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reports from Norway

Looking at the pipeline of work

in the UK, the BTS anticipates

a shift away from the transit
megaprojects that have made up
much of the workload over the
last few decades, particularly in the
southeast, to hydropower works
further north. These projects will
be constructed in geology vastly
different from the London clay.
However, the hard rock of Scotland
has many similarities to the ground
conditions on Norwegian tunnel
projects.

“There is a lot for us to learn
from the Norwegian industry,” said
Dan Garbutt, ITA lead for the BTS.
"There are also many ways we
can work together and be a better
force within the ITA on topics like
net zero, for example.”

In early March, BTS Committee
and corporate members made a
three-day visit to Oslo, hosted by
the Norwegian Tunnelling Society
(NFF), for a knowledge exchange
programme. NFF regularly travels
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and visited the BTS in 2025. This
reciprocal trip, however, is the

first of its kind for the BTS. One of
the key goals for the event was to
identify ways for the two societies
to work together and to build their
partnership within the ITA.

Wednesday
The first day introduced the
BTS visitors to major projects
underway in Norway and how
tunnelling is done—both in terms
of construction techniques
underground as well as
contracting and the client’s role.
Helle Nilsen, with contractor
LNS and leader of NFF's Young
Members committee, started
with a presentation on drill and
blast tunnelling for a land-based
salmon farming facility. Tunnels
connecting the salmon basins
to the sea drew comparisons
from the BTS attendees who had
experience working on the Hinkley
Point C intake tunnels.
This one-of-a-kind project had
real pertinence for discussions
later in the visit on how to better

use underground space.

Next, Elin Hermanstad Havik
of highway agency Statens
vegvesen (Norwegian Public
Roads Administration or NPRA)
and NFF leadership, along
with her colleague lan Markey,
explained upgrades to major
roadways in Oslo following the
2011 terror attack. These security
improvements include lowering
the road of an existing tunnel as
well as extending its length and
reinforcing the structure. Dating
back to 1989, the team could
only access the tunnel’s original
drawings and has designed the
refurbishment works without any
load data or as builts (see box on
page 26).

The remuneration model and
contract strategy—a new approach
for the agency—sparked a lively
discussion among members
of NFF and BTS, which NFF's
secretary general Tone Nakstad
curtailed in preparation for
Thursday's risk and contracts
session.

To close out the morning, Anne-
Merete Gilje, project manager
for NPRA on the E39 Rogfast
tunnels, joined remotely to discuss
what will be the world's longest
and deepest subsea road tunnel
when completed in 2033. The
nearly 27km-long fixed link will
replace existing tunnels and a ferry
service vulnerable to inclement
weather conditions. The EUR
2.5bn (E2.2bn) project comprises
twin tubes reaching depths of
392m below sea level and a single
3.7/km-long tube to Kvitsoy.

TBM tunnelling had been
considered for the project,
she confirmed, but ruled out
for reasons of time, cost and
the flexibility contractors gain
using drill and blast should the
excavation encounter poor
rock conditions. Gilije shared
progress, with 50% of the project’s
blasting completed, and focused
on the highly unusual Kvitsey
connection—essentially an
underground road junction with
two roundabouts.

Right before the BTS' visit to
Norway, the project celebrated
the breakthrough of its first of
two ventilation shafts. Crews
are using remote-controlled
equipment to perform raise drilling
for the 9.4m- and 8.6m-diameter
structures, which generated a brief



discussion on uptake of automated
equipment and studies on their
use in the UK. Roadblocks to
innovation would be a prominent
theme in the next day's sessions.

A project of this scale and
complexity—with more than 400
suppliers and 800 workers on
the project—in part to service
Norway's smallest municipality
In terms of area at 6.3km¢ and
a population of 500 people, led
to discussions of feasibility, and
specifically the ongoing studies for
constructing similar subsea tunnels
in the Shetland Islands. Traffic
tolls fund 60% of the Rogfast
project with 40% coming from the
government. Electrical installation
and testing are expected to start
in 2027 with the fixed link to open
in 2033.

Fornebu Metro Line

After lunch, the Fornebubanen
project welcomed the group

toits job site adjacent to Oslo's
Vigeland Park. This new metro line
will connect Oslo's Majorstuen
neighbourhood to Fornebu in

the suburb of Baearum, via nearly
8km of tunnels going southwest-
northeast. The NOK 23bn

(£1.8bn) line is divided into several
contracts for various stations and
running tunnels. The BTS had the
opportunity to meet with the client
at the 2.7km-long K1B Tunnel and
groundworks Majorstuen-Skeyen
contract job site.

Arild Neby, senior engineering
geologist, explained the ground
conditions for the project are
largely within the older Oslo
Graben, which is the result of
tectonic rifts. For the project, this
means tunnelling through volcanic
ground conditions, folding rock
and fault lines, among more recent
shale and limestone.

"We have zones of major
weaknesses connecting to the fault
zones,” Neby told the group.

The excavation has also

encountered quick clay—common
In Norway and other locations that
had been covered in glaciers—
which is a clay capable of bearing
larger loads. That is, until it's
overloaded and collapses and
flows.

"It has caused trouble, but we
have it in control,” he says.

When encountering these
conditions, the team stabilises the
ground much quicker compared
to other parts of the alignment.
They're using two different design
criteria—the Q System and NPRA's
N500 Road Tunnel manual. There
are four different sizes of rock
support.

"Norwegian rocks are quite
strong—most of the rock types
are stronger than concrete,”

Neby explained. "The basic idea
of Norwegian tunnelling is to use
the rock mass as the construction
material and just to bolt it where
needed.”

However, the Fornebubanen
Is using concrete in many of its
structures to keep it watertight. He
joked, "this is more of a grouting
project than an actual tunnelling
project.”

What piqued the attention of
the visiting BTS members is that
the client was overseeing all
the grouting procedures. This
and other similar experiences
are included in the updated NFF
grouting handbook, with an English
version expected as early as this
year.

Fornebubanen is also a BIM-
only project, with hardly any
drawings, which allowed the team
to create models of the ground
based on mapping done by the
Norwegian Geological Service
and supplemented with other
investigations. "We've used almost
every tool we have in the toolbox,”
Neby said.

First day takeaway

One of the conclusions from
Wednesday's meetings centred
on risk sharing. Many of the
Norwegian clients are more
technically capable compared to
those in the UK, it was observed,
and have a more "hands on”
approach. Discussions of how
this impacts the costs of building
tunnels—seemingly higher in the
UK—would surface repeatedly
throughout Thursday’s various
knowledge exchange sessions.

Nordic knowledge exchange

The Norwegian industry’s
advancements in digitalisation also
pigued the attention of the BTS
members—not only the use of BIM
in project documentation, even
in the quality of client-sponsored
informational videos. NFF members
shared an anecdote that Skanska
Survey, a division of Skanska
Norway, had worked on the recent
Netflix films Troll and Troll 2,
providing LIDAR and 3D models for
the movies’ effects teams.

Knowledge Exchange
Thursday morning started with
a meeting between BTS and
NFF committee members to
discuss areas of overlap, such as
in the development of guidance
documents, and to compare
successful approaches for

and other ways to offer value for the Fornebubanen
members and serve the industry. tunnel lining
While there were many similarities,

organising conferences and events | Left; Discussing

e Above: The BTS
a few NFF initiatives caught the presents its ITA
attention of the BTS members, WTC2031 bid

such as funds to boost salaries for
those who complete a doctorate
and the Cultural Committee,
whose efforts the group learned
more about on Friday's field trip.

The meeting was also an
opportunity for Sarah Langley, Sika
and WTC 2031 chair, to share an
update on bid plans for the BTS to
host ITA WTC2031 in Glasgow.

NFF and BTS members then
broke into two groups to discuss
either net zero or contracts and
risk.

In the latter session, attendees
focused on Norwegian approaches
to risk sharing in tunnelling projects
in comparison to UK practices.
The conversation returned to a
familiar topic from the day before
that clients in Norway have high
technical competence in geology
and ground conditions, are very
transparent about geological
data shared with contractors and
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contract pricing rules tend to be
fixed and widely understood.

This contrasts with the UK,
where GBRs are a contractual
rather than a design document,
and clients must define geological
risk upfront. A lack of expertise can

make the use of GBRs problematic,

though when done well, cost and
time adjustments are agreed on
more efficiently. Bruce Ashcroft,
Multiconsult, who has worked
in both countries, confirmed
Norwegian contracts are simpler,
shorter and easier to follow
compared to in the UK.

BTS attendees of the risk session
pointed out the tunnelling industry

often gets bad press in the UK
due to major upfront costs related
to legislation and approvals, as
well delays in project completion
during follow along contracts,
both of which are unrelated to
tunnel excavation. This could be
one of the reasons megaprojects
in the UK have fallen prey to
changing political winds.

Norway, meanwhile, has a
strategic infrastructure plan that
continues across governments,
reducing political disruption to
infrastructure projects. The UK's
National Infrastructure and Service
Transformation Authority (NISTA)
s a more recent development but

should provide similar visibility
into future projects and stability
for the industry. Shortly after the
Norway meeting, NISTA shared
its updated "UK infrastructure
pipeline,” a forward look of major
infrastructure programmes and
projects across the UK over the
next 10 years.

Similar themes came up in the
concurrent net zero discussion
where attendees shared different
government approaches and how
they drive what the industry can do
to meet future targets.

MNorway has made progress with
EV equipment on projects and
NFF members shared insight on

I New Government Quarter-Works on national road Ring 1

Oslo has been updating many of its
major road tunnels over the last 10
years, with the most significant of all
these works the Hammersborg and
Vaterland tunnels on Ring 1 Road.

Following damage to several
buildings after the 2011 bombing in
Oslo, the Government Quarter is being
rebuilt with increased security in mind.
The Hammersborg Tunnel runs directly
under this area, and a component of
the new security measures is to lower
the invert by 3—8m, reducing the
distance between the road and the
government buildings. The works are
also extending the tunnel’s length to
nearly 500m and installing additional
reinforcement.

“This is not a conventional road
project,” said Elin Hermanstad Havik,
project manager, highway agency
Statens vegvesen (Norwegian Public
Roads Administration or NPRA).

Hammersborg Tunnel

The project is highly complex due
to the subsurface conditions—both
geological and human-made.

There's an adjacent car park large
enough to store around 1,500 cars
dating back to the 1980s, explains lan
Markey, design manager, NPRA.

The tunnel and car park structures are
essentially combined but had not been
built simultaneously. Unfortunately,
there isn't much documentation
available. "We don't have any
calculations,” he explains.

"As we go back through the drawings,
we can only guess what loads to

expect. We have a tunnel construction
that has load bearing walls coming
down from nine to 11 stories, not
corresponding to the columns in the
car park below it.”

In some sections, construction
effectively took place on top of the roof
of the car park. In other sections the
original tunnel construction went under
existing buildings, which required new
foundations. And now the project is
doing it all again, just a bit lower.

Crews used high pressure water
jetting and wire saws to remove much
of the old concrete and blasted out
the bedrock. This avoided the use of
hammering, which could be noisy
or disruptive to nearby business and
offices.

“There was a lot of structural noise
from that because there are some
lenses in the rock that are quite hard,”
Havik explained.

Excavation and construction were
carried out in 3—-5m advances. First
crews removed the existing invert in
seven sections, then cast new columns
for the foundation to carry the loads
above and finally removed the ground
between the columns.

“That was a critical part of this—
everything has to be done in sequence,”
Markey said.

In terms of geology, the alignment
largely encountered black shale, which
is highly radioactive, along with those
smaller lenses of harder rock. Around
150,000 tonnes of bedrock have been
removed in some 9,000 lorry loads
that transported the spoil to a former

limestone mine on Langeya island.

Because of the black shale, all of
the tunnel’s bedrock has been sealed
to protect it from the ingress of acidic
water and to prevent swelling that
occurs when the bedrock comes in
contact with oxygen.

“Inspecting existing buildings in the
area, which have foundations going
straight down to the bedrock, you can
see the ground was swelling,” Markey
explains.

To seal it off, first there is a layer
of shotcrete to even out the ground,
then the sealant, which is a sprayed
waterproof membrane, followed by
another layer of shotcrete.

There is also a stretch of open
road with existing buildings on either
side that will become part of the
Hammersborg tunnel as part of the
extension effort. The main challenge
here is that road standards have
changed in the past 40 years, and a
wider space is required to meet current
regulations.

However, unable to purchase and
demolish the buildings, the project
will instead build within them, Markey
explains. What was previously a
footpath will become part of the tunnel.
A new first floor arcade passageway will
provide access for pedestrians.

While the surface level space will be
an attractive solution once completed,
all the technical infrastructure
previously stored below the footpath
will need to move elsewhere.

"We have a lot of stakeholders and
interfaces with how close the buildings
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the Northern Lights project storing
CO2 captured during the concrete
manufacturing process 2.6km
below sea level—around 807% of
the project financing comes from
government coffers.

Tuva Jakobsen Rennes, Skanska,
explained, in Norway when
politicians vocalised concerns
for rising costs on infrastructure
projects, the industry replied that
with predictability and a schedule
for cutting carbon emissions, the
market can deliver.

“That's a hugely powerful
statement,” says Bethan Haig, Dr
Sauer and Partners and chair of the

think everyone in the UK is scared
of adding costs. Whereas, what
she's saying—if you have certainty,
if you have time to prepare—the
supply chain will make it happen,
as long as we're quite serious
about repercussions if you don't
get there in time.”

An area of future NFF and BTS
collaboration is to share carbon
models and continue discussions
on successful approaches for the
industry to measure and report
emissions as part of reaching these
targets.

Futureproof

Nordic knowledge exchange

morning’s meetings is that both
countries are on the precipice

of a shift in workload. Transport
megaprojects that have been a
significant portion of tunnelling
work in both countries over
recent decades will wane as
smaller projects—particularly in
hydropower and the wider energy
sector—will make up more of

the pipeline. As indicated in the
trip’s purpose, the British industry
will need to look to Norway

for technical expertise working

in harder ground conditions

as projects move north—the
Caledonian Oreogeny is much the

BTS Technical Subcommittee. |

Another takeaway from the

same in Scotland as it is Norway:.

are on our construction site,” Havik
explains, and that number continues to
grow.

With the road closed to traffic for the
project, other developers in the area
have chosen to take advantage of this
time to do their own refurbishment
and other building works. The project’s
surface level improvements—with
plenty of space for pedestrians and
cyclists—are set to transform this area
of the city.

The nearby Vaterland tunnel is a more
straightforward upgrade. Its original cut
and cover construction included sheet
piles down to bedrock that connect to
the top and bottom plates. However, it
does have similar challenges in that the
terrain is difficult and the information is
lacking. "Again, we have reinforcement
drawings,” Markey says. "But we would
love to have calculations.”

Contract strategy

The Vaterland portion of the work is
a good example of how the project is
coping with uncertainty.

The project is being delivered through
design and build with collaboration,
which is a new approach for NPRA.

“The collaboration part is like an
early involvement,” Markey explains.
“Basically, it means once we've decided
the contract we want to work with, we
have to define the project—because
not all aspects of the project have been
defined.”

NPRA held a tender conference to
prequalify contractors. Initially, three
teams entered negotiations with

one later dropping out. The project
development phase was in one contract
and the construction phase in a second
contract.

“In the development phase we
select solutions and have discussions
around quantities and the tender offers
include certain prices and quantities
that we expect,” Havik explains. In
a nutshell, this nine-month phase
determined what would be built and
how much it would cost. The end of
the development phase should result in
tender documents.

Due to the security aspects of
this particular project, much of the
information remained confidential
and could only be shared with a single
entity—once a contractor had been
chosen—though the teams did have
estimates of quantities expected.

"We had also done our calculations

internally to know how much we had
to budget,” Markey explains. "This was
basically going through the nitty-gritty
so they can come up with a total price
for what they're going to deliver. In
this in this aspect, it's like a general
contractor who's bidding everything,
but he's getting paid to develop his
concept and his pricing.”

Back to the Vaterland Tunnel: None
of the existing sheet piling could
be inspected without demolishing
the road and disrupting traffic. Cost
estimates in the development phase
covered both a full-scale rehabilitation
and almost no work required, which
reduced risk for both the client and the
contractor.

That way, when the JV got into the
tunnel and could assess the corrosion,
no matter what they discovered, there
was an appropriate price to cover it.
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Continuing to lock forward,
three sessions in the afternoon
offered the opportunity to
consider areas for collaboration
in digitalisation, innovation or
resilience.

BTS members discussed
challenges they've observed in the
UK as digitalisation continues to
change rapidly—many of which
sounded familiar to the Norwegian
delegates. However, Thorvald
Wetlesen Jr, Bever Controls,
reported "we've seen data more
openly shared over the last 10
years. There's more trust and
transparency. Initially there was
resistance, but we are seeing fewer
conflicts.”

Along with colleague Emil
Festin, he made a presentation on
data driven tunnelling in Norway.
Various innovations in this field
had originally been met with
scepticism, he reiterated, but that's
no longer the case. Conversely,
much of what's possible to
optimise projects digitally, such
as wifi in tunnels, isn't yet being
iImplemented in UK projects unless
specifically requested by the
clients, explained John Corcoran,
Morgan Sindall and BTS chair.

Meanwhile, in the resilience
session, attendees tackled big
picture questions around planning
the use of underground space to
be dual purpose. With the ever-
changing geopolitical landscape,
there are ways the industry can
prepare these spaces to be dual-
purpose rather than creating
isolated structures geared to one
sector. This discussion would
crop up again on Friday when the
group visited the Gjevik Olympic
Cavern Hall—a facility blasted
out of a mountain that houses
a hockey arena, swimming pool
and auditorium. Located near
Lillehammer, and built in time to
host hockey matches for the 1994
Olympics, the hall is also equipped

to function as a civil defence
shelter capable of withstanding a
nuclear attack.

In the innovation session much
of the discussion returned to
similar themes from throughout
the day—to be innovative, there
needs to be a better understanding
of who owns the risk and is willing
to take on the risk.

“While all entities along the value
chain have a role to play, clients
can have more weight when it
comes to adoption of new ideas
and improving productivity,”
Garbutt said.

Much like the simultaneous
resilience session, attendees
touched on the reuse of existing
underground spaces and how
they are often single purpose,
left unused but with potential for
future use, and how to change
that.

“Like a reverse of the axiom
‘form follows function,™ said Asil
Zaidi, London Bridge Associates
and BTSym chair.

Zaidi commented, the
industry should do more to sell
the cutcome rather than the
details of the process—which
aptly cued up the day's final
presentation by Sindre Log, SINTEF
and NFF leadership, on The
Research Center for innovative
and sustainable underground
use (CISU). With funding from
government agency Norway's
Research Council (Norges
forskningsrad), this consortium
IS using geotechnical expertise
to develop a framework and
new solutions to better use
underground space for safer, more
resilient and beautiful cities.

Friday

To close out the visit, attendees
travelled to Lillehammer and
visited the 23km-long E6
Roterud-Storhove motorway
project courtesy of contractor AF

Gruppen. Comprising twin tunnels
and a section of bridge, much of
the alignment follows the shore of
Lake Mj@sa.

At the face, Langley joined the
operator in the Epiroc Boomer
drill rig cab drilling blast holes,
while others watched rockbolt
installation from behind the
machine. At the time of the visit,
AF Gruppen'’s team was about
45 minutes away from charging
another round of explosives—
eager to wrap up their shift with
the weekend ahead.

BTS members were thoroughly
impressed with the project’'s 20m
per day drill and blast excavation
rate (10m at each face of the twin
tunnels) through the sandstone
and slate layers. Typically this is
four blasts across two shifts.

"With the forthcoming
hydropower schemes, we
really need to be looking at the
Norwegian technology,” said
Alastair Smith, Jacobs Engineering
and BTS vice chair. "These
efficiencies that have been clearly
visible on the projects we've had
the opportunities to visit—it's
incredibly lean construction.”

Lunch followed at the
Hunderfossen Adventure Park,
which comprises the Norwegian
Road Museum, Vehicle History
Museum and Rock Blasting
Museum. Thanks to the NFF's
Culture Committee and industry
support, the park features a
purpose-built tunnel to showcase
the history and advancements
of tunnelling and underground
excavation in Norway.

Conclusions

For Smith, the incoming BTS chair,
one of the biggest takeaways

of the whole event was the
importance of sharing best
practice.

"The more we get these ideas
of innovation and net zero across
to the wider industry, the quicker
they will become the norm,” he
said. "It's not going to come from
legislation—that will be too late—
we need to do it ourselves, to
some extent, and push clients in
that direction.”

The bedrock of the BTS is
sharing knowledge, he said. The
trip to Norway has shown both
organisations areas where they
can collaborate to help advance
the industry. &



