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[bookmark: _Hlk113892638]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 in the 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. Some services are already running on the east and west ends of the line in London, but not through the middle. It's expected that this goal date will not be fulfilled considering the history of substantial delays and management challenges.								                                                                                                                     INTRODUCTION    															                                                                                                                                            Crossrail is a vast, complicated project that will run new, direct train services between Reading and Heathrow Airport on the west ends of the railway, Shenfield in Essex, and Abbey Wood on the east ends of southeast London. Crossrail's primary goals include reducing congestion while increasing capacity, improving dependability, and shortening travel times throughout London (Pollalis, Lappas), upgrading existing stations while building new ones, extending the current rail line to Heathrow Airport, and electrifying stretches of the existing railway system. (Crossrail) Crossrail Ltd expects the project to provide a 10% boost in capacity in central London. When completed, the railway will be approximately 73 miles (118 kilometres) long, stopping at more than 40 stops, including 10 new stations and 26 miles (42 kilometres) of new tunnels. When Crossrail is completed, it will be integrated into Transport for London's rail and subterranean networks (TfL). Crossrail was renamed "The Elizabeth Line" in February 2016 but will be referred to as "Crossrail" for this report. Crossrail is one of the largest civil infrastructure projects in the world. It is an extremely difficult task that includes:                                                                                        - The construction of approximately 26 miles of tunnels beneath London;                                                                         - The construction of ten new, custom-made stations, including eight new underground stations that are significantly larger than most existing underground stations, as well as interchanges with existing underground stations and lines;                                                                                                                                         Crossrail Ltd said in April 2019 that, based on its completed, revised plan, it will deploy 12 peak-time trains per hour on the core section between Paddington and Abbey Wood between October 2020 and March 2021. These routes will not initially stop at Bond Street due to considerable delays caused by design and delivery issues. In December 2019, a four-train-per-hour peak service between Paddington and Reading will begin. It's unclear when a full 24-hour service between Heathrow and Reading in the west and Shenfield and Abbey Wood in the east will start.													                                                                                                                                                           LOCATION                                                                                                                                                                Crossrail's centre section travels beneath central London, via new east-west twin tunnels that divide into two branches at either end. The tunnel sections are around 22 kilometres long.[image: Diagram

Description automatically generated]														                             The railway splits in the east at Whitechapel, with one branch following the present Great Eastern Main Line from Stratford to Shenfield and the other following Canary Wharf and emerging from the tunnel at Custom House on a defunct section of the North London Line to Abbey Wood beneath the Thames River. The route connects to Paddington's Great Western Main Line in the west and continues to Hayes and Harlington, where it separates. Another branch links to Heathrow Airport, Heathrow Terminals 4 and 5, and another to Reading through the present main line.     															                                                                                                                                          FUNDING                                   										The Crossrail Program is co-sponsored by the Transport Department (the Department) and Transport for London (TfL). The railway operation is managed by Crossrail Ltd, a wholly owned subsidiary of Transport for London. Network Rail is striving to enhance its present surface infrastructure to meet the demands of the new service. In July 2014, TfL awarded MTR Crossrail the contract to operate The Elizabeth Line services. In 2010, the Crossrail project received $19.15 billion (£14.8 billion in the UK) in finance, including contingencies. The current overall financing package for Crossrail is $22.77 billion (£17.6 billion in the UK), a 19 per cent increase above previous forecasts. Crossrail Ltd forecasts the total programme to cost roughly $23.03 billion (£17.8 billion in the UK) as of March 2019.The Crossrail financial structure was formed in October 2007 when the Prime Minister indicated that the cost of Crossrail would be borne by the government, the London Mayor, and London companies. At the time (2007), a financial package of $20.57 billion (£15.9 billion in the UK) was proposed for the complete Crossrail project. In October 2010, a new finance package of $19.15 billion (£14.8 billion) was agreed upon. In 2018, the finance pool increased to $22.77 billion (£17.6 billion in the UK). Network Rail has required unexpected additional funds to finish its half of the project, bringing the total authorised financing package to $23.03 billion (£17.8 billion in the UK) in July 2019. Taxation on Londoners and enterprises in London provided around 60% of the revenue for the project.														                                                                                                                          WORKFORCE                                                                                                                                                  	Over 15,000 men and women have worked on the project, and over 120 million working hours have been accomplished," according to Crossrail figures. "In addition, the Cross-rail website states that over 1,000 apprenticeships have been given to project workers to date." Data from Bechtel Corp. includes additional Crossrail project workforce milestones and workforce impact, such as:                                                                                                                                                                 - Approximately 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 individuals;                                                                  -  62 per cent of Tier 1 contracts (companies having direct contact with the government) were filled by local and/or previously unemployed individuals.    													                                                                                                PROJECT EXECUTION PLAN                                                                                                                                         	Management Structure   										                                                                                                                                                                                Crossrail's delivery strategy in 2009 was centred on a structure in which Crossrail and its industry partners, third-party investors, and supply chain will develop, source, build, and authorise the complete work system. Crossrail was to do this using an integrated delivery team:                                                                                                        - continued to be responsible for programme delivery and assurance of the sponsor's requirements;                                                                                                                                                            - entered into agreements with Network Rail, London Underground, and other third parties as needed to deliver the programme; and - defined the health and safety, environmental, and quality regimes under which the programme would be delivered.													                                                                                                                              Crossrail also appointed a programme director to lead an external management team for development, installation, and execution comprised of Crossrail, project workers, and supply chain partners. Bechtel Corporation acted as the prime contractor, construction manager, and engineering and construction programme lead for all 83 construction and logistical contracts. Crossrail enlisted the assistance of a contract partner to provide competent system, project, and engineering management experience to the business community, as well as to support project monitoring and leadership at the programme stage. This contract was granted to Transcend, a joint venture of CH2M Hill, AECOM, and The Nichols Group, in 2009. Network Rail and enhancements to existing London Underground (London Underground), Canary Wharf (Canary Wharf Group), and Woolwich (Berkeley Homes) stations have been agreed upon with industry partners.
[image: ] 
Program management structure 
[bookmark: _Hlk113892802]PROCUREMENT 
A thorough acquisition method that was aligned with the purpose, values, goals, needs, the larger policy climate, and best practices in existence at the time was a critical component of the entire implementation plan. Crossrail is classified as a utility, and as such, contract procurement processes above the appropriate financial level must adhere to the Utilities Contracts Regulations 2006. (HMG, 2006).
According to the contract, Crossrail had the authority to set restricted or negotiated procedures, pre-qualify economic operators for proposal lists, and award contracts based on the most economically beneficial offer.
Contracting with the supplier chain as soon as feasible based on a fair risk allocation to the organisation best positioned to handle the risk. Including a proactive and long-term buying strategy. Putting in place performance management procedures that are agreed upon.
The integrated programme management team designed and authorised detailed procurement strategies to describe contract packaging and logistics for the procurement of the primary services in the design, development, and facilitation of works, tunnels, stations, and railway systems.
The first discipline-based approach was utilised during the creation, selection, and authorising work stages to assure consistent requirements and outcomes through concurrent contracts offering the same outputs.
In 2011, the three regions were established to incorporate all projects falling within the geographic borders of the three major bored tunnel contracts. The completion of the tunnel in 2015 marked a significant shift in the project's focus from tunnelling and heavy civil engineering to the rail system and station fit out, which needed to be managed in a way that would support the eventual commissioning of a single railway across the entire central section.
 
[bookmark: _Hlk113892849]Crossrail made every effort to employ best practices in management and contract management delivery systems. Traditional project management methods such as a work breakdown structure with accompanying cost control and financial management, an integrated programme management schedule, commodity-based earned value reporting, and a rigorous trend and change control procedure were employed.																			                     RISKS FACTORS
Crossrail is a multi-billion-dollar infrastructure project that will service London and its neighbouring areas, and it was vital to understand what is under the earth to avoid hurdles in its construction and so ensure its successful delivery.
To begin, a thorough examination of the geographical circumstances was required. According to Crossrail's head of geotechnics, "knowledge of the geological structure of particular locations has advanced dramatically as a result of Crossrail construction." Despite a careful review of maps and other accessible data, it was difficult to predict what the building crew may meet. Wells, ancient boreholes, or foundations of long-demolished constructions might be among the impediments. As a result, several obstacles were unavoidable when carrying out operations beneath the earth. Along with these dangers, several doubts were expressed. Lord James of the Conservative Party addressed the issue of a probable anthrax pandemic. He informed Parliament that 10 Hayne Street, which is on one of the paths, might be the forgotten anthrax burial place, and that excavation activity could spark an outbreak. The chance of discovering unexploded munitions from WWII was also mentioned.
However, because London has been populated for hundreds of years, the hazards were larger closer to the city. Even though a large quantity of data on the geographical strata is accessible, some unknown faults and deviations were known to be there, which might provide challenges for tunnelling efforts.		[image: Route map May 2022 - Crossrail]Plan of the central tunnelled section of the new Elizabeth line across London 								
 Geotechnical Risks:                                                                                                                                    Several major geotechnical hazards, as well as the dangers they entail, were recognised early in the feasibility design phase. Data from the Jubilee line extension project and the High Speed 1 railway project were also utilised to identify potential dangers because their scale and tunnelling procedures were comparable. The following are the major risks identified:     	                                           - Groundwater control during tunnel construction, as well as long-term groundwater levels and gas entrapment following dewatering recovery.  	                                                                                                        - The potential of ground instability owing to mixed face conditions faulted ground and drift-filled hollows.  	                                                                                                                                                                                          - Hard layers in the Lambeth Group, containing limestone and cemented units, and claystone in the London Clay.    	                                                                                                                                            - Groundwater and other minerals in the earth have an impact on the longevity of cast iron tunnel segments and concrete.
[image: ] 
                     : Significant regional faults intersect the central tunnelled section of the Elizabeth Line 
[bookmark: _Hlk113892920]The terrain under the western part of Paddington is clay, making it excellent for tunnelling because it holds little water and has a steady density. As the tunnels drop eastwards towards Farringdon, the geology changes into the Lambeth Group, a complicated combination of sands, silts, and clays that creates more difficult tunnelling conditions. Furthermore, the tunnels between Farringdon and Canary Wharf crisscross between the London clay and other deposits of the Lambeth group, making tunnelling and subsurface excavation difficult owing to the variety of material types. Unexpected water flows and instability during excavation pose a substantial risk in such settings.		                                                                                                                                             				                                                                                                                 Risks due to groundwater and its mitigation:     	                                                         												                                                                                       Groundwater was most likely the most serious hazard that could have affected most of the central tunnelled section. On the eastern running tunnels between Farrington station and the portals at Pudding Mill Lane and Victoria Dock, methods like dewatering and depressurization were widely utilised. Groundwater was a worry as tunnels pierced the Lambeth Group deposits in the eastbound and westbound portions, as the Lambeth Group comprises water-bearing sand units.										
[image: ] 
 Geological profile of the westbound cavern at Stepney Green showing water-bearing sand units 
[bookmark: _Hlk113892962]Surface dewatering wells were built to lower water levels below the level of excavation. However, because the sand units were very permeable, their recharging demonstrated that simply surface dewatering would be inefficient. As a result, it was augmented with in-tunnel depressurization. However, depressurization caused air entrapment during recovery. Dewatering was done in stages to ensure that air naturally migrated away from the structural traps. Several ventilation wells were also erected to ensure that all air had been exhausted.																													                                                                                                                                                    Risks due to mixed face conditions and their mitigation:  								
[bookmark: _Hlk113892997]The risk of variable ground existed everywhere the tunnels and excavations contacted Lambeth Group deposits, particularly at Farringdon station, where the tunnels were driven through the whole Lambeth Group sequence, which consisted of a succession of sub-parallel normal faults. This troublesome ground condition was discovered early in the ground studies, prompting further phases of the geotechnical study. With the available data, a three-dimensional ground model of the station was created to better understand the stratigraphy and faulting and to avoid obstacles. This model proved to be quite helpful in forecasting the distribution and breadth of these sand units. Once the existence of sand was established, permeation grouting was used to decrease groundwater flow in the bigger sand masses.      					                                                                                                                                                       Risk of ground settlement and its mitigation:  
Along with the concerns mentioned above, tunnel boring faced the potentially disastrous possibility of ground settling. There were 17500 structures above the tunnel route that may be damaged. Earth settlement risk was mitigated by regulating how tunnelling was carried out and, where necessary, modifying the ground to make it less prone to shift. 'Compensation grouting' was one efficient method used.
During construction, compensatory grouting was extensively used. To reduce settlement, this approach is used on tunnelling projects all over the world. To firm up the region where settling is predicted, a cement-like material called grout is injected into the earth.
[image: ] 
 
Even with these safeguards, some level of settlement was unavoidable, however, the overall amount of settlement on the project has been lower than projected. Thousands of houses surrounding tunnels were also assessed before digging to document existing faults. These properties were surveyed after the tunnelling was completed to determine the extent of the repair damage caused by the tunnelling work.
Now that most of the major tunnelling work has been done, it has been discovered that a very limited number of geotechnical risk-related concerns arose during construction, the great majority of which were insignificant in terms of consequence. A thorough understanding of the ground through detailed desk studies, targeted ground investigations, and consistent client-led interpretive reporting, as well as reviewing lessons learned from other London construction projects, ensured that risks could be identified, well defined, and dealt with appropriately.	
 ACTUAL PROBLEM PRESENTED IN THE PROJECT 
[bookmark: _Hlk113893074]This section describes the locations and causes of cost and schedule overruns as well as the components of Crossrail Ltd.'s project delivery that increased risk and complicated matters. The signalling system and safety were cited as the reasons for Crossrail's December launch date delay. However, according to top management, the major issue was incomplete stations, a lack of responsibility, unrealistic completion dates, and a lack of acceptable output. The Elizabeth Line's integration of three independent signalling systems had proven complex, and subsequent testing had been longer than projected. The anticipated project cost of the Crossrail system by Crossrail Ltd, including trains and depot maintenance on the existing Network Rail network and a provision to minimise predicted costs, is somewhat more than $22 billion (£17 billion in the UK). This is approximately $2.85 billion US (£2.2 billion in the UK) more than the $19.15 billion US (£14.8 billion in the UK) investors expected in 2010 and $776.4 million US (£600 million in the UK) more than the current level of approved funding of $22.77 billion US (£17.6 billion the UK).      	                                                                                                      Increasing programme expenses are not the result of a failed project or contract. Most of the central section's 36 main works, including tunnelling, civil engineering, station building, fit outs, and the installation of railway and station operational systems, have increased in cost. The most significant modifications were in the contracts for building the track and primary infrastructure in tunnels, as well as some of the new stations, such as Whitechapel, Bond Street, and Paddington. In general, due to building issues between the present London underground and overground 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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