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Tunnels &  
Geotechnical 
Engineering

We have addressed many of today’s most pressing 
concerns, including in the areas of geotechnical 
engineering, seismic design, digital technology, tunnel 
support design, tunnel ventilation and fire life safety, 
security and blast design, constructability, risk analysis 
and management, environmental planning and stakeholder 
communication. We have also made strides in keeping 
infrastructure up-to-date, having inspected and 
rehabilitated numerous tunnels around the world, some  
of which were those that we originally designed nearly  
a century ago. 

Research supported by WSP has resulted in technological 
innovations such as our Subway Environment Simulation 
(SES) software, the industry standard in tunnel ventilation, 
as well as advances in seismic design, tunnel security, 
strengthening, rehabilitation, ventilation and trenchless 
technology. We produced a comprehensive manual for 
design and construction of road tunnels for the U.S. 
Federal Highway Administration, and our blast design and 
seismic design capabilities have improved the safety and 
security of numerous tunnels in urban areas and under 
open waters.

WSP’s achievements over 
more than a century cover 
a wide array of tunnels in 
conditions ranging from 
soft ground, mixed-face 
and hard-rock conditions to 
cut and cover tunnels and 
immersed tube structures. 
From program management 
to design to construction 
management, we serve 
clients in the rail, highway, 
water, utilities, mining, 
scientific research, power 
and energy sectors. Our 
designs have resulted in 
record-setting advances 
with tunnel boring machines 
(TBMs) and we have 
employed innovations to 
reduce overall project cost, 
such as the development of 
fiber-reinforced concrete 
segmental liners for 
these drives.

West Side CSO Tunnel 
Portland, Oregon

East Side Access 
New York, NY
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Innovation in 
Tunnel 
Engineering

What goes  
underground

©2015 Metropolitan Transportation Authority

No. 7 Subway Line Extension 
New York, New York

Water Tunnels
With cities around the world eager to 
clean up their waterways and secure 
the water supply needed for prosperity 
and growth, WSP has responded with 
appropriate engineering solutions. We 
design and manage construction of 
water-supply tunnels, combined sewer 
overflow (CSO) tunnels and offshore 
outfalls, and deep shafts in all ground 
conditions. Particular WSP strengths 
include ground improvement to protect 
surrounding structures, tunnelling 
in gassy or contaminated ground, 
and seismic engineering that keeps 
water tunnels operable in the event of 
earthquake or other disasters. 

Highway Tunnels 
Threading tunnels under busy city 
streets or boring through mountainous 
terrain, WSP has a long history of 
engineering highway tunnels. We 
are experienced in designing for and 
managing a variety of construction 
techniques including conventional 
drill-and-blast excavation, as well 
as specialized techniques such as 
soft-ground or hard-rock sequential 
excavation, box jacking and immersed 
tube technology. 

Utility Tunnels 
WSP has a proven track record in both 
the design, project management, and 
construction management of high 
voltage electrical cable tunnels and 
telecoms, gas transmission tunnels and 
pipelines, and water and wastewater 
transfer tunnel systems. Our experience 
includes geotechnical investigations 
and assessment, ground improvement, 
tunnel design including TBM, SEM and 
micro-tunnelling, tunnelling in gassy 
or contaminated ground, and seismic 
engineering that keeps utility tunnels 
operable in the event of earthquake or 
other disasters.

Transit & Rail Tunnels
Since developing cut-and-cover 
tunnelling techniques for the initial 
New York City subway line at the turn 
of the 20th century, WSP has met the 
requirements of rail and transit agencies 
worldwide with innovative solutions 
in hard rock and soft ground. We have 
managed large complex tunnelling 
projects, set records in designing 
TBM-driven tunnels and engineered 
tunnels that are exceptionally deep or 
in challenging ground conditions. We 
regularly advise transit agencies on the 
increasingly critical issues of tunnel 
security, vulnerability assessment and 
risk analysis. 

Mine Access Tunnels 
Mine access tunnels are essential 
assets which ensure safe, efficient, and 
trafficable access to the host rock and ore 
body to facilitate production. Accesses 
often traverse challenging geological and 
hydrogeological conditions requiring an 
alternative approach to typical mining 
development. WSP’s commitment to 
link advanced engineering and scientific 
theory with practical know-how is 
fundamental to our mine access work. 
Our unbiased understanding of mining 
and civil engineering excavation and 
support methods and their interaction 
with the ground are key to successful 
and expedient underground design and 
construction.
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Road and rail 
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For water conveyance systems, such as water supply and combined sewer overflow (CSO) tunnels, aqueducts, intake 
and outfall structures, interceptors, trunk pipelines, and drainage pipelines, WSP offers complete planning, design, and 
construction management services. 

Our projects include the Boston Harbor Outfall Tunnel, the largest-diameter rock-tunneled outfall in the world, 
and the award-winning East Side and West Side combined sewer overflow (CSO) tunnels in Portland, Oregon. WSP 
managed the design and construction of the Singapore Deep Tunnel Sewerage System which comprises 30 miles 
of deep tunnels and 105 miles of link sewers. On that project, our tunnelling engineers oversaw six construction 
contracts using eight TBMs operating simultaneously. Tunnelling in soft ground or mixed-face conditions is an  
activity frequently performed by WSP. Our soft ground tunnelling projects range from conventional shield tunnelling 
in free or compressed air to the use of state-of-the-art pressurized-face techniques such as bentonite slurry shields  
or earth-pressure balanced (EPB) TBMs.

Boston Harbor Outfall Tunnel
Boston, Massachusetts, USA

Boston Harbor’s effluent outfall tunnel is the terminal 
facility for the discharge of treated wastewater from 
the Massachusetts Water Resources Authority’s Deer 
Island sewage treatment facility. The treatment plant 
was designed and constructed in response to a federal 
court order to improve water quality in the Boston 
Harbor. The tunnel consisted of a 25-foot diameter, 
50,000-foot long outfall excavated in rock, with  
a 30-foot diameter, 400-foot deep onshore shaft.  
Fifty-five drilled riser shafts connect the outfall  
tunnel to the ocean bottom diffuser caps.  
WSP was retained to provide:

— Geotechnical and offshore geophysical  
 survey services

— Preparation/implementation of the marine  
 drilling program

— Hydraulic analysis of the outfall system

— Historical and archaeological survey

— Oceanographic analysis

— Preparation of final design, drawings, 
 specifications and cost estimates for the  
 outfall tunnel, diffusers and risers

— Start-up, operations and maintenance planning

— Construction bid support services 

Water 
Tunnels
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North Dorchester Bay CSO Tunnel
Boston, Massachusetts, USA

WSP led the design effort and was responsible for  
final tunnel design, the 60-foot-deep mining shaft,  
TBM removal shaft, access shaft, and helical and plunge 
drop shafts. The 2.1-mile tunnel has a finished diameter 
of 17 feet (19.3 feet mined diameter), and was excavated 
in soft ground with an EPB tunnel boring machine. 
The design accommodated variable geology, buried 
obstructions, sensitive buildings and utility structures, 
contaminated soils and groundwater, and high 
sensitivity to noise and vibration. Our scope included 
supervision of geotechnical data collection, production 
of the geotechnical baseline report, specification of  

the tunnel boring machine, and settlement and 
monitoring requirements to be implemented during 
construction. The quality of contract documents 
and geotechnical information presented were cited 
by the tunnel contractor as key factors to complete 
tunnel construction ahead of schedule. WSP provided 
construction-phase services and participated in an 
informal partnership with the owner, contractor, and 
construction manager with the goal of sharing ideas, 
data and information. Potential problems were addressed 
proactively and construction-related change orders  
were avoided altogether on the project. 

Deep Tunnel Sewerage System
Singapore

WSP was part of a joint venture that delivered the 21st century version of Singapore’s sanitary sewerage infrastructure 
on behalf of the Singapore Public Utilities Board. For Phase 1, WSP contributed conceptual and preliminary design for 
Singapore’s entire wastewater system. For Phase 2, we assisted with tender documents for the design of the link sewers, 
a wastewater treatment plant and outfall. In the third phase, we provided program management for construction 
of 48 kilometers (30 miles) of tunnels completed under six design-build contracts involving contractors and design 
consultants from eight countries. All the tunnels were constructed using earth-pressure-balanced TBMs.

West Side and East Side  
CSO Tunnels 
Portland, Oregon, USA

WSP led a team to provide preliminary and final 
design of the West Side and East Side combined  
sewer overflow (CSO) tunnels — a 3.4-mile-
long, 14-foot inside diameter soft-ground 
tunnel (West Side) and a 5.5-mile-long, 22-foot 
inside diameter soft-ground tunnel (East Side).

Challenges included the siting of seven 
large-diameter (up to 62 feet) shafts in highly 
populated areas and constructing them within 
small work areas while minimizing community 
impacts. Shaft excavations used slurry walls 
for initial ground support. Using a qualification 
based approach to select a contractor with a 
cost-reimbursable, fixed-fee contract as the 
project delivery method ensured the successful 
completion of a large and complex public works 
project on time and below budget. Steel-fiber-
reinforced concrete segments for the tunnel 
lining reduced lining cost and was the first such 
use in the United States for a final lining.
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Brooklyn-Staten Island Water Siphon
New York, New York, USA

WSP provided construction management services for 
a new water siphon under New York Harbor between 
Brooklyn and Staten Island. The replacement of two 
outdated shallow buried water mains was necessary to 
deepen the anchorage channel of the harbor. The New 
York region’s ports are working to prepare for the new 
large container ships with deeper drafts that will be using 
the port as a result of expansion of the Panama Canal.

Tunnel construction consisted of 9,400 feet of 10-foot,  
4-inch inside diameter tunnel built with one pass 

reinforced concrete segments four feet wide and eight 
inches thick. Tunnel mining was performed by an 
earth pressure balance tunnel boring machine (EPBM) 
originally manufactured by Caterpillar and later 
refurbished by Robbins. The EPBM included an airlock to 
permit intervention to the face to inspect the condition 
and replace cutting tools, scrappers or disk cutters. The 
EPBM encountered mixed-ground conditions of bedrock 
and glacial soils and transition between different soils 
along the alignment.

First Street Tunnel
Washington D.C., USA

The First Street Tunnel is a storm water storage tunnel that will provide flood relief to the Bloomington and Le Droit 
neighborhoods of Washington, D.C. As part of a design-build team, WSP provided design services including the  
design of a 2,700-foot-long, 20-foot diameter soft-ground tunnel, a 160-foot-deep slurry wall access shaft,  
three frozen ground supported shafts and adits.
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Long Term Recycled Water Release Plan  
Stage 1 – Gold Coast Seaway
Gold Coast, Australia

With a continually growing population and already being 
one of the largest re-users of recycled water, the City of 
Gold Coast required an upgrade of the existing recycled 
water release system at the Southport Seaway. The 
project solution included a pipe capable of transferring 
6,300 l/s of recycled water from the mainland across the 
Broadwater seaway via a marine pipeline to an outfall 
located off South Stradbroke Island.

The Gold Coast Seaway project is part of the City of Gold 
Coast’s Long Term Recycled Water Release Plan.

In order to protect the waterways from environmental 
impacts, an alternative construction method to the 
original dredged pipeline plan was proposed by the 
builder John Holland and their specialist subcontractor 

Bothar Boring and Tunnelling Australia (Bothar). This 
alternative adopted trenchless construction using micro 
tunnelling (MTBM) methods.

The project involved tunnelling two separate drives, one 
of which is one of the longest micro tunnel drives in the 
southern hemisphere (1385m long). 

The WSP team was engaged by Bothar to join the project 
team and provide temporary works design support, design 
services for the tunnelling works, construction support 
that included site attendance across both drives.

Kenilworth Wastewater Tunnel
Kenilworth, United Kingdom

Kenilworth is a picturesque market town in England, 
about a 90-minute train journey from London. To meet 
the housing demand, 125 new family homes are being 
built next to the town’s 116-year-old Cricket Club.

One of the practical challenges of constructing a new 
development is integrating it with the existing water 
infrastructure. To carry wastewater from the housing estate, 
specialist tunnel sub-contractor, Rorcon Limited, needed to 
connect surface water drains into the existing sewer.

The existing 1.2 m diameter sewer tunnel was about 10 
m below a narrow country roadway, which could not 
be closed for the excavation. Additionally, space was 
restricted because of how close the nearby houses were to 
the shaft construction site. In collaboration with Rorcon 
Limited, WSP developed a design and construction 

sequence for a 4.5 m diameter, 8 m deep shaft, along with 
the connection details to the existing sewer.

To construct the shaft in the small space available for 
equipment, our design needed to consider how to 
improve productivity while keeping the size of the shaft 
to a minimum. Multiple factors were taken into account, 
including the size of the plant required to trim and remove 
the rock, as well as the lifting and logistics requirements 
to remove spoil. 
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Riverside Stormwater Interceptor 
Saint-Lambert, QC, Canada

The Riverside Stormwater Interceptor of Saint-Lambert 
project is a microtunnel designed to drain excess rain 
and groundwater from the city in southwestern Quebec, 
Canada, located on the south shore of the St. Lawrence 
River, opposite Montreal. 

WSP was engaged during the early stages of the project, 
to consider the application of a suitable tunnelling 
methodology for the construction and installation of a 
new 2250 mm diameter near-surface storm sewer system, 
through challenging ground conditions. The baseline 
scheme was originally proposed to be done by open cut 
deep trenching, which would have been very disruptive  
to this busy residential area. 

Our team considered the tunnelling options, looking in 
detail at several high-level risks during the constructability 

review, including surface settlement, and disruption and 
potential disturbance to existing structures, including the 
shallow foundations of a major overbridge carrying a busy 
railway. We proposed pipe jacking, using concrete jacking 
pipes with a curved alignment as the preferred option to 
optimize the location of drive and reception shafts, as well 
as the construction methodology of the shafts. Based on our 
assessment, the City decided to go with the tunnel approach, 
which was subsequently contracted as design-build.

WSP, along with a multidisciplinary team of firms, was 
recognized with the Tunnelling Association of Canada’s 
2020 Canadian Project of the Year Award (under $100M) 
for this project.

Enwave Chilled Water Distribution Network
Toronto, ON, Canada

The Enwave Deep Lake Water Cooling System is one of 
the largest district energy systems in North America, 
cooling 100 buildings and 3 million m2 of commercial 
space. WSP provided project management, route selection, 
preliminary engineering, surveying, engineering design, 
and contract administration services for this project. 
Careful selection of a tunnel-boring machine (TBM) was 
selected as an appropriate construction technology to 
suit the ground conditions and utility congestion within 
the downtown core. The project included 3 m and 355 m 
diameter rock tunnels with twin, 1,200 mm diameter, 
cement-lined-steel chilled water supply and return pipes. 
Chilled water service connections were provided to 
downtown high-rise buildings through 9 km of tunnels, 
and 18 km of trunks chilled water lines under roadways, 

with six construction shafts varying in depth from 23 m 
to 41 m. Special considerations were made when locating 
the construction shafts to minimize traffic disruptions  
and utility conflicts and optimize construction costs.
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Glenwood Canyon I-70 Tunnel,  
Glenwood Springs, CO

Highway 
Tunnels

Highway tunnels have been designed by WSP engineers and constructed in all types of environments, ranging from 
urban settings to environmentally sensitive locations throughout the world. WSP engineers apply innovative and 
proven technologies to address complex geology and demanding operational requirements.

Vehicular tunnels to which WSP made significant contributions include the Glenwood Canyon Tunnel in Colorado;  
the Tetsuo Harano tunnels of Hawaii’s H-3 highway; and the Cumberland Gap Tunnel in Kentucky, Tennessee and 
Virginia. All three featured context-sensitive designs that met strict environmental requirements. The Second  
Midtown Tunnel in Virginia represents an innovative immersed tube highway tunnel which was designed  
by WSP and constructed in a demanding marine environment. 

Eurasia Tunnel
Istanbul, Turkey

Located on two continents--Europe and Asia--the 
modern-ancient city of Istanbul, Turkey dates to 660 BC  
and is now one of the most populous in the world, 
with more than 15 million people. The first road tunnel 
crossing of the Bosphorus Strait provides an important 
transportation link between the European and Asian 
sides of Istanbul, reducing travel time from 100 minutes 
to 15 minutes. Part of a 9-mile highway project, the 
project comprises four lanes of roadway that pass in 
stacked upper and lower decks through 3.3 miles of 
tunnel. This includes a 45-foot-diameter bored submarine 

tunnel that is more than 2 miles long and twin New 
Austrian Tunnelling Method (NATM) tunnels, each  
0.6-mile long. At depths of 330 feet below the water 
surface and in sand and gravel, the single pass segmental 
lining is required to resist 11 bars of water pressure 
and large seismic forces. Construction also required 
tunnelling through poor-quality rock at both the Asian 
and European sides of the crossing and mixed-face 
conditions beneath the Bosphorus. Special attention  
had to be given to design of the bored tunnel lining 
segments, gaskets and bolted connections.
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Second Midtown Tunnel
Norfolk and Portsmouth, Virginia, USA

WSP was lead design engineer for the Elizabeth River 
Tunnels Project between Norfolk and Portsmouth in 
Virginia. The centerpiece of the Elizabeth River Tunnels 
Project is the new two-lane, 4,198-foot (1,280-meter) long 
immersed tube Second Midtown Tunnel. The tunnel—the 
first deep-water concrete immersed-tube tunnel in North 
America and the second all-concrete tunnel in the United 
States—comprises 11 hollow segments, called elements. 
They were lowered into the trench one at a time, each 
about a month apart. When the element, guided by a 

special barge, reached the river bottom—a process that 
took about 12 hours—a hydraulic arm pulled it together 
with the adjacent tube to form a watertight seal.

Cumberland Gap Highway Tunnel
Cumberland Gap, Tennessee, USA

This National Parks Service project relocated U.S. 25E  
out of the historic pass at Cumberland Gap and into a 
tunnel in order to increase roadway capacity. Each tunnel 
features 30-ft travel lanes, a shoulder and barrier curb 
on the right lane side, and a shoulder and emergency 
walkway on the left lane side to protect tunnel walls  
from damage by overhanging vehicles.

The twin tunnels carry traffic between Kentucky and 
Tennessee and pass through a variety of rock types 
including shale, limestone, dolostone, interbedded 

sandstone and coal seams. The rock mass contains 
numerous discontinuities with shear zones. Tunnel support 
for these two tunnels was designed by WSP with cost-
saving Sequential Excavation Methods (SEM), including 
the use of shotcrete, lattice girders and rock bolts.

WSP provided project management and all tunnel 
engineering and design services, as well as architecture 
and landscape architecture for the design of two portal 
buildings.
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Glenwood Canyon Tunnels
Garfield County, Colorado, USA

The Glenwood Canyon tunnels—Hanging Lake Tunnel  
and Reverse Curve Tunnel—carry a critical section of  
I-70 through western Colorado’s Glenwood Canyon.

The Hanging Lake Tunnel accommodates eastbound 
and westbound traffic through 42-foot-wide, two-lane, 
two-bore tunnels. Located in very steep terrain subject to 
falling rocks, the tunnel portals presented special design 
challenges and difficult geotechnical and construction 
problems. The Hanging Lake Tunnel’s proximity to popular 
hiking trails called for tunnel facilities to be out of sight 

and hearing of rest areas and trails. WSP devised a plan 
for placing the four-story ventilation plant entirely below 
ground between the tunnels. With most of the structure 
hidden with backfill, it is totally camouflaged by foliage 
during the summer and almost imperceptible during the 
winter months. The reversible, semi-transverse ventilation 
system utilizes an overhead duct to supply fresh air during 
normal operating conditions and to either supply air or 
exhaust smoke in the event of an emergency, depending 
on the location of the fire.

© 1992 David Sailors

H-3 Tunnels
Honolulu, Hawaii, USA

H-3 crosses the Koolau Mountains through the 1-mile 
Tetsuo Harano Tunnel. The Koolau Range has a notorious 
history as difficult tunnelling ground--the range’s first 
highway tunnel built in the 1950s suffered a major 
collapse during construction. The geological composition 
is entirely volcanic, ranging from hard basalt to 
consolidated ash rock.

WSP designed an exploratory tunnel to provide rock  
and soil information used in designing the main tunnels. 
This saved millions of dollars in construction costs by 
reducing the uncertainty in the geologic conditions.  

The new tunnels were excavated using the drill and blast 
technique in the top heading and ripping in the bench. 

The ventilation system was specifically designed for 
vehicular emissions resulting from traffic operation on 
the relatively steep grades and fire emergency conditions. 
A full-transverse ventilation system was chosen for 
better operating efficiency given the tunnel length and 
climatological factors from reverse-direction Kona 
tradewinds. The viaducts’ visual and environmental 
impacts are softened by the cantilevered designs, which 
minimize disruption to ground vegetation.

© 1997 David Sailors
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Göta Älv River Submersed Tunnel
Gothenburg, Sweden

Gothenburg, Sweden’s second-largest city, has seen a 
significant increase in traffic congestion over the last 
decade. With the objective of addressing this challenge and 
supporting the new city center demographics, Swedish 
transport authorities made plans for a road tunnel and a 
new railway bridge across the Göta Älv river.

Creating a submersed tunnel when crossing under the 
river will preserve good access for ships passing along 
the river and keep Gothenburg’s port competitive in the 
future. 100-metre long concrete tube elements were built 
in a dry-dock on shore and then floated out into the river 
and submerged into a deep trench dug into the soft clay 
of the riverbed. WSP supported the tunnel project with 

geotechnical design including slope stability analysis 
for dredging the trench and the surrounding quays. 
Geotechnical support was also provided for temporary 
construction on land, and design for soil stabilization with 
lime cement columns for the excavation of a deep trough 
on one of the connection ramps down to the tunnel. 
We also designed the piles and winch points that were 
instrumental in successfully pulling the concrete tunnel 
elements into place and down to the bottom of the trench.

© Photo courtesy of the Swedish Transport Administration

Tuen Mun-Chek Lap Kok Link
Hong Kong

The Tuen Mun-Chek Lap Kok Link (TM-CLKL) is a 
strategic sub-sea road transport link, constructed to 
alleviate traffic congestion and shorten the journey 
between Hong Kong’s Northwest New Territories and  
the Hong Kong International Airport via a 4.1 km dual, 
two-lane subsea tunnel.

At 55 m below sea level, this is the deepest, longest, and 
largest sub-sea road tunnel ever built in Hong Kong.  
It was constructed using the world’s largest tunnel  
boring machine with a diameter of 17.6 m, as well as  
two 14 m diameter TBMs and a mini TMB for 
constructing the 57 connecting cross passages.

Over the four-year project, WSP provided specialist 
geotechnical services for the ‘Southern Landfall’ area  

of the project, overcoming the significant challenges posed 
by complex geotechnical conditions and high ground 
water pressure. The team combined its deep expertise in 
geotechnical risk mitigation and analytical skills, with 
the use of digital engineering tools to model and analyse 
the complex interactions between the ground conditions, 
design of the tunnels and geo-structures, and the 
construction processes.

The TM-CLKL tunnel won the International Tunnelling 
and Underground Space Association (ITA) Major Project 
of the Year (over €500M) Award 2019. WSP was also a 
winner at the Bentley Systems Year in Infrastructure 2020 
Awards in the Geotechnical Engineering category for our 
work on TM-CLKL.
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Waterview Connection
Auckland, New Zealand

NZ Transport Agency’s NZD1.4bn Waterview Connection 
is New Zealand’s largest, most ambitious roading project 
to date and has had the biggest impact on how people 
travel in Auckland since the opening of Auckland  
Harbour Bridge in 1959.

First anticipated in transport plans for the city  
in 1954, Waterview took approximately 60 years  
to come to fruition.

The project includes twin three-lane tunnels at 13.1 m 
diameter x 2.4 km long – the longest road tunnels 
constructed in New Zealand, including a motorway- 
to-motorway interchange.

Waterview Connection was delivered by the Well-Connected  
Alliance (Alliance), responsible for the design, construction, 
initial maintenance and operation of the project.

Opened in 2017, Waterview Connection was the final 
five km- link completing the Western Ring Route (WRR), 
a second 47 km motorway which eased congestion on 
the main corridor through central Auckland and was 
identified by the NZ Government as one of its Roads of 
National Significance to support the country’s economic 
growth. Bypassing the city centre to the west, the WRR 
links Auckland’s Manukau, Waitakere and North Shore 
regional centres improving regional connections north 
and south of the city.

Western Harbour Tunnel and Beaches Link
Sydney, Australia

The Western Harbour Tunnel and Beaches Link Program  
is a major transport infrastructure proposal that will  
make it easier, faster and safer to get around Sydney.

Western Harbour Tunnel delivers a new crossing under 
Sydney Harbour and creates a western bypass of the 
Sydney Central Business District (CBD) to the Warringah 
Freeway. The project includes upgrading approximately 
four kilometres of Australia’s busiest road, the  
Warringah Freeway.

The Western Harbour Tunnel includes over six kilometres 
of tunnels as well as upgrading over nine kilometres of 
surface roads. It will integrate with public transport, 
improve travel times and boost reliability for cross 
harbour trips and the broader network.

The Beaches Link includes over 11 kilometres of tunnels, 
as well as upgrades to over five kilometres of surface 
roads. It is an integrated transport solution that will 
improve car and bus journey times to and from the 
Northern Beaches. It will also provide new connections to 
St Leonards and Macquarie Park, linking people with jobs, 
education and services.

WSP, in joint venture, was engaged by Transport for NSW 
as Technical Advisor for the project. Our scope of work 
includes Site Investigation, Environmental Assessment, 
Reference Design, GIS services, as well as the traffic 
modelling for the project.

© Photo courtesy of Transport for NSW
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A303 Stonehenge 
Near Salisbury, United Kingdom

The Stonehenge World Heritage Site (WHS) is globally 
important and a landscape without parallel. It is one 
of the UK’s most visited heritage sites but faces high 
levels of congestion from the A303 which runs through 
the area. National Highways is leading a nationally 
significant infrastructure project set to remove traffic from 
Stonehenge and the surrounding area, easing congestion 
and reducing the impact of heavy traffic on local 
communities like Winterbourne Stoke. Wider benefits 
include reinstating a rural landscape, boosting wildlife, 
and enhancing biodiversity. It will also unlock economic 
development in the region by improving connectivity 
between South-East and South-West England.

The project will see the development of a new dual 
two-lane carriageway, including a 2-mile (3.3 kilometres) 
long tunnel, for which WSP, as part of the AmW joint 
venture, has played a vital part. Tunnelling within the 

WHS provides several constraints and issues including 
the geology and hydrogeology, archaeology, and cultural 
heritage of this unique place. Being able to demonstrate 
how the expected operational standards for safety, traffic 
flow, route availability and energy efficiency would be 
achieved was also critical.

AmW is National Highways’ Technical Partner and 
produced the preliminary design for the scheme, 
environmental statement, consultation report and other 
key documents for the application. It also provided expert 
witnesses and technical support during the Development 
Consent Order (DCO) application. Our scope included 
writing the design and technical requirements which were 
subsequently tested through the competitive dialogue 
procurement process. The scheme remains subject to 
final approval and WSP continues to support National 
Highways in the consenting process. 

© National Highways

Fehmarnbelt Fixed Link
Denmark-Germany

The Fehmarnbelt Fixed Link, at 18km in length, carrying 
both motorway and rail links between Denmark and 
Germany, will be the longest immersed tunnel in the 
world. This project forecast to cost €7.4bn and will replace 
the Road/Rail ferry service between Lolland in southern 
Denmark and Fehmarn in northern Germany. The project 
will reduce the crossing time with journeys taking ten 
minutes to travel from Denmark to Germany by car and 
seven minutes by train. When the tunnel is completed, 
it will make it possible to travel between Hamburg and 
Copenhagen by train in less than three hours.

The structure comprises 79 submerged pre-cast concrete 
tunnel elements, each 220m long x 40m wide, together 
with 10 39m long x 50m wide x 13.5m deep special 
elements with a lower floor for the use of the tunnel 

operation and maintenance equipment. For the immersed 
tube tunnel and the shore-side cut and cover concrete 
tunnels, WSP are providing independent checking services 
of the structural and geotechnical permanent works.

One of the significant challenges of the checking work 
involves the complex ground characterisation and 
modelling of the foundation response and the soil-
structure interaction with the tunnel. The high plasticity 
clay of Palaeogene origin, due to its nonlinear and 
hysteretic behaviour, provides a unique challenge for 
determining reliable settlement and heave predictions  
of the subsoil behaviour.

© Femern A/S
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Transit & Rail 
Tunnels

WSP has a long and successful history of planning, environmental assessment, design and construction management of 
major transit projects around the world. The firm has designed more than 30,000 miles of transit  
(more than any other U.S. firm) constructed both above and below ground.

Over the years, we have been involved in almost every transit system in the U.S., and many overseas in a variety of roles 
such as program management (BART, MARTA, Los Angeles Metro, Caracas Metro, Taipei Metro), design (Toronto Metro, 
New York Metropolitan Transportation Authority (NY MTA), Long Island Rail Road), environmental analysis (Honolulu 
Transit, NY MTA, Baltimore Metro, LA Metro) and construction management (Seattle Sound Transit, Baltimore Metro, 
NY MTA, LA Metro, Cairo Metro, Taipei Metro, Taiwan High-Speed Rail). Many innovative designs and state-of-the-art 
applications were implemented on these projects resulting in numerous awards for engineering excellence.

Second Avenue Subway
New York, New York, USA

As the largest subway construction project in the last 50 years, the Second Avenue Subway provides increased 
efficiency and convenience for the people of New York City. WSP led a multidisciplinary team that managed  
the construction contracts awarded by the New York Metropolitan Transportation Authority (NY MTA) for Phase 1 of 
the Second Avenue Subway. The project included design elements for the prevention of pollution and minimization  
of waste. Wherever possible, the project minimized adverse environmental impacts and incorporated sustainable design 
principles such as energy efficiency, enhanced environmental quality, and material conservation. We are currently 
designing Phase 2 of the Second Avenue Subway, which includes three new stations and new soft-ground tunnels.

Central Subway
San Francisco, CA
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Regional Connector
Los Angeles, California, USA

The Los Angeles County Metropolitan 
Transportation Authority’s Regional Connector 
includes a 1.1-mile-long tunnel that will link three 
light rail transit lines and the city’s heavy rail 
subway. The project also includes the creation of 
three new stations. When completed, passengers 
will be able to travel from Azusa to Long Beach, or 
from East Los Angeles to Santa Monica, without 
transferring trains.

Excavation for the first tunnel was completed in July 
2017. A parallel tunnel bored by the same TBM was 
completed in 2018. The Regional Connector includes 
a crossover cavern in weak rock to be excavated 
using the sequential excavation method.

WSP has been working on the Regional 
Connector project since 2008, providing planning, 
environmental, preliminary engineering and 
procurement services, as well as construction 
engineering support. WSP will continue to provide 
design support services as the project advances 
toward revenue operations, scheduled to begin  
by December 2021.

East Side Access
New York, New York, USA

WSP is a member of the tri-venture serving as general 
engineering consultant (GEC) for planning, preliminary 
and final design and construction-phase services for the 
development of the $6.3 billion East Side Access project, 
currently the largest construction program ever undertaken 
by the New York City Metropolitan Transportation Authority. 
The project entailed 6.3 miles of tunnels constructed using 
different types of tunnelling methods — soft ground TBM, 
SEM (sequential excavation methods) and open cut in 
Queens, and hard rock TBM and chamber blasting under 
Manhattan’s East Side; extensive reconstruction of Grand 
Central Terminal’s western lower level to create a new 
350,000-square-foot concourse to accommodate operations of 
the Long Island Rail Road (LIRR).

The Queens tunnels will connect the LIRR to Grand Central 
Terminal in Manhattan. WSP designed four 20-ft diameter 
tunnels, lined with precast concrete segments. The tunnels 
were constructed through sands and clays using pressurized 
slurry TBMs that passed under Sunnyside Yard and 
Harold Interlocking in Queens, one of the busiest railroad 
interlockings in North America.

Slussen Bus Terminal
Stockholm, Sweden

Slussen is a meeting point where underground, buses, 
commuter trains, boats, bikes, cars and pedestrians 
come together in a confined area. It is also a water gate 
connecting Lake Malar with the Baltic Sea. After 75 years 
of operation, Slussen has reached the end of its serviceable 
life and will be demolished and rebuilt from scratch. It 
will be converted into one of Stockholm’s most attractive 
venues, with new squares, docks and the area’s first park. 
Public transport will be allocated more space, as will 
pedestrians and cyclists, while surface car traffic will be 
reduced and adjusted to accommodate modern traffic 
planning requirements.

The new bus terminal is located in a rock cavern. The 
preliminary design was executed by WSP, based on the 
architectural design of Foster + Partners. Once completed, 
it will provide a secure and modern hub for commuters 
from the Eastern part of Stockholm. The bus terminal is 
being developed to seamlessly integrate with commuter 
train and underground services, allowing for smooth 
and comfortable interchanges between buses, trains and 
underground, without requiring passengers to leave the 
station.

© Per-Erik Adamsson
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Follo Line
Oslo, Norway

The Follo Line Project is a Norwegian megaproject 
currently in the making, scheduled for rail traffic from 
December 2022. The project, with a high degree of 
technical complexity, is for the moment the largest 
transport project in Norway with the longest rail tunnel 
in the five Nordic countries.

The Blix Tunnel is a twin tunnel, and each tube is 20 km 
long. This is Norway’s first long twin-tube rail tunnel, 
as well as one of the first rail projects in the country to 
be constructed by Tunnel Boring Machines (TBMs). The 
four TBS machines completed the drilling as scheduled 
and remailing parts are transported back to the factory in 
Germany to be reused in other projects. Throughout the 
construction of the Norwegian Tunnel, about 9 million 
tons of rock spoil has been removed over a period of  
3 to 3.5 years. The excavated rock material has been  
reused locally as part of land construction in a large  
area which is to become a temporary nature- and 

recreation area until Oslo Municipality may construct  
a new residential area. Close to Oslo Central Station the 
project includes a new tunnel system with a rail tunnel 
under Oslo medieval park. In the small hub Ski, a modern 
transport centre is constructed as part of the Follo Line 
Project, the inner part of the Norwegian intercity rail 
development southeast of the capital.

WSP has had several positions in the PMO organization 
for the Follo Line Project since the project started in 2013, 
including services within construction management, 
technical management, quality, EHS, environment, 
strategic planning, and delivery of project specialists  
to the client. We have also assisted the entrepreneur  
in the project with geotechnical ground investigations  
and instrumentation and monitoring. 

Norra Station Hagastaden
Stockholm, Sweden

In Stockholm, Sweden, the new Norra Länken (“Northern 
Link”) tunnel is a 13km highway connecting an important 
freight harbour and ferry terminals that will relieve 
congestion in the city centre by tunnelling the E20 and 
directing traffic underneath.

The Norra Station/Over Decking project involves 
extending the Norra Länken to create Hagastaden, a new 
district uniting the cities of Stockholm and Solna. In 
contrast to the rest of the Norra Länken, the new tunnel 
under Hagastaden constitutes a complex and multi-storey 
over decking connecting to the existing E4/E20 highway, 
which hereby “heals” the former no man’s land between 
the city of Stockholm and Solna.

WSP is the sole consultant for the Norra Station project, 
working for both the Swedish Transport Administration 
and the City of Stockholm since 2008, planning the 
construction of the roads, masterplanning the new 
district, and carrying out a comprehensive environmental 
impact assessment for both.

We produced tender documents for about 20 separate 
contracts and supported the community consultation 
process with a wide variety of stakeholders. We have been 
able to add significant value by being involved in both 
projects, avoiding duplication.

© Per-Erik Adamsson©Bane NOR
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The Metro Tunnel
Melbourne, Australia

The Metro Tunnel will create a new end-to-end train l 
ine from Sunbury to Cranbourne/Pakenham, with  
high-capacity trains, twin nine km rail tunnels and five 
new underground stations at Arden, Parkville, Anzac. 
They will connect directly to the City Loop through two 
new CBD stations at the State Library and Town Hall.

The Metro Tunnel will create capacity on Melbourne’s 
train network to enable more than a half a million 
additional passengers per week to use the rail system 
during the peak periods.

During the planning stages of the project, WSP assisted 
in completing the Site Investigation and developing 
the Reference Design, Environmental Assessment and 

contract documentation for the project. Subsequently in a 
design joint venture with Arcadis and Arup (AAW), WSP 
is working as part of the CYP D&C – led by Lendlease, 
John Holland and Bouygues Construction to deliver 
the tunnel, civil, structure, surface transport, and rail 
infrastructure, together with the mechanical, electrical 
and hydraulic design. We are also delivering the specialist 
services including tunnel ventilation, fire and life safety, 
security and blast assessment, pedestrian modelling, noise 
and vibration, environmental and sustainability services 
including contaminated land management.

© Image courtesy of Rail Projects Victoria

Toronto Subway Expansion 
Toronto, ON, Canada

With an exponentially growing population in Toronto, 
there is an urgent need for better ways to travel that  
do not put pressure on the region’s roadways. This has 
meant prioritizing the expansion of the area’s public 
transit system, particularly its subway.

In every recent extension of the Toronto Transit 
Commission (TTC) subway system, WSP has played a 
key role. Most recently, in 2017, this involved an 8.6 km 
extension, with six new subway stations, to what will 
become the heart of the fast-growing city of Vaughan  
to the north of Toronto. The subway also provides better 
transit access for the 55,000 students and 7,000 staff  
at York University.

As the principal geo-engineering consultant for the 
project, our role was crucial in keeping the project moving 
smoothly. Because of the wide range of skills required for 
this project, we assembled a global team, which included 
professionals with a vast experience in subway projects 
from Canada, the United States of America, Hong Kong, 
Singapore, and the United Kingdom, with professionals 
from our Vancouver office providing seismic design 
expertise. 
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Suburban Rail Loop
Melbourne, Australia

In conjunction with the Aurecon, Jacobs and Mott 
MacDonald Joint Venture, WSP acted as the Technical 
Advisor to the State Government, to support the 
development of the Business Case and Reference  
Design for Melbourne’s new rail tunnel orbiting the city. 
The new tunnel will increase capacity on Melbourne’s 
existing rail network allowing more trains to travel  
more frequently across Victoria, with a less crowded  
and more reliable train network.

Because of the complexity of the expected ground 
conditions, the site investigations were phased to assist in 
the management of the assessed ground and groundwater 
risks and increase the return on the investment made 
by the State. We then used this information to inform 

the ground movement, groundwater and contamination 
aspects of the Environment Effects Statement.

Given the scale of the project and the quantity of data 
collected, good data management was critical. Our 
data-management system maximized the value of the 
site investigation data collected throughout the project 
using GIS and document management capabilities, as 
well as an instrumentation module for the storage and 
rapid interpretation of geotechnical and groundwater 
monitoring data.

© Image courtesy of Suburban Rail Loop Authority

South Island Line East
Hong Kong

The 7-kilometre South Island Line is a medium-capacity 
railway with five stations. The five stations are: South 
Horizons, a two-level underground station, constructed 
by the cut-and-cover method; Lei Tung (a two-level, 
40-metre-deep cavern station) constructed by drill-
and-blast method with the upper level serving as the 
concourse with two entrances and the lowest level 
comprising an island platform; Wong Chuk Hang and 
Ocean Park, both elevated stations with viaducts totalling 
2.3 miles (3.7 kilometres) in length; and a depot located  
at Wong Chuk Hang. The project also included the  
2-mile (3.3-kilometer) Nam Fung Tunnel, a drill-and- 
blast twin-track tunnel; and a cut-and-cover tunnel  
at Ap Lei Chau Drive.

WSP served as the detailed design consultant, responsible 
for detailed designs of Lei Tung Cavern Station, associated 
tunnels, the mined tunnel at Nam Fung, and mined and 
cut-and-cover tunnels at Lei Tung. All design activities on 
this major undertaking were performed in collaboration 
with the MTR’s in-house design and management team 
from a dedicated project office in Kwun Tong. 

The design work was exceptionally challenging due 
to the tunnels running beneath numerous property 
developments. The temporary and permanent lining of 
the tunnel were designed to withstand the loads from 
the above ground developments and to minimize the 
settlement of the structures.
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MRT Promenade Station & Associated Tunnels 
Singapore

This Promenade Interchange station connects the 
passengers from Downtown Line to Circle Line and 
serving the passenger movement around the Marina 
Centre and Promenade areas. It is constructed abutting  
to existing the station and the interchange station is 
deeper than the toe of the existing station diaphragm 
wall. There are four blocks of existing high-rise buildings 
range from 5 to 45 storeys in the vicinity of 25 m radius 
(Millenia Walk Shopping Centre, Millenia Office Tower, 
Centennial Tower and Suntec Tower 3). 1.5 m thick 
diaphragm walls and top-down construction have been 
implemented to minimize impact to all the existing 
adjacent buildings for the construction of the 6-level 
basement interchange station.

The project comprises of a 44m-long deep stacked 
platforms underground interchange the station and  
1.2 km-long bored tunnels. The 5.8 m diameter twin  
bored tunnels are parallel from the launching shaft and 
become stacked tunnels when approaching station. These 
tunnels bore through 150 m-long of marine clays and  
450 m-long of OA soil to reach the interchange station. 

WSP was appointed by the main contractor as the Lead, 
Civil & Structural and Plumbing & Sanitary Consultant 
for this deep basement interchange station.

Our engineering excellence has been recognized by  
BCA Construction Excellence Award.

Sandbukta-Moss-Såstad
Norway

Bane NOR is building a 10 km double track on the stretch 
through challenging ground conditions through the city  
of Moss, southern Norway. The project includes two 
tunnels (2,5 km and 2,3 km long) and a new train station in 
the city of Moss which is about 800 m long. The tunnels 
are partly in hard rock and partly in soil containing quick 
clay. The railway in day zones is also partly built on quick 
clay, and thoroughly soil treatment by Jet Grouting and 
Lime-Cement is necessary. The rock parts of the tunnels 
are excavated by drill and blast using the Norwegian 
Method of Tunnelling (NMT). Today about two-third 
of the rock tunnels are excavated and supported, but 
challenging sections remain, amongst others passing a 
larger weakness zone and a deep gorge in the bedrock. 
This is filled with soft soils reaching down to the tunnel 
crown; presupported by 650 overlapping Jet Grout piles 
making it stable to pass with the tunnel. The soil parts 

of the tunnel will be constructed using cut and cover 
method. The pits will be stabilized using diaphragm 
walls down to more than 30 meters depth at the most. 
Other challenges are controlling the ground water and 
preventing ground water drainage, consolidation, and 
damaging settlements to the urban area. 

WSP’s services include roles both on the client side 
and the main contractor side on different sections of 
the project. From project management and engineering 
geology for Bane NOR to services in the Carlberg area 
for the main contractor doing geotechnical ground 
investigations, geotechnical design and optimization, 
geotechnical follow-up during the construction phase  
and instrumentation and monitoring (installation and 
follow-up).  

©Bane NOR
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Connaught Tunnel  
London, United Kingdom

The C315 Connaught Tunnel forms part of the Crossrail 
Central Section and has been renovated to facilitate the 
route of the southeast spur of London’s Crossrail project 
from Canary Wharf to Abbey Wood. This portion of the 
project involved the construction of a new invert and  
full-section strengthening to the existing disused 
Victorian brick-lined railway tunnels running under the 
Connaught Passage which connects the Royal Victoria 
Dock to the Prince Albert Dock. The tunnel was originally 
built in 1878 using traditional cut and cover techniques 
and was later lowered in height where it passes through 
the Victoria dock, replacing the brick arches with  
a cast-iron segmental lining. 

The permanent works (designed by others) consisted  
of replacing the existing brick and cast-iron tunnel  

with a single cast in situ reinforced concrete box culvert.  
To ensure sufficient height for modern rail stock, the 
invert of the tunnel was lowered. 

WSP was employed to design and detail the temporary 
works and construction sequencing to allow the removal 
of the existing structure and construction of the new 
reinforced concrete structure; this included propping, 
formwork and working platforms as well as responsibility 
for CAT III checking of other contractors’ temporary work 
designs. In addition to the design of the temporary works, 
WSP was also responsible for the structural detailing 
of the new reinforced concrete structure. All designs 
and checking were carried out in accordance with the 
Eurocode Suite of documents.

Finsbury Park Station Upgrade 
London, United Kingdom 

London’s transportation authorities have prioritized 
provision of step-free access to their facilities, to make it 
easier for people with all levels of mobility to travel. This 
can be a complex problem when passengers must be able 
to reach multiple track levels within the same station. 

That was the challenge faced by WSP in providing 
design services and technical support for an upgrade of 
the Finsbury Park station in north London. This is an 
intermodal facility with two bus terminals and a National 
Rail station at the surface, with a London Underground 
station directly beneath. 

 Two of the biggest priorities in the upgrade were to avoid 
disruption to both overground and underground rail 
services, and to allow unimpeded passengers access to all 

platforms within the station, allowing transfer between 
modes of transport, throughout the duration of the 
project.

WSP was brought in because of extensive tunnelling 
and other underground experience, including other 
transportation facilities. Key to the success of this project 
was staging the work in a way that avoided service 
and access disruptions. The temporary work scheme 
considered the holistic construction of the works and was 
conceived such that wherever possible, new structures 
and access were created by digging down through 
portions of the overground platforms. 
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Worldwide, cities are engaged in the constant process of upgrading their technological capabilities. In both developed 
and developing countries, the demand for all forms of utilities - electricity, gas, district heating, telecommunications, 
internet – is consistently growing, and the technology is continuously improving, necessitating upgrades. The 
result is the proliferation of utility tunnels in the subsurface environment, especially in urban areas or in sensitive 
environmental areas such as national parks.

WSP has a proven track record engineering high voltage electrical cable tunnels and telecoms, and gas transmission 
tunnels and pipelines. Our strengths with utility tunnels include construction in dense urban environments, 
constructability of tunnelling solutions, and space-proofing of tunnels with internal structures, such as cable layouts 
and hydraulic structures, as well as settlement analysis of critical above ground and underground structures, using 
innovative construction techniques to mitigate their effect. In addition, we also perform condition assessment, 
rehabilitation, repurposing, and upgrading of utility tunnels and facilities.

Hydro One Networks  
Cable Tunnel 
Toronto, ON, Canada 

As part of the reinforcement of its transmission 
network, Hydro One Networks Inc. installed  
230 kV cables in the downtown Toronto area to 
connect the 110 kV John TS and Esplanade TS. 
The cables will initially be operated at 110 kV and 
later at 230 kV, after upgrading the John TS and 
Esplanade TS to 230 kV. As design consultant for 
the cable tunnel and civil works construction, WSP 
provided design engineering, and review of the 
tunnel construction. A 2.1 km long tunnel with an 
internal diameter of 3,000 mm was designed and 
constructed, including two rectangular shafts 30 m 
in depth, three intermediate drill shafts, and two 
additional cable egress points. Located in downtown 
Toronto, the tunnel was approximately 25 m deep in 
shale rock. The tunnel alignment was successfully 
designed and constructed to include two tight 
90-degree bends within public road allowances.

Utility 
Tunnels
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Bremner Cable Tunnel 
Toronto, ON, Canada

WSP served as the permanent works designer to design 
and build contractor for a 3.1 km utility tunnel consisting 
of a 2.1 km long, 12.7 m wide and 4.5 m high immersed 
tube tunnels and a 1.0 km cut-and-cover tunnel.

Our team was retained by Toronto Hydro Electric 
System Limited to undertake environmental assessment, 
preliminary design, detail design, and construction 
administration for the Bremner cable tunnel. 

The tunnel is 600 m in length and connects the existing 
John-x-splanade cable tunnel to the new transformer 
station. The tunnel was built in a high-density urban  
area with a very tight space. 

The tunnel was excavated in shale rock by a tunnel-boring 
machine with 4 m outside diameter and 3.5 m inside 
diameter. The project included a 35 m deep shaft by secant 
pile construction method in overburden, and rock bolt  
and wire mesh in shale rock. Cast-in-place concrete  
as final lining was installed for both shaft and tunnel.  
The 90° bend was one of the challenges for the project. 

 

Hydro One Midtown Tunnel 
Toronto, ON, Canada

The Hydro One Midtown Tunnel required careful and 
precise route selection to accommodate specific property 
requirements while maintaining a constructible alignment 
for the tunnel-boring machine. The project consisted 
of installation of 2.32 km of 3900 mm-diameter tunnel 
constructed in shale with interbedded limestone, using 
steel ribs and lagging as primary liners. The tunnel  
links the Birch Transformer Station (TS) and Bayview  
TS to allow transmission cables to run between the  
two stations. 

The design included three shafts in total, ranging in  
depths from 55 m to 74 m, and with diameters of 5 m  
to 10 m. Ground freezing of shafts was carried out  
prior to excavation through water bearing soils into  

the shale zone. Two different support systems of steel 
liner plate and steel ribs and lagging were used. The 
project included two tunnels 754 m and 1562 m in length, 
excavated by tunnel boring machine in shale. The mining 
operation was operated from the central shaft location. 

WSP provided comprehensive services in the tunnel 
design, including project co-ordination, civil engineering 
design including the design of sump pumps, structural 
design, topographical and legal surveying, traffic 
management including temporary traffic signal design, 
ventilation design, and contract administration.  
The total project cost was $36M.
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WSP has significant expertise in the fields of deep shaft and tunnel design in a mine context and recognise the 
unique challenges this brings. We have a long track record in the design of shafts and tunnels for mine access in both 
rock and superficial deposits and particular expertise in soft or creeping ground conditions. We have been involved 
in challenging deep level rock projects where special measures have been designed to deal with high water inflows, 
rock fragmentation and changing or transitional stress conditions. Additionally, we have designed and supervised 
many shafts and tunnels at or near surface in sands, clays and soft rocks using a broad spectrum of excavation  
and tunnelling techniques and support systems.

Mine Access  
Tunnels

Fruta Del Norte 
Ecuador

The Fruta del Norte gold mine in Ecuador’s mountainous 
province of Zamora-Chinchipe faced challenges of seismic 
activity, poor ground conditions and heavy rainfall. The 
previous attempt to provide a new access tunnel to the 
mine did not utilize a water-tight lining structure, which 
resulted in flooding and eventual abandonment.

This mine is intended to extract probable reserves of  
4.9 million ounces of gold grading at 9.2 grams per tonne, 
according to mine owner Aurelian Ecuador SA (Lundin 
Gold), making it a significant prospect and source  
of local employment.

Lundin commissioned WSP to find a reliable and safe  
way to access the ore body. Having undertaken a 
feasibility study, WSP recommended a construction 
methodology and technology (Sprayed Concrete Lining) 

that has been widely used in some parts of the world, but 
which is uncommon in the mining sector – and this mine’s 
location and environment posed some special challenges.

The team provided continued site support and quality 
assurance and quality control (QA/QC) throughout 
the construction phase. By having the designer’s 
representatives on site, we could monitor the 
construction’s adherence to the design and offer hands-on 
advice and guidance. Any problems were overcome easily 
and efficiently, as the team was able to offer alternative 
solutions when conditions were not as expected. This 
allowed for improved productivity during construction 
and a better-quality product in the long term. 
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Cigar Lake Mine Development 
Saskatchewan, Canada

Cigar Lake is the world’s highest-grade uranium mine 
and is located in northern Saskatchewan, Canada. WSP 
was mandated by Cameco to design and supervise the 
refurbishment of existing concrete segmental production 
tunnels at 500m depth. These tunnels, built for the 
extraction of uranium ore by means of hydraulic jetting, 
were breaking up under high ground loads and required 
the implementation of a new tunnel liner design. In 
Addition, our team designed and supervised construction 
of a new yielding lining system using sprayed concrete, 
rock bolts and specially engineered yield elements; these 
accommodated the tunnel convergence allowing the 
tunnels to remain serviceable for production. Following 
the success of the initial trial tunnel refurbishment of an 
existing damaged tunnel, new tunnels have since been 
driven (designed by WSP) using this same approach.

We leveraged advanced 3D finite element modelling 
including both predictive and back analysis using  
Mohr-Coulomb and Hoek & Brown constitutive  
ground models, these further incorporated the Artificial 
Ground Freezing (AGF) effects. The 3D analysis model  
was necessary to capture the 3D arching behaviour 
that was likely given the horizontally banded ground 
conditions and the presence of randomly distributed  
weak hydrothermally altered clays.

These tunnels, built for the extraction of uranium ore  
by means of hydraulic jetting, were breaking up under 
high ground loads and required to implement new  
tunnel liner design.

Khemisset Potash Project
Morocco

In 2018, WSP conducted a Scoping Study to assess the 
potential for a new underground potash mine project 
owned by Emmerson PLC in the Khemisset Province  
of the Kingdom of Morocco. The purpose of the Scoping 
Study was to evaluate the technical and economic 
viability of the project and determine whether further 
development expenditure is warranted. To accomplish 
this, we initially carried out a review and interpretation 
of existing technical data from the area’s long history 
of exploration and development. The study required a 
multidisciplinary look at the geotechnical, hydrological, 
hydrogeological, mine access, mining, mineral processing, 
waste disposal, infrastructure, environmental and social, 
and financial evaluation aspects of the project. The mine 
design includes a ~4.5km long decline to access the mine, 

which will use herringbone room and pillar mining with 
continuous miners, thereby maximizing efficiency and 
flexibility. Cost-effective infrastructure solutions were 
devised, including a dry stack tailings facility to the  
north of the project area.

We also advised Emmerson on their 2019 site investigation 
campaign. Our team has updated the geological model 
which now underpins the current Preliminary Feasibility 
Study, awarded to us, bringing Emmerson one step closer  
to contributing to the world’s supply of potash.
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Tunnel and Network Operations
WSP is an industry recognised leader in the operational 
approach to performance of transportation systems and 
networks. Through this approach we:

 — Enable the safe operation of transportation networks 
through a ‘whole system’ approach using the right 
combination of people, process, human factors,  
systems, technology and infrastructure.

 — Establish the operational vision for a scheme from  
a detailed understanding of the required outcomes.

Our approach delivers the key operational elements and 
functions, central to the safe and effective management 
of traffic across the whole route, including the tunnel 
and surrounding roads. We deliver the key operational 
documents and protocols including the Concept of 
Operations, Tunnel Operations Plan, Minimum Operating 
Requirements, Maintenance Strategies, Emergency 
Management plans and Incident Plans.

We work closely with stakeholders to develop the required 
range of routine and non-routine traffic operations 
scenarios to be considered in the scheme development. 
We also develop innovative solutions to mitigate against 
Human Factors which are primarily associated with 
anxiety and the unfamiliar road environment. 

We are providing Tunnel Manager and Tunnel Safety 
Officer duties on a number of tunnels during their 
construction and operation phases. 

Tunnel Safety
Delivering a safe tunnel environment requires 
integration of all aspects of the technical design, 
including lighting, ventilation, communications, 
technology, mechanical engineering and public 
health services. It is vital that the tunnel provides an 
environment that can sustain life across a full range of 
operating scenarios via its infrastructure and technology 
systems provision. We have successfully refined the 
proven hazard log methodology that underpins the 
development of smart motorways and applied it to 
tunnel projects, developing the risk framework for 
decision support in road tunnels. This approach assesses 
collective risk, at the overall system level, allowing tunnel 
owners, designers and operators to identify and focus 
on managing the key risks that have the most significant 
impact on the safety of the system. This approach 
supplements traditional risk assessments techniques that 
provides evidence on levels of individual user risk. 

We have extensive knowledge of national and 
international tunnel standards and regulations, which 
inform the tunnel operating and safety requirements. 
Our tunnel safety assessments focus on delivering safe 
solutions within unique constraints. We also consider 
future challenges in tunnel safety, including the changing 
nature of vehicle propulsion technologies and the impact 
of managing the changing hazards of fires/explosions. 
We have led trials to understand the safety risk and 
opportunities that connected and autonomous vehicles 
(CAVs) can play within tunnel environments of the future 
and advised clients on how these technologies may effect 
their current or future operations.

Tunnel Ventilation 
WSP has a global team of over 80 tunnel ventilation 
specialists. Our engineers have particular expertise in 
quantifying the ventilation requirements of various types 
of tunnel networks and have developed and adopted 
a range of analysis and design tools and methods to 
assess and optimise aerodynamic and thermodynamic 
performance.

We operate through all project stages, including Feasibility 
and Concept Design; Reference and Detailed Design; 
development of specifications; on-site commissioning and 
handover; operation and management of facilities; and 
refurbishment commissions. By combining our expertise 
of ventilation analysis, design, and asset appraisals, WSP 
reduces the whole life costs and risks and improves 
sustainability outcomes for our clients.

Tunnel Lighting
WSP has one of the largest teams of lighting engineers, 
featuring global specialists in tunnel lighting.

Lighting, both inside and on the approaches of tunnels, is 
important because of the way our eyes adapt to different 
lighting levels. We identify the varying lighting needs so 
that our lighting systems are designed to adjust with the 
user journey, making them feel safe and comfortable on 
approach and once inside the tunnel. Our lighting designs 
are energy efficient, using the latest technologies in 
addressable systems and light sources. 

We consider the environmental impacts of the tunnel  
on its surroundings, the impact of the tunnel interior on 
the equipment used, and how the final design minimises 
light pollution on the local portal environs. 

Tunnel Controls and 
Communications
Tunnel communications infrastructure are the hidden 
systems that keep the tunnel running. We work with our 
lighting, power and drainage teams to develop solutions 
that maintain the tunnel operation without impacting 
tunnel journeys.

WSP has delivered control and communications 
infrastructure designs from concept all the way through 
delivery to handover to operations, interfacing with  
a broad range of systems and suppliers.

Tunnel control and communication infrastructure  
is predominantly provided for tunnel safety, operation  
and efficiency. 

In partnership with our tunnel fire and ventilation 
experts, we have experience in safety critical ventilation, 
drainage management and control systems. We review 
how these are controlled in the event of tunnel fires and 
incidents, keeping air pollution in the tunnel environment 
under control and containing drainage pollution incidents.

We have experience of the communications and radio 
protocols and technologies used in tunnels, in particular 
the radio systems supporting mobile phone operations 
and the emergency services radio systems. 

Our expertise in tunnel infrastructure systems and their 
design integration includes:

 — Traffic information, intelligent signage and signalling
 — SMART traffic control and monitoring
 — Vehicle detection technologies
 — Vehicle pollution monitoring and ventilation control
 — Local and remote fire ventilation controls
 — Drainage monitoring and local and  
remote pollution control

 — Hazardous gas monitoring
 — Incident detection systems
 — Fire detection systems
 — Video surveillance systems
 — Radio systems for the emergency services
 — Radio systems for operations
 — Mobile phone infrastructure
 — Commercial radio rebroadcast
 — Emergency public address and voice alarm systems  
and associated acoustic modelling

 — Local and remote area networks

Mechanical, Electrical  
and Public Health
WSP provides MEPH services for all types of tunnels. 
We work closely with all project stakeholders to produce 
MEPH design solutions that are safe, healthy and 
comfortable for users, environmentally responsible, easy 
to maintain, and with minimal operating cost.

We provide MEPH services across the entire project life 
cycle, from technical advice, analysis, surveys and system 
design to commissioning, construction supervision and 
whole-life cost analysis. We deliver fully detailed and 
coordinated designs in a collaborative BIM environment. 

Fire Safety Engineering
WSP has extensive capability for tunnel fire safety 
engineering across all sectors, including rail and road 
tunnels. Our wide range of expertise includes developing 
fire strategies for life safety and asset protection, risk 
analysis, fire and evacuation modelling, developing active 
and passive fire engineering measures and witnessing fire 
performance materials assessment for compliance. 

Project, Programme and 
Commercial Management
WSP is proven in managing and installing new and 
upgraded tunnel systems in construction and live 
environments. Project and programme management is 
in our DNA; for decades we have delivered thousands 
of projects on schedule and within budget, while 
ensuring that all operational requirements are safely 
met. Successful projects demand strong commercial 
management and leadership, robust commercial controls, 
strategic procurement advice, and a sound contracting 
strategy. If applied throughout project planning and 
execution, our management of projects and contracts 
consistently delivers successful project outcomes  
for our clients.

Tunnel 

Systems Services
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Geotechnical and  
Geo-Environmental  
Investigations and 
Instrumentation Monitoring
Subsurface investigations are planned, 
implemented and the results interpreted by 
WSP in-house geotechnical staff. The latest 
developments in site investigation techniques 
completed to appropriate local standards are 
used to deliver the work. Our expertise in the 
planning, inspection and implementation of 
geotechnical investigations is well-known and 
we are known as industry leaders in this field.

A major task in the geotechnical work 
performed for tunnel projects is the 
preparation and implementation of a 
geotechnical instrumentation program. 
The key elements of the program include 
the monitoring of vertical and horizontal 
ground deformations, groundwater levels 
during and after construction, induced 
stresses in structural elements and machine 
operating parameters. Our instrumentation 
and monitoring services include program 
design and implementation, as well as 
the development of instrumentation and 
monitoring software platforms to efficiently 
store, manage and interpret data.

Tunnel Construction 
Engineering
Risk analysis and management, 
constructability reviews, contractor 
type estimating and scheduling, value 
engineering, construction specifications 
and claims avoidance are construction-
related tasks which are often performed 
by WSP during the planning, tender 
and design stages of a tunnel project. 
These services result in buildable and 
cost-effective designs, which can be 
efficiently constructed, while also 
managing the identified risks to our 
clients and the public. 

Our Toolbox
WSP has a full and comprehensive range  
of tunnel design services which allows 
us to take on any challenge. In addition 
to geotechnical, structural, and civil 
engineers, the firm has specialists in 
blasting and vibrations, seismic and 
earthquake engineering, hydrogeology, 
contaminated land, tunnel security, 
virtual design & construction (VDC), 
risk analysis and management and 
constructability assessments. Over 
the years, our tunnel designers have 
contributed to many innovative 
developments that have become 
industry standards. With a critical mass 
of hundreds of tunnelling professionals 
around the world, WSP is capable of 
completing the design and construction 
management of tunnelling projects on-
time, within budget and according to 
the highest quality standards.
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Over the years, our staff has developed many innovative designs  
and pioneered state-of-the-art applications in geotechnical,  
tunnelling and underground engineering including:

 — First use of cut-and-cover tunnel construction in the U.S. 
New York City Subway, NY

 — First use of New Austrian Tunnelling Method (NATM) in the U.S.  
Mount Lebanon Tunnel, PA

 — First use of earth-pressure balanced (EPB) shield in the U.S. 
WMATA Section F-4, Washington, D.C.

 — First use of pressurized mixed-face TBM in the U.S. 
West Side CSO, Portland, OR

 — First use of welded steel segmental tunnel liners in the U.S. 
Detroit-Windsor Tunnel, MI

 — First use of precast concrete segmental tunnel liners  
in U.S. transit construction 
Lexington Market Line Tunnels, Baltimore Metro, MD

 — First use of rock reinforcement for mined underground  
transit station construction in the U.S. 
MARTA/Peachtree Station, Atlanta, GA

 — First underground system of tunnels and shafts designed  
for construction and operation in gas saturated ground 
Los Angeles Metro, CA

 — First use of slurry shield on the African continent 
Cairo Metro, Egypt

 — First earthquake-resistant immersed tunnel design 
BART, San Francisco, CA

 — First seismic retrofitting of tunnels 
Posey and Webster Tunnels, Oakland, CA

 — One of the world’s largest and longest outfall tunnels 
Boston Harbor Effluent Outfall Tunnel, MA

 — Large-diameter shaft sinking to depths exceeding 4,000 feet 
Nuclear Waste Isolation Project, Hanford, WA

 — First simple seismic design approach for tunnels  
William Barclay Parsons Fellowship Monograph 7

 — First and only comprehensive tunnelling handbook 
Tunnel Engineering Handbook, Second Edition

 — U.S. Army Corps of Engineers manual on tunnels and shafts in rock

 — Federal Highway Administration’s manual for design  
and construction of road tunnels

 — In-house developed cutting-edge procedures

WSP Notable 

Tunnel Achievements

Global  
Tunnelling and 
Geotechnical 
Engineering 
Community  
at WSP
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Canada 
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mark.telesnicki@wsp.com
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New Zealand
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Prasad Rayudu 
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Sweden
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Rebecca Hellby
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UK
Clive Powell
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About WSP 
As one of the world’s leading professional services firms, 
WSP provides engineering and design services to clients 
in the Transportation & Infrastructure, Property & 
Buildings, Environment, Power & Energy, Resources and 
Industry sectors, as well as offering strategic advisory 
services. WSP global experts include engineers, advisors, 
technicians, scientists, architects, planners, surveyors  
and environmental specialists, as well as other design, 
program and construction management professionals. Our 
talented people are well positioned to deliver successful 
and sustainable projects, wherever our clients need us.

WSP Global Inc.
1600 René Lévesque Blvd. West
11th Floor, Montréal, Quebec
Canada H3H 1P9
wsp.com

http://wsp.com

