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Scope and objective
Scope

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.

This document refers to the construction of the two 16 kilometers twin bored
tunnels from South Portal to the North Portal.

Objective

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.

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.

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:

e M25 crossing — Highway England and ConnectPlus Services

e Chiltern Railways crossing — Chiltern Railways

e River Misbourne — Environmental Agency and Affinity Water
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124 The tunnels will intercept four of the five Shafts in the following order:
e Chalfont St Peter Ventilation Shaft
e Chalfont St Giles Ventilation Shaft
e Amersham Ventilation Shaft
e Little Missenden Ventilation Shaft

1.25 This document details the actions to be taken prior to excavate through these
shafts.

1.26 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...)

128 The Tunnel Construction Management Plan subordinates to the Align Safety,
Health and Wellbeing Management (Construction Phase) Plan (IMCO5-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

131 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

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

HS2 Specification for Civil Engineering Works Series 4010 — HS2-HS2-CV-SPE-000-014010
Tunnelling — Bored Tunnels and Shafts

HS2 Specification for Civil Engineering Works Series 4200 — HS2-HS2-CV-SPE-000-014200
Tunnelling — Slurry Tunnel Boring Machine

HS2 Specification for Civil Engineering Works Series 4500: HS2-HS2-CV-SPE-000-014500
Instrumentation and Monitoring — Construction

HS2 Technical Standard — Bored Tunnels HS2-HS2-TN-STD-000-000001

HS2 Technical Standard — Ground Movement and Assessment | HS2-HS2-TN-STD-000-000005
from Below Ground Construction

2.2 ALIGN documentation

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

Safety, Health and Wellbeing Management (Construction | 1IMCO5-ALJ-HS-PLN-C001-000006
Phase) Plan

Emergency Response and Incident Management Plan 1MCO5-ALJ-HS-PLN-C001-000041

Construction Management Plan — Stage 2 Works 1MCO05-ALU-CL-PLN-C001-000027

Instrumentation and Monitoring Statement (IMS) 1MCO05-ALJ-GT-STA-C001-000001
2.3 ALIGN documentation organisation

231  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.

23.2  The detailed TBM Tunnelling documentation is described in Figure 2.
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ORGANISATION/ ORGANISATION
CHARTS

311 A general organisation chart of the tunnel production team is shown on the page
below.

312 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
e CTC: Contract Technical Committee
e MAT: Management Action Team

3.13 A fully detailed organisation chart of the tunnel production team is shown in
Appendix A.
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4.1

411

412

413

ROLES AND RESPONSIBILITIES

Tunnel construction team

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:

Tunnel Manager & Deputy Tunnel Manager

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.

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.

TBM Manager

The TBM Manager is:
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41.3.2.

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.

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.

414 Control Room Engineer
4141.  The Control Room Engineer shall:

e Monitor the excavation parameters of the two TBMs in real time as
excavation proceeds and respond to anomalies in the operation and
excavation parameters;

e 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;

415 TBM Senior Engineer & TBM Engineer:
41.5.1.  The TBM Senior Engineer or TBM engineer shall:

e Assist the TBM Manager in day to day operations;

e Ensure all required documentation and instructions regarding TBM
operation are provided to the TBM Shift Boss, TBM Shift Engineer, Control
Room Engineer;

e Write the RAMS, ITP, instructions... with regard to the TBM operations and
invert construction;

e Responsible to ensure and execute the quality control procedures in
tunnelling works;

e 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;

e 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;

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

e Assist the TBM superintendent for the procurement;

e 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.

41.6 TBM Superintendent
416.1.  The TBM superintendent shall:
e Liaise with the labour supplier by requesting the number of people and the
skills/competencies needed.
e Be responsible for the TBM & Invert personnel and ensure that they are
competent on their assigned job scope;
e Ensure that training for all necessary persons is carried out in accordance
with Align policy;
e Participate to the RAMS preparation with the TBM Engineers and the
Method team;
e Ensure that the welfare, health and safety on site are compliane with the
H&S rules and the RAMS;
e Prepare the toolbox talk to dispatch to the TBM Shift Boss;
e Plan and manage the shift tunnel crews allocation and ensure smooth
handing over between shifts;
e Liaise with the Support Team Superintendent, the Surface Manager to
organise the tunnel logistic and inform accordingly the TBM Shift Boss;
e Order of the small tools and plant rental for the TBM production operatives;
e The TBM Superintendent reports to the TBM Manager.
417 TBM Shift Boss
41.7.1.  The TBM Shift Boss shall:
e Beresponsible for the Health, Welfare and Safety of his crew and all persons
visiting the TBM during his shift;
e Beresponsible for overall decision making in respect of the TBM Operations
during his shift, in liaison with the TBM Senior and the TBM Engineer;
e Be responsible for the protection and tidiness of the TBM and all its
equipment during his shift;
e Liaise with the TBM Mechanical & Electrical Foremen, when required, for
the repair and maintenance operations on the TBM during his shift;
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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.

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.

4138 TBM Shift Engineer
4.181.  The TBM Shift Engineer shall:

e 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);

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

e Liaise with the TBM Surveyor in case of problems with the guiding system
or change of the total station position;

e 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;

e Ensure that the ring is built within the allowable tolerances;

e Request Ring Plane Checks as required from day to day from the Survey
Dept (to compare with Pyxis information);
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419

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.

TBM Pilot

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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e Monitor all confinement parameters, slurry levels, air loss etc during
hyperbaric operations;

e 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);

e Inform the TBM Foreman when lubricant, tail-grease, grout supply is
running low to ensure it is re-stocked;

e Assist with the extension of slurry mucking and service pipes as required;
e The TBM Pilot reports to the TBM Shift Boss.

4.19.2. Inan emergency situation, the TBM Pilot shall be responsible for:

e Stopping excavation and go in bypass or stopping mode;
e Advising the Shift Boss of any warning or alarm;

e Shutting down the TBM systems in an evacuation, including the primary and
secondary ventilation as required;

e 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
41.10.1. The TBM Foreman shall:

e Supervise the work of all TBM workers during the shift;
e Assist the TBM Shift Boss on the training and toolbox talk;

e Ensure for the protection and tidiness of the TBM and all its equipment
during his shift;

e Be responsible that all workers are wearing their PPE;

e Control if lubricant, tail-grease, grout supply, pipes, brackets... is running
low to ensure it is re-stocked;

e Liaise with the Logistic Foreman and Surface foreman, to ensure the logistic
of all TBM materials and consumables;

e Operating the control panel for the slurry pipes extensions and liaise with
the TBM pilot during this operation;

e The TBM Foreman reports to the TBM Shift Boss.

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

e Ensuring all personnel use appropriate personal protective equipment;
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4111

4112

Supervising fire-fighting activities according to the TBM Shift Boss
instructions.

Segment Erector operator

41.11.1. 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.

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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4113

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.

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.

41.14 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.

41.15 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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e Ensure that the fluids are contained in the TBM dewatering tanks and no
spillage to the tunnel invert;

e 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;

e Install the manifold and valves on the different services pipes where
required;

e Assist with the installation of brackets for electrical and communication
cables and monitor the enlengthening of cables from the cable reels.

e Assistance with the installation of temporary tunnel lighting;

o Install the brackets and the ventilation duct on the catenary cable;
e Replace of the TBM ventilation duct cassette and catenary cable;
o Install the tunnel walkway, including access ladder;

e The Services Lengthening Operator reports to the TBM foreman and TBM
Shift Boss.

41.16 Plant Manager
4.1.16.1. The Plant Manager shall:

e Source and provision all appropriate electrical and mechanical equipment
and systems required to safely support the tunnelling works;

e Be responsible for the installation, operation, maintenance and testing of
all electrical, mechanical equipment and systems as required for the
tunnelling works;

e Prepare all method statements and risk assessments for maintenance works
on the TBM;

e Monitor the TBM performances;

e Ensure that all personnel working on plant equipment are trained and
competent for the tasks allocated;

e Appoint the Electrical and Mechanical Superintendents to manage the
installation, operation and maintenance works;

e Provision spare and wear parts for all equipment required for executing the
works;

e Ensure compliance of all equipment and systems with current and
contractual requirements;

e Plan and program maintenance activities to suit the progress of the works;
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4117

41.18

Encourage the continued development of technicians in the workforce;

The Plant Manager reports to the Underground Construction Director.

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.

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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4.1.19

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.

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
421 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

e Review and approval of RAMS when appropriate

e Position and design of the rings along the alignment

e Expected settlements values along the route

e Involvment in the Shift Review Groups

422 The Engineering, Instrumentation & Monitoring, and Geotechnical team will
provide support on the following:

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

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

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

e Liaison with third parties and designers

e Review and approval of RAMS where appropriate

e Daily TBM Advance Plan and Operational Instruction Sheet. The
format/template of this document can be found in Appendix C and D.

e Involvment in the Shift Review Groups

4.3 Health & Safety Team
431 Health & Safety Tunnel Manager
4.3.11.  The H&S Tunnel manager shall be responsible for:

e Develop, implement and maintain the Health & Safety Management System
in all respects to ensure risks to third parties / contractors / stakeholders
are understood and controlled.

e Provide advice on interpretation and application of the Health & Safety
Management System and include provision of relevant training, briefings
and information.

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

e 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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43.1.2. Incase of an emergency or accident, the H&S Tunnel manager is be
responsible for:

e Making sure the the procedures are followed following the accident and
inform the relevant persons,

e Lead the investigations following and incident or accident and report to the
H&S director,

432 Health & Safety Tunnel Advisor
4.321.  The H&S Tunnel Adivsor is responsible for:

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

e 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

441 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.

442 The supplier will have responsibilities that include:

442.1. 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.

4422. The suppliers and his personnel shall fully comply with all the
requirements implemented onsite in all respect.

4.5 Earthworks / Spoil disposal Team

451 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.

452 Earthworks Manager
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4521  The Earthworks Manager is:

e In charge of all the earthworks across the section of the project;
e Responsible of the earthworks programme;

e Ensure a sufficient level (number and competency) of ressources and
optimize them when and where required;

e Own the construction risks associated with the works and participate in risk
review meetings;

e Participate to meetings with third parties in regards of the tunnelling
activities : planned outputs, working hours, ... ;

e Own and is responsible of the budget and expenses;
e Support the professional development of personnel within the team.

453 Earthwork Engineer
4.5.3.1.  The Earthworks Engineer is

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

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

e Liaise with the sites supervisors, in the filter presses area, around the storage
sheds and in the depositions areas.;

e Write and ensure that all required documentation (RAMS, ITP, WIR, RF], ...)
are validated and approved;

e Attend site meeting with the Tunnel and TBM teams;

e Anticipate the treatment requirements depending on the weather forecasts
and the site conditions;

e Put together and update the weekly progress reports;
e Report to the Earthworks Manager.

454 Material Manager:
454.1.  The Material Manager is :

e Involved with other working areas across the section of the project;
¢ In charge of reviewing and approving the ITP;

e Liaise with the site Laboratory and analyse the lab test results;
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455

4.6

46.1

4.6.2

4.6.3

464

Advise on the treatment requirements, binder dosage and appropriate
compaction.

Site supervisors

4551

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.

Survey Team

The Survey team will be responsible for the right positioning of the tunnel with
respect to the requirement and within the acceptable tolerances.

The Survey team will also be responsible for the Convergence Monitoring of the
tunnel under particular sections.

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

Chief Surveyor:

464.1.

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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4.6.5

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.

Underground Construction Survey Manager

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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4.6.5.2.

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

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:

e Following the TBM progress and planning for the TBM Guidance System
relocation (move-up) in coordination with the TBM engineer

e Scheduling and prioritizing the tunnel survey works and provide the
relevant instruction to the Shift Surveyor

e Processing the TBM Guidance System survey window traverse
measurements and calculate the updated coordinate values for the guiding
brackets

e 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

e Ensuring all Tunnel Survey Control measurements and As Built data are
stored appropriately

e Reviewing the Tunnel Survey Control measurements and As Built data,
record the checks completed and instruct the repeat of measurements
where required

e Reviewing the “as set-out” data for the invert first stage concrete works
against the design data and store the relevant reports

e 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.

46.7.2.

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

The Shift Tunnel Surveyor is reporting to the Senior Tunnel Surveyor.
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5.1

511

51.2

513

514

5.15

COMPETENCE

General Competence procedure

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.

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.

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.

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.

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

521

5.3

531

5.4

541

542

543

Delivery Methods

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.

Evaluation

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.

Tunnel Specific Training Scheme

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”.

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.

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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544 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 | All TBM crews TBM Manager and Mechanical
Operation Engineer
Operation of Tail shield foam | Shift / Deputy Shift | TBM Manager and Mechanical
injection system Engineer, Pilot, | Engineer
Plant crew
Operation of Emergency | Shift / Deputy Shift | TBM Manager and Mechanical
Generator Engineer, Pilot, | Engineer
Plant crew
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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 1IMC05-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 IMCO5-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:

e Canteen serving hot food and drinks.
e Adequate numbers of Toilets.

e Sinks with hot water for hand washing.
e Changing rooms.

e Drying rooms (with lockers).

e Showers.

e 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

6.3.1

6.3.2

6.3.3

6.4

6.4.1

6.4.2

Hazard & Risk Mitigations

The different RAMS will cover the risks linked to all the activities. A schedule of
RAMS has been established in the document 1MCO05-AL-CL-SCH-CS02_CL04-
000001 and is regularly updated. More details on the RAMS can be found in Section
11.1 of this report.

Key residual risks and suggested control measures can be found in the CDM Risk
Register IMC05-ALJ-HS-REG-CS02_CL04-400067 that is continuously updated by
Align-D with inputs from Align.

Geotechnical Risk Register can be found under 1IMCO5-AU-GT-REG-C001-000006
and lists all the risks linked to the ground.

Shift Patterns

The production Shift Pattern is the following:

e 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).

e 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.

e 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

e 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.

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:

e}

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

OFFICIAL

Page xxxvii



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:

e Health assessments for all shift workers

e Ban on working rest days unless critical

e Ban on overtime working for shift workers without consideration of fatigue
impact

e Ensure that rest breaks are taken, even when staggered

e Provision of suitable and sufficient welfare facilities

e Regular workforce meetings to discuss health and fatigue issues

e Provision of a suitable working environment

e 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.

e 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.)

e 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.

e To mitigate the fatigue risk during commuting, Align is implementing an
overnight accommodation on site for its staff and labour.
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7.1

711

7.2

721

7.2.2

e 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).

CONTINGENCY MEASURES,
ENGINEERING RESPONSE AND
EMERGENCY PLANNING

General Engineering Response

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.

e VaD (and Slurry) spoil from tunnel excavation can be treated and reused for
landscaping more easily compared to the use of an EPB machine.

e 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.

e VaD has less risk impacting the ground water inflow going to the pumping
stations of Affinity Water compare to SPB and EPB machines.

e 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.

e 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.

General and Emergency Action Plan for Chiltern Tunnels

The Action Plan for Chiltern Bored Tunnel and Cross Passage Monitoring or General
and Emergency Action Plan (GEAP) 1MCO05-ALJ-GT-PLN-CS02_CL04-000003 is to
be read in conjunction with the “Chiltern Tunnel Designers Monitoring Plan”
(1IMCO5-ALJ-TN-PLN-CS02_CL04-411070) and the “Chiltern Tunnel Contractors
monitoring plan” (IMC05-AL-GT-PLN-CS02_CL04-000004).

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

731 The Incident Management Plan can be found under 1MCO05-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

741 The Deep Bores and Wells Management Plan can be found under 1IMCO05-AU-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

751 M25 Crossing Action Plan and Emergency Action Plan can be found under 1IMCO05-
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 1IMCO5-ALJ-TN-PLN-
CS02_CL04-000004. This details the plan for intervention regarding the reparation
of segment or leakage.
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8.1

811

8.1.2

8.13

8.2

8.21

8.3

831

8.3.2

READINESS REVIEWS

Purpose

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 1IMC05-ALJ-HS-PRO-C001-000034.

Where applicable, this can also include a settlement back analysis prior to starting
a specific section of excavation.

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.

TBM Launch Readiness Review

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.

M25 Crossing Readiness Review

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.

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 1MCO05-AU-TN-DGA-
CS02_CL04-418101. The M25 crossing Designers Monitoring Plan (DMP) 1MCO5-
ALJ-TN-PLN-CS02_CL04-410051 and the M25 crossing Contractor Monitoring Plan
1MCO5-ALU-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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833 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

84.1 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.

842 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.

84.3 A set of monitoring arrays (drawing 1IMCO05-AL-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.

844 These readiness review meetings will be held in conjuction with the third parties
involved, namely Chiltern Railways.
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8.5

851

8.5.2

853

Shafts Crossing Readiness Reviews

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.

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.

The shafts CMP can be found under and 1MCO5-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 1MCO05-
ALJ-TN-PLN-CS02_CL04-411070 and CMP 1MCO5-AU-GT-PLN-CS02_CLO4-
000004.

OFFICIAL

Page 43



TUNNELLING WORKS

9.1 Management & Control

911 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.

9.12 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

9.21 TBM Operational Parameters:

e 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.

e 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

e The QIS 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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9.2.2

9.23

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.

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

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)

e 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.

e 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).

e 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 [&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 1&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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e 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.

e The TBM OIS and monitoring process flow chart is included in Appendix B.
e A template of the OIS can be found in Appendix C.

e 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

931 Atmospheric Pressure

e 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.

e 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.

e 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...).

e The planned interventions will be decided during the SRG meetings and
added onto the DTAP.

932 Hyberbaric Intervention

e No Hyperbaric Intervention are planned.

e If, for any reason a hyperbaric intervention is needed, the procedures to
follow will be in place as described in 1IMCO05-ALJ-TN-MST-CS02_CLO04-
000009 RAMS (Hyperbaric Operations).

9.4 Management of Design Change

94.1 The Align Quality Management Plan can be found under 1MCO05-ALJ-QY-PLN-
C001-000001.
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94.2

94.3

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.

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 1IMCO05-ALJ-QY-PRO-C001-000003.

RFI/TQ and FCR Approval Process
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Figure 3: RFI/TQ and FCR flowchart process

Settlement Mitigation Implementation

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.

Details of the Settlement mitigation process can be found in section 10 of this
document: Ongoing Performance Review.

Technical Director: FCR
review and respon se

Responsibilty
Technical Director

Responsitilty
Technical Director
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9.6

9.6.1

9.6.2

9.7

971

9.7.2

9.7.3

Lessons Learned Workshops

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)

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.

Survey

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.

The survey team is also responsible for the checking and the reporting of the tunnel
lining as-built.

The Survey Management Plan and Tunnel Survey RAMS can respectively be found
under  1MCO05-ALJ-GL-STR-CS02_CL04-000001 and  1MCO5-AU-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
10.1

1011

10.1.2

10.1.3

10.14

10.1.5

10.2

10.2.1
10.2.2

10.2.3

Ongoing Performance Reviews
Principle

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.

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.

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).

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.

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

Instrumentation and Monitoring data displays

The I&M sub-contractor, represented by Socotec, provides a online platform
(CALYX) that is available for Align to consult.

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.

Calyx is simple to use and provides a good display of all the monitoring devices
installed for the different assets within the ZOL. 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:

e General Action Plan (LMCO5-AU-GT-PLN-CS02_CL04-000003),
e M25 Crossing Action Plan (IMC05-AL-GT-PLN-CS02_CL04-000002)

e 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.

e 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.

e Pyxis - TBM guiding and choice of the key position - Collection of data with
regards to the TBM position and the tunnel lining position.

e 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.

e ByDAS - Bouygues Data Acquisition System - Collect all the data from
Pyxis, ATLAS, Krocodyl-Dobydo, and the TBM HAG PLC.

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

e ATLAS - Automatic Tunnel Lining System - Automatic and semi-
automatic erection of the Tunnel lining - Uses the data from Pyxis and
ByDAS

e Yellow - Data collection from the site (ByDAS, STP, Grout compound,
Precast factory, WTP, etc...) — Big data center

e 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

e ByOnSite - Remote acces to CCTV, mobydic supervision screen, Pyxis
supervision screen, Catsby supervision screen.
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Chiltern Tunnel Construction Management Plan

1MCO5-AL-TN-PLN-CS02_CL04-000007

Revision: C02

r—

SLUM
~—
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———
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INSIDE TBM

TEM PLC

BYDAS /

INSIDE TUNNEL

QUTSIDE TUNNEL
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- -+~

‘ MOBYDIC !
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L————»  YellowPC :
|

“ROCODYL - DOBYDO : (TEM Robot on G2 segment unloading area to install Soffix and remove lumbers between segments)

ATLAS : Automatic Tunnel Lining Assembly System (automatic ring building}

MOBYDIC : MOnitoring BouYgues Disc Cutter (monitoring and mapping of the cutternead instrumented cutiing tools and excavation face

PYXIS : (TBM Steering and guidance system)
BYDAS : BouYgues Data Acquisition System (TBM data acquisition)

CATSBY : (Statistic tool - Realtime dashboard and synoptics of TBM data)
BYONSITE : BouYgues ON SITE (BY at home, phone app to see Pyxis, Mobydic and other apps anytime and from anywhere)

YELLOW : (Big data system : Multi equipment of data acquisitron and gathering}
GRAFANA : (Short time rafreshing data from yeliow by cashooard s=lf-made and trend)

SLUM : (WMT System of measurement of the gap between segment extrados and tailskin intrados)

RCMS : Ring Convergence Maasurement System (VMT System of measurement of the geometry of 3 ring once it left the tailsion)

S0S - (VMT System of quality follow-up of segments)

CALYX : (Monitoring system of the ground above the TBM)

Figure 4 - General architecture of the interactions between the different TBM softwares
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10.4

1041

104.2

Data

reconciliation

Excavated volume vs. Grouting volume

Lab TP:

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.
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e 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.

e 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.

e 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

1051 Production reports will be produced on a regular basis. They are presented below.
10.5.2 Ring Report

e 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.

e 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

e Reporting of mobydic monitoring during excavation for each ring.

e A Template for this report can be found in Appendix G. The format is likely
to change to adapt to this particular project.

10.54 Shift Report

e 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

e 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

e 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

e Atemplate 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

e 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

e 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

e 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

e 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.

e 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

e The maximum Settlements Smax and location of the inflection point Linf
are provided by the following equations:
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10.6.3

10.6.4

10.7

10.7.1

Se = 100 V27 Ling
Where:

A — Excavation area

Z — Depth of center point of excavation

k — Coefficient to calculate inflection point (material constant)
VL - Percentage of Volume Loss

e The predicted ground settlement contours for 1% volume losses along the
TBM tunnel are provided in drawings 1MCO05-ALJ-TN-DGA-CS02_CL0O4-
418101 to 1MCO5-ALJ-TN-DGA-CS02_CL04-418123. A k value of 0.4 has
been selected for a material such as chalk.

Smax Measurements

e 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-AU-TN-DGA-CS02_CL04-418101
to IMCO5-AL-TN-DGA-CS02_CL04-418123.

e 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.

Volume Loss Back-calculation

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

Settlement Mitigation measures

To limit the impact of tunneling and therefore to limit settlements, several
mitigation measures can be put in place:
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10.8

10.8.1

10.8.2

e 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.

e 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.

Groundborne Noise and Vibration Monitoring

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).

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

111.1 RAMS schedule

e The list of all the RAMS for the tunnel activities can be found under 1IMCO05-
ALJ-CL-SCH-CS02_CL04-000001.

e 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 1IMCO5-ALJ-TN-MST-CS02_CL04-000003. This details the process, methods
and risk assessment for the safe excavation of the Tunnel. This includes:

e Excavation with the cutter-head;

TBM shield advancement and steering;
e Confinement of the excavation face and removal of spoil;
e Grout injection;
e Tail-skin grease injection;
e Preparation for the cutter head maintenance.
1113 Segmental Lining Installation: The RAMS for the Segmental Lining Installation

can be found under 1MCO05-ALJ-TN-MST-CS02_CL04-000005. This details the
methods to erect the rings and the risk assessment of this activity.

1114 TBM Logistic: The RAMS for the Tunnel logistics can be found under 1IMC05-ALI-
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...)

11.15 TBM Utilities En-lengthening: The RAMS for the TBM Utilities en-lengthening can
be found under 1MCO5-ALU-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...)

1116 Slurry Treatment Plant Operation: The RAMS for the Operation of the STP can
be found under 1MCO5-ALJ-TN-MST-CS02_CL04-000004. This details the
functioning and operations of the STP during excavation.

1117 Segment and Leakage Repair: The Segment and leakage repair RAMS can be
found under IMCO5-ALJ-TN-MST-CS02_CL04-000006. This details how the repair,
if needed, of the rings segments will be undertaken.
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1118

11.2

1121

Hyperbaric Operations: The RAMS for the hyperbaric intervention can be found
under 1IMCO05-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.

Ventilation Calculation notes

The ventilation inside the tunnel has been designed in accordance with WS 4200.
The calculation notes can be found under IMC05-XXX.
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12
12.1

1211

12.2

1221

12.3

1231

1232

1233

EVIDENCE OF COMPLIANCE

Inspection and Test Plans

The ITP schedule for the tunnel can be found under the “tunnel” tab of 1MCO05-
ALJ-QY-SCH-C001-000003.

Material Approval Sheets

The MAF schedule for the tunnel can be found under the “ALIGN-Tunnels” tab of
1MCO05-ALJ-QY-SCH-C001-000004.

NCRs

In case of major non conformance (in the product or in the process), Align will issue
an Non Conformance Report or Corrective Action Report.

If a minor deviation is noticed, a Site Observation Report (SOR) will be issued.
This is presented in the flowchart below:

Finding of Non-

Conformance

: |

[ Major deviation or finding: }

[ Minor deviation or finding ]

Non-conformance Non-conformance
item (Product) (Process).
y
Non Conformance
Report (NCR)

—

Tracking &
monitoring
is needed

Yes

Site Observation Report
(SOR)

Grouping

| Yes of

Corrective Action
Report (CAR)

deviations
or findings:

Noting just a
verbal

warning or
observation

written on
the inspection
report.

12.4 Category 3 check of data reconciliation

1241 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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1242

1243

12.5

1251

12.6

1261

126.2

1263

1264

12.6.5

These data will be provided within 8 weeks of the completion of the first 500m.

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.

MoMs of SRG

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.

SDS Quality control of Tunnel lining

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.

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
1MCO05-ALJ-TN-SPE-CS02_CL04-000043.

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.

All the parameters for concreting the segments (amount of concrete, time of
vibration, curing time...) are defined and recorded by SDS.

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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13.2 Appendix B - Flowchart for SRG meetings process

— > OIS/DTAP

Minute of
Meeting
Advance
procedure
OIS issue and SRG
brief to TBM team
Excavation process
Excavation
and l
dile tlize gl Settlements and
Process 3
excavation
parameters
monitoring
Parameters }
review SRG
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13.3 Appendix C - Operationnal Instruction Sheet (OIS) Template
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13.4

Appendix D - Daily Tunnel Advance Plan Template

DATE: 25-Jan-21 AL"lGN
TIME:

Working on
behalf of

Daily Tunnel Advance Plan (DTAP)

THE TUNNEL ENGINEER AND THE TBM SHIFT BOSS TO ENSURE COMMON

UNDERSTANDING

TRACK: UpLine DownlLine Start RING No.: UR0025

CiH Chainage: 31+320

Refer to the OIS Nit4 for the expected Geology. Sensitive structures, working parameters,
special requirements. tunnel construction features...

Planned maintenance:
stoppage for 4 hours.

Tunnel stoppage at ring URD029 for pipe and ventilation en-lenghtening, Expected

Planned Intervention: No

Settlement notes for previous day: Clear condition

Slurry properties within acceptable range for excavation

Yes No
TBM ready Mechanical Electrical
Yes No Yes No
SPECIAL CONDITIONS FOR TODAY'S EXCAVATION:
Excavation in the South Portal grout plug.
Excavation above water table.
SIGN-OFF
TUNNEL ENGINEER TUNNEL MANAGER
Signed Signed
Date Date

Distribution: TBMSRGICTC
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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

SETTLEMENT AND TILT SURFACE SETTLEMENT AND VOLUME LOSS
SUMMARY
ReportStvt | 25Nov20200700ks|  ReportEnd | 26-Nov2020 0700ks
First ring erected 345 Last ring erected 367
BUILDING DFORMATION ANALYSIS
[N
MAXIMUM SETTLEMENT MAXIMUM TILT N-10)
Buiding -
Vae | Aen | Mam | Vaue | Aen | Asm
5101 | 27mm | 26mm | Gomm | mismr | 1500 | 1300
5121 | omm | 25mm | Somm | s | 1500 | 1200
5102 | 4eom | 25mm | -Somm | tesso | 1500 | 1300 ,_
5120 | 21w | 25mm | somm | ts2me 1500 1:300 )%%}n ~
fEsersredth T
o, iy i ﬁm il
400\ pagch
(51-01)
BULDING 0S102
1 i 5
B A
| o - |-
¥ = | I [ -
i 1 1
. T T RING 308 S = =
B - — A 70.18m2 70.18m2
z eem oy
E— . 7 ass
Tom Tam
N — - .
| (VM Smax 122.9mm 15.9mm
] \ J VL [FELN 0.50%
N I I The maximum settlement is centered around ring 308 and is stable at
w | | | approximately -18mm which is more than the design prediction (-12mm).
t 1 i ‘ i S This is equivalent to a volume loss of around 0.80% which is still within
T | i |1 B w ‘ b normal limits.
Prepared by |Checked by Date of 30 1
ALIIGN == HS2 | BORED TUNNEL DAILY MONITORING ANALYSIS G Delanglais | MKnight 26-Nov 2020
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13.6 Appendix F - Ring Report template from another project — will be adapted to this
particular project

EXCAVATION
\it. Avance (mmimin) Rot. téte (traimin) Couple (MNm) Poussss Totass (kN) Contact Foros (kN) Penstration (mmytre) Pression en vouts (bar)
RAPPORT D'ANNEAU| = 2 = 2y m RS = A 5 = =
T2A - S1124 0 < 130 30 0 e 130,
Py 2| E_ 130] 150 £ P 1a0. ‘i 130
Numéro danneau : 2305 q'}’ 4; 4 4
2 ) 122 14 o 12 120
< \3 £
20 120, 120, 120 E 120 120 i 120
Début d'excavation : 24/10/2020 7:41:59 § s 1
00. 100 100. 100. 00. 400, £ 100.
Durée totale - 03:06:17 3 { ?
Durée d'excavation 0:51:2 274 % 3
B B 0.0.40 . £ mg_ a0} s _é_ s 4 L) a0
Durée de pose : 05222 281 % = = © 0 3 0 o - 0 3/
Artente durant i pose 3418 b =1
= % F— - E - ?_§
Aterte enfindepose :  0:41:7 221 % (»‘ =
a2 f—— 3 __-E ol % 5 J s > ol
2 s 35 247 24 247 25500 25500 27500 25000 20000 28000 2 5 238 2575 2%
MARINAGE umwm({m_! mm;m_ Dsnsits Sortant /Entrant M38s8 ExCEIVES (T)
Prossion ds butls (ban)_ 2%0. =13 g Im¥ND 073 7 04 200
200 =
<. e i 5
e = . e 3 50 /
@ g ? 4 i
INJECTION DE MORTIER E o — ‘5 © =] -
Ratio B/A (%) 650 o wl & = =L -
Volume (1) : Volume total=9 000.7 | 2 z F e /
Ligne1- 160285 Gigm3. 150443 LigweS: 154044 . s 00 100 S oo =] 0
e e R Ve M S 3 8 | ¢ J N
Pression (bar): Pression moyenne=9.82 bar = %
Lge1: 98 Ugned. S0 LigneS: 103 i) = a0 &0 < 3 0
Lige2: 192 Lgned: 107 Lgnes: 89 \ —ﬁl /
. <0} 2 o .
Débit §/min) ? j | 5
Lgne1: xxx Ugned: xxx UgneS: xxx = —n o % = oo
Ugne2: xxx LUgned: xxx Ugne 8. xxx ? \
o b a
am N A i 2o 2im b m e ks S Hb 2w 05 = an E = N )
0.
130. 2 Detta ¥ () Detta Z ()
GUIDAGE i s 00 20 TS ] FONTIMETRE
120 PALTBM (m) 180 180
120 S2a82 180. 180
Pomition Tate (me) PM e (am) va oo t
= i e = = ks
= dy 131 R bouckier {(mmim) s = 3 o <
K @ 130 108 L =
22 i o Crenssamt Tagage bouckes (mmim) -
@ 8 o = = F 2
s 125 e B (e} 0 o =
2 110 = = 8 1 |
=020 19003 N dedé i i | T S— 2 - =
6 -1 11 E 0 " *

OFFICIAL
Page 70



Chiltern Tunnel Construction Management Plan

1MCO5-AL-TN-PLN-CS02_CL04-000007

Revision: C02

13.7 Appendix G - Mobydic Ring Report — Will be adapted to this particular project

$988.2-Mobydic Report : Ring N°DTW-0212
EE L8

AVG= 34 AVG= 73 ? AVG= 98 AVG= 20
| Casing 26
Temperature(C®) RADI AL_FORCE_MAX(Tonne) ADHERENCE_AVERAGE(%) RADIAL_FORCE_AVERAGE(Tonne)
0 120 -
50 56 | 1::: ~— 5
s0 s 0
0 = s 30
20
30 20 10 r.,._m
20 - ) . 0 . . 3
500 1000 1500 2000 o 500 1000 1500 2000 0 a0 2000 iy 2000 o 500 1000 1500 2000
AVG= 35 AVG= 53 W‘ AVG= 100 AVG= 12
| asing |
Temperature(C®) RADIAL_FORCE_MAX(Tonne) ADHERENCE_AVERAGE(%) RADIAL_FORCE_AVERAGE(Tonne)
- = = 120 50
o 1100 ~ 50
0 a0
60 30
s0 a0 20
20 %
20 . v - o . . &
500 1000 1500 2000 ) 500 1000 1500 2000 g 300 200c s 2R 0 500 1000 1500 2000
AVG= 36 AVG= 82 A AVG= 95 AVG= 20
! Casing 33 ]I
Temperature(C®) RADIAL_FORCE_MAX(Tonne) ADHERENCE_AVERAGE(%) RADIAL_FORCE_AVERAGE(Tonne)
70 % e 120 0
60 100 ot 50
20 10
i: 60 30
50 40 20
30 20 10 S g i
20 5 o . 5
St i 1500 T P s e S P 0 500 1000 1500 2000 = o s i =
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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

VD‘ AWE = TBM 988.2 Daily Report - West D/T Tunnel 01 Nov 2017 07:30 to 02 Nov 2017 07:30
[ orogoger (| tewtans
Mo ngleng - - o
i e T Excavated length 841m From chainage] 96252.20 From ring
AR No of rings erected| 6 To chainage] 96243.80 To ring
Recommended / theoretical Observed value
Parameters / Comments
value MIN MAX AVG
Bubble pressure [bar] Working Permit 323 331 328
Confinement Control
Face pressure at axis [bar] Working Permit 294 3.06 299
Cutterhead rotation speed [rpm] Max : 4 Rpm 3.28 3.72
Advance speed [mm/min] Max 60 mm/min 23.62 29.62
Boring Parameters
Torque [KN.m] Nominal 4630 KN.m 1266.41 2560.05
Total thrust [KN] Max 25615 KN 242718 28389.8
Mastic inject Kg Total / Average 323.75/53.96
I /0l ]
njected voltime: {in] Total / Average 37.59/6.26
P annufar volume: 4.000 m3/Im|
Grout injection
Grout pressure at crown [bar] working permit 331 | 4.59 | 412
Total / Average Spoil weight [t] 832/138.67
STP
Desanded slurry density 112 115
vertical deviation [mm] -50mm<X<50mm 177 16.07
Survey (Front)
horizontal deviation [mm] -50mm<Y<50mm 299 20.25
Disc cutter replaced
General comment
| MTRC Shatin to Central Line Contract 1128 - SOV To Admiralty Tunnels
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13.10 Appendix J - Weekly Report Template — Will be adapted to this particular project

S 988.2 WEEKLY REPORT

WEEK 44/2017

MTRC SHATIN TO CENTRAL LINE
Contract 1128 - SOV to Admiralty Tunnels

Starting date:

30/10/2017 7:30 AM

Finishing date:

05/11/2017 7:30 AM

12 working shifts this week

310 Rings to be excavated

Progress so far: AFTES Coeficients
TBM operating time ratio U=67%
Remain TBM effective work D= 96% Global efficier G= 47%
Permanent rings 235 rings 112.5 meters Breakdown Ratio W= 4% E=Pp/ (Pp~P E=92%
Excavation Length 352.50 meters 75 rings Disponibility ratio Dm=95%
75.8% of this drive
64.50 m
Progress this week: 43 rings
13.9% of this drive
. s Time (hours)
TBM Time repartition H
D Eme Ieparion Hows . T Overview
II TOTAL 47.ah 32.9% 11
ep| 7
i I Ring building TOTAL 20.9h 14.6% 05
1 {} TOTAL Progress Time s8.3h 27% 16
1 Slurry pipes extension 18.8h 13% 04
11 kv Cable Extension 6.8h 5% 02 M Excavation
Air tube extension NA N.A. N.A
Air/water network Ring buildin
: R r/water ne 0.0h 0% 0.0 ERing g
Surveyors work 0.0h 0% 0.0 St
Mortar Cleaning 2.8h 2% 0.1 - aps
Other 0.0h 0% 0.0 O Inevitable Stop
1 TOTAL 28.5h 20% 0.7
A TOTAL operating time of the TBM 96.8h 67% 2.3
Mechanical
0.5h 0% 0.0
1] Hydraulic 0.h 1% 0.0
[p| | Breakdown-TBM |electrical 0.0h 0% 0.0
1| Accidental break 15h 1% 0.0 Stops
i Other 2.3h 2% 0.1
T TOTAL 5.6h 4% 0.1
L 1
I 1
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N.A, N.A. N.A.
102.ah 71% 2.4 .
10.3h 7% 02 @ Planned maintenance
9.5k £ 02 O Breakdown - TBM
0.0h 0% 00
21.5h 15% 05 [ Breakdown - Other
0.0h 0% 0.0 i
0.0h 0% 0.0 E Timeouts
41.3h 29% 1.0
e - P M@ Planned stops
0.0h 0% 0.0
0.0h 0% 0.0
0.0h 0% 0.0
0.0h 0% 0.0
0.0h 0% 0.0
NA NA. NA Breakdown - TBM
Other stops {Accident, CNP...) 0.0h 0% 00
0.0h 0% 0.0
0.0h o% 0.0
N.A. N.A. N.A.
NA NA. NA @ Hydraulic
NA N.A. NA .
e oA P M Electrical
0.0h 0% 0.0 .
i % o O Mechanical
0.1h 0% 0.0 @ Accidental breaks
N_.A. N;A. N.A.
0.0h 0% 0.0 Other
TOTAL Study period
14sh 100% 33
G=TBM progrezs time / Worked time
[E= TBM progrezs time / (TBM breskdown time + TBM progress time} .
[ Worked time 12 working shifts thiz week Planned Maintenance
Number of hyperbaric dives 1
Number of stoppage a i "
s = B Hyperbaric inspection
@ Cutter Disc / Tool
Change disc £#34, 835, #36. #37x2, #38 x3, #39 x3. #40 2, #41 x3, #42 x2, #43 #448
Repair Housings 6-8,37, 40 O Prep Works
Comments / noticeable events : B Other

Full face rock up to Thursday, full face soft Saturday (not expected)

More time spend on pipes extention due to vaivies breakdown on slurry return line, wait for

||changing, Average time : 1h30

Main events : C/H Maintenance everyday during DS, most of TBM produciton during NS

B Mechanic/hydraulic maint
O Atm. Inspections
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Subsidiary events :
Monday DS : 7h Inevitable stop (other) for 11 KV Electrical cables extension + Atmo intervention in
same time (changing discs)
Tuesday DS : All day CH maintenance
Wednesday DS :All day CH maintenance in Atmospheric, Welding refurbishment of housing #6-8,
#37, #40 + changed 5 Discs
Thursday DS : CH maintenance half day (Still Atmospheric), 4 discs changed
Friday DS : CAl all day (working pressure 3.2 bar), 9 Discs changed
Friday NS : B2 line block (1h20 breakdown other) & TS art probiem - 1h breakdown meca)

Saturday NS : Cleaning grout system (planned stop, 2h30)

Actions to be taken / noticeable events to come

Unexpected geology in front, Transition soft/rock to come !
75 rings left before TBM parking (Target 20/11)

Inevitable stops

@ Slurry pipes extension
E 11 kV Cable Extension
M Air tube extension

@ Air/water network

@ Surveyors work

O Mortar Cleaning

@ Other
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») :‘~ = . IYEIINS DHIMITIY W VRiIN IV LT
5‘:*"?- e WEEKLY REPORT SUMMARY WEEK 44/2017 Contract 1128 - SOV to Admiralty
et Tunnels
Starting Date: 30/10/2017 7:30 AM Finishing Date: 05/11/2017 7:30 AM 12 working shifts this week
West Down Track TBM $988.2
Main events : IT_BM Status Excavating Dﬁ West tunnel'
Flm‘shed crossing Atmosphe‘rlc |nterventlf)n Aree'1 Rl et s ek a3vings | 6a5m
CH maintenance every day during DS - Repair housings
More time spend on pipe extension due to valve problem (1h30) Accumulated permanent rings completed 235rings | 352.5m
43 rings built this week
TBM operating time ratio U 67%
Now full face CDG not expected in geological profile E TBM effective work D 96%
< |Breakdown Ratio W 4%
Disponibility ratio Dm 95%
West Up Track
Erected ring $988.2
~ Preparation for Cast in situ (20 L SafeFoam injected to fix leakage) 1 g 50
- 10 - 45
~ Cracks repairing 9 4D
East Track 8 - 35 %
= 7 -3 g
& L 25
5 =
4 - 20 2
~ Formowork assembly for cast in situ D/T > 3 - 15 £
~ Water pressure test at W1, shaft filled with water % éo
o 0
Mon Tue Wed Thu Fri Sat Sun
Comments / noticeable events :
TRANSITION SOFT/ROCK/SOFT/ROCK !
TBM Operating Time Ratio: U=F /T TBM Ettective Work: D=(T-P ) /T Breakdown ratio: W=P /T Disponibility ratio: Dm=F / Tp
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Chainage
96080 96100 96120 96140 96160 96180 96200 95220 06240 96260 96280 96300 96320 96340 96360 96380 96400 96420 96440 96460 96480 96500 96520 96540 96560 96580
3-Sep17 I i 4 | | a : I | 4 I : . I | 4 3 a -Sep-17
B kT 3 m
LB | =
ERwAT e et Fenwick Pier Street B 5 E o 2 = SSep-17
-3
Harcourt Road it & Performing Arts 2|2 ik 'E w14
16-5ep-17 Avenue E = 3 e E E 16-Sep-17
23-S8p-17 ! ! I I I | i ] | 23-Sep-17
3 Stop 4 days for BU4 front & rear Assembly
Sy + permanent slurry connection on P2.2 + 305l
Day off 2nd and 5th
7-0ct-17 F=0ct=17
14-0ct-17 L i | L B i . —’”_@-_/_ i | a2 1| 14-Oct-17
L -+="" | stopforBU3 -mn
= _— op T
21-0ct-17 o | | | | | i i =y i 1.8day 21-0et-17
B &
1" o
A -
28-Oct-17 Vi e g 3 28-0ct-17
Zz // g
4-Nov-17 o - | s i ~ 0 anov-17
i — - =l L
E - e Stop for BU 2 =
- s ~ i o
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Chiltern Tunnel Construction Management Plan
1IMCO5-AU-TN-PLN-CS02_CL04-000007
Revision: C02
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MTRC SHATIN TO CENTRAL LINE

o WEEKLY REPORT SUMMARY WEEK 44/2017 Contract 1128 - SOV to Admiralty
e Tunnels
Starting Date: 30/10/2017 7:30 AM Finishing Date: 05/11/2017 7:30 AM
K Total time per Week \
&0~ Breakdown TBM
35 m Other
W Stops w2
5 25 M Hydraulic
M Inevitable Stop 8 20
R M Accidental breaks
M Ring Building 20
5 M Electrical
M Excavation e
37 38 39 a0 a1 a2 a3 as 37 L 39 a0 a1 a2 a3 aa B Mechanical j
Week Number Week Number
Time / Ring per Week \
Overall 3 Breakdown TBM
§; m Other
20 25
18
g 18] M Stops 2 W Hydraulic

( Nb Of hours / Ring \ [

-4
<
12 ] 315
7 Inevitable Sto,
o s p A ® Accidental breaks
6 - o B 2
i ¥ Ring Build z J
& 02 ® Electrical
o - 3 o -
B Excavation
37 38 39 a0 a1 a2 a3 a EE] 39 a0 a1 a2 a3 a o Mseanics) /
Week Number ‘Week Number
8 ’ Key performance indicator
- Ring built 110.00% l I | I |
56 % A\ 100.00% i ==g==TBM operating
2% 90.00% - 7 time ratio
a1 N —_ 80.00%
gg V 4 Y 70.00% N ={li=TBM effective
¥ 32 y 60.00% work
28 / =
< 2 ‘{ 50.00%
- -
°© %g 40.00% 1/ w=fr=Breakdown Ratio
b ¥
z 12
g ?_[?( :g 800;‘: I\ iz
0 10.00% ﬂ/ N\
3 37 38 39 40 41 42 43 43 45 0.00% ,
Week Number 3 37 38 39 40 41 42 43 44 45
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