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Crossrail has been the biggest infrastructure project in Europe, running 

118km from West to East London. SYSTRA is part of the team with 

Bechtel and Jacobs serving as Crossrail’s project delivery partner team 

to deliver this £19bn project.

the challenge

Crossrail delivers a major new high-frequency suburban rail 
service for London and the South-East, running from Reading 
and Heathrow in the West, through Central London to 
Shenfield and Abbey Wood in the East, connecting 41 stations. 
Known as the Elizabeth line and opening in May 2022, initially 
commuters travelling on the existing lines to the East and 
West had will have to change at Liverpool Street Station or 
Paddington Station. From May 2023, once fully functional a 
projected 200 million annual passengers will use the line. it 
connects the City, Canary Wharf, the West End and Heathrow 
Airport to commuter areas east and west of the capital and 
cuts journey times From Paddington station through the West 
End to Canary Wharf to 18 minutes.

There are ten new stations in Central London at Paddington, 
Bond Street, Tottenham Court Road, Farringdon, Liverpool 
Street, Whitechapel, Canary Wharf, Custom House and 
Woolwich and Abbey Wood. With two ticket halls in many 
of the stations to maximise catchment areas, accessibility 
and ease of egress, the stations also have up to 250m long 
platforms to accommodate nine car trains in the future.

The Elizabeth Line’s route includes 21 km of new twin-bore 
tunnels under central London, linking existing rail lines at 
Paddington in the West to Stratford and Woolwich in the East. 
The tunnels, at depths of up to 40m, weave their way between 
existing underground lines, sewers, utilities and building 
foundations. The first tunnel boring machines launched in 
Spring 2012, started from Royal Oak and headed towards 

the West of Farringdon station, arriving in late 2013. Further 
machines tunnelled from Docklands, heading towards Central 
London. They ran 24 hours a day, building around 100m of 
tunnel per week. Tunnel portals were constructed at Royal 
Oak, Pudding Mill Lane, Victoria Dock, North Woolwich and 
Plumstead. Tunnelling was completed in June 2015 and track 
installation in 2017. The project undertook trial running in early 
2022 to simulate the timetable followed by trial operations 
with people invited onto trains and stations to test real-time 
service scenarios prior to opening the line.

The Crossrail scheme brings many benefits to London including 
developing its financial centre, supporting economic growth, 
improving rail access to London and easing congestion on 
London Underground lines. By 2026, employment in London 
is predicted to increase by 13% and population by 10% with 
most of this growth in the west and the east.

An estimated 200m passengers will travel on the Elizabeth 
Line each year, increasing the capital’s rail capacity by 10%.
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systra’s role

Crossrail Limited (CRL) appointed Bechtel as Project Delivery 
Partner (PDP) to manage the delivery of the Crossrail project. 
SYSTRA along with Jacobs supported Bechtel as part of an 
integrated PDP team, with the client. It was responsible 
for managing the development of the detailed design, 
procurement, construction, testing and commissioning and 
for managing the consultants and contractors through all 
phases of the project through to handover to the infrastructure 
managers, RFL and LU.

The Crossrail integrated team’s responsibility was to ensure 
compliance of the project with the Project Functional 
Requirements:

project  and commercial aspects of design and construction;
deliver the design on 25+ design packages;
manage the procurement process;
manage construction, logistics, testing and commissioning;
manage systems installation and integration;
quality, safety and environmental supervision;
manage testing and commissioning;
assurance and handover.

SYSTRA’s primary role was to provide expertise in railway 
systems and operations, such as signalling, communications, 
traction power, track and overhead line equipment, as well 
as expertise in tunnelling, noise and vibration control, BIM, 
planning, commercial management, project management,  
construction site management, and delivery management. 
SYSTRA’s key members of staff on the project included NEC3 
Project Managers, NEC3 Supervisors Representatives Deputy 
Project Managers, Site Managers, Site Engineers, Business/
Commercial Managers, Engineering Managers and various 
other engineering roles. We also played a key role in the delivery 
of the project with SYSTRA Project managers undertaking key 
roles on the Systemwide Main Works Railway Systems and 
Tunnel Fit Out, Platform Screen Doors, Traction Power, High 
Voltage Power, Plumstead Depot and Maintenance Facility and 
Plumstead Sidings contracts.

SYSTRA was heavily involved with the Routeway/Systemwide 
Rail systems and plays a leading role in the integration of these 
systems, for example the OHLE and Tunnel Safety Systems with 
the SCADA communication network.

www.sysystrstra ca.co uo.ukk

assurance and handover.
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OHLE / Traction / Power

SYSTRA managed the Framework Design Consultants 
responsible for the development of the reference designs 
and specifications for the following systems on the Crossrail 
Central Section:

AC 2x25kV Traction Power system (Contract C124), 
Overhead Line equipment (OLE) system including traction 
earthing and bonding (Contract C124), 
Non-Traction HV Power (Contract C164). 

We managed and prepared the technical Works Information to 
support the tender programme and conducted the technical 
evaluations of the Traction Power system tender and of the OLE 
system tender; Managed all technical aspects of the Design 
and Build contractor works for the Traction Power system and 
OLE system including traction earthing and bonding. 

SYSTRA reviewed and accepted Traction Power, OLE and traction 
E&B engineering, design and other technical deliverables; 
managed the traction power system interfaces to facilitate 
their integration with interfacing contractors in the Central 
Section and with Network Rail at the interfaces at Pudding 
Mill Lane ATFS and Westbourne Park ATS (interfacing with 
NR Kensal Green ATFS); and managed the OLE and traction 
E&B interfaces to facilitate their  integration with interfacing 
contractors in the Central Section and with Network Rail at 
Pudding Mill Lane – interface with the Great Eastern Main Line 
(GEML), at Westbourne Park – interface with Great Western 
Main Line (GWML), and at Plumstead for the Network Rail new 
built trace works between Plumstead and Abbey Wood. There 
were also interfaces with DLR and LU.

As Head of Traction Power and OLE, Xavier de Vimal was 
Crossrail’s technical expert for the Traction Power, OLE and 
traction E&B. He was responsible for all technical aspects from 
Design to Commissioning phases including the energisation 
phases of the traction power system and OLE systems and 
the dynamic performance of the OLE under dynamic testing:

Provided to Crossrail for each commissioning stage the 
assurance that the Traction Power and of OLE works were 
ready and safe to proceed with the next stage of 
commissioning.
Managed and supervised all testing and commissioning 
phases of the Traction Power and OLE systems
Provided Crossrail with the technical assurance of the 
Traction Power and OLE systems through the review of 
the Contractors deliverables and certification in accordance 
with the Technical Assurance Plan.
Provided the Crossrail assurance to confirm completion of 
traction power and OLE interfaces with other contractors 
for their stage completion certification.
Was the point of contact with the Infrastructure Manager 
engineering team and maintainer team for technical 
aspects related to the Traction Power system and of OLE 
system.
Provided the Crossrail technical assurance for the Traction 
Power system and of OLE system through the acceptance 
of Crossrail deliverables and handover documentation 
required for handover, to the Infrastructure Manager.

Mechanical and Electrical Tunnel Systems

SYSTRA provided knowledge, technical expertise and 
guidance to deliver the Crossrail project that was central to 
the core elements of the railway. These included mechanical 
and electrical tunnel systems such as electrical power and its 
distribution, tunnel lighting and all surface lighting, drainage, 
tunnel ventilation systems, main tunnel fire routes, fire alarms 
and walkways. Our role was to ensure standards were applied 
and that the systems were integrated with the stations 
systems. 
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Telecommunications and Control

SYSTRA delivered technical services from 2009. Initially 
involved in the conceptual design elements leading to the 
more detailed technical designs and final production of 
tender documentation for release to project bidders. After 
contract award to Siemens PLC, the SYSTRA team expanded 
to cover the range of technical support required to manage 
the contractor on behalf of Crossrail until completed. Below is 
a brief summary of technical roles;

Radio Systems Engineering - Technical Specialists for 
GSM-R, Radio RF Propagation, London Fire and Emergency 
Planning Authority/Airwave digital radio service, Public 
Cellular technologies, Infrastructure. 
Station Systems and Interfaces - Systems Engineers 
covering Railway Communications Station Systems 
including CCTV, Public Address, Data Networks, Telephony, 
Customer Information Systems, Fibre Optic Networks and 
LAN infrastructure. More specifically managing the Station 
Infrastructure Maintainer interface in the form of London 
Underground and Network Rail.
Delivery Management - Engineering Management 
throughout Detailed Design phases, Construction 
Management and Delivery of T&C activities to close out.
Site Engineering - Site management of construction, 
testing and commissioning activities for Communications 
and Control Systems being delivered at Stations, Shafts, 
Portals, Trackside infrastructure and Network Rail/London 
Underground interfaces.

Signalling

SYSTRA helped optimise the choice of signalling system for 
Crossrail’s central section, assessing both the European Train 
Control System (ETCS) currently being rolled out by Network 
Rail (NR) and Communications-Based Train Control system 
(CBTC) of the type commonly deployed on new metro lines.  
We also provided the Signalling and Control System (S&CS) 
Lead Engineer, who had the following responsibilities:

developing the contractual S&CS specifications; 
evaluation of prequalification and bid submissions for the 
S&CS Contract; 
review and acceptance of the subsystems provided by the 
S&C technology supplier;
review and acceptance of contractor S&CS specifications 
for design; 
production of deliverables pertaining to interfaces with 
other systems; 
Interface Requirements Specification and Detailed 
Interface requirements documents.

As part of this role, we needed to manage a range of complex 
interfaces to the S&CS. At either end of the Crossrail central 
section, the S&CS system needed to interface to NR legacy 
signalling and new ETCS Level 2 signalling along with different 
signalling control systems.  Within the central section, it also 
interfaced to a variety of other systems:

tunnel ventilation;
platform screen doors;
overhead line electrification;
communications;
track.

In a separate package of work, SYSTRA also provided product 
integrity assurance support to the train manufacturer for their 
new Aventra train, Class 345, to be deployed on the Crossrail 
route. As well as accepting the train itself into service, four 
distinct train protection systems required integration on-board 
– Automatic Warning System (AWS), Train Protection and 
Warning System (TPWS), ETCS and CBTC – and compliance with 
Control, Command and Signalling (CCS) Technical Specifications 
for Interoperability (TSI) needed to be demonstrated.  SYSTRA 
supported this acceptance process in various ways:

production of safety justification for train to begin test 
operations;
hazard identification and generation of safety requirements 
for on-board signalling interfaces;
hazard and operability studies, including human factors 
assessments, of transitions between signalling systems 
and auto-reverse moves;
production of documentation to demonstrate compliance 
with CCS TSI.
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BIM

Members of the SYSTRA BIM Team were part of the clients 
Technical Information Team that managed all BIM related 
requirements that made up the Works Information via the 
Employer’s Information Requirements. On behalf of Crossrail 
we authored these technical requirements and managed the 
compliance and assurance teams that audited and accepted 
the BIM deliverables of all major Tier 1 contractors across the 
project. 

The Crossrail project is regarded as one of the forerunners in 
the use of BIM based design for digital project delivery. The 
benefits throughout the design and construction stage have 
been the management of data as the ‘single source of truth’ on 
a project of this scale. The benefits to the IM will be an accurate 
digital handover of the as-built condition with full traceability 
of all data associated to each asset that forms the operational 
railway. SYSTRA was key in achieving this.

BIBIIMMMM

MeM mbmbererss fof tthhe SSYSYSTRA BIM Team were part of the clients
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Noise and Vibration

SYSTRA provided specialist Noise and Vibration advice 
throughout the Crossrail project. The relevant noise 
requirements were the result of parliamentary undertakings 
and assurances (U&As), which cover all phases of the project 
from construction through to the operational phase. SYSTRA 
advised Crossrail on compliance, including the review of 
contractors’ designs, reporting and stakeholder liaison. This 
included oversight of consents process (Section 61 - Control of 
Pollution Act) and noise mitigation on construction sites and 
specific off-site measures, such as the provision of secondary 
glazing and temporary rehousing.  

Noise and Vibration specialist services were provided by 
SYSTRA throughout the design and testing and commissioning 
phases, covering noise from fixed installations for all the 
new stations, depots, sidings, stationary trains, HV power 
and traction power.  This included noise assessment from 
conventional MEP equipment, bespoke tunnel ventilation 
systems, transformers, Public Address and Voice Alarm 
Systems, as well as groundborne noise and vibration from the 
rolling stock utilised during construction and as well as the 
rolling stock to be used on operational railway.

Environment

In a landmark partnership between Crossrail and the Royal 
Society for the Protection of Birds (RSPB), 3 million tonnes 
of material excavated from deep below London was used to 
create a flagship wetland nature reserve twice the size the 
City of London, and one of the UK’s most innovative flood 
defence systems. The Wallasea Island Wild Coast Project is 
using excavated material from Crossrail’s tunnels to re-profile 
the land and will transform 670 hectares of farmland back into 
coastal marshland as it was 400 years ago. It has provided 
a thriving wetland for tens of thousands of migratory birds 
and will help to combat future impacts of climate change 
on people and wildlife including coastal flooding. The new 
wetland habitat created is part of Europe’s largest-ever nature 
reserve.

The Crossrail Wallasea Team won a Green Apple Award. 
James Preston, who was SYSTRA’s deputy project manager at 
Wallasea Island attended the awards presented at a ceremony 
at the Houses of Parliament in December 2014. These are 
amongst the most prestigious industry awards in the UK, 
and recognise organisations and individuals that have had a 
positive impact on the environment.

The project was recognised for outstanding environmental 
achievement and won the following:

The gold award in the Building and Construction Habitats 
category for the ecological mitigation works at Wallasea.
The bronze award in the Building and Construction 
Regeneration category for reuse of excavated material to 
create Wallasea Island.

wwww.sysyyy. strstrtrst a ca.ca.co uo.uo.ukkk

reserve.
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Archaeology Services
The archaeological excavation of the Bedlam Burial Ground, 
where the eastern entrance for the new Liverpool Street 
Crossrail station is now located, was largely completed in 
August 2015 having unearthed around 3,500 skeletons of 
Londoners buried there between 1569 and the early 1700s. 
Discoveries of a possible plague pit and, further down, 
decapitated skeletons from Roman times could fill in vital 
gaps in London’s history.

This was a complex dig for SYSTRA’s Jay Carver, Crossrail’s 
lead archaeologist, and the contracting team from MOLA 
(Museum of London Archaeology), whose 60 members were 
drafted in from all over Europe and beyond. Archaeology and 
construction have been intertwined and interdependent. “We 
had to sit down with the construction management team to 
carefully plan and programme every step,” says Jay. Providing 
the lifeblood for Crossrail.
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characteristics of the 
line
118 km route
21 km twin-bore tunnel
8 new sub surface stations
2 new surface stations
platforms up to 250 m-long

client
Crossrail Limited, a wholly 
owned subsidiary of TfL, and 
is jointly sponsored by the 
Department for Transport and 
TfL.

crossrail central 
section partners
Bechtel (50%)
Jacobs (35%)
SYSTRA (15%)

www.systra.co.uk

At a Glance

Construction Logistics

SYSTRA’s logistics manager on Crossrail was one of four 
working on the project. With no fixed desk and at least 16 
sites to keep an eye on, he covered plenty of miles, often on 
foot. The role aimed to ensure that materials moved in and 
out of Crossrail sites safely, effectively and with as little impact 
on London’s roads, businesses and inhabitants as possible. 
From overseeing logistics and transport plans, to providing 
expert advice and input, to liaising with the many stakeholders 
involved, communication was the most important part of this 
role. It involved road transport, Rail transport and Marine 
transport for the spoil from the tunnels which was transported 
to Wallasea Island by barge.

The biggest challenge was getting the principle contractors to 
pull together, getting them to consider other people’s issues 
and to compromise. We were involved in the introduction 
of the additional safety measures for Crossrail HGVs, such as 
side scanners to detect cyclists or pedestrians and underarm 
guards for tipper trucks. This was a game changer in terms of 
vehicle safety.
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