to accommodate the roll-on loading gauge. 

In the event says Pixley the train mix 

Both: The 
Loetschberg 
is the first 
operational base 
tunnel
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developed differently. Passenger use is 
higher and while freight is also important, 
some of it continues to use the high line, 
though larger 4,000t trains can only go on 
the flatter line. Car shuttles have not been 
run in the high speed tunnel, which is at 
full capacity use without them.

Demand for Intercity passenger use 
from Berne and even Zurich however has 
been higher than thought initially, the 
result he thinks of major time savings on 
the route. This comes not simply from 
the 20 minutes gained by running at the 
200km/hour possible through the base 
tunnel – faster rolling stock for the 250km/
hour maximum does not yet exist - but 
also because the base tunnel allows and 
synchronises with new connections into the 
network at Visp, which is particularly liked 
by hikers, skiers and other tourists, going to 

and from the Matterhorn. On the high line they have to go on to 
Brig and double back costing another half hour. 

Passenger use is about 56 per cent he says, against a foreseen 
27 per cent. The rest is freight or truck shuttles and a small number 
of service trains. These are mostly used on Sunday nights when the 
tunnel is closed for routine works. In the double bore section there 
is also further maintenance done on Monday's by shutting one of 
the two tracks.

Of a theoretical 110 train slots set for the tunnel daily, about 85 
are used, this being a 77 per cent utilisation, which is “pretty much 
close to the limit, extremely high use" he says. The spare time soaks 
up delays and possible incident. Some days do see 100 per cent 
and a record 137 has been achieved for a single day's use.

 “The ideal concept is that we run an Intercity followed by three 
freight trains at three minutes intervals going south. Then the line 
reverses and we have an Intercity followed by one freight train" 
says Pixley. The additional freight trains return on the mountain 
line he says. “Usually they are less heavily laden heading north and 
also there are steeper sections on that side before they reach the 
tunnel, so some trains already have to double up their traction, 
which means they are already configured for the steeper mountain 
line."

But the picture is complicated by the time out for maintenance 
on Sunday – the six trains per hour exceed the 110 daily total - and 
by the addition into the schedule of a long distance Eurocity train 
every two hours. “This reduces the available cargo slots" says Pixley.

The base tunnel uses a fixed train path timing system he says, 
and a train must arrive within six minutes of its allotted time 
or lose its place. “They would then have to wait or go on the 
mountain line."

That applies more to freight he says because the necessity of 
meeting connections on the network makes tight timetabling more 
crucial for the passenger trains. 

The freight/passenger mix, combined with the single tracking 
also has an impact on speeds says Pixley. Despite a 250km/hour 
capability for the line inside the tunnel, passenger trains are kept 
to 200km/hour because otherwise they leave too big a gap before 
the 100km/hour freight catches up. For logistical reasons a faster 
service would actually reduce capacity. This will apply to all the 
base tunnels, including those with  twin bore running without 
reverses in direction.  

Trains are controlled into, and through, the tunnel from a 
central operational control room in Spiez some distance north of 
the tunnel, via local control centres at each portal, the north in 
Frutigen and south at Raron. Telemetry and 110 video cameras give 
the centres full information about the inside of the tunnel and its 
status, with information on ventilation, the cross passages every 
330m, the power supply and other systems. Hot box detectors and 
other equipment monitor train conditions as the approach the 
tunnel and inside; “sick" trains cannot enter, or must leave quickly 
if detected inside. 

The controllers can alter the regime for maintenance periods 
too when the main ventilation fans must be used to drive in fresh 
air, although normally the tunnels rely on train piston effects to 
push air through. Power ventilation is also used in case of fire to 
isolate and exhaust smoke filled areas. 

Three teams work round the clock, on traffic control, power 
systems and the tunnel systems says Pixley, “although the latter 
functions are being partially merged. The power engineers and the 
systems engineers are being cross-trained." 

The changes are partly due to an upgrade in the tunnel 
operating system which was done recently. Such is the speed with 
which digital equipment and computers evolve that the overall 
operating system needed renewal after a maximum ten years he 
says. It was done late 2013. “We took the chance to also renew 
the programmable logic interfaces at the automated control points 

Area with train traf�c

Area without train traf�c (Tunnel carcass)

Planned area (Not tunnelled)

Service and access tunnel

Tunnel areas

The Rhône
Steg

Ferden

Mitholz
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Below: Layout 
of the tunnel 
differentiated by 
usage
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inside the tunnel, and consolidated the sometimes dozen or so 
units into a single interface unit. It was more cost effective than 
waiting for them to reach their full 20 year design life."

Systems are from such firms as ABB which supplied heavy 
power switching equipment for the train traction and ABAG 
which did much of the 50Hz power system and cabling for doors, 
ventilation, cooling, lights and fire detectors. Like most base 
tunnels, the Lötschberg is deep enough to experience hot rock 
conditions and equipment has to survive 80 per cent humidity and 
temperatures up to 35oC. Most of the equipment is located in the 
cross passages which connect across the 40m distance between the 
twin bores. These are for safety and for equipment, with pressure 
resistant safety doors.  A container system was used during tunnel 
fit-out to allow the multiple disparate systems to be assembled and 
integrated above ground before moving to the final locations.

The cross passages will now serve another important function, 
by allowing the future upgrade project to be carried out in a 
phased manner without disrupting train services. Sections between 
330m long sections will be done one at a time.

“The problem we face is that the central 'empty' tunnel bore 
serves as the emergency rescue route for the main tunnel and 
cannot be blocked for the long periods needed for fit out. But 
working one section at a time allows for access arrangement from 
each end of the 14km section to be used." 

The Lötschberg has two emergency train stopping stations 
along its length from which safety access can be made for this 
central 14km section, which is to be brought to twin tube status.

But just how this operation can be sequenced, and construction 
and equipment fit out crews can both access the work points, and 
get in their materials, remains to be worked out. This is a challenge 
facing the study and design team which will begin work next year.

“We are just tendering to appoint outside consultants for the 
work now," says Pixley. Some CHF 100M (USD 100M) has been 
cleared by one of Switzerland's numerous public referenda for the 
studies, although he does not think it will need the full allocation.  

Assuming the full project gets funding, to be decided by 

another referendum in 2018, it is 
anticipated these complications will 
demand a programme of some seven or 
so years before trains can run. That would 
be around 2027-8.  But the twinning will 
give a significant improvement in capacity, 
allowing two passenger trains per hour 
each way for example, and bringing further 
capacity improvements for freight which is 
expected to grow steadily.Of course the full 
twinning of the line would help even more. 
That requires a final drive to be made to 
complete the second bore. Local cantons 
and business groups are campaigning for 
this to be done.

“It makes sense to complete the tunnel 
before it is fifty years old at least" says 
Pixley.  “At that point it will require major 
renovation – the concrete slab track will be 
reaching its end-of-life point for example 
and will need replacing, and other systems 
too. Such works demand extended closure 
of the tunnel, perhaps over a year. With 
a single bore, that would close the axis 
completely which would throw the entire 
Swiss and European network off balance 
he says, whereas keeping one of two 
bores open would have less impact. Other 
advantages of a full twin configuration 
would be in taking all but the lightest 
freight and passengers from the mountain 
line. It would therefore need a less heavy 
duty configuration, saving maintenance 
and capital renewal costs.

But all that is to be decided as always in 
Switzerland, by referendums 

Above: A train 
exits a tunnel 
portal
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Below: Flow 
cone set up for a 
viscosity test

T HE USE of natural pozzolans 
predates modern Portland cement 
by about 2,000 years. Numerous 

structures built using volcanic ash—a 
pozzolan—mixed with burned lime are 
still standing today. In fact, the term 
pozzolan is derived from the volcanic ash 
mined at Pozzuloli, a village near Naples, 
Italy, following the 79 AD eruption of 
Mount Vesuvius (Derucher et al. 1994). 
It is not surprising then to see pozzolans, 
though predominately now synthetic, 
still in high demand today.

A pozzolan, by de� nition, is a 
“siliceous or aluminosiliceous material 
which in itself possesses little or no 
cementitious value but will, in � nely 
divided form and in the presence of 
moisture, chemically react with calcium 
hydroxide at ordinary temperatures 
to form compounds possessing 
cementitious properties” (Derucher et al. 
1994). In short, pozzolans are powders 
that will harden when combined with 
lime and water at normal temperatures. 

Fly ash, the most widely used 
pozzolan in concrete, is a by-product 
from the combustion of pulverised coal 
in electric power generating plants. Upon 
ignition, most of the volatile matter 
and carbon in the coal are burned off. 
However, the coal’s mineral impurities 
either settle to the furnace bottom as 
bottom ash or fuse in suspension and 
are carried away by the exhaust gases 
to cool and solidify into spherical glassy 
particles called � y ash (Komatka et al. 
1994).

UNDERSTANDING FLY ASH

Types of fl y ash
As is the case with any raw material, 
varying the geographic source of � y 

PERFORMANCE 
ANALYSIS OF FLY ASH 
IN TWO-COMPONENT 
GROUTS
While � y ash is often used as a partial 
substitute for cement in civil construction, 
its usage in two-component grouts for 
TBM annulus grouting is varied. Opinions 
on the bene� ts of � y ash vary from 
person to person and project to project, as 
do the economics. While most tunnelling 
projects use � y ash in two-component 
grouts a signi� cant number of projects 
do not. The purpose of this paper is to 
quantify the performance of � y ash in 
two-component grouts by testing the 
compressive strength, bleed, gel time, and 
viscosity and also comparing these same 
parameters with � y ash from different 
geographic sources

Phil Antunes
Phil is the project manager for Team
Mixing Technologies, based in Canada
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ash may affect the properties and 
performance. There are two primary 
classes of fly ash used with cement: 
Class F and Class C. Class F fly ash is 
produced from burning older anthracite 
or bituminous coals with a low calcium 
content, CaO (Calcium hydroxide or 
quicklime, as it is commonly known) < 
15%, and has no cementitious properties 
on its own. Class C fly ash is produced 
from burning younger lignite or sub-
bituminous coals and are further sub-
classed as intermediate calcium content 
(CI) with 15% < CaO < 20% and high 
calcium content (CH) with CaO > 20%. 
Importantly, as a result of the high CaO 
content, Class C fly ash will hydrate and 
harden on its own in the absence of a 
cementing agent or activator (Komatka 
et al. 1994).

How fly ash works
When Portland cement and water are 
combined, compounds of calcium 
silicates (CS) and water react to form a 
calcium silicate hydrate (CSH) gel and 
calcium hydroxide (CH). The CSH is the 
binder while CH is not. By adding fly 

ash which contains reactive silica, however, the CH will react 
to form more CSH. Fly ash also acts as a microfiller between 
cement particles reducing permeability and bleed water (King 
2005).

Fly ash advantages
While fly ash was once only a waste product, its use has 
steadily increased over the last 40 years. That said, still 
only 43.7% of fly ash was used in 2013 in the U.S. and the 
rest—approximately 30 million tons—was landfilled as waste 
(www.acaa-usa.org/Publications/Production-Use-Reports. 
01/14). When it is utilised, however, it often realises a further 
environmental benefit by substantially reducing the CO2 

Table 1. Two-Component Grout Mix Design

A-Component Quantity
Cementitious Content* (Cement + Fly ash) 333 kg

Bentonite: 40 kg

Water: 766 kg

Pozzolith 100XR: 3.33 L

B-Component
Sodium Silicate N38 100 L

Source: Author
*The total cementitious content remained constant though the ratio of fly ash/cement was varied.

Below: Work 
site set up of 
material silos
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emissions of concrete. Fly ash can also result in regulatory body 
issued incentives to related projects and facilities. This, coupled 
with the fact that it is cheaper at the production source than 
cement, often results in both environmental and economic 
benefits.

The use of fly ash in concrete also has several known 
physical advantages including the reduction of water demand, 
bleed water, heat of hydration, and permeability while also 
extending set times, increasing pumpability and, generally, the 
long term strength (King 2005). 

As many of these benefits are also desirable in two-
component annulus grouts, fly ash use in tunnelling is 
common. (Two-component grouts are also known as “bi-
component” or “A/B type” grouts.) Annulus grouts, however, 
differ substantially from concrete in that they contain no 
aggregates and the water to cement ratio varies roughly 
between 2.0 and 3.0 versus 0.4 to 0.6 in concrete. The 
questions thus arises, do two-component annulus grouts see 
the same benefits from fly ash that concrete does? 

Fly ash disadvantages
Apart from the performance of the grout itself, the logistics 
of obtaining and utilising fly ash also need to be considered. 
Tunnelling projects are generally short term projects of intense 
activity executed within the tight physical boundaries of urban 
space. Consequently, these sites are often required to minimise 
and prioritise site activity. Using fly ash, however, requires a 
separate storage silo and conveyance system which may occupy 
valuable space and the benefit-cost ratio may be low for 
the additional equipment in a project with a timeline that is 
measured in months. Fly ash deliveries also require coordination 
with other site traffic and an awareness of the different raw 
materials. It has been the author’s experience that many sites 
using both fly ash and cement will, at some time during the 

project, place fly ash in the cement silo 
or vice versa causing downtime and 
economic loss.

The material savings from using fly 
ash may be muted by the added cost of 
transportation. As fly ash is produced 
by coal fired plants it will not be locally 
available if power generation is done 
by other methods, as is the case in the 
Pacific Northwest. Accordingly, as a 
result of both the transportation cost 
and increased demand in the concrete 
industry, the author has seen the 
delivered cost of fly ash within 10% of 
the cost of cement in several regions.

TESTING

Testing method 
The laboratory procedures used for 
testing two-component grouts were 
previously developed by the author 
(Antunes, 2012). It is important to note 
that these procedures include provisions 
for sample testing at various grout ages 
to capture any performance changes 
between the time the grout is first mixed 
and when it is ultimately injected into 
the annulus. Accordingly, the samples 
were tested at 1, 4, 24 and 48 hours as 
these times reflect the range of times 
that the grout is typically used within 
tunnelling projects. 

It is also important to note that a 
colloidal mixer was used to mix the 
grout used for testing. It has been 
shown that colloidally mixed grouts 
achieve substantially higher compressive 
strengths and lower bleed water than 
grout mixed in traditional paddle type 
mixers (Reschke and Noppenberger 2011; 
Reschke 1998).

Left: Checking 
gel time

Below: Additional 
storage tanks  
on site
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Ingredient Sources
The geographical source and type of 
fly ash are expected to affect the grout 
testing results. As transportation costs 
can be almost as much as the cost of 
the raw product, many project sites do 
not have the luxury of economically 
obtaining fly ash from different 
sources. The intent of this research 
is also to determine the impact that 
varying the source of fly ash can have 
on the annulus grout performance. As 
such, fly ash for the tests was sourced 
as follows:

 ■ Control – Class F
 ■ Northwest – Class F
 ■ Southwest – Class F
 ■ Northeas t – Class C
 ■ Southeast – Class C 

All other ingredients were held 
constant: 

 ■ Cement – Type 1/GU
 ■ Bentonite – Wyoming source
 ■ Retarder – Pozzolith 100XR (BASF)
 ■ Accelerator – Sodium Silicate N38

Mix design
The mix design shown in Table 1 (page 
46) was used for all tests. It is based on 
a typical two-component grout with a 1 
hour strength of 0.1 MPa and a 28 day 
strength of 3.5 MPa while being stable 
for at least 48 hours. (This mix design 
should not be used without testing with 
locally sourced materials as properties 
could vary substantially). The intention 
was to provide a simple control mix to 
establish baseline parameters from which 
the effects of varying fly ash content 
could be studied. Five different fly ash/

cement ratios were tested for each of the five fly ashes sourced: 
0:1 (0% fly ash), 1:3 (25% fly ash), 1:1 (50% fly ash), 3:1 
(75% fly ash) and 1:0 (100% fly ash). Note that the 75% and 
100% fly ash ratios are not typically used in practice but were 
included to capture the data extremes.

TEST RESULTS
Two-component annular grouts are typically mixed on 
surface and then pumped to the TBM via a steel pipe. Several 
mix properties need to be considered to allow the stabilised 
and then accelerated grout to be effective. These include:

 ■ Viscosity
 ■ Bleed
 ■ Gel Time
 ■ Compressive Strength (Antunes 2012). 

Though the testing produced over 25 charts and numerous 
tables of data, the trends were remarkably similar between 
each fly ash tested. As such, the data was averaged to produce 
graphs that concisely indicate the trends observed. 

Viscosity
The viscosity of the A-component is particularly important 
in determining pipeline specifications and surface pump 
pressures. A lower viscosity is preferred as it results in 
lower pump and pipeline pressures as well as lower power 
consumption. 

Figure 1 (above) shows the viscosity of the A-component 
grout with age and with varying fly ash contents. An important 
observation is that increasing the amount of fly ash in the mix 
lowered the mix viscosity. As length and diameter of tunnels 
are increasing—requiring higher grout volumes and pumping 
pressures—lower mix viscosities are a direct benefit to the grout 

Table 2. Effects of Aging Grout on Pumping Pressures

Grout Age(hr) Viscosity(cP) Pumping 
Pressure(Bar(psi))

0 36.1 8.6 (125)

4 58.6 8.1 (117)

24 91.3 12.6 (183)

48 104.8 14.4 (210)

Source: Author

Above: Figure 1, 
A-component 
apparent 
viscosity with 
age (combined 
averages)

Below: Figure 
2, Gel time 
(combined 
averages)
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conveyance system. Although increasing the retarder/stabiliser 
dose also reduces the viscosity, it also adds cost to the mix.

Of additional note is that all mixes had a relatively low 
viscosity when first mixed. However, as the stabilised grout 
aged, the viscosity increased in each case except for the 1:0 
ratio which consisted of fly ash only (no cement). The practical 
implications of the effects of aging grout can be illustrated 
using the 1:3 ratio mix and the following assumptions:

 ■ Pumping 15m3/hr of grout 
 ■ 3” Sch 40 steel pipeline
 ■ 3 km long with no elevation change
 ■ Grout specific gravity 1.23

Table 2 (above left) shows the theoretical pumping pressures 
in relation to the age of the grout. It is clear that as the 
A-component grout ages the pump pressure requirements 
climb substantially. This is an important factor to consider 
when selecting equipment for the project. It is also interesting 
to note that there is a drop in pressure between the 0 and 

4 hour viscosities. This is due to the 
transition between laminar and turbulent 
flows in the pipeline. This transition will 
occur with any fluid and is a function 
of the pipe diameter, fluid velocity, and 
viscosity. 

Gel time
When the A and B components are 
combined, a gel starts to form in a 
short period of time (< 40 s). This 
accelerated grout needs to remain 
fluid long enough to uniformly fill 
the annular space behind the tunnel 
segments without leaving voids. 
Conversely, the grout must also gel 
quickly enough to lock the segments in 
place and to resist being washed out by 
groundwater. 

Figure 2 (opposite page) shows the 
effect of aging on grout gel time as well 
as the effect of fly ash content on gel 
time. There is a consistent trend that 
gel time increases with increased fly ash 
content and with the age of the grout. 

Based on the author’s experience, a 
gel time between 15 and 40 seconds 
is considered favourable, though this 
varies primarily on how many injection 
ports are being used on the TBM and 
the corresponding time required to fill 
the void. The results show that fly ash 
ratios up to 1:1 increased the gel time 
favourably. Gel time can also be affected 
by adjusting the B-component (also 
known as accelerator) dose. Contrary to 
general thought, however, increasing 
the B-component dose will actually 
increase your gel time though when it 
does gel, it will also result in higher early 
compressive strengths.

Bleed
The conveyance line delivering the 
A-component grout from the slurry 
plant to the TBM forms the critical 
link tying together grout production 
and TBM advance. Recognising and 
minimising bleed is necessary to reduce 
the risk of pipeline sedimentation 
and/or blockage. If the grout bleeds 
significantly, heavier particulates may 

Table 3. Compressive Strengths

Average compressive strength (MPa)

FA:Cement Ratio 1  hour 4  hour 1  day 28 day
0:1 0.16 0.65 2.11 3.61

1:3 0.12 0.51 1.41 2.74

1:1 0.07 0.43 1.23 2.58

3:1 0.01 0.02 0.46 1.25

1:0 0.00 0.01 0.01 0.01

Source: Author

Above: Figure 
3, Bleed water 
(combined 
averages)

Below: Figure 
4, Compressive 
strength 
(combined 
averages)
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begin to accumulate in the invert of 
the grout line and eventually reduce 
the cross sectional area of the pipe. 
This will lead to higher pumping and 
line pressures, lower flow rates and 
may ultimately completely occlude 
the pipe. As the high water/cement 
ratio of two-component grouts 
causes them to bleed excessively and 
rapidly, controlling bleed is critical and 
bentonite is the primary ingredient to 
accomplish this.

The effects of fly ash on bleed 
are shown in Figure 3 (page 49). The 
1:3 fly ash/cement ratio grout shows 
a substantial reduction in bleed as 
compared to the grout prepared with 
no fly ash. However, the addition of still 
more fly ash does little to further reduce 
the bleed. As bentonite dosages are 
generally low, the impact to the mix cost 
is relatively small. Even so, the use of fly 
ash can still benefit the mix by reducing 
bleed.

Strength
The most common performance 
specification for the grout, given by 
designers and contractors, is an early 
compressive strength requirement. Early 
strengths are needed to ensure the 
segments do not sink within the annulus 
once internally loaded by the TBM 
backup gantry and to ensure adequate 
load transfer between the segmental 
lining and the soil.

Figure 4 (page 49) shows the effects 
of fly ash on the compressive strength of 
the accelerated grout and reveals a clear 
trend: as fly ash is increased, compressive 
strength decreases. 

Table 3 (page 49) contains the 
underlying data for Figure 4 to better 
quantify the effect that the fly ash ratio 
has on the compressive strength.

The compressive strength is clearly 
the property that suffers with the 
addition of fly ash. The early (i.e., < 4 
hr) strengths can be compensated for by 
increased accelerator to some degree. 
However, as the B-component is one 
of the most costly components of the 
mix, this option should be considered 
sparingly. If a higher long term strength 
is also needed, lowering the water/
cement ratio is considered to be the 
best option. Unfortunately, reducing the 
water/cement ratio will increase viscosity 
and bleed and decrease the gel time. 
Testing is thus needed to optimise the 
project specific properties while reducing 
material costs.

Of additional interest is the effect 
that the age of the grout has on 
the compressive strength. After the 
A-component grout is mixed on surface, 

it can take anywhere from an hour to a few days before the 
grout is combined with the B-component. Figure 5 (above) 
shows that as this wait time increases in grout containing fly 
ash, the 1 hour compressive strength actually declines whereas 
the opposite was true in grout with just cement. There were 
slight variances to this trend at the 1 and 28 day strengths but 
the overall trend indicates that this should be considered in mix 
design development.

CONCLUSIONS
The test results for two-component grouts utilising fly ash 
from different geographic regions showed similar trends in 
data for each fly ash/cement ratio considered.  Viscosity and 
bleed saw pronounced decreases with fly ash addition which 
has positive implications to the design of the conveyance 
system. Gel time was increased which is favourable for the 
injection process. Compressive strength, however, decreased 
with the addition of fly ash. It has been the author’s 
experience that the grout benefits gained when using fly 
ash generally diminish when having to compensate for the 
reduced compressive strength. The testing conducted for this 
research did not specifically look at optimising the mix design 
for a given compressive strength. Doing this may be beneficial 
for reference purposes but, in practice, would change from 
job to job 
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chemicals cutter tools

engineering consultants

www.ugc.basf.com

boring equipment

engineering consultants

T.B.M. CUTTERS Ltd.
DESIGN AND MANUFACTURE OF TBM CUTTING TOOLS AND WEARPARTS 

CUTTER HEADS MANUFACTURED & MODIFIED

TEL. +44 (0) 1430 427954  FAX. +44 (0) 1430 427955 
EMAIL. office@tbmcutters.com  www.tbmcutters.com

cutter tools

drill and blast

Agents wanted in selected countries. Please apply to: a.tasselli@palmierigroup.com

CUSTOM-MADE CUTTERHEADS FOR TBMs MICROTUNNELLING AND VERTICAL 
OR DIRECTIONAL DRILLING MACHINES.

BACK UP AND MUCK HAULAGE SYSTEMS.

ROLLING STOCK AND SPECIAL TUNNELLING RELATED EQUIPMENT

T: +39 0534 32511   F: +39 0534 32501 
E: info@palmierigroup.com   W: www.palmierigroup.com

Tony Ridley HypeRbaRic 
associaTes lTd

Consultancy, Expertise and Personnel

specialist Tunnelling services
Compressed Air - TBM Intervention - Safety - Rescue - Occupational Health

Tel +44 (0) 1508 538 838  Fax +44 (0) 1508 538 938 
Email info@hyperbaric-tunnelling.com

www.hyperbaric-tunnelling.com

www.alimakhek.com

Rack and pinion elevators for inspection, maintenance and 
emergency escape in road and railway tunnel shafts. 

elevators

directional drilling

Contact us devico@devico.no

DIRECTIONAL CORE DRILLING &
BOREHOLE SURVEYING

INSTRUMENTS

www.devico.com 
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MONITORING EQUIPMENT

GROUND CONTROL

PRECAST CONCRETE

Macrete NCE small ad Nov 2013-paths.indd   1 18/11/2013   10:57New & Used Pipe Systems 
Shouldered & Grooved • Galvanized & TP-Coated

P.O. Box 550, SE-631 07 ESKILSTUNA, SWEDEN, Phone: +46 16 16 65 00, www.alvenius.com

PIPES and COUPLINGS

To advertise in the Business Directory contact Tom Willard on 
+44 203 096 2608 or email twillard@tunnelsonline.info
Rates, series bookings and dimensions available on request

www.dsi-tunneling.com

UNDERGROUND
SYSTEMS INC.

Ground Control Solutions

100322_AD_43x40_neu.indd   1 22.03.2010   16:39:14MICROTUNNELLING

hoelscher
dewatering

· dewatering  
· groundwater control
· water treatment

www.hw-dewatering.com

Liquid Level Settlement Cells • Monitoring Software • Instrumentation
www.getec-uk.com

MONITORING SYSTEMS

EQUIPMENT

TUNNELLING EQUIPMENT  
HIRE AND SUPPLY 

Tunnel Ventilation Systems 

UK Agents for 

Tel: +44 (0) 1234 781 882                            
Email: info@specialistplant.co.uk 

www.specialistplant.co.uk 

FABRICATION

 TUNNEL STEELWORK SPECIALISTS

 Cable & pipe brackets, walkways, sleepers and steel fabrications
www.transforge.co.uk
+44 (0)1733 249260
info@transforge.co.uk

Tel. +49 (0)234 / 5 99 63 10 • Fax +49 (0)234 / 5 99 63 20
www.astbochum.de

l Erection plant
l Machine requirements
l Microtunnelling
l Drill&Blast tunnelling
l Air pressure supply
l Concrete formwork engineering
l Special civil engineering
l Shot concrete engineering
l TBM tunnelling
l Freezing engineering
l Wearing protection
l Pipe-Systems

www.astbochum.de

Anzeige_WebsiteDirektory_AB12VB~7.qxp  09.10.13  16:30  Seite 1
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VENTILATION

Global Tunnelling Experts.
Bringing the best together.

Global Tunnelling Experts is your teamwork partner for the best 
human resource solutions on your tunnel construction site.
We supply personnel for all jobs throughout all the construction 
phases – including operational job profi les for all aspects of 
mechanized tunnelling operations and the equipment they
involve. Choose the right experts and contact us now.

 Global Tunnelling Experts
+31 (0) 10 266 94 44
clients@global-tunnelling-experts.com
www.global-tunnelling-experts.com

The Netherlands | Germany | United Kingdom
Panama | Denmark | Australia

+44 (0) 1424 854112
info@tunnellingaccessories.co.uk
www.tunnellingaccessories.co.uk

 EPDM GASKETS

PLASTIC SEGMENT FITTINGS

FOAMS & POLYMERS

HYDROPHYLIC RUBBER

BOLTS

PACKERS

LIFTING EQUIPMENT

 BULLFLEX 

SEALING STRIPS

SECONDARY SEALS

TBM LAUNCH SEALS

LUBRICANTS

ROLLING STOCK

TUNNELLING SUPPLIES

RECRUITMENT

To advertise in the Business Directory contact Tom Willard on +44 203 096 2608 or email twillard@tunnelsonline.info
Rates, series bookings and dimensions available on request

www.msd-dresden.de

Jobsite logistics
Shaft installations

Customized back-up systems
High-performance rolling stock

T&T Business directory.indd   1 17.12.2013   16:03:36

RAIL and ROLLING STOCK

TUNNEL DESIGN

www.amberg.ch/at

Tunnel Surveying
Tunnel Seismics

T&T_BusinessDir_April2013.indd   1 11.03.2013   17:49:05

SURVEYING and MONITORING

Labour supplier to the tunnelling Industry 

www.reliablecontractors.co.uk
Info@reliablecontractors.co.uk 

01843 294546

SURVEYING and MONITORING

www.vmt-gmbh.de

logo_raster.indd   1 12.09.2007   13:03:50 Uhr

World Leading
Locomotives & Haulage Solutions...

for Mining, Tunnelling & Surface Transport

Clayton Equipment Ltd
www.claytonequipment.co.uk  Tel: +44 (0) 870 112 9191
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www.donaldsonassociates.com

01582 470300 
www.halfen.co.uk

Joseph Gallagher Ltd
Tel: +44 (0)1375 672070
Fax: +44 (0)1375 672073

Email: headoffice@josephgallagher.co.uk

www.ugc.basf.com

01923 696 600 
07974 789 715

www.mcginley.co.uk

trades & labour
enquiries@dannysullivan.co.uk

+44 (0)20 8961 1900
www.dannysullivan.co.uk

T.  +44 208 339 7090
E.  london@dr-sauer.com
www.dr-sauer.com

SCL Tunnelling – Consulting – Supervision

For all your Microsilica 
needs, contact Elkem Ltd:

01142 700334 or directly to 
john.finch@elkem.no

www.elkem.com

T: +44 (0)20 7636 1531
E:  london@arup.com
W: www.arup.com

Stephen Meadowcroft
T: +44 (0)162 884 2444

E: stephen.meadowcroft@costain.com
www.costain.com

www.lbassoc.co.uk
Delivering value across the

construction cycle.

Peter J wright 

+44 (0)20 3479 8660

Peter.wright@ch2m.com

www.ch2mhill.com

Website
www.atlascopco.co.uk/underground

Email 
ac.cmtuk@uk.atlascopco.com

Untitled-1   1 11/06/2015   09:36:35

www.aecom.com

Precast Manufacturing Specialists,
Segmental Shafts & Bespoke Cover Slabs,

Tunnel Linings, Jacking Pipes, Caisson Rings

Tel: 01455 290780  Mob: 07850 234 136
Email: scarson@fpmccann.co.uk 

Web: www.fpmccann.co.uk

www.herrenknecht.com
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 If you wish to become a British Tunnelling Society Corporate Member please email: bts@britishtunnelling.org.uk

01226 381133
www.naturalcement.co.uk

TEMPORARY ELECTRICAL
EQUIPMENT & CABLES FOR

TUNNELLING & CONSTRUCTION
TEL: +44 (0) 1206 596 100

info.uk@rutherfordgp.com
www.rutherfordglobalpower.com

TUNNEL SEGMENT GASKETS
T: +44 (0)1480 411333

E: sales@vip-polymers.com

www.vip-polymers.com

PROJECT LOGISTICS

Tel: +44 (0) 1482 796214
info@als-europe.com

www.wwlals.com

Waterproofing system.
From secured rock to 

finished tunnel in 8 cm!
+47 9798 2850 - nesheim@tiso.no

www.tiso.no

Tunnelling works:
world class innovative solutions

www.vinci-construction-
projects.com/british-isles

  This is not the full list of British Tunnelling Society Corporate Members. To see a full list of all 
members visit: www.britishtunnelling.org.uk

If you wish to become a British Tunnelling Society Corporate Member please email: 
bts@britishtunnelling.org.uk

Mark Leggett
T: +44 (0)20 8774 2758

E: mark.leggett@mottmac.com
www.tunnels.mottmac.com
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2016

Underground Construction 
Technology
3-4 February 2016
Atlanta, USA
For 21 years, the Underground Construction 
Technology International Conference & 
Exhibition (UCT), has been the meeting 
place for business-professionals involved in 
maintaining the underground utility pipe 
infrastructure. 
www.uctonline.com

International Symposium on 
Tunnel Safety and Security
16-18 March 2016
Montreal, Canada
Tunnel safety and security is a challenge 
for both private and public sectors. ISTSS 
provides a forum to discuss current practice 
and emerging trends and research in safety 
and security.  
www.istss.se/en

China Tunnel and Bridge Summit
17-18 March 2016
Zhuhai, China
With the 12th five-year plan, China 
accelerated infrastructure construction and 
achieved a leap forward in development. 
Lots of sea- and river-crossing projects 
sprung up.
www.merisis-asia.com

NASTT's No Dig Show
20-24 March 2016
Dallas, USA
The overall No-Dig Show program is 
focused on one objective: helping you 
maximise your investment in trenchless 
technologies, services and applications. If 
you sell trenchless products and services 
you’ll want to be sure to exhibit.
www.nodigshow.com

Bauma Munich
11-17 April 2016
Munich, Germany
The 31st meeting of the world's largest 
trade fair for construction machinery, 
building material machines, mining 
machines, construction vehicles and 
construction equipment returns to 
its traditional home: the Neue Messe 
Munchen exhibition centre in eastern 
Munich. Bauma is a global driving force 
behind innovations.
www.bauma.de/en

Infrarail
12-14 April 2016
London, UK
The UK's definitive railway infrastrcture 
exhibit. Infrarail 2016 takes place 
against a background of high levels of 
investment in Britain’s main line and 
urban rail infrastructure. Network Rail 
has embarked on its GBP 38 billion CP5 
spending round.
www.infrarail.com

International Symposium on 
Submerged Floating Tunnels 
and Underwater Structures
20-22 April 2016
Chongqing, China
This event, organised by the National 
Engineering Laboratory for Highway 
Tunnel Construction Technology, the 
China Institute of Mechanics, the 
Chinese Academy of Sciences, and 
the University of Naples will cover all 
topics from conceptual design up to 
operational emergency rescue.
www.cmct.cn

World Tunnel Congress and NAT
22-28 April 2016
San Francisco, California
The 2016 World Tunnel Congress 
(WTC) and the 39th General Assembly 
of the International Tunnelling and 
Underground Space Association (ITA) will 
be held in conjunction with the UCA's 
North American Tunnelling conference. 
www.wtc2016.us

Underground Construction 
Prague and EETC
23-25 May 2016
Prague, Czech Republic
Delegates are cordially invited to the 
thirteenth Underground Construction 
(UC) Prague Conference. 
www.ucprague.com

Swiss Tunnel Congress 2016
15-17 June 2016
Lucerne, Switzerland
The annual Swiss Tunnel Congress (STS) 
is organised by the Swiss Tunnelling 
Society and is the premier event for 
tunnelling in Switzerland. Approximately 
800 delegates attend from around 15 
nations to take in the high quality 
presentations and enjoy the technical 
excursions to construction sites in 
Switzerland and nearby countries.
www.swisstunnel.ch/en

What's on

 e v e n t s
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GeoChina International 
Conference
25-27 July 2016
Shandong, China
This conference will provide a 
showcase for recent developments and 
advancements in design, construction, 
and safety Inspections of transportation 
Infrastructures and offer a forum to 
discuss and debate future directions for 
the 21st century. Conference topics will 
cover a broad array of technical issues. 
www.geochina2016.geoconf.org

No Dig Live UK
20-22 September 2016
Peterborough, UK
Following the success of No Dig Live UK 
held in September 2014, the 13th biennial 
trenchless technology exhibition, outdoor 
demonstrations and seminars will return to 
Peterborough. Visitors to thie show were 
offered a wide ranging programme of 
educational opportunities.
www.nodiglive.co.uk

Innotrans
20-23 September 2016
Berlin, Germany
InnoTrans is the leading international 
trade fair for transportation technology, 
and takes places every two years in 
Berlin, Germany. The event is sub-
divided into the five segments Railway 
Technology, Railway Infrastructure, 
Public Transport, Interiors and Tunnel 
Construction.  
www.innotrans.com

Expo Tunnel
19-21 October 2016
Bologna, Italy
ExpoTunnel is an exhibition dedicated 
to the world of tunnelling, drilling, 
mining, underground construction and 
research. It is an opportunity to meet 
in a global framework of supply and 
demand of high technology and its 
field applications, with the chance to 
learn new methods and harness new 
techniques.
www.expotunnel.it

Bauma China
22-25 November 2016
Shanghai, China
Bauma China is Asia’s largest and most 
important event for the construction 
industry. It attracts international 
buyers—a fact that guarantees a high 
return on your investment as well as 
sustainable success. The show is a 
platform for product presentations and a 
grand industry party for  
communication.
www.bauma-china.com
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The British Tunnelling Society
The BTS has a membership of almost 800 individual and 68 corporate members. It is 
one of the most vibrant gatherings of professional tunnellers in the world and traces its 
history back to its founding in 1971. Regular BTS monthly meetings are hosted at the 
Institution of Civil Engineers in London from 5.30pm every third Thursday of the month. 
In recent years, the BTS Young Members (BTSYM) group has also begun hosting events.

Sochi Tunnel, Russia
21 January 2016
The January meeting will describe the Sochi Tunnel, built for the 2014 Winter 
Olympics on the Black Sea coast of Russia, describing the design approach, 
laboratory and field testing to validate the design parameters and the construction 
works which took place from February 2011 to January 2014.
Speakers: Carla Zenti of Bekaert Maccaferri Underground Solutions, and 
Giovanna Cassani, technical director for Rocksoil

The history of the Davy Lamp (joint BTS-MinSouth event)
18 February 2016
The presentation will be about the History of The Davy Lamp and will be given by 
a mine rescue professional who was involved with the Chile Mine Rescue It should 
prove to be of great interest to both mining and tunnelling professionals.
Speaker: Brian Robinson of Mine Rescue

Mission Control: monitoring temporary works in tunnels
17 March 2016
The presentation will describe the application of 'cloud based data' to real time 
review of temporary works performance against design within tunnels, illustrated 
by a number of example projects in the UK and Hong Kong.
Speaker: Angus Maxwell of Maxwell Geosystems Ltd, Anmol Bedi of BAM 
Nutall

Harding Prize Presentations
21 April 2016
The annual competition is named in honour of Sir Harold Harding, founder 
chairman of the BTS and is open to engineers aged 33 or under. Entrants must 
submit an original paper relating to any aspect of tunnelling which they consider 
of interest to the industry. The winning paper is selected by members of the BTS 
Committee. 
Speakers: Harding Prize Finalists

BTS Annual Dinner
6 May 2016
The BTS holds an Annual Dinner each year in May. The 28th Annual Dinner will be 
held at the Brewery on Friday 6 May 2016. Further details will be available shortly 
before booking opens in early February. Last year's event drew 848 attendees, the 
largest number since the BTS began keeping records in 1996.
Tickets for this event will become available from the BTS website

AGM followed by presentation on Singapore's Thomson Line
19 May 2016
Singapore's 30km all-underground Thomson LIne (TSL) involves the operation 
of 30 TBMs to complete the twin running tunnels and the construction of 22 
underground stations including 6 interchange stations. This involves a number of 
challenges in complex urban areas and partially reclaimed land.
Speakers: Andreas Raedle, Leo Suhaendi and Rob Harding of Arup, as well as a 
yet to be confirmed representative of the LTA

If you have a topic or project you feel would be suitable for a BTS evening 
presentation, please contact: 

Greg James: greg.james@ice.co.uk
Paul Perry: paul.perry@ch2m.com
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Bauma Conexpo India
12-15 December 2016
Delhi, India
The International Trade Fair for 
Construction Machinery, Building 
Material Machines, Mining Machines 
and Construction Vehicles—provides the 
construction industry in India with a 
professional platform for networking, 
investment and the exchange of ideas 
and information. The show launched 
in 2011 and did an impressive job of 
putting this quality standard to the test.
www.bc-india.com

2017

World Tunnel Congress
9-16 June 2017
Bergen, Norway
The theme of the 2017 WTC is ‘surface 
problems - underground solutions'. The 
Norwegian tunnelling industry produces 
tens of kilometres of drill and blast 
tunnel every year and is keen to share its 
expertise with attendees.
www.wtc2017.no

GeoMEast2017
15-19 July 2017
Sharm El-Sheik, Egypt
Recent rapid construction in Egypt 
has provided great opportunities for 
tunnel engineers to use their knowledge 
and talents to solve many challenging 
problems with innovative solutions and 
cutting-edge technologies. GeoMEast 
2017 will provide a showcase for recent 
developments.
www.geomeast2017.org

AFTES International Congress
13-15 November 2017
Paris, France
The main French engineering event is 
themed ‘the value is underground' for 
its 2017 show and will be held in the 
French capital at ‘Le Palais des Congrès 
de Paris'.  
www.aftes.asso.fr

2018

World Tunnel Congress
20-26 April 2018
Dubai, UAE
The World Tunnel Congress heads to 
the United Arab Emirastes in 2018, and 
demonstrates the rise of the Middle 
East to the centre stage of the global 
tunnelling market.
www.uaesocietyofengineers.com
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Subscription prices for 12 (24) months: 
Mailed anywhere in the UK £140.00 (£225.00), 
Europe €228.00 (€365.00), USA & Canada $298.00 
($476.00), Rest of the world $304.00 ($486.00).
Send subscription and back issue queries to 
Tunnels & Tunnelling Customer Services.
cs@progressivemediagroup.com

Tel: +44 (0) 8450 739 607 (local rate)
cs@progressivemediagroup.com
Tunnels & Tunnelling Subscriptions,
World Market Intelligence, 
Progressive House, 2 Maidstone Road, 
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ONE MACHINE TO
CONQUER IT ALL
INTRODUCING THE 

ROBBINS CROSSOVER MACHINE

Robbins continues to set the industry standard with the release of the Crossover TBM Series: a line 

of rugged, field-tested tunnel boring machines. Capable of crossing over between two modes, they 

are ideal for mixed ground tunnels that, until now, required multiple TBMs. Robbins Crossover TBMs 

are already underway on projects around the globe.

ROBUST MACHINES FOR THE WORLD’S MOST CHALLENGING PROJECTS

Crossover Between Rock/EPB

For excavation in mixed soils with rock

Crossover Between Slurry/EPB

For excavation in mixed-to-soft 
ground under water pressure

Crossover Between Rock/Slurry

For excavation in hard rock and 
soft water-bearing ground

TheRobbinsCompany.com  |  sales@robbinstbm.com

A SERIES OF

Robbins.indd   1 18/09/2015   10:42
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