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1 Scope and objective 

1.1 Scope 

1.1.1 HS2 Phase One is a new high speed rail line to be constructed from London Euston 

to the West Midlands, where it will connect with the existing West Coast Main Line. 

Align is responsible for the design and construction of Route Section C1 Main 

Works Civil Contract which covers the section of the high-speed rail line running 

between the Colne Valley and the Chilterns. 

 

1.1.2 This document refers to the construction of the two 16 kilometers twin bored 

tunnels from South Portal to the North Portal. 

 

1.2 Objective 

1.2.1 The purpose of this document is to present the organisation and means that the 

contractor intends to put in place to manage the construction of the Chiltern 

tunnels. 

 

1.2.2 This document also present the control measures that are put in place to monitor 

the excavation process as well as the remediation measures that can be put in place 

to mitigate the settlements, the risks due to confinement pressure loss, the blow- 

up risk. It also refers to the main action plans for any breach of monitoring triggers. 

 

1.2.3 The tunnels will cross some critical assets that will need special attention before 

excavation. This document will present the main actions to be taken prior 

excavating these sections. The main assets and associated third parties are detailed 

below: 

 

 M25 crossing – Highway England and ConnectPlus Services 

 

 Chiltern Railways crossing – Chiltern Railways 

 

 River Misbourne – Environmental Agency and Affinity Water 
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1.2.4 The tunnels will intercept four of the five Shafts in the following order: 

 

 Chalfont St Peter Ventilation Shaft 

 

 Chalfont St Giles Ventilation Shaft 

 

 Amersham Ventilation Shaft 

 

 Little Missenden Ventilation Shaft 

 

1.2.5 This document details the actions to be taken prior to excavate through these 

shafts. 

 

1.2.6 Chesham shaft is located between the two tunnels and will be connected to the 

tunnel via small adits. 

 

1.2.7 The Tunnel Construction Management Plan also presents the organisation charts 

and main roles and responsibilities of the different teams involved in the tunnel 

construction (production team, design team, support team…) 

 

1.2.8 The Tunnel Construction Management Plan subordinates to the Align Safety, 

Health and Wellbeing Management (Construction Phase) Plan (1MC05-ALJ-HS- 

PLN-C001-000006) and stands for the “Tunnel Specific Construction Phase Plan”. It 

details the measures in place for the H&S and wellbeing of the staff & labour. 

 

1.3 Limitations 

1.3.1 This document does not include the management plan for the construction of the 

Cross-Passages and Shafts adits. This will be detailed in a dedicated “Cross- 

passages & shafts adits construction management plan”. 
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2 Related Documents 

2.1 HS2 Standards and Specifications 

2.1.1 The following documents have been used to prepare this Plan: 
 

Title Document Number 

 

HS2 Specification for Civil Engineering Works Series 4010 – 

Tunnelling – Bored Tunnels and Shafts 

 

HS2-HS2-CV-SPE-000-014010 

 

HS2 Specification for Civil Engineering Works Series 4200 – 

Tunnelling – Slurry Tunnel Boring Machine 

 

HS2-HS2-CV-SPE-000-014200 

 

HS2 Specification for Civil Engineering Works Series 4500: 

Instrumentation and Monitoring – Construction 

 

HS2-HS2-CV-SPE-000-014500 

 

HS2 Technical Standard – Bored Tunnels 

 

HS2-HS2-TN-STD-000-000001 

 

HS2 Technical Standard – Ground Movement and Assessment 

from Below Ground Construction 

 

HS2-HS2-TN-STD-000-000005 

 

2.2 ALIGN documentation 

2.2.1 The following ALIGN documents have been used to prepare this Plan: 

 
 

Title 
 

Document Number 

 

Safety,   Health   and   Wellbeing   Management   (Construction 

Phase) Plan 

 

1MC05-ALJ-HS-PLN-C001-000006 

 

Emergency Response and Incident Management Plan 

 

1MC05-ALJ-HS-PLN-C001-000041 

 

Construction Management Plan – Stage 2 Works 

 

1MC05-ALJ-CL-PLN-C001-000027 

 

Instrumentation and Monitoring Statement (IMS) 

 

1MC05-ALJ-GT-STA-C001-000001 

2.3 ALIGN documentation organisation 

2.3.1 The general hierarchy of TBM Tunnelling documentation is described in Figure 1. 

Note: some documents are combined for brevity, for example, Action Plans and 

Emergency Action Plans. 

 

2.3.2 The detailed TBM Tunnelling documentation is described in Figure 2. 
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Figure 1 
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3 ORGANISATION/ ORGANISATION 

CHARTS 
3.1.1 A general organisation chart of the tunnel production team is shown on the page 

below. 

 

3.1.2 A specific organisation chart also presents the working groups that will take part in 

the different meetings depending on the trigger levels and it also highlights the 

support provided by the technical teams to the production team: 

 

 SRG: Shift Review Group 

 CTC: Contract Technical Committee 

 MAT: Management Action Team 

3.1.3 A fully detailed organisation chart of the tunnel production team is shown in 

Appendix A. 
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4 ROLES AND RESPONSIBILITIES 

4.1 Tunnel construction team 

4.1.1 The tunnel construction team is responsible for the delivery of the tunnelling works 

and includes all operational support departments, including both mechanical and 

electrical departments. The key roles and responsibilities are detailed below: 

 

4.1.2 Tunnel Manager & Deputy Tunnel Manager 

 

4.1.2.1. The Tunnel Manager & the deputy tunnel manager are: 

 

 In charge of the tunnelling operations, i.e. TBMs excavation activities, STP 

operations, surface operations. 

 Responsible for the Overall Tunnelling Program; 

 Ensure that all stocks required for TBM Production are available on site at 

all times, with the support of the Tunnel Precast Manager and the Surface 

Manager; 

 Liaise with the Earthworks Manager on the TBM activities and progress 

ensuring the earthworks activities are not impacting the TBM progress; 

 Own the construction risks associated with the works and participate in risk 

review meetings; 

 Participate to meetings with third  parties  in regards of the tunnelling 

activities; 

 Support the professional development of personnel within the team; 

 The  Tunnel  Manager  &  the  Deputy  Tunnel  Manager  reports  to  the 

Underground Construction Director. 

4.1.2.2. In an emergency situation, the Tunnel Manager & the Deputy Tunnel 

Manager shall be responsible for: 

 

 Overseeing the situation; 

 Advising and briefing Align management; 

 Advising outside authorities when required. 

4.1.3 TBM Manager 

 

4.1.3.1. The TBM Manager is: 



Chiltern Tunnel Construction Management Plan 

1MC05-ALJ-TN-PLN-CS02_CL04-000007 

Revision: C02 

OFFICIAL 

Page 13 

 

 

 Responsible for the TBMs Program; 

 Responsible for the TBMs progress and daily tunnel works; 

 Responsible to review and approve TBMs stoppages, in particular for cutter 

head interventions and maintenance, atmospheric or hyperbaric; 

 Liaise directly with the TBM Engineers, TBM Superintendent in all matters 

regarding the TBMs operations & the invert slab construction; 

 Liaise directly with STP Manager in all matters regarding the STP; 

 Liaise with the Plant Manager for all TBM plant requirements; 

 Liaise with the Cross-Passages manager, Surface Manager, Plant Manager 

to plan the tunnel logistic; 

 Ensures that all required documentation (Plans, RAMS, ITPs, MAFs…) are 

validated and approved; 

 Attends SRG meetings to review operational parameters and settlement 

records; 

 Responsible to review and approve TBMs operational parameters; 

 Validate the weekly and monthly reports (TBM); 

 The TBM Manager reports to the Deputy Tunnel Manager and to the Tunnel 

Manager. 

4.1.3.2. In an emergency situation, the TBM Manager shall be responsible for: 

 

 Assessing  the  situation,  reviews  monitoring  results   and  implement 

contingency measures if or when certain alert values are reached; 

 Advising the Deputy Tunnel Manager and the Tunnel Manager; 

 Contacting the necessary emergency services if required; 

 Detailing the situation with the emergency services; and 

 Reviewing any proposed action with the emergency service representatives. 

4.1.4 Control Room Engineer 

 

4.1.4.1. The Control Room Engineer shall: 

 

 Monitor the excavation parameters of the two TBMs in real time as 

excavation proceeds and respond to anomalies in the operation and 

excavation parameters; 

 Liaise with the TBM Pilot and TBM Shift Engineer in respect of operation of 

the TBM; 
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 Ensure that the Upline or Downline TBM Senior Engineers or TBM Manager 

is informed of any anomalies and special circumstances where applicable; 

 Monitoring the TBM and tunnel environment via the environmental system 

and responding to any alarms; 

 Respond to any emergency situation of the Control Room Supervision in 

terms of BS6164; 

 Prepare the reconciliation records for the previous 24 hours of tunnel 

advance to be provided to the Shift Review Group (SRG) including the slurry 

density and calculation of the weight of excavated material and the 

grouting volumes and pressures; 

 Prepare the ring, daily, weekly and monthly reports; 

 Prepare SRG reports in respect of tunnelling operations; 

 Respond to results of real time settlement monitoring where required; 

 Monitor CCTV images of critical areas within the tunnel; 

 Attend SRG meetings to review operational parameters and settlement 

records; 

4.1.5 TBM Senior Engineer & TBM Engineer: 

 

4.1.5.1. The TBM Senior Engineer or TBM engineer shall: 

 

 Assist the TBM Manager in day to day operations; 

 Ensure all required documentation and instructions regarding TBM 

operation are provided to the TBM Shift Boss, TBM Shift Engineer, Control 

Room Engineer; 

 Write the RAMS, ITP, instructions… with regard to the TBM operations and 

invert construction; 

 Responsible to ensure and execute the quality control procedures in 

tunnelling works; 

 Arrange with the Tunnel Quality Engineer the opening of NCR, CAR or PAR, 

if any are required, for disposition of actions within, or effects outside of 

this RAMS; 

 Review the TBM parameters and operating parameters with the Control 

Room Engineer in conjunction with the ground monitoring readings and 

report to the TBM Manager for approval; 

 Assist the Geotechnical Engineer to prepare the TBM working permit (OIS); 

 Assist the TBM superintendent for the procurement; 

 Liaise with survey team for all survey requirement; 
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 Arrange joint inspections of sections of the tunnel where necessary with the 

Align Management, Quality Engineer, and HS2. 

 The TBM Senior Engineer reports to the TBM Manager & the TBM Engineer 

reports to the TBM Senior Engineer. 

4.1.6 TBM Superintendent 

 

4.1.6.1. The TBM superintendent shall: 

 

 Liaise with the labour supplier by requesting the number of people and the 

skills/competencies needed. 

 Be responsible for the TBM & Invert personnel and ensure that they are 

competent on their assigned job scope; 

 Ensure that training for all necessary persons is carried out in accordance 

with Align policy; 

 Participate to the RAMS preparation with the TBM Engineers  and the 

Method team; 

 Ensure that the welfare, health and safety on site are compliane with the 

H&S rules and the RAMS; 

 Prepare the toolbox talk to dispatch to the TBM Shift Boss; 

 Plan and manage the shift tunnel crews allocation and ensure smooth 

handing over between shifts; 

 Liaise with the Support Team Superintendent, the Surface Manager to 

organise the tunnel logistic and inform accordingly the TBM Shift Boss; 

 Order of the small tools and plant rental for the TBM production operatives; 

 The TBM Superintendent reports to the TBM Manager. 

4.1.7 TBM Shift Boss 

 

4.1.7.1. The TBM Shift Boss shall: 

 

 Be responsible for the Health, Welfare and Safety of his crew and all persons 

visiting the TBM during his shift; 

 Be responsible for overall decision making in respect of the TBM Operations 

during his shift, in liaison with the TBM Senior and the TBM Engineer; 

 Be responsible for the protection  and tidiness of the  TBM and all its 

equipment during his shift; 

 Liaise with the TBM Mechanical & Electrical Foremen, when required, for 

the repair and maintenance operations on the TBM during his shift; 



Chiltern Tunnel Construction Management Plan 

1MC05-ALJ-TN-PLN-CS02_CL04-000007 

Revision: C02 

OFFICIAL 

Page 16 

 

 

 Be responsible for the erection of tunnel lining during his shift and ensure 

all quality requirements are met; 

 Be responsible for the construction of the tunnel invert slab at the back of 

the TBM (only day shift, Monday to Friday) during his shift and ensure all 

quality requirements are met; 

 Ensure the supply of segments & accessories, grout components, service 

pipes and other materials and supplies during his shift, with the support of 

the TBM Foreman, Logistic Foreman and Surface Foreman; 

 Dispatch the training and toolbox talk as defined at a later stage within the 

RAMS with support of the TBM foreman and TBM Shift Engineer; 

 Ensure that all PPE required for specific tasks is available to the production 

personnel; 

 The Shift Boss reports to the TBM Superintendent. 

4.1.7.2. In an emergency situation, the Shift Boss shall be responsible for: 

 

 Ensuring the overall safety of the operation and personnel; 

 Minimising the risk of any potential emergency situation; 

 Determining the immediate course of action; 

 Ensuring all personnel are accounted for in an evacuation; and 

 Contacting the TBM Manager/Tunnel Manager in an emergency situation. 

4.1.8 TBM Shift Engineer 

 

4.1.8.1. The TBM Shift Engineer shall: 

 

 Be responsible for the Operations of the TBM and ensure that the Pilot is 

operating the TBM in accordance with all requirements (especially steering, 

confinement and mortar injection); 

 Replace the TBM Pilot in case of sickness or annual leave; 

 Liaise with the TBM Surveyor in case of problems with the guiding system 

or change of the total station position; 

 In the event of Pyxis Key Selection Programme loss (break-down of the 

system), select the key position for the ring in conjunction with the TBM 

Pilot, using the relevant, available information; 

 Ensure that the ring is built within the allowable tolerances; 

 Request Ring Plane Checks as required from day to day from the Survey 

Dept (to compare with Pyxis information); 
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 Decide on the installation of ring packing based on the information of plane 

offset generated by the Pyxis system; 

 Inspect the tunnel lining after ring building and validate in SDS if any defect, 

follow the repair procedure when necessary and fill the forms. 

 Ensure the shift report have been properly filled; 

 Ensure that the Batching Plant Operator perform the quality tests (density, 

marsh viscosity) on the A component; 

 Ensure that all the record have been properly filled, and brought to the TBM 

office at the end of his shift; 

 Inform the Control Room Engineer of any abnormal parameter; 

 The TBM Shift Engineer reports to the TBM Shift Boss during his shift and 

to the TBM Senior Engineer. 

4.1.9 TBM Pilot 

 

4.1.9.1. The TBM Pilot shall: 

 

 Be responsible for the complete excavation operations of the TBM during 

the excavation phase. This includes, mainly, the operation of the cutterhead 

and thrust (advance) system for excavation; the steering the TBM in 

accordance with the “Steering Axis” (as provided by Pyxis), the operation of 

the slurry mucking system to remove excavated spoil and maintain 

confinement pressure and the grouting system for backfilling between the 

excavation and tunnel lining; 

 Directly liaise with the STP Operator concerning all requirements of the 

slurry system and mud requirements; 

 Follow the discs cutters parameters on Mobydic, and inform the TBM Shift 

Engineer in case of any alarms; 

 Be responsible for the correct completion of the Ring Report; 

 Enter the required ring build data into the guidance software (Pyxis); 

 Enter the tail-gap measurements, ring ovalisation, step measurements etc 

into the guidance software (Pyxis); 

 Selection of the key position based on the guidance system and other 

recommendations in the absence of the Shift Engineer and in the event of 

Pyxis Key Selection Programme loss; 

 Inform the Erector Operator of the key position and information to be taken 

into account during ring erection; 
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 Monitor  all  confinement  parameters,  slurry  levels,  air  loss  etc  during 

hyperbaric operations; 

 Monitor the fault  screen status and inform the TBM Mechanical, PLC 

engineer or Electrical Foremen in the event of a fault or alarm (where 

necessary); 

 Inform  the  TBM  Foreman  when  lubricant,  tail-grease,  grout  supply  is 

running low to ensure it is re-stocked; 

 Assist with the extension of slurry mucking and service pipes as required; 

 The TBM Pilot reports to the TBM Shift Boss. 

4.1.9.2. In an emergency situation, the TBM Pilot shall be responsible for: 

 

 Stopping excavation and go in bypass or stopping mode; 

 Advising the Shift Boss of any warning or alarm; 

 Shutting down the TBM systems in an evacuation, including the primary and 

secondary ventilation as required; 

 Remaining available for communication until evacuation, that is, he shall 

remain in the control cabin (whilst safe to do so). 

4.1.10 TBM Foreman 

 

4.1.10.1. The TBM Foreman shall: 

 

 Supervise the work of all TBM workers during the shift; 

 Assist the TBM Shift Boss on the training and toolbox talk; 

 Ensure for the protection and tidiness of the TBM and all its equipment 

during his shift; 

 Be responsible that all workers are wearing their PPE; 

 Control if lubricant, tail-grease, grout supply, pipes, brackets… is running 

low to ensure it is re-stocked; 

 Liaise with the Logistic Foreman and Surface foreman, to ensure the logistic 

of all TBM materials and consumables; 

 Operating the control panel for the slurry pipes extensions and liaise with 

the TBM pilot during this operation; 

 The TBM Foreman reports to the TBM Shift Boss. 

4.1.10.2. In an emergency situation, the TBM Foreman shall be responsible for: 

 

 Ensuring all personnel use appropriate personal protective equipment; 
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 Supervising fire-fighting activities according to the TBM Shift Boss 

instructions. 

4.1.11 Segment Erector operator 

 

4.1.11.1. The Segment Erector Operator shall: 

 

 Operate the segment erector in a safe and efficient manner in accordance 

with the safety and training regulations approved for use of the equipment; 

 Ensure that the ring is erected in accordance with the directions issued by 

the TBM Shift Engineer or the TBM Shift Boss; 

 Inspect the precast segments after erection of the tunnel lining ring and 

notify the TBM Shift Engineer in the event of poor placement / alignment 

or excessive damage; 

 Inspect the leading face of the last built tunnel lining ring just prior to the 

completion of the new excavation stroke, in order to detect and repair any 

damage to the leading face prior to the new ring erection and notify the 

TBM Shift Engineer immediately in the event of damage; 

 Carry out a full inspection of the tunnel lining intrados ring during the 

second excavation stroke after installation of the ring to be inspected with 

the TBM Shift Engineer; 

 Carry out segment / leak repairs as instructed by the TBM Shift Engineer or 

TBM Shift Boss; 

 Install with the Erector Assistant and Segment Crane Operator the shear 

cones where necessary; 

 Install with the Erector Assistant the channel connector where necessary; 

 Measure the tail skin gap when request by the TBM Shift Engineer or TBM 

Pilot; 

 Control the ring roll of the last built ring during the stroke and inform the 

TBM Pilot; 

 Unclog grout lines when request by the TBM Shift Engineer or TBM Pilot; 

 The Erector Operator reports to the TBM Foreman and the TBM Shift Boss. 

4.1.12 Erector Assistant 

 

4.1.12.1. The Ring Builders shall: 

 

 Clean the intrados surface of the lining segments, where necessary, to 

prevent premature wearing of the erector vacuum system; 
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 Direct the Erector Operator during the segment installation process in a safe 

and efficient manner; 

 Assist with segment / leaks repairs as and when necessary in accordance 

with the Shift Engineer instructions; 

 Ensure that there is a stock of segment dowels located at the designated 

locations around the segment crane area, and assist the Segment Crane 

Operator for loading the dowels storage of the Dobydo system; 

 Measure the tail skin gap when requested by the TBM Shift Engineer or TBM 

Pilot; 

 Take manual measurements between the intrados of the tunnel crown and 

the guidance system (Pyxis) laser upon completion of lining erection; 

 Take manual ring ovalisation measurements prior to and after ring erection; 

 Ensure that all the necessary materials are available for the ring build 

including shear cones, glue for shear cones, channel connectors… 

 Ensure that the tail-skin is cleaned as and when necessary prior to the 

commencement of ring erection; 

 Install with the Erector Operator and Segment Crane Operator the shear 

cones where necessary; 

 Install with the Erector Operator the channel connector where necessary; 

 The Erector Assistant reports to the TBM Foreman and to the TBM Shift 

Boss. 

4.1.13 Segment Crane Operator 

 

4.1.13.1. The Segment Crane Operator shall: 

 

 Operate the TBM transfer crane in a safe and efficient manner in accordance 

with the safety and training regulations approved for use of the equipment; 

 Transfer all equipment and materials required to gantry 1, via purpose built 

lifting baskets, pods and skids including cutterhead tools, lubricants, 

consumables and special equipment; 

 Operate the segment quick unloader in a safe and efficient manner in 

accordance with the safety and training regulations approved for use of the 

equipment; 

 Ensure that no operatives are on the tunnel invert, prior to the start of any 

lifting; 
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 Operate the segment feeder conveyor in a safe and efficient manner in 

accordance with the safety and training regulations approved for use of the 

equipment; 

 Ensure that there is a stock of segment dowels located at the designated 

locations around the segment crane area and inform the TBM foreman for 

next delivery 

 Load the segment dowels into the store of the Dobydo system; 

 Unload the segment wood support to the MSV when required; 

 The Segment Crane Operator reports to the TBM foreman and TBM Shift 

Boss. 

4.1.14 Batching Plant Operator 

 

4.1.14.1. The Batch Plant Operator shall: 

 

 Operate the batch plant in a safe and efficient manner in accordance with 

the safety and training regulations approved for use of the equipment; 

 Coordinate with the MSV Operator the transfer of the retarder and sodium 

silicate to the TBM tanks; 

 Coordinate with the MSV operator and the TBM Foreman the unloading of 

empty cement shuttle tank and loading of the full cement shuttle tank; 

 Connect the cement shuttle tank to the batch plant; 

 Liaise with the TBM Pilot to produce the grout; 

 Control the level of the different component and inform the TBM Foreman 

to order additional in due time; 

 Ensure the cleaning of the batch plant area; 

 Perform the quality control on the A component (density, marsh viscosity) 

and fill the report; 

 Unload the empty grease drums to the MSV when required; 

 Push the ball in the transfer line and go to collect it in the tank at gantry 1; 

 The Batch Plant Operator reports to the TBM foreman and TBM Shift Boss. 

4.1.15 Services Lengthening Operators 

 

4.1.15.1. The Services Lengthening Operators shall 

 

 Carry out the extension of the slurry feed, slurry return and recycled water 

pipes, including the operation of the Pipe Obturator (PIG system), extension 

loop trolley system, lifting cranes and installation of brackets; 
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 Ensure that the fluids are contained in the TBM dewatering tanks and no 

spillage to the tunnel invert; 

 Carry out extension of the service pipes (bentonite, cooling water and 

dewatering), including the operation of the pipe reel systems and lifting 

cranes etc and installation of brackets; 

 Install  the  manifold  and  valves  on  the  different  services  pipes  where 

required; 

 Assist with the installation of brackets for electrical and communication 

cables and monitor the enlengthening of cables from the cable reels. 

 Assistance with the installation of temporary tunnel lighting; 

 Install the brackets and the ventilation duct on the catenary cable; 

 Replace of the TBM ventilation duct cassette and catenary cable; 

 Install the tunnel walkway, including access ladder; 

 The Services Lengthening Operator reports to the TBM foreman and TBM 

Shift Boss. 

4.1.16 Plant Manager 

 

4.1.16.1. The Plant Manager shall: 

 

 Source and provision all appropriate electrical and mechanical equipment 

and systems required to safely support the tunnelling works; 

 Be responsible for the installation, operation, maintenance and testing of 

all electrical, mechanical equipment and systems as required for the 

tunnelling works; 

 Prepare all method statements and risk assessments for maintenance works 

on the TBM; 

 Monitor the TBM performances; 

 Ensure that all personnel working on plant equipment are trained and 

competent for the tasks allocated; 

 Appoint the Electrical and Mechanical Superintendents to manage the 

installation, operation and maintenance works; 

 Provision spare and wear parts for all equipment required for executing the 

works; 

 Ensure  compliance  of  all  equipment  and  systems  with  current  and 

contractual requirements; 

 Plan and program maintenance activities to suit the progress of the works; 
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 Encourage the continued development of technicians in the workforce; 

 The Plant Manager reports to the Underground Construction Director. 

4.1.17 TBM Electrical Superintendent 

 

4.1.17.1. The TBM Electrical Superintendent shall: 

 

 Be responsible for the procurement, installation, operation and 

maintenance of all electrical systems and equipment; 

 Be responsible for the compliance of all electrical systems and installations 

with current safety standards; 

 Ensure that all personnel working on electrical equipment are trained and 

competent for the tasks allocated by him; 

 Manage safe systems of work (permit to work, tag out…); 

 Be  responsible  for  developing  maintenance  procedures  for  electrical 

installations and for keeping appropriate records; 

 Be responsible for authorising personnel to work on electrical equipment; 

 Issue permits to work and permits to energise equipment; 

 Ensure that site safety inspections are undertaken; 

 Manage and collate all required electrical documentation; 

 Install tunnel lightning and grounding; 

 The TBM Electrical Superintendent report to the TBM Plant Manager. 

4.1.18 TBM Mechanical Superintendent 

 

4.1.18.1. The TBM Mechanical Superintendent shall: 

 

 Be  responsible  for  the  installation,  operation  and  maintenance  of  all 

mechanical plant and equipment; 

 Be responsible for the compliance of all mechanical plant and equipment 

with current safety standards; 

 Ensuring that all personnel working on mechanical equipment are trained 

and competent for the tasks allocated by him; 

 Be responsible for the implementation of safe systems of working and the 

issue of permits to work as required; 

 Plan future work with the tunnelling team and producing RAMS as required 

to carry out the works; 
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 Develop maintenance procedures for plant and equipment and for keep 

appropriate records; 

 Authorise personnel to work on mechanical equipment; 

 Issue permits to work on plant and equipment; 

 Ensure that personnel are informed of proposed works and that they adhere 

to prescribed work procedures; 

 Manage and collate all required mechanical documentation; 

 Order tools and spare parts as required to maintain the available plant and 

equipment; 

 The TBM Mechanical Superintendent report to the TBM Plant Manager. 

4.1.19 TBM Plant Engineer 

 

4.1.19.1. The TBM Plant Engineer shall: 

 

 Ensure that the TBMs and other tunnel mechanical and electrical equipment 

is maintained in accordance with the manufacturer’s instructions and is kept 

in a safe and serviceable state at all times; 

 Plan and programme effective maintenance operations in accordance with 

the Tunnel Teams on-going production workload; 

 Ensure that there is always a stock of wear and spare parts available for on- 

going maintenance; 

 Ensure that oil sampling is carried out on a regular basis and respond to 

any anomalies in the analyses; 

 Ensure that instrumentation is calibrated on a regular basis as required by 

manufacturer’s instructions and legislation; 

 Ensure that lifting devices are checked and tested as required by legislation; 

 Ensure that all works are carried out safely and in accordance with RAMS, 

permits to work and permits to load; 

 Analyse consumables data from the TBM data acquisition system and adjust 

consumption as appropriate; 

 Make approved modifications to the equipment to improve safety and 

performance; 

 Ensure that the safety systems on the TBM are in good order at all times; 

 Maintain records of maintenance, testing and inspection of equipment; 

 Keep Mechanical and Electrical personnel informed of on-going issues and 

instruct operatives as appropriate; 
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 The TBM Plant Engineer report to the Plant Manager. 

4.2 Design Team, Engineering support, QA 

4.2.1 The design team is represented by Bouygues Bureau d’Etude and provides support 

to the tunnel construction team with the following information: 

 

 Initial proposal for the excavation parameters along the tunnel route 

 Review and approval of RAMS when appropriate 

 Position and design of the rings along the alignment 

 Expected settlements values along the route 

 Involvment in the Shift Review Groups 

4.2.2 The  Engineering,  Instrumentation  &  Monitoring,  and  Geotechnical  team  will 

provide support on the following: 

 

 Production of the Specific Action Plans in respect of third parties assets 

 On-going daily review of results from settlement monitoring and analysis 

 TBM detailed long sections (OIS) - Daily Tunneling Advance Plan (DTAP) 

 Liaison with third parties and designers 

 Review and approval of RAMS where appropriate 

 Daily   TBM   Advance   Plan   and   Operational   Instruction   Sheet.   The 

format/template of this document can be found in Appendix C and D. 

 Involvment in the Shift Review Groups 

4.3 Health & Safety Team 

4.3.1 Health & Safety Tunnel Manager 

 

4.3.1.1. The H&S Tunnel manager shall be responsible for: 

 

 Develop, implement and maintain the Health & Safety Management System 

in all respects to ensure risks to third parties / contractors / stakeholders 

are understood and controlled. 

 Provide advice on interpretation and application of the Health & Safety 

Management System and include provision of relevant training, briefings 

and information. 

 Ensure the H&S rules and guidances in the tunnel are followed 

 Review the RAMS, especially with respect to the risk assessments to make 

sure all the risks are identified and reduced to their maximum 
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4.3.1.2. In case of an emergency or accident, the H&S Tunnel manager is be 

responsible for: 

 

 Making sure the the procedures are followed following the accident and 

inform the relevant persons, 

 Lead the investigations following and incident or accident and report to the 

H&S director, 

4.3.2 Health & Safety Tunnel Advisor 

 

4.3.2.1. The H&S Tunnel Adivsor is responsible for: 

 

 Assisting the H&S tunnel Manager in the reviewing of the RAMS, 

 Making daily visits in the tunnel to ensure the RAMS are followed, that a 

safe system of work is in place and that the correct PPEs are worn. 

 
 

4.4 Tunneling Labour Supplier (including STP, logistics) - 

TGT 

4.4.1 Align wil procure tunnel labour from a specialist labour supplier for the 

construction of all the tunnel works. The labour onsite will be under the supervision 

of Align staff. The labour will be under the Management of Align Tunnel 

Superintendents. 

 

4.4.2 The supplier will have responsibilities that include: 

 

4.4.2.1. Supplying suitably experienced and qualified labour necessary for the 

tunnelling works, including TBM miners, back-up miners and surface labour. 

CV’s of all personnel will be approved by Align prior to acceptance onsite. 

 

4.4.2.2. The  suppliers  and  his  personnel  shall  fully  comply  with  all  the 

requirements implemented onsite in all respect. 

 

4.5 Earthworks / Spoil disposal Team 

4.5.1 The earthworks/spoil disposal team will be responsible for the excavation and 

placement of the tunnels spoils on the Colne Valley Western Slopes. Align will self- 

deliver this package of works. 

 

The key roles and responsibilities are detailed below. 

 

4.5.2 Earthworks Manager 
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4.5.2.1. The Earthworks Manager is: 

 

 In charge of all the earthworks across the section of the project; 

 Responsible of the earthworks programme; 

 Ensure  a  sufficient  level  (number  and  competency)  of  ressources  and 

optimize them when and where required; 

 Own the construction risks associated with the works and participate in risk 

review meetings; 

 Participate to meetings with third  parties  in regards of the tunnelling 

activities : planned outputs, working hours, … ; 

 Own and is responsible of the budget and expenses; 

 Support the professional development of personnel within the team. 

4.5.3 Earthwork Engineer 

 

4.5.3.1. The Earthworks Engineer is 

 

 Responsible of the “Tunnels spoils placement” scope of works; 

 Responsible for the daily and weekly programs, in liaison with the TBM 

team; 

 Liaise with the sites supervisors, in the filter presses area, around the storage 

sheds and in the depositions areas.; 

 Write and ensure that all required documentation (RAMS, ITP, WIR, RFI, …) 

are validated and approved; 

 Attend site meeting with the Tunnel and TBM teams; 

 Anticipate the treatment requirements depending on the weather forecasts 

and the site conditions; 

 Put together and update the weekly progress reports; 

 Report to the Earthworks Manager. 

4.5.4 Material Manager: 

 

4.5.4.1. The Material Manager is : 

 

 Involved with other working areas across the section of the project; 

 In charge of reviewing and approving the ITP; 

 Liaise with the site Laboratory and analyse the lab test results; 
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 Advise on the treatment requirements, binder dosage and appropriate 

compaction. 

4.5.5 Site supervisors 

 

4.5.5.1. The site supervisors are 

 

 Leading the site team composed of plant operators; 

 In charge of the daily site briefings, the Point of Work Risk Assessment 

(POWRA) to their team, either at the soil treatment platform area, or in the 

final deposition areas; 

 In charge of delivering the works in accordance with the Earthworks 

Engineer instructions. 

 Provide a daily report and allocation sheets to the Earthworks Engineer 

 Ensure the site conditions are safe at all times by maintaining the platforms 

and haul roads when and where required. 

4.6 Survey Team 

4.6.1 The Survey team will be responsible for the right positioning of the tunnel with 

respect to the requirement and within the acceptable tolerances. 

 

4.6.2 The Survey team will also be responsible for the Convergence Monitoring of the 

tunnel under particular sections. 

 

4.6.3 The Roles and Responsibilities for the Survey team are as follow. 

 

4.6.4 Chief Surveyor: 

 

4.6.4.1. The Chief Surveyor is responsible for: 

 

 The implementation of the Engineering Survey Management Plan, discipline 

specific Survey procedures and approval of risk assessments and method 

statements. 

 The overall management of the Engineering Survey team and specialist 

subcontractors. 

 The management of team budgets and deliverables. 

 The recruitment of experienced and competent discipline specific survey 

staff to carry out the tasks as defined in this management plan and 

subsequent discipline specific procedures. 
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 The procurement and provision of suitable software, survey equipment & 

training such  that staff have the right tools and are proficient in the 

execution of duties and responsibilities assigned to them. 

 The provision of all necessary safety training courses as required of each 

team members role, including delivery and recording of relevant client and 

project safety briefings for all survey staff. 

 The review and approval of all risk assessments, method statements and 

discipline specific survey procedures for all surveying activities. 

 Liaison and consultation with Align teams, HS2, specialist sub-contractors 

and third-party representatives regarding all survey related matters. 

 Overall assurance of Sub-contractor setting out and as-built by 

implementation of independent Align survey team checks at specific holds 

points. 

 The management and deployment of survey department resources to 

ensure that all surveying activities are implemented in line with the 

construction programme. 

 The overall management of the survey team’s instrumentation, hardware & 

software including procurement, maintenance and calibration. 

 Ongoing management of the survey data delivery during the project life 

cycle. 

4.6.5 Underground Construction Survey Manager 

 

4.6.5.1. The Underground Construction Survey Manager is responsible for: 

 

 The implementation of the Tunnel Survey Plan, review and approval of risk 

assessments and method statements 

 The overall management of the Tunnel Survey team and specialist 

subcontractors 

 The management of Tunnel Survey deliverables 

 The recruitment of experienced and competent tunnel survey staff to carry 

out the tasks as defined in the Tunnel Survey plan, as well as the training 

such that staff have the right tools and are proficient in the execution of 

duties and responsibilities assigned to them 

 The review and approval of all risk assessments, method statements and 

tunnel specific survey procedures for all surveying activities. 

 Liaison and consultation with the Tunnel Manager, the TBM Manager, TBM 

Engineers, etc, 
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 Liaison and consultation with Align teams, HS2, specialist sub-contractors 

and third-party representatives regarding all tunnel survey related matters. 

 The overall management of the tunnel survey team’s instrumentation, 

hardware & software including maintenance and calibration. 

 Ongoing management of the tunnel survey data delivery during the project 

life cycle 

 Reviewing the survey data processing and the control coordinate values 

issuing regarding the Tunnel Survey network and the TBM Guidance survey 

window traversing 

 Assisting the Senior Tunnel Surveyors with their duties where required 

4.6.5.2. The Underground Construction Survey Manager reports to the Chief 

Surveyor and the Underground Construction Director. 

 

4.6.6 Senior Tunnel Surveyor: 

 

4.6.6.1. The Senior Tunnel Surveyor is responsible for: 

 

 Following the TBM progress and planning for the TBM Guidance System 

relocation (move-up) in coordination with the TBM engineer 

 Scheduling and prioritizing the tunnel survey works and provide the 

relevant instruction to the Shift Surveyor 

 Processing the  TBM Guidance System survey window traverse 

measurements and calculate the updated coordinate values for the guiding 

brackets 

 Ensuring the Shift Surveyors are aware and provided with the latest revision 

of coordinate values for the Tunnel Survey Control as well as the latest 

design data 

 Ensuring all Tunnel Survey Control measurements and As Built data are 

stored appropriately 

 Reviewing the Tunnel Survey Control measurements and As Built data, 

record the checks completed and instruct the repeat of measurements 

where required 

 Reviewing the “as set-out” data for the invert first stage concrete works 

against the design data and store the relevant reports 

 Reviewing the daily survey shift reports 

4.6.6.2. The   Senior   Tunnel   Surveyor   is   reporting   to   the   Underground 

Construction Survey Manager. 
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4.6.7 Shift Tunnel Surveyor 

 

4.6.7.1. The Shift Tunnel Surveyor is responsible for: 

 

 Ensuring the TBM Guidance System is using accurate reference coordinates 

at all times 

 Supporting the TBM Shift Engineers in resolving possible issues with the 

TBM Guidance System 

 Performing the TBM Guidance System Total station and reference target 

relocation (move-up) and storing the relevant reports in accordance with 

the relevant instruction 

 Performing the TBM Survey Window traverse to connect the Tunnel Survey 

Control with the TBM Guidance System brackets 

 Ensuring the Tunnel Survey Control brackets, benchmarks and spigots are 

installed in accordance with the relevant methodology and instruction, the 

planned positions layout and with the constraints imposed by Health and 

Safety rules and the design 

 Performing the Tunnel Survey Control measurements and storing the data 

in accordance with the relevant methodology and instructions 

 Performing the Survey Instrument maintenance and calibration checks in 

accordance with the Tunnel Survey Plan, storing the relevant records and 

reporting any issues to the Senior Tunnel Surveyor 

 Setting out for the invert first stage concrete works and storing the “as set- 

out” data in accordance with the relevant instruction 

 Performing the tunnel lining and invert concrete as built surveys and storing 

the data in accordance with the relevant instruction 

 Ensuring the survey equipment, accessories and tools are kept dry and clean 

and stored in appropriate conditions both on the TBMs and the surface 

store, when not in use 

 Monitoring the Tunnel Survey Control material stock and reporting low 

levels to the Senior Tunnel Surveyor in a timely manner 

 Reporting the shift survey activities and any relevant information about the 

tunnelling activity at the end of each shift according to the relevant 

instruction 

4.6.7.2. The Shift Tunnel Surveyor is reporting to the Senior Tunnel Surveyor. 
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5 COMPETENCE 

5.1 General Competence procedure 

5.1.1 A Security Access and Competence Management System – Biosite - has been put 

in place for the project. Each job role has set training requirements, identified as 

either ‘Mandatory’ (a pre-requisite to start on the project, ‘Required’ – to be 

completed within a defined time or ‘Desired’ – a useful course but not critical to 

the role. These requirements were set following discussions between the Training 

Manager, the Tunnelling Management Team and the H&S Director. A new starter 

will not be able to get to the Welcome Induction on Day One of their contract, 

unless they have demonstrated they hold the mandatory requirements. 

 

5.1.2 As the project is based in the UK and is compliant with Build UK competence 

requirements, CSCS cards are mandatory for construction-related occupations. As 

many staff joining are from outside the UK, there is a necessity to apply for CSCS 

cards after they have joined the project and this process can take up to 2 months 

to complete. Whilst waiting for these cards, staff are provided with a cover letter 

allowing them on site. For those staff whose qualifications exclude them from 

receiving a CSCS card or equivalent, a competence assessment will be provided by 

the Resourcing Team in conjunction with the Line Manager at Job Offer stage. 

Dependent on their job role, the Training Manager may also organise for them to 

attend relevant CITB Health and Safety courses to ensure they are aware of UK legal 

and statutory requirements. 

 

5.1.3 As new starters join the project, training records are uploaded to individual profiles 

on Biosite, training gaps are identified by the Training Manager in conjunction with 

the Tunnelling Management Team and Health and Safety team and relevant 

courses booked. 

 

5.1.4 The Training Manager, in conjunction with the Tunnelling H&S Manager and the 

Tunnelling Management Team, will identify additional requirements as new tasks 

are identified. These are requested through a Training Request Form 1MC05-ALJ- 

HR-FRM-C001-000507/8. 

 

5.1.5 Further training / learning and development will be identified during the 

probationary review and yearly appraisal processes. Requests submitted through 

these processes will be reviewed by the Learning and Development Advisor and 

the Training Manager who will organise delivery of any urgent H&S requirements 

or integrate requests into a programme of L&D events for the Project which will 

take place over the year. 
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5.2 Delivery Methods 

5.2.1 Information, instruction and training will be provided using a variety of formats 

including face to face, e-learning, pictorial guidance etc. depending on the level of 

risk and the needs of the worker (for instance language, level of education, 

responsibilities) and utilising methods such as role-playing, live demonstrations, 

and round-table group discussions. 

 

5.3 Evaluation 

5.3.1 On completion of the course a Review Form 1MC05-ALJ-HR-FRM-C001-000509 is 

completed; feedback is analysed and acted upon as necessary. Training will be then 

be evaluated for effectiveness by the relevant internal team and the individual’s line 

manager 3 months after the training date. 

 

5.4 Tunnel Specific Training Scheme 

5.4.1 In order to enter the Tunnel for whatever purpose, specific tunnel training courses 

will be required, namely “CITB Tunnel Safety Training Scheme” and “City & Guilds 

6151-02 Level 2 Award in Tunnel Entry and Associated Emergency Procedures”. 

 

5.4.2 The Tunnel area will be ‘zoned’ on the Biosite system so that only those with the 

required trainings will be able to go through the turnstiles located in front of the 

tunnel entries. 

 

5.4.3 A Tunnelling Training Centre is to be set up on site to provide the above courses. 

A schedule of courses will be released to Tunnelling staff, labour suppliers and 

subcontractors in February and this will be updated on a regular basis. 
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5.4.4 Specific training required in relation to these works are as follows: 

 

Subject Attendees By: 

Emergency Procedures All tunnel crews Safety Manager and TBM 

Manager 

Self Rescuer All tunnel crews Safety Manager 

Evacuation Procedures All tunnel crews Safety Manager 

Fire Fighting Systems All TBM crews Safety Manager and TBM 

Manager 

Refuge chamber All tunnel crews Safety Manager and TBM 

Manager 

Emergency Dewatering Pump 

Operation 

All TBM crews TBM  Manager  and  Mechanical 

Engineer 

Operation  of  Tail  shield  foam 

injection system 

Shift / Deputy Shift 

Engineer, Pilot, 

Plant crew 

TBM  Manager  and  Mechanical 

Engineer 

Operation of Emergency 

Generator 

Shift / Deputy Shift 

Engineer, Pilot, 

Plant crew 

TBM  Manager  and  Mechanical 

Engineer 
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6 HEALTH & SAFETY 

6.1 Welfare facilities 

6.1.1 The main tunnel office is located at the South Portal, close to the tunnel south 

portal as show on the plan the South Portal site installation layout 1MC05-ALJ-CV- 

DGA-CS02_CL03-807038. 

 

6.1.2 The specific construction phase plan for the South Portal – main compound area 

can be found under 1MC05-ALJ-CL-PLN-C001-000025. 

 

6.1.3 The main welfare will be cleaned on a regular basis and maintained to a good 

standard for the duration of the project and comprises: 

 

 Canteen serving hot food and drinks. 

 Adequate numbers of Toilets. 

 Sinks with hot water for hand washing. 

 Changing rooms. 

 Drying rooms (with lockers). 

 Showers. 

 Laundry service (for work clothing) 

6.1.4 The office as well as the main welfare have been redesigned to accommodate for 

the Covid-19 social distancing measures, with a one way system, signage and better 

space proofing. 

 

6.2 Access Control into the Tunnels 

6.2.1 An access control system will be established to ensure all personnel entering and 

exiting the tunnels are logged in and out and all persons can be accounted for 

during normal shift operations and during any emergency scenario. 

 

6.2.2 A ‘proximity location’ system is also planned, this will enable the surface control 

room to be able to pinpoint areas within the tunnel where individuals are working 

and to track their movements. 

 

6.2.3 Turnstiles will be used to prevent any unauthorised access into the tunnels. Identity 

cards will be carried by all personnel when on site. 
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6.3 Hazard & Risk Mitigations 

6.3.1 The different RAMS will cover the risks linked to all the activities. A schedule of 

RAMS has been established in the document 1MC05-ALJ-CL-SCH-CS02_CL04- 

000001 and is regularly updated. More details on the RAMS can be found in Section 

11.1 of this report. 

 

6.3.2 Key residual risks and suggested control measures can be found in the CDM Risk 

Register 1MC05-ALJ-HS-REG-CS02_CL04-400067 that is continuously updated by 

Align-D with inputs from Align. 

 

6.3.3 Geotechnical Risk Register can be found under 1MC05-ALJ-GT-REG-C001-000006 

and lists all the risks linked to the ground. 

 

6.4 Shift Patterns 

6.4.1 The production Shift Pattern is the following: 

 

 The TBM will continue production 7 days per week, with 20 to 24 hours 

production per day. The 20-24 hours production will consist of 2 shifts of 

12hour per shift (Day shift and night shift). Day shift will be between 8.00 

and 20.00. Night shift will start at 20.00 and finish at 8.00 (the times stated 

are provisional only and may change). 

 There will be three production crews per TBM, each with their own Shift 

Boss, Shift Engineer, TBM Pilot… Hence there will be a total of 6 production 

crews. 

 Each crew will work on a 7/4-7/3 roster, so that at any time there is a day 

shift crew, a night shift crew and a crew on rest days. The rotation for each 

production crew is in the following order: 

o 7 days of work in day shift 

o 4 days of rest 

o 7 days of work in night shift 

o 3 days of rest 

 At the change of Production shifts the handover of shift will occur on the 

TBM. The new crew will arrive approximately 10 minutes prior to the 

completion of the previous shift, and the previous shift crew will leave the 

TBM around 5 minutes after the official starting time of the new shift. This 

is to allow a sufficient time to ensure a proper hand-over of information 

between all personnel will take place. 

6.4.2 Support Team - Maintenance Shift: 
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 Specific maintenance will be carried out on the TBM during the non- 

production hours currently assumed to be happening between 6.00 to 

10.00, as opposed to regular maintenance that is carried out by the tunnel 

production shift and his team during production. 

 These operations will be ensured by 3 crews for both TBMs working on a 

7/4 - 7/3 roster in day shifts only. The rotation for each support crew is in 

the following order: 

o 7 days of work in day shift 

o 4 days of rest 

o 7 days of work in day shift 

o 3 days of rest 

 The TBM Mechanical Engineer and TBM Mechanical Superintendent will 

arrange all TBM maintenance operations. 

 General tasks (for example oil sampling, vacuum checks, specific 

adjustments and minor repairs etc) that do not result in a delay to 

production will be carried out during the normal production hours by the 

tunnel production shifts. The maintenance shifts will be used to carry out 

works that cannot be done during production including: 

o specific repairs to the TBM; 

o preventative maintenance and checks; 

o system modifications; 

o installation of new equipment. 

 Other specific works may also be carried out during this period, including: 

o Inspections of the cutterhead (arranged by TBM Manager); 

o Extension of the HV cable (from time to time) that will be arranged 

by the TBM Electrical Superintendent; 

o Cleaning of mortar injection system (arranged by TBM Manager); 

o Installation of slurry pumps in the tunnel; 

o Deviation of services for cross passage construction; 

o Training for TBM personnel etc; 

o Some production tasks (completing ring building, ground 

excavation, logistics ect…). 

 During the maintenance hours an assigned person experienced with the 

TBM operation will be present at all times to monitor the essential TBM 

parameters  (confinement  pressure,  slurry  loss  etc)  and  alert  the  TBM 
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Manager in cas of any alarm. This person will be suitably qualified to operate 

the slurry system to maintain confinement until the Shift Pilot is returned to 

the TBM. 

 When the day shift production team arrives on the TBM, the support team 

will perform other tasks in the tunnel (preparation for cross passage, slurry 

pipes changes…) 

6.5 Fatigue Issues 

6.5.1 It is recognised that this shift pattern may result in fatigue issues with the workforce 

and Align will take measures to reduce the risks linked to fatigue issues. These 

measures may include: 

 

 Health assessments for all shift workers 

 Ban on working rest days unless critical 

 Ban on overtime working for shift workers without consideration of fatigue 

impact 

 Ensure that rest breaks are taken, even when staggered 

 Provision of suitable and sufficient welfare facilities 

 Regular workforce meetings to discuss health and fatigue issues 

 Provision of a suitable working environment 

 Education on good health 

6.5.2 In relation with the Works Information 297: Employee Relations, a Risk Assessment 

due to fatigue issues review has been done by Align H&S director. This review 

outlines the choice for 12 hours shifts. The main outcomes of this review are 

presented below. 

 

 The fatigue risks will be reduced by the reduction of physical and mental 

loads required on a highly sophisticated TBM which has been designed 

specifically to cut down on manual working and consider safe working 

conditions (Krokodyl etc.) 

 The  Fatigue  Index  results  don’t  take  into  consideration  the  travelling 

workers and their requirements 

o 12 hour shifts allow them to go home for 3 and 4 day weekends, 

o 8 hour shifts only allow 2 day weekends, insufficient time to travel 

home and too much time in between shifts. 

 To mitigate the fatigue risk during commuting, Align is implementing an 

overnight accommodation on site for its staff and labour. 
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 Demands during a shift will also be reduced with the provision of the 

support team (maintenance shift) which will ensure the overlap, handover, 

and reduce the burden of needing to finish a process (e.g. building a ring). 

7 CONTINGENCY MEASURES, 

ENGINEERING RESPONSE AND 

EMERGENCY PLANNING 

7.1 General Engineering Response 

7.1.1 The choice of the Variable Density TBM has been made as the best compromise to 

reduce the risks and optimise production. Below are listed the conclusions of the 

comparative that has been made with other types of TBM. 

 

 VaD (and Slurry) spoil from tunnel excavation can be treated and reused for 

landscaping more easily compared to the use of an EPB machine. 

 VaD allows rapid increase in density at the face in the case where the 

machine meets a dissolution feature and large water flows would result in 

a loss of pressure. VaD is more adaptable to varying geology compared 

using SPB machine. 

 VaD has less risk impacting the ground water inflow going to the pumping 

stations of Affinity Water compare to SPB and EPB machines. 

 VaD allows better control of slurry materials when crossing sensitive areas 

with low cover and potentially fractured geology such as the river 

Misbourne and the M25. VaD allows better control of ground settlement 

compared using SPB machine. 

 VaD has a crusher contained within the back-up allowing atmospheric 

intervention and therefore a better maintenance situation than for a regular 

SPB slurry machine with a crusher positioned in front of the machine. VaD 

will require less (or no) hyperbaric interventions. 

7.2 General and Emergency Action Plan for Chiltern Tunnels 

7.2.1 The Action Plan for Chiltern Bored Tunnel and Cross Passage Monitoring or General 

and Emergency Action Plan (GEAP) 1MC05-ALJ-GT-PLN-CS02_CL04-000003 is to 

be read in conjunction with the “Chiltern Tunnel Designers Monitoring Plan” 

(1MC05-ALJ-TN-PLN-CS02_CL04-411070) and the  “Chiltern Tunnel Contractors 

monitoring plan” (1MC05-ALJ-GT-PLN-CS02_CL04-000004). 

 

7.2.2 The objective of the General and Emergency Action Plan is to prescribe general 

response in the event that any of the monitoring instruments installed on third 
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parties assets, trigger an alert as well as in case of an emergency such as over- 

excavation, blow-out, grout loss… This GEAP is for the whole alignment except M25 

Crossing, River Misbourne Crossing and Chiltern Railways Crossing. 

 

7.2.3 Specific Action Plans and Emergency Action Plans for sensitive crossings are 

presented in section 7.5 of this document. 

 

7.3 Incident Management Plan for Chiltern Tunnels 

7.3.1 The Incident Management Plan can be found under 1MC05-ALJ-TN-PLN- 

CS02_CL04-000005. It details the responses to be implemented in case of an 

incident on the TBM (mechanical failure, fire, electrical failure, ventilation failure…) 

 

7.4 Deep Bores and Wells Management Plan 

7.4.1 The Deep Bores and Wells Management Plan can be found under 1MC05-ALJ-GT- 

REP-CS02_CL04-000001. 

 

7.4.2 This plan presents the list of boreholes and wells that are in proximity of the tunnels 

as well as the remediation measures put in place to prevent any issue (confinement 

pressure loss, lost casing…) 

 

7.5 Specific Action Plans and Emergency Action Plan for 

specific crossings 

7.5.1 M25 Crossing Action Plan and Emergency Action Plan can be found under 1MC05- 

ALJ-GT-PLN-CS02_CL04-000002. This presents the actions, the flowcharts and the 

internal as well as external communication protocols that need to be followed 

should any breach in the monitoring trigger levels be observed. It also includes the 

responses in case of an emergency (blow-up, over-excavation, grout loss…) 

 

7.5.2 Chiltern Railways Crossing and Emergency Action Plan will be defined at a later 

stage of the project. It will detail the actions, the flowcharts and the internal as well 

as external communication protocols that need to be followed should any breach 

in the monitoring trigger levels be observed. It also includes the response in case 

of an emergency (blow-up, over-excavation, grout loss…) 

 

7.6 Segment and Leakage repair Plan 

7.6.1 The segment and leakage repair plan can be found under 1MC05-ALJ-TN-PLN- 

CS02_CL04-000004. This details the plan for intervention regarding the reparation 

of segment or leakage. 



Chiltern Tunnel Construction Management Plan 

1MC05-ALJ-TN-PLN-CS02_CL04-000007 

Revision: C02 

OFFICIAL 

Page 41 

 

 

8 READINESS REVIEWS 

8.1 Purpose 

8.1.1 The purpose of the readiness reviews is to ensure that everything required to start 

the works is in place, including permissions, consents, health&safety 

documentation, quality documentation, and plant and personnel. These readiness 

reviews meetings will be held in line with the CDM assurance process descrbed in 

the document 1MC05-ALJ-HS-PRO-C001-000034. 

 

8.1.2 Where applicable, this can also include a settlement back analysis prior to starting 

a specific section of excavation. 

 

8.1.3 The review process will be managed by Align technical department in conjunction 

with HS2. The readiness review documentation will be signed off by HS2 prior to 

any tunnelling works commencing. 

 

8.2 TBM Launch Readiness Review 

8.2.1 Prior to the TBM launch, and therefore prior to any tunnelling works, readiness 

review meetings will be held to ensure everything is in place for a safe start with all 

relevant parties. 

 

8.3 M25 Crossing Readiness Review 

8.3.1 Prior to the M25 Crossing, dedicated readiness review meetingswill be held to 

ensure everything is in place for a safe crossing with all relevant parties. 

 

8.3.2 A backanalysis on the settlements that occurred prior to the crossing will be done 

to confirm the design assumptions. This will be done with the help of the two 

monitoring arrays that can be found in the drawings 1MC05-ALJ-TN-DGA- 

CS02_CL04-418101. The M25 crossing Designers Monitoring Plan (DMP) 1MC05- 

ALJ-TN-PLN-CS02_CL04-410051 and the M25 crossing Contractor Monitoring Plan 

1MC05-ALJ-TN-PLN-CS02_CL04-000001 (CMP) present the expected monitoring 

that will be in place to control the setllements under the M25 induced by the tunnel 

boring. 
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8.3.3 These readiness review meetings will be held in conjuction with the third parties 

involved, namely ConnectPlus Services (CPS) and Highways England. 

 

8.4 Chiltern Railways Crossing Readiness Review 

8.4.1 Prior to the Chiltern Railways crossing, dedicated readiness review meetigns will be 

held to ensure everyting is in place for a safe crossing with all relevant parties. 

 

8.4.2 Given the amount of data that will have been gathered since the start of the TBMs, 

Align will gain confidence in advance of the crossing of the achievable settlements 

and the required TBM working parameters. 

 

8.4.3 A set of monitoring arrays (drawing 1MC05-ALJ-TN-DGA-CS02_CL04-418118) with 

levelling point will be set ahead of the crossing to allow for final adjustment of the 

TBM parameters. This will be presented in more details in the Chiltern Railways 

Designers Monitoring Plan and the Chiltern Railways Contractors Monitoring Plan. 

 

8.4.4 These readiness review meetings will be held in conjuction with the third parties 

involved, namely Chiltern Railways. 
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8.5 Shafts Crossing Readiness Reviews 

8.5.1 The tunnels are planned to cross and intersect 4# ventilation shaft, in the following 

order, Chalfont St Peter, Chalfont St Giles, Amersham and Little Missenden. 

 

8.5.2 Prior to the crossing of these shaft, readiness review meetings will be held in 

conjuction with the shaft production team to allow for a safe crossing. 

 

8.5.3 The shafts CMP can be found under and 1MC05-ALJ-TN-PLN-C001-000013. They 

present the instrumentation and monitoring that will be in place to follow the 

settlements induced by the shaft excavation as well as the tunnel crossing and adit 

excavation. This is to be read in conjuction with the Chiltern Tunnel DMP 1MC05- 

ALJ-TN-PLN-CS02_CL04-411070 and CMP 1MC05-ALJ-GT-PLN-CS02_CL04- 

000004. 
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9 TUNNELLING WORKS 

9.1 Management & Control 

9.1.1 The Management and Control of the TBMs excavation works relies on initial designs 

being implemented and then modified as necessary by a feedback of information 

from the excavation parameters (TBM), the information from the face when 

possible (along with Mobydic information), and the resultant surface settlement 

measured. 

 

9.1.2 The Engineering information is reviewed on a daily basis by the Shift Review Group 

(SRG) which then results in the issue of new excavation instructions. For the TBM 

drive they are referred to as Operational Instruction Sheets (OIS).The process is 

described below. 

 

9.2 Shift Review Group (SRG) meeting and OIS Process 

9.2.1 TBM Operational Parameters: 

 

 The key operational parameters for the TBM tunnelling works will be 

defined by Tunnel / Technical team in relation to the existing geology, 

hydrology and constraints in respect of existing infrastructure and 

settlement limits. This will form the basis for operation of the TBMs and will 

be agreed with the Client prior to the commencement of the tunnelling 

activities. In addition, Align proposes to supply information to the TBM 

operators in respect of the tunnel alignment and specific features on the 

Operational Instruction Sheet. 

 It is planned that the Operational Instruction Sheet (OIS) will contain the 

following information: 

o Predicted   geology   (fault   zones,   expected   permeability,   flint 

quantities and material density) 

o Min and Max confinmenet pressure at the face 

o Third party assets 

o Tunnel construction features / Special requirements (rebar 

reinforcement, shear cones etc…) 

o Potential obstructions 

 The OIS is issued to the TBM tunnelling team by the TBM Manager for an 

appropriate succession of rings. Tunnel excavation with the TBMs is only 

allowed where a current OIS is available. 
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 If a change in design parameters is deemed necessary for any reason, this 

can be agreed during the SRG meeting as the designers will be present and 

will give their agreement. 

9.2.2 Control Room: 

 

 Align intends to provide a data acquisition and monitoring system for use 

in conjunction with the TBMs that captures stores and evaluates the 

available operational data. The system will display key information in real 

time on the TBM monitoring screens in the surface control room and in the 

operators cabin on the TBM. The TBM surface control room will be 

permanently manned by a Control Room Engineer who will monitor the 

excavation parameters as excavation proceeds to ensure compliance with 

pre-set values for key parameters. The information is also available to the 

TBM Shift Engineer located in the TBM Operator’s cabin. The TBM 

Operational Instruction Sheet (OIS) automatically calibrates the limits on 

key parameters on the data screens so that trigger levels are apparent to 

the engineers. 

 The key real time parameters monitored graphically include: 

o Face pressures 

o Excavated weight (corrected for fluid additions) 

o Advance rate and shield thrust 

o Screw pressures 

o Screw speed and torque 

o Cutter head speed and torque parameters 

o Grout injection pressures 

o Grout injection volumes 

o Slurry and slurry injection parameters 

o Mobydic system 

9.2.3 TBM Shift Review Group (SRG) process 

 

 The TBM Tunnelling works will be subject to the Shift Review Group (SRG) 

appraisal. In the case of the TBM operations the Shift Review Group (SRG) 

will review both the surface settlement resulting from the TBM operations 

and the excavation records of key parameters provided by the TBM data 

acquisition system, principally the QA volume balance record. 

 The SRG meeting will include but are not limited to the following 

attendance: 
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o TBM Manager 

o TBM Senior Engineers 

o I&M Coordinator 

o Underground Geotechnical Manager 

o Lead tunnel Engineer 

o Designer’s representative 

o I&M sub-contractor representative (as required) 

o Client representative (as required) 

o Third party representative (as required) 

 The attendance at the SRG meeting is limited to ensure that a concise 

review of information is carried out with effective communication. Third 

parties may be invited to the meetings as required depending on the 

progress of the works, the infrastructure being affected and the need to 

obtain specific engineering and operational input. 

 The minimum attendance at the SRG meeting in order to produce an 

Operational Instruction Sheet (OIS) is one representative from the Align 

Tunnel management team and one representative from the Designer. A 

minimum of two signatures are required to issue the Operational 

Instruction Sheet (OIS). 

 Minutes of the SRG meeting and information provided will be kept on site 

for the duration of the works. The duties and responsibilities of the various 

parties attending the SRG meeting are as follows: 

o TBM Manager 

Chairs the meeting and provides production records and data acquisition 

reports in respect of current works. He is responsible for updating the 

Operational Instruction Sheet and issuing it to the TBM tunnelling 

construction team following the meeting. 

o I&M Coordinator 

Provides output from surface settlement evaluation and comments on the 

effects of the tunnelling on existing infrastructure. Highlights any anomalies 

and need for mitigating actions. 

o Underground Geotechnical Manager 

Correlates the I&M data, TBM parameters to calculate volume loss and 

confirm design estimations. 

o Designer’s representative 

Review and agrees any changes in the OIS if appropriate. 
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 The OIS agreed at the SRG meeting will be briefed to the TBM tunnelling 

teams carrying out the works. It will contain the required operational 

parameters and expected geology for the next sequence of rings to be 

excavated. 

 The TBM OIS and monitoring process flow chart is included in Appendix B. 

 A template of the OIS can be found in Appendix C. 

 In order to undertake TBM tunnelling works the following minimum 

supervision / instruction is required from the tunnel management team: 

o A current approved TBM Operational Instruction Sheet (OIS) and 

Daily Tunnel Advance Plan (DTAP), 

o An operational data acquisition system, 

o An operational I&M acquisition system, 

o A TBM Engineer on the respective TBM. 

9.3 Intervention Procedure 

9.3.1 Atmospheric Pressure 

 

 The planned interventions will be done at atmospheric pressure. The TBMs 

will stop where good ground conditions are expected, in low permeability 

ground where under water table. 

 A senior geotechnical Engineer will be sent to the front of the excavation 

chamber to check that the water infiltration rate is low enough and the 

ground conditions good enough to ensure safety. 

 Once the situation is assessed as safe, the operatives will be able to access 

the chamber to perform the adequate works (cutter head maintenance, 

cutter discs changing…). 

 The planned interventions will be decided during the SRG meetings and 

added onto the DTAP. 

9.3.2 Hyberbaric Intervention 

 

 No Hyperbaric Intervention are planned. 

 If, for any reason a hyperbaric intervention is needed, the procedures to 

follow will be in place as described in 1MC05-ALJ-TN-MST-CS02_CL04- 

000009 RAMS (Hyperbaric Operations). 

9.4 Management of Design Change 

9.4.1 The Align Quality Management Plan can be found under 1MC05-ALJ-QY-PLN- 

C001-000001. 
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9.4.2 As presented in section 9.2.2, if a change in TBM design parameters is needed, this 

can be agreed at the SRG meetings as it will be a common agreement between the 

production team, the technical team and the designer. This is not considered as a 

change in design. 

 

9.4.3 A change in structural design (rebar reinforced segments in place of fibre 

reinforced, use of shear cones…) will require to go through RFI/TQ approval process 

as shown in the flowchart below (figure 3). The whole process can be found under 

the Site Quality Control Process 1MC05-ALJ-QY-PRO-C001-000003. 

 

 

 
Figure 3: RFI/TQ and FCR flowchart process 

9.5 Settlement Mitigation Implementation 

9.5.1 Align is relying on the TBM excavation process and close monitoring and 

interpretation of the TBM excavation data as well as on the settlement monitoring 

data to mitigate the surface settlement and the influence of tunnelling works on 

third party assets. The real time monitoring of excavation parameters should enable 

Align tunnelling team to avoid significant and unforeseen surface settlements. 

 

9.5.2 Details of the Settlement mitigation process can be found in section 10 of this 

document: Ongoing Performance Review. 
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9.6 Lessons Learned Workshops 

9.6.1 The Staff to be employed on HS2-C1 project have had significant recent experience 

in similar conditions in London recently through their employment on other 

projects. It is appropriate to hold lessons learned workshops at the commencement 

of operations. These initial meetings can be used to: 

 

 Explain lessons learned from the recent works in London 

 Explain Align’s approach and requirements in respect of the Project 

 Reinforce Align’s approach and requirements in respect of H&S 

 Workshops with the other JVs led by HS2 (Tunneling Collaboration Group) 

9.6.2 Align will hold further Lessons Learned Workshops as necessary throughout the 

course of the works. These will be managed via both the Safety Department and 

the Tunnelling Management, depending on the issues arising. These Workshops 

have no pre-determined frequency. Furthermore, Safety Alerts generated within 

the JV companies as well as the ones generated in other HS2 lots are automatically 

circulated throughout the ALIGN JV. 

 

9.7 Survey 

9.7.1 The survey team will be responsible for the good positioning and guidance of the 

TBMs. They will use Pyxis software, which is a guidance and control system for the 

TBM developed by Bouygues Travaux Publics and that is widely used across all their 

projects. 

 

9.7.2 The survey team is also responsible for the checking and the reporting of the tunnel 

lining as-built. 

 

9.7.3 The Survey Management Plan and Tunnel Survey RAMS can respectively be found 

under 1MC05-ALJ-GL-STR-CS02_CL04-000001 and 1MC05-ALJ-GL-MST- 

CS02_CL04-000001. These detail the use of the different software and tools used 

as well as the data management and the as-built records. 
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10 Ongoing Performance Reviews 

10.1 Principle 

10.1.1 On a regular basis, at least weekly or more depending on the excavated sections, a 

performance review will be done by Align’s technical team. This will include the 

review of settlements data, STP data, TBM parameters, production of settlement 

contour lines and cross sections (confinement pressure, grouting pressures, 

Mobydic) to estimate the volume losses and potential issues araising such as over- 

excavation. 

 

10.1.2 This will help understanding if the ground behaves as anticipated during the design 

and will allow correct some of the key parameters to reduce the impact of the 

tunnelling and mitigate identified risks. 

 

10.1.3 These ongoing reviews will be performed with the I&M data collected from the 

different monitoring arrays placed along the alignement, as well as the rest of the 

I&M where third parties assets are within the tunnel Zone Of Influence (ZOI). 

 

10.1.4 The settlements data will be processed in the Surfer software which allows a good 

visualization of the settlements and the production of cross sections at selected 

locations. 

 

10.1.5 A template of the outcome of these performance reviews is presented in Appendix 

E. 

 

10.2 Instrumentation and Monitoring data displays 

10.2.1 The I&M sub-contractor,  represented by Socotec, provides a online platform 

(CALYX) that is available for Align to consult. 

 

10.2.2 Access to HS2 representatives and designers is also granted so they can access the 

data at anytime. Training for the use of the platform will be provided as required. 

 

10.2.3 Calyx is simple to use and provides a good display of all the monitoring devices 

installed for the different assets within the ZOI. In case a breach in any trigger levels, 

alerts will be sent to the I&M coordinator as well as the tunnelling team and 

technical team so that actions can be taken as per the different Action Plans: 

 

 General Action Plan (1MC05-ALJ-GT-PLN-CS02_CL04-000003), 

 M25 Crossing Action Plan (1MC05-ALJ-GT-PLN-CS02_CL04-000002) 

 Chiltern Railways Crossing Action Plan (Doc. Number to be defined). 
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10.3 Tunnel Data 

10.3.1 Different softwares will be used to monitor, record and display the data, from TBM 

parameters to STP parameters. These are presented below and figure 4 presents 

the general architecture of the interactions between these software. 

 

 MoBydic (Monitoring Bouygues Disc Cutter) – Monitoring of the 

rotation, temperature, radial force of the disc cutters. In addition it gives 

real time mapping of the face with monitored disc cutters. 

 Pyxis - TBM guiding and choice of the key position - Collection of data with 

regards to the TBM position and the tunnel lining position. 

 TBM HAG PLC – TBM Program control system and supervision, interlocks. 

Communication with STP, slurry pumps and pyxis guidance system. In 

addition it centralize all TBM datas. 

 ByDAS – Bouygues Data Acquisition System - Collect all the data from 

Pyxis, ATLAS, Krocodyl-Dobydo, and the TBM HAG PLC. 

 CatsBy: Statistic tool used for TBM supervision using data from ByDAS 

 ATLAS – Automatic Tunnel Lining System - Automatic and semi- 

automatic erection of the Tunnel lining - Uses the data from Pyxis and 

ByDAS 

 Yellow - Data collection from the site (ByDAS, STP, Grout compound, 

Precast factory, WTP, etc…) – Big data center 

 Grafana - Open/share big data interface to allow for the visualisation of 

Yellow data through customizable dashboards - Dashboard creation of raw 

or analsysed data using Yellow 

 ByOnSite - Remote acces to CCTV, mobydic supervision screen, Pyxis 

supervision screen, Catsby supervision screen. 
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Figure 4 - General architecture of the interactions between the different TBM softwares 
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10.4 Data reconciliation 

10.4.1 Excavated volume vs. Grouting volume 

 

 As per the specification, reconciliation records are collated to assess the 

potential for voids and over excavations. In the case that over excavations 

are noted, the process ensures that appropriate volumes of grout are 

injected behind the segments, leaving no empty spaces behind the tunnel 

rings. This comparison centres on estimated volume of excavated material 

and both the volume and pressure of grout the injected behind the tunnel 

ring. If an over exaction occurs, a larger volume of excavated material 

should be removed, therefore additional grout should be injected to 

compensate. 

 Due to the use of a Variable Density TBM, the immediate volume excavated 

value will be an estimated volume of excavated material as a result of the 

delay of material arriving at the STP. Therefore, the results of the trends 

from ring to ring will be the key information collected to monitoring over 

excavations. In the event that a large deviation in the trend is noted, a more 

thorough review of the excavated volume will be checked against actual 

collected values to ensure the correct grout volumes are injected behind 

that ring. Upper and lower limits are to be set where this review would take 

place. The monitoring will be conducted by the shift engineer stationed on 

the TBM and the control room engineer on the surface. They will record the 

abnormal behaviours and complete investigation on the data collected 

from the previous ring. All findings/information will be shared during 

between teams at the change of shift and at the SRG meeting. 

 When the grout is injected at the ring where the over excavation was noted, 

the grout pressures will be carefully monitored for a drop in pressure. If this 

decrease does occur, it will be assumed that a void is present, and therefore 

additional grout injected. By injecting this additional grout, the void/over 

excavation will be filled and therefore raising the inject pressure to the 

target value. It should be noted that the distance between the cutterhead 

and grout injection location is roughly 8 rings, meaning the void will be 

injected roughly 6-8 hours later based on the advance of the TBM. 

 The diameter of the tunnel 10.265m and should remain constant meaning 

the volume of ground excavated should remain consistent. The grout 

volume injected should therefore remain consistent, with the volume 

injected equalling the gap between the extrados of the segment ring and 

the excavated ground. Theoretically, the excavated volume should equal the 

volume of the installed tunnel (9.9m diameter) + grout volume filling the 

annular gap. 

10.4.2 Lab TP: 
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 Before M25 crossing, a performance review will be done before the 

readiness review to allow starting the excavation under the M25 with a 

greater confidence in the proposed excavation parameters. 

 During the M25 crossing, Align will be supported by Lab TP, a specialist 

team who developed a big data management software that gather all the 

TBM parameters, STP parameters as well as the settelments data to help 

perform this review in real time. 

 This software will display the monitoring data from Socotec and will allow 

to do cross-sections or longitudinal sections to visualize the settlements 

trough. This will allow perfoming the backanalysis on volume loss and to 

see the TBM parameters that can influence these settlements. 

10.5 Reporting 

10.5.1 Production reports will be produced on a regular basis. They are presented below. 

 

10.5.2 Ring Report 

 

 This will contain the information during the lining erection of a ring: 

o Excavation: temperature, Max & Average Radial force, Adherence, 

Advance speed, cutter head rotation speed, torque, thrust, 

penetration, pressure at the crown, 

o Slurry:  Bubble  pressure,  slurry  inflow  and  outflow  rates,  slurry 

density in and out, excavated materials weight. 

 A Template for this report can be found in Appendix F. The format is likely 

to change to adapt to this particular project. 

10.5.3 Mobydic Ring Report 

 

 Reporting of mobydic monitoring during excavation for each ring. 

 A Template for this report can be found in Appendix G. The format is likely 

to change to adapt to this particular project. 

10.5.4 Shift Report 

 

 This will contain information on the shift productivity: 

o Excavation time 

o Ring building time 

o Mortar injection time 

o Breakdown time 

o Maintenance time 
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o Planned stoppage 

o Any other event duration or details about the shift 

 A template of the shift report can be found in Appendix H. The format is 

likely to change to adapt to this particular project. 

10.5.5 Daily report 

 

 This will contain info on the main average characteristics of the excavation: 

o Confinement pressure values 

o Boring parameters 

o Grout injection 

o STP parameters 

o Survey 

o Maintenance details if any 

 A template of the daily report can be found in appendix I, even though it is 

likely to change for a more visual report with graphs, pies ect… 

10.5.6 Weekly report 

 

 The  weekly report  will gather  all the  important  information  regarding 

productivity: 

o Excavation time vs. ring building time vs. stoppage 

o Repartition  of  the  stoppage  (Planned  maintenance,  breakdown 

time, pipes/ventilation extension ect..) 

o Main events (unexpected change in geology, details of 

maintenance, details of the interventions…) 

o Number of rings erected 

o Overall programme review – Ahead/behind 

o KPIs 

 A template for this report can be found in appendix J. The format is likely 

to change to adapt to this particular project. 

10.5.7 Monthly reports 

 

 The Monthly report will gather all the important information regarding 

productivity: 

o Excavation time vs. ring building time vs. stoppage 
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o Repartition  of  the  stoppage  (Planned  maintenance,  breakdown 

time, pipes/ventilation extension ect..) 

o Main events (unexpected change in geology, details of 

maintenance, details of the interventions…) 

o Number of rings erected 

o Overall programme review – Ahead/behind 

o KPIs 

10.6 Settlement and Volume loss calculations 

10.6.1 As described in Section 10.1 of this document, the settlements induced by the 

Tunneling operations will be closely monitored with the help of monitoring arrays 

placed along the alignement. 

 

10.6.2 Predicted Settlements calculations 

 

 The settlements are calculated by a semi-empirical method based partially 

on theoretical grounds. The method uses two basic parameters of 

excavation: 

o Coefficient k for determination of inflection point, 

o Percentage of Volume Loss VL. 

 These parameters uniquely define the shape of the TBM Excavation 

subsidence trough (Figure 5) and are determined empirically from years of 

experience. 
 

 

 
Figure 5 – Typical TBM subsidence trough 

 The maximum Settlements Smax and location of the inflection point Linf 

are provided by the following equations: 

𝐿𝑖�  = 𝑘. 𝑍…………………………………………………………..[1] 
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𝐴.𝑉𝐿 
1 

…………………………………………………….[2] 

𝑆�𝑎  = 
100 

. 
√2.𝜋.𝐿𝑖𝑛𝑓 

Where: 

 
A – Excavation area 

 
Z – Depth of center point of excavation 

 
k – Coefficient to calculate inflection point (material constant) 

VL – Percentage of Volume Loss 

 The predicted ground settlement contours for 1% volume losses along the 

TBM tunnel  are provided in drawings 1MC05-ALJ-TN-DGA-CS02_CL04- 

418101 to 1MC05-ALJ-TN-DGA-CS02_CL04-418123. A k value of 0.4 has 

been selected for a material such as chalk. 

10.6.3 Smax measurements 

 

 Control sections using lines of ground settlement markers perpendicular to 

the tunnel alignment will be installed prior to the TBM launch. These control 

sections are shown on drawings 1MC05-ALJ-TN-DGA-CS02_CL04-418101 

to 1MC05-ALJ-TN-DGA-CS02_CL04-418123. 

 As the TBM passes below the control section, the settlement achieved is 

recorded and presented as a settlement trough graph and overlaid onto 

the predicted settlement (see example in Appendix E). The maximum 

settlement achieved, Smax, can then be calculated from the settlement 

trough. 

10.6.4 Volume Loss Back-calculation 

 

 By using the formula [2] in section 9.4.2.3, VL can be calculated from Smax. 

 For back analysis, k value needs to be adjusted as follow: 

o Input the ground settlements results, 

o Adjust the k value to fit as closely as possible the shape of the 

settlement trough, 

o Calculate the actual Volume Loss from the observe Smax and the 

width of the settlement through (new k value). 

10.7 Settlement Mitigation measures 

10.7.1 To  limit  the  impact  of  tunneling  and  therefore  to  limit  settlements,  several 

mitigation measures can be put in place: 
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 Variable Density TBM 

o The confinement pressure is regulated via the bubble located in the 

working chamber and a sudden drop in confinement pressure will 

be instantly compensated by the compressed air of the bubble. This 

allows for less drops in confinement pressure and therefore less 

over-excavation. 

o The VD TBM allows by nature to mitigate the risk of over-excavation 

and therefore setllements. In case of sudden increase of ground 

permeability, the VD TBM allows to increase very quickly the density 

and viscosity of the slurry to be able to clog the fissures better and 

increase the confinement pressure. 

 Grouting pressure 

o Another parameter that can have influence on the settlements is the 

pressure of the grout used to seal the annulus between the lining 

and the ground. The pressure can be adjusted to minimize the 

settlements. 

10.8 Groundborne Noise and Vibration Monitoring 

10.8.1 The groundborne noise and vibrations induced by the tunnel will be monitored to 

limit the impact on third parties as presented in the Noise and Vibration Monitoring 

Plan (Plan number to be issued). 

 

10.8.2 This plan will detail how Align is planning to monitor and reduce the impact of the 

tunneling with regard to groundborn noise and vibration, especially where sensitive 

third parties assets are crossed (Amersham Hospital, dense living areas…) 
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11 METHODOLOGY 

11.1 Risk Assessements and Method Statements 

11.1.1 RAMS schedule 

 

 The list of all the RAMS for the tunnel activities can be found under 1MC05- 

ALJ-CL-SCH-CS02_CL04-000001. 

 This will be updated on a regular basis. 

11.1.2 Excavation of the Tunnel: The RAMS for the excavation of the tunnel can be found 

under 1MC05-ALJ-TN-MST-CS02_CL04-000003. This details the process, methods 

and risk assessment for the safe excavation of the Tunnel. This includes: 

 

 Excavation with the cutter-head; 

 TBM shield advancement and steering; 

 Confinement of the excavation face and removal of spoil; 

 Grout injection; 

 Tail-skin grease injection; 

 Preparation for the cutter head maintenance. 

11.1.3 Segmental Lining Installation: The RAMS for the Segmental Lining Installation 

can be found under 1MC05-ALJ-TN-MST-CS02_CL04-000005. This details the 

methods to erect the rings and the risk assessment of this activity. 

 

11.1.4 TBM Logistic: The RAMS for the Tunnel logistics can be found under 1MC05-ALJ- 

TN-MST-CS02_CL04-000007. This details how the TBM be be supplied with the 

different things needed for a safe excavation (ring supply, slurry supply, traffic 

management within the tunnel...) 

 

11.1.5 TBM Utilities En-lengthening: The RAMS for the TBM Utilities en-lengthening can 

be found under 1MC05-ALJ-TN-MST-CS02_CL04-000008. This describes the 

methods and risk assessment for the en-lengthening of the different utilities as the 

tunnel become longer (slurry pipes, ventilation…) 

 

11.1.6 Slurry Treatment Plant Operation: The RAMS for the Operation of the STP can 

be found under 1MC05-ALJ-TN-MST-CS02_CL04-000004. This details the 

functioning and operations of the STP during excavation. 

 

11.1.7 Segment and Leakage Repair: The Segment and leakage repair RAMS can be 

found under 1MC05-ALJ-TN-MST-CS02_CL04-000006. This details how the repair, 

if needed, of the rings segments will be undertaken. 
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11.1.8 Hyperbaric Operations: The RAMS for the hyperbaric intervention can be found 

under 1MC05-ALJ-TN-MST-CS02_CL04-000009. This will detail how the hyperbaric 

interventions will be undertaken for a safe execution of the tasks. As detailed above, 

Hyperbaric Interventions are not planned, but should they be needed for any 

reason, the paperworks and plans are already in place for safety and production 

reasons. 

 

11.2 Ventilation Calculation notes 

11.2.1 The ventilation inside the tunnel has been designed in accordance with WS 4200. 

The calculation notes can be found under 1MC05-XXX. 
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12 EVIDENCE OF COMPLIANCE 

12.1 Inspection and Test Plans 

12.1.1 The ITP schedule for the tunnel can be found under the “tunnel” tab of 1MC05- 

ALJ-QY-SCH-C001-000003. 

 

12.2 Material Approval Sheets 

12.2.1 The MAF schedule for the tunnel can be found under the “ALIGN-Tunnels” tab of 

1MC05-ALJ-QY-SCH-C001-000004. 

 

12.3 NCRs 

12.3.1 In case of major non conformance (in the product or in the process), Align will issue 

an Non Conformance Report or Corrective Action Report. 

 

12.3.2 If a minor deviation is noticed, a Site Observation Report (SOR) will be issued. 

 

12.3.3 This is presented in the flowchart below: 

 

 

 

12.4 Category 3 check of data reconciliation 

12.4.1 Align will arrange for an independent Category 3 check of the TBM, STP and I&M 

data to allow for a reconciliation relating to the excavated materials and grout 

injection volumes for the first 500m of the tunnels. 
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12.4.2 These data will be provided within 8 weeks of the completion of the first 500m. 

 

12.4.3 A Category 3 check of TBM records and data will also be performed at the 

completion of the tunnels by an independent company to confirm that no voids 

resulting from tunnelling remains in the ground. 

 

12.5 MoMs of SRG 

12.5.1 The MoM of the SRGs will be done by the TBM Manager and will record any 

important information on the previous day, as well as the one to come. The MoM 

will be dispatched to the attendees as well as the top Management. For the crossing 

of critical assets such as the M25 or Chiltern Railways, the MoMs may be dispatched 

to the relevant third parties. 

 

12.6 SDS Quality control of Tunnel lining 

12.6.1 Align will ensure the quality follow-up of the tunnel lining (segments) from its 

production to its installation using a digital sytem named SDS and provided by the 

company VMT. 

 

12.6.2 It should ensure a proper quanilty control process as well as a good management 

of the logistics operations. The specification for the SDS can be found under 

1MC05-ALJ-TN-SPE-CS02_CL04-000043. 

 

12.6.3 The process of the SDS is shown in the flowchart below. Through all the process, 

from concrete of the segment to its installation, the quality and tracability of each 

segment is recorded. 

 

12.6.4 All the parameters for concreting the segments (amount of concrete, time of 

vibration, curing time…) are defined and recorded by SDS. 

 

12.6.5 After the segment is demoulded, a tag is applied to it, and if the segment fulfills 

the quality criteria, the segment is stored for future use. Pictures of the segment 

and of damages can be registered by the scanner and printed out on the segment 

report. 
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13 Appendices 

13.1 Appendix A – Detailed Organisation chart of the Tunnel Production Teams 
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XXXX 
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13.5 Appendix E – Template of the outcome from the settlement monitoring analysis 

(settlement trough, volume loss…) – likely to change to adapt to this particular project 
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13.6 Appendix F – Ring Report template from another project – will be adapted to this 

particular project 
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13.7 Appendix G – Mobydic Ring Report – Will be adapted to this particular project 
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13.8 Appendix H – Shift Report Template- will be adapted to this particular project 
 

XXXX 
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13.9 Appendix I – Daily Report Template – Will be adapted to this particular project 
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13.10 Appendix J – Weekly Report Template – Will be adapted to this particular project 
 

 



Chiltern Tunnel Construction Management Plan 

1MC05-ALJ-TN-PLN-CS02_CL04-000007 

Revision: C02 

OFFICIAL 

Page 76 

 

 

 



Chiltern Tunnel Construction Management Plan 

1MC05-ALJ-TN-PLN-CS02_CL04-000007 

Revision: C02 

OFFICIAL 

Page lxxvii 

 

 

 



Chiltern Tunnel Construction Management Plan 

1MC05-ALJ-TN-PLN-CS02_CL04-000007 

Revision: C02 

OFFICIAL 

Page lxxviii 

 

 

 



Chiltern Tunnel Construction Management Plan 

1MC05-ALJ-TN-PLN-CS02_CL04-000007 

Revision: C02 

OFFICIAL 

Page lxxix 

 

 

 
 

 

 
 



Chiltern Tunnel Construction Management Plan 

1MC05-ALJ-TN-PLN-CS02_CL04-000007 

Revision: C02 

OFFICIAL 

Page lxxx 

 

 

 


