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Abstract 													The Crossrail is a significant project that will build a new underground tunnel under central London and carry additional rail services from Reading and Heathrow Airport to Shenfield in Essex and Abbey Wood in south-east London. When finished, the new railway will be around 73 miles (118 km) long, with 26 miles (42 km) of new tunnels. The system's proponents established a total budget goal for the project in 2010 of $19.15 billion US (£14.8 billion UK), including contingency funds. Interviews with important senior individuals engaged in system installation and oversight, as well as evaluation and examination of material given by Crossrail Ltd. and partners, served as the basis for the report. On the east and west ends of the line in London, some services are already in operation, but not yet through the middle portion. It's expected that this goal date will not be fulfilled considering the history of substantial delays and management challenges.                                                                                                                       INTRODUCTION    															                                                                                                                                            In order to run new, direct rail services between Reading and Heathrow Airport on the west ends of the railway, Shenfield in Essex, and Abbey Wood on the east ends of south-east London, there is a massive, complex project called Crossrail. Crossrail's primary goals include alleviating congestion while increasing capacity, enhancing dependability, reducing travel times throughout London (Pollalis, Lappas), upgrading existing stations while constructing new ones, extending the current rail line to Heathrow Airport, and electrifying stretches of the existing railway system. (Crossrail) Crossrail Ltd predicts that the programme will result in a 10% increase in capacity in central London. The railway will be about 73 miles (118 kilometres long) when complete, stopping at more than 40 stations, including 10 new stations and 26 miles (42 kilometres) of new tunnels. Once Crossrail is open, it becomes part of the rail and underground network of Transport for London (TfL).  The Crossrail was renamed “The Elizabeth Line” in February 2016; however, for this report’s purposes will continue to be called “Crossrail.” Crossrail is one of Britain's largest civil infrastructure projects and one of the largest in the world. It is a highly complex undertaking involving:                                                                                                                                                                                - The construction of approximately 26 miles of tunnels under London;                                                                      - The construction of 10 new, custom-made stations, including eight new underground stations, substantially larger than most existing underground stations and interchanges with underground stations and lines;                                                                                                                                                                          - Construction work in central London and underground construction sites;                                                                             - Building work in central London and in sealed subways and built-up construction sites, raising the infrastructure and technology challenge;                                                                                                                   - A modern electrification project, signalling and the expansion of 31 current stations on the Great Western and Great Eastern main lines by Network Rail, which together marks one of the largest improvements for Network Rail.                                                                                                                                                            In April 2019, based on its completed, revised plan, Crossrail Ltd announced that it will introduce 12 peak-time services an hour on the central section between Paddington and Abbey Wood sometime between the months of October 2020 and March 2021. These services will not initially stop at Bond Street because that station is significantly delayed due to design and delivery challenges. A four trains per hour peak service between Paddington and Reading will start in December 2019. It remains unclear when a full 24 trains an hour service between Heathrow and Reading in the West and Shenfield and Abbey Wood in the east will begin.  														                                                                                                                                                           LOCATION                                                                                                                                                                Under central London, the central section of Crossrail uses new east-west twin tunnels, dividing into two branches at either end. The tunnel sections are about 14 miles long (22 kilometres). 					[image: Diagram

Description automatically generated]														                             The line branches in the east at Whitechapel, with one branch passing over the current Great Eastern Main Line from Stratford to Shenfield, and the other branch going via Canary Wharf and emerging from the tunnel at Custom House on a disused part of the North London Line and heading to Abbey Wood under the Thames River. In the west, the road links to Paddington's Great Western Main Line and continues to Hayes and Harlington where it splits. Another branch connects to Heathrow Airport, Heathrow Terminal 4 and Terminal 5, and the other travels to Reading through the current main line.           															                                           FUNDING                                                                                                                                                                         The Crossrail Program is jointly sponsored by the Transport Department (the Department) and TfL. Crossrail Ltd, a wholly owned TfL subsidiary is responsible for the delivery of the railway operation. Network Rail is working to improve current surface facilities and meet the new service's needs. TfL granted MTR Crossrail the contract to run The Elizabeth Line services in July 2014.                                                         $19.15 billion dollars US (£14.8 billion pounds UK) funding including contingency was agreed for the Crossrail in 2010. $22.77 billion dollars US (£17.6 billion pounds UK) is the current total funding package for Crossrail, an increase of 19% overestimates. As of March 2019, Crossrail Ltd expects the overall program to cost around $23.03 billion dollars US (£17.8 billion pounds UK).  The funding framework for Crossrail was established in October 2007 when the Prime Minister announced that the cost of Crossrail will be met by the government, the London Mayor, and businesses in London. At that time (2007), the $20.57 billion dollars US (£15.9 billion dollars UK) funding package had been proposed for the entire Crossrail project.  A revised funding package of $19.15 billion dollars US (£14.8 billion pounds UK) was agreed to in October 2010. The financing pool rose to $22.77 billion dollars US (£17.6 billion pounds UK) in 2018. Network Rail has required additional unanticipated funding to complete their portion of the project, raising the approved funding package to $23.03 billion dollars US (£17.8 billion pounds UK) in July 2019. About 60% of the funding for the project was supported by taxation on Londoners and businesses in London. 								                           WORKFORCE                                                                                                                                                   According to Crossrail statistics, “over 15,000 men and women have worked on the project and over 120 million working hours have been completed. “Additionally, the Cross-rail website mentions that over 1,000 apprenticeships have been awarded to workers on the project to date. Bechtel Corp. data includes additional Crossrail project workforce milestones and workforce impact, including:                                                                            - Approx. 75,000 new business opportunities were created in the UK, supporting 55,000 full time employment positions,                                                                                                                                                         - 4,544 jobs were filled by local and/or previously unemployed people,                                                                       - 62% of Tier 1 contracts (companies having direct contact with the project owners) were awarded to small and medium sized businesses,                                                                                                                                         - 96% of all Crossrail contracts were companies in the UK and 62% of suppliers are based outside London. 													                     PROJECT EXECUTION PLAN                                                                                                                                         	Management Structure                                                                                                                                         In 2009, Cross rail’s delivery plan was focused on a framework in which Crossrail and its industry partners, third-party investors and the supply chain will design, source, construct and sanction the overall work system. An integrated delivery team in which Crossrail was to accomplish this:                                                    - remained responsible for delivery and assurance of the sponsor’s requirements,                                                  - entered into agreements with Network Rail, London Underground and other third parties as necessary to deliver the program,                                                                                                                                                      - defined the health and safety, environmental and quality regime under which the program would be delivered, managed finance and funding, defined and implemented the strategies for procurement of design, construction and other services to deliver the program.                                                                                    													                Crossrail also named a program director to oversee an external management team consisting of Crossrail, project personnel and supply chain stakeholders for development, installation, and execution.                                      Bechtel Corporation served as the primary contractor and construction manager for all the 83 construction and logistics contracts and served as the primary engineering and construction program lead.                          Crossrail retained a contract partner's resources to provide a qualified system, project, and engineering management expertise to the business community and to facilitate project oversight and leadership at program stage. Transcend, a joint venture between CH2M Hill, AECOM, and The Nichols Group, was awarded this contract in 2009. Agreements have been established with industry partners on Network Rail and upgrades to existing London Underground (London Underground), Canary Wharf (Canary Wharf Group) and Woolwich (Berkeley Homes) stations. 
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Figure 1 Program management structure 
Procurement 
A key component of the overall strategy for implementation was a comprehensive acquisition approach that was consistent with the mission, principles, goals, requirements, the wider policy climate and best practices in place at the time. The position of Crossrail is described as a utility and, as such, contract procurement procedures above the applicable financial threshold are required to comply with the Utilities Contracts Regulations 2006 (HMG, 2006). 
Crossrail had the ability, per contract, to determine restricted or negotiated procedures, pre-qualify economic operators for tender lists and award contracts on the most economically advantageous offer.  
Contracting with the supply chain as soon as possible based on a fair assignment of risk to the group best placed to manage the risk. Incorporating a proactive and sustainable approach to purchasing. Setting up negotiated performance management systems. 
Detailed procurement strategies were developed and approved to outline contract packaging and logistics for the procurement of the main services in the design, advancement and facilitation of works, tunnels, stations, and railway systems to be managed by the integrated program management team.  
During the development, selection and authorizing work processes, the initial discipline-based model was used to ensure consistent specifications and outcomes through concurrent contracts providing the same outputs. 
The three areas were structured in 2011 to include all contracts within the geographic boundaries of the three major bored tunnel contracts.  Tunnelling completion in 2015 marked a major transition of the project from a tunnelling and heavy civil engineering focus to a rail system and station fit out focus that needed to be managed in a manner that would support the eventual commissioning of a single railway across the entire central section. 
 
Crossrail endeavoured to use best practice management and contract management delivery systems. Traditional project management tools such as a work breakdown structure with associated cost control and financial management, an integrated program management schedule, earned value reporting based on commodities, and a robust trend and change control process have been used.                                                        RISKS FACTORS
Crossrail being a multi-billion-dollar infrastructure project, comprising mostly of tunnels and underground stations, which would serve London and its surrounding areas, it was necessary to understand what lies beneath the ground to prevent obstacles in its construction and hence ensuring that is successfully delivered.  
To begin with, establishing the geographical conditions in detail was necessary. As Crossrail's head of geotechnics observed, ‘understanding of the geological structure of certain areas has increased significantly because of the Crossrail works. Even though an extensive survey of maps and all other available resources was carried out, it was hard to expect what the construction team could encounter. The obstructions might be wells, old boreholes, or foundations of long-demolished structures. Hence, it was inevitable to encounter some obstructions while carrying out works beneath the ground. Also, along with these risks, some unsure concerns were raised. The risk of possible anthrax epidemic being triggered was addressed by Lord James of the Conservative party. He told the Parliament that 10 Hayne Street, which falls on one of the routes, maybe the lost anthrax burial ground and carrying out excavation works might trigger an epidemic.  Even the possibility of coming across unexploded bombs from the Second World War was presented.  
However, the risks were greater closer to the city of London as it has been inhabited for hundreds of years. Even though a great amount of data is available about the geographical strata, several undiscovered faults and deviations were known to be present that could pose problems for tunneling works.  [image: Route map May 2022 - Crossrail]
 Figure 2: Plan of the central tunnelled section of the new Elizabeth line across London 
 Geotechnical Risks:  
Several key geotechnical hazards and the consequent risks that they pose were identified in the early stages of the feasibility design process. Data from the Jubilee line extension project and High Speed 1 railway projects were also used in identifying various risks as they were similar in scale and tunnelling methods. Following were the key hazards identified: 
1. Groundwater management during the tunnelling process and long-term groundwater levels and gas entrapment from dewatering recovery.  
2. The risk of instability of the ground due to the mixed face conditions faulted ground and drift-filled hollows. 
3. Hard strata including limestone and cemented units in the Lambeth Group and claystone in the London Clay.  
4. Effect of groundwater and other minerals in the ground on the durability of cast iron tunnel segments and concrete.  
[image: ] 
                     Figure 3: Significant regional faults intersect the central tunnelled section of the Elizabeth Line 
The ground beneath the western section from Paddington is clay hence providing ideal conditions for tunnelling as it contains little water and is of consistent density. As the tunnels descend eastwards towards Farringdon, the geology changes into a stratum called the Lambeth Group, a complex mix of sands, silts, and clays, creating tougher conditions for tunnelling.  Also, between Farringdon and Canary Wharf, the tunnels crisscross between the London clay and various deposits of the Lambeth group which make tunnelling and subsurface excavation challenging due to the variability of material types. In such conditions, unexpected water flows and instability during excavation constitute a significant danger.  
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Figure 4: Geological long-sections of the central tunnelled section, which forks at Stepney Green                                                                   												                                       							                                                                                                                Risks due to groundwater and its mitigation:  
The most consequential hazard that would have potentially impacted most of the central tunnelled section was probably groundwater. Methods such as dewatering, and depressurization were extensively used on the eastern running tunnels between Farrington station and the portals at Pudding Mill Lane and Victoria Dock. As tunnels penetrated the Lambeth Group deposits in the eastbound and westbound sections, groundwater was concerning, as Lambeth Group consists of water bearing sand-units.  
[image: ] 
Figure 5: Geological profile of the westbound cavern at Stepney Green showing water-bearing sand units 
To reduce water levels to a level below that of excavation, surface dewatering wells were installed. But, since the sand units were highly permeable, their recharge proved that just surface dewatering would be inefficient. Therefore, it was supplemented with in-tunnel depressurization. But depressurization resulted in air entrapment during recovery. To mitigate this dewatering was done in phases to ensure that air was naturally migrating away from the structural traps. Several ventilation wells were also installed to make sure that air has completely escaped.    	                                                                                                                       Risks due to mixed face conditions and its mitigation:  
The risk from variable ground was present wherever the tunnels and excavations encountered the Lambeth Group deposits especially at Farringdon station where the tunnels were driven through the entire Lambeth Group sequence consisting of a series of sub-parallel normal faults. This problematic ground condition was identified early in the ground investigations and further phases of geotechnical investigation were undertaken. To understand the stratigraphy and faulting better and to avoid hurdles, a three-dimensional ground model of the station was produced with the available data. This model became very useful in predicting the distribution and extent of these sand units. Once the presence of sand had been proven, permeation grouting was employed in the larger sand bodies to reduce groundwater flow.    	                                                                                                                                                                     Risk of ground settlement and its mitigation:  
Along with the above risks, the boring of tunnels posed a possible catastrophic risk of ground settlement. Above the alignment of the tunnel were a staggering 17500 buildings that could be affected. Ground settlement risk was tackled by controlling the way tunnelling was carried out by treating the ground, where necessary, so that it was less likely to move. One effective way adopted was ‘compensation grouting’.  
During construction extensive use of compensation grouting was made. This is the technique employed on tunnelling projects around the world to minimize settlement. A cement-like substance, called grout, is injected into the ground to firm up the area where settlement is expected to occur.  
[image: ] 
 
Even with these measures, some level of the settlement was inevitable although the amount of settlement on the project has generally been lower than anticipated. Also, thousands of properties near tunnels were surveyed before tunnelling to record existing defects. These properties were surveyed after the tunnelling has stopped to understand the repair damage that tunnelling work must have caused.  
Now, when most of the major tunnelling work has been completed, it has observed that a relatively small number of geotechnical risk-related issues arisen during construction and the vast majority of these were minor in terms of their impact. A thorough understanding of the ground through detailed desk studies, targeted ground investigations, and consistent client-led interpretive reporting as well as reviewing the lessons learned from other construction projects in London ensured that risks could be identified, well defined, and appropriately dealt with.  
 ACTUAL PROBLEM PRESENTED IN THE PROJECT 
This part explains where and why cost increases and delays occurred and the features of Crossrail Ltd.’s delivery of the project that added risk and contributed the problems. When Crossrail announced the delay of its December opening date, the signalling system and safety were said to be the reason. But after talking to certain senior people, the main reason was unfinished stations, lack of accountability and unrealistic completion dates, plus a lack of adequate productivity. The integration of three separate signalling systems on The Elizabeth Line had been difficult and subsequent testing had been slower than expected. The estimated project expense of the Crossrail system by Crossrail Ltd, including trains and depot maintenance on the existing network by Network Rail and a provision to mitigate calculated costs to just over $22 billion dollars US (£17 billion pounds UK). This is about $2.85 billion dollars US (£2.2 billion pounds UK) more than the $19.15 billion dollars US (£14.8 billion pounds UK) investors expected in 2010-, and $776.4 million-dollars US (£600 million pounds UK) more than the current level of $22.77 billion dollars US (£17.6 billion pounds UK) approved funding.    	                                                         Increasing program costs is not the result of a project or contract failure. Costs on most of the central section's 36 major works have risen, including contracts for tunnelling, civil engineering, station building, fit outs, and the installation of railway and station operating systems.       	                                                         The biggest changes were in the deals for constructing the track and main infrastructure in tunnels and some of the new stations including Whitechapel, Bond Street, and Paddington. In general, because of the problems in construction between current London underground and over ground networks, CONCLUSION                                                                                                                                                                                    London Crossrail, Europe’s biggest infrastructure project rivalling the scale of the Channel tunnel is severely delayed and nearly 4 billion USD over budget. It was supposed to have opened and started servicing Londoners but, on the contrary, has led to severe stress and frustration for them, especially to the new businesses and residents who moved to areas nearby new stations in anticipation of business growth and ease of commute. Unrealistic deadlines, several design modifications, lack of transparency, miscommunication and many other factors have led to this delay and massive cost overrun.  
This report focused on the scale of the project and its promised benefits, anticipated risks and measures implemented to mitigate them, hurdles faced along with project progression and finally putting up a few suggestions on how the project could have been handled to ensure its successful delivery. If the failings of the Crossrail are kept aside, it cannot be ignored that once finished, its benefits would be overwhelming, and it is certain that Londoners would eventually forget the troubles they had to bear. Finally, it could only be anticipated that concerned people would learn from the failings of Crossrail and implement the lessons thus learned in successfully materializing future projects of such a huge magnitude.  
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