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1. Introduction

The Elizabeth line opened on Tuesday 24th of May 2022, offering services between Paddington and Abbey Wood. On this day, TFL Rail services from Reading and Heathrow to Paddington, and Shenfield to Liverpool Street mainline were also rebranded to the Elizabeth line. Proof of the incredible reception the railway received are the 70 million passengers that used its services in the first six months. The line adds value to travel by rail with cutting journey times, transforming accessibility and additional capacity.  On 6th of November 2022, services from Heathrow, Shenfield and Reading were connected to the central London stations increasing the train frequencies with up to 22 trains per hour in the peak, extended opening hours and regular Sunday services also commenced. 
The Elizabeth line is once in a generation addition to the capital’s transport network and has a great historical importance as a complex railway with new infrastructure, tracks, stations and trains. It helps the city recover from the pandemic by providing new journey routes and supporting people across London. (Crossrail, 2022) However, there were a few shortcomings, setbacks and uncertainties involving the initial project plan and the final results. This essay reviews the budget, time, quality stakeholders and the risk factors in evaluating the reasons for overruns and delays of Elizabeth line.

2. Budget 
Crossrail is a 14.8 billion project to deliver Elizabeth Line- an alignment of over 100km, 41 stations, step free from street to platform, high-frequency and high-speed trains comfortable for wheelchair users with spacious baggage and luggage departments. (Crossrail, 2022) However, the originally budgeted amount ballooned to 19 billion, including the lost revenue from three and a half years with no fares but paying salaries to the drivers.  It took 13 years of construction, 4 billion over budget, 42km new tunnels, 10 new stations and 10 000 workers to build the Elizabeth Line. When fully operational it will carry 200 million passengers per year and expected to increase train capacity by 10%. (Low, 2022)
The service is expected to be completed no later than May 2023 with the chief executive of Crossrail admitting that integrating the multiple signalling systems and new software posed the biggest challenges. They were also criticised for clinging to unrealistic opening date of December 2018. (Low,2022)
Initially, the tunnelling was on time and budget but soon the whole project entered a period of delays. One reason was the technical side of the project and when Bond Street Station slipped behind it was clear the project is struggling. The situation caused a political row as City Hall fell out with the Crossrail management amid accusations regarding the delays. Part of the problem is that the Department for Transport and TFL are both sponsors of Crossrail and there wasn’t a clear line of accountability. It’s important to remember that 70% of the budget came from London. The issues in management saw a new management team brought in. (Edwards, 2022)
The new management team had to start from the beginning setting a plan to complete the programme- another reason for schedule slipping and cost increasing. 
Covid -19 also had a negative effect on the Crossrail project. As work was resumed with social distancing, the number of workers has been reduced to a quarter, therefore taking long time to complete tasks. The opening date was then pushed to spring 2021. (Edwards, 2020)

3. Time 
The plans for what became Elizabeth Line started as early as 2001. In May 2015, TFL Rail services opened between Liverpool Street and Shenfield which would become the eastern branch of the Elizabeth line. Under an agreement between the Department for Transport and TFL, in December 2008, a project organisation Crossrail Limited was created as a subsidiary of TFL.
· In 2017 new trains start running between Liverpool Street and Shenfield; 
· In 2018 services between Paddington and Heathrow begin;
· In 2019 services start between Paddington and Reading;
· In 2022 Elizabeth line starts running bringing together a new section of 10 stations and existing TFL Rail services to create a new railway; (TFL, 2022)

A reason for time delays of the project is that Crossrail found it hard to fill in staff vacancies because of the specialist nature of the required skill. Other reason was the complexity of the project, especially when several organisations became responsible for bringing the line into service such as London Underground, RfLi, RfL, Network Rail and MTREL. Often projects encounter coordination issues when responsibilities and roles are shared between different bodies. 
Despite the delays significant process has been made since 2019. Most of the construction work is done. On 10th of May 2021, Crossrail started the first stage of operational testing and autumn 2021 began the second stage of trial running where trains and stations operate in real world conditions. After this stage the railway will be set to operate normally.
Covid- 19 paused the construction works for nine weeks with £228 million increase in costs because of Covid relating factors.
The complexity bringing all separate systems together safe and working, and an estimate of how long this would take, seemed to be ignored. As the first fully digital railway in the UK, the contractors needed to complete and integrate around 500 000 physical and digital assets such as platform doors and fire safety systems. (NAO, 2021)
Operating testing of the systems also identified problems which would need time to be addresses. So, after a few setbacks and political fights regarding funding of the project, it took 13 years to bring Elizabeth Line to the passengers.

4. Quality stakeholders
The Crossrail Act 2008 outlines the principles of the execution strategy with a vision of how the railway would be built via project delivery partner, a programme partner, contractors and designers and other stakeholders. 
A fundamental principle was careful planning and adherence to the plan. As tunnelling was complete, a master handover schedule was employed to focus the integrated programme into testing, commissioning and handover.  In order to deliver schedule milestones and to integrate multiple contractor interfaces, a 100-day plans were implemented, involving many contractors. Readiness reviews were used before proceeding to a new phase of work such as digging, testing or commissioning. Crossrail were aware of each contract’s status and issues, a dispute resolution process was implemented with managerial discussion before adjudication. Each contract had a project bank account to monitor fair payment legislation to the supply chain. A completion process was put in place to ensure all aspects of the contracts were satisfied and contract deliverables accepted before closure. (Tucker, 2015)
A community relation strategy was also employed to reflect on how Crossrail would engage with local authorities, communities and key stakeholders and ensure positive influence in the community through sustainable and responsible procurement initiatives. Community engagement plans were developed to identify how relations would be managed with each of the local authorities. 
‘Innovate 18’, a programme designed to provide a platform for people across the project to share ideas on how to improve delivery. As a result, more that 1000 people were accessing the website sharing ideas. Moreover, the database includes more than 800 innovations with more than 400 being developed.
All the stakeholders were able to understand how Crossrail managed information across multiple platforms through “single source of truth” within CDE (common data environment). With the use of huge amount of digital data generated throughout the project’s life, the CDE created an atmosphere where collaborative working culture is promoted across multiple groups because everyone has access to the right information, at the right time. As a single information model, CDE is used by many organisations and contracts. By openly sharing information, Crossrail enables the supply chain to innovate and produce world class information deliverables. (Pollalis and Lappas, 2019)
‘Performance assurance’ provides independence measure of the contractor’s compliance with contract requirements in the key areas of delivery such as health and safety. The effect of the contractor seeing where they stand publicly in relation to their peers was positive in motivating to improve performance. (Tucker, 2015)

5. Risk Factors
Key risk factors and geotechnical hazards were identified in the early feasibility design with most of them being not as severe as anticipated. Some manifested during construction and others were successfully avoided or reduced to manageable level through design or management of mitigation. For example, groundwater was one of the major hazards as it impacts much of the central tunnelled section and includes a lot of consideration regarding its effects on the permanent works. Long term groundwater levels and gas entrapment were main concerns at tunnelling stage. Dewatering with array of surface wells and depressurisation were employed as it soon became apparent dewatering alone was not enough to reduce the water levels below the excavations. Therefore, a successful solution proposed by the contractor was to supplement the surface dewatering within tunnel depressurisation, installed at the same time of the tunnelling. 
Other hazards include the mixed face conditions leading to the instability of the ground and underground water flow paths. This includes limestone and cemented units, aggressive ground that questions the durability of concrete and cast-iron tunnel segments.
Obstructions are risk that cannot be easily identified. Despite Crossrail extensive research some of the obstructions could not be seen before encountering them. Some of them didn’t cause damage or delays while others such as raked steel piles which were previously studied and assumed safe as they would not situate in the tunnel profile, caused huge delays to the works and had to be removed. (Black, 2016)
Risks to cost and schedule was the start of the trial running in the time of construction. When so much work is done parallel with trial running, it undermines the purpose of moving to trial running altogether. So, although Crossrail achieved a key milestone by starting a trial running in 2021, completing the remaining work proved complicated and created new risks. (Nao, 2021)
The cost of the project is another risk as there was no available funding. To address this issue, Crossrail reviewed new work tasks and closed some contracts sooner looking for new suppliers to complete the more straightforward work, even with some of the work being completed when the line started to run.

6. Conclusion
Although Crossrail tried hard to control costs and time in 2019 the project was anywhere near completion and being more complicated than previously anticipated. Major infrastructure project such as Elizabeth line could take years to deliver with economic and societal changes that impact the project inevitably during that time. Many of the mistakes on the project seem to be made because of the obsession with a fixed completion date which was also a reason for increased costs. The contracts signed with the builders, based on lump sum fixed agreement did nothing for the time management as paying set amount for the whole job makes timing irrelevant. Moreover, if there were tasks outside the agreement, a new bill was issued, impacting the budget over time. Time schedule and budget were stretched once again when Crossrail had to find more affordable suppliers to complete the remaining work. In general, this could have been avoided with more efficient management approaches and negotiations.
Elizabeth line project is likely to have a lasting skills legacy and highly positive impact on the UK economy. In addition to the beautiful design, artwork, speed and accessibility, the Elizabeth line is one-of-a-kind transportation system. It would increase London catchment area, provide more journey opportunities and ease the congestion in busy areas. It would attract economic and social investment as it is set to support housing and jobs openings thus benefiting millions of people. It would be also a highly effective way to bring people back to the capital especially after the pandemic. In summary all challenges the Crossrail project faced, established a learning legacy which aims to be a collation of good practices, lessons learned and innovation as well as a recommendation for future infrastructure projects. 
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