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1 Introduction 

1.1 Purpose 

1.1.1 This document has been prepared in order to provide details of the proposed 

construction of the Chiltern tunnel to: 

 

 Affinity Water in order to discharge the requirements of the Asset Protection 

Agreement (APA) and the Protective Provisions Approval (PPA) between Affinity 

Water and the Secretary of State for Transport (as detailed in Undertaking and 

Assurance (U&A) 2189); and 

 the Environment Agency to determine whether approval under the Protective 

Provisions is required and the nature of that approval. 

 

1.1.2 Separate consents for the works are required from Affinity Water and the Environment 

Agency and this document provides supporting information to allow each of these 

bodies to assess whether consent can be given. The report is issued firstly in draft as a 

pre-application document to allow comments on the works to be made, following which 

the report is changed as required and then the final version is formally submitted by 

Align consents team. 

 

1.1.3 The APA refers to construction works at a large number of defined Affinity Water assets 

and there is an agreement that HS2 will provide Affinity Water with details of any below 

ground construction activities. It also requires agreement between Affinity Water and HS2 

of the Final Construction Monitoring Plan. HS2 has prepared a Monitoring Strategy and 

Align, on behalf of HS2 has prepared a Monitoring Position Statement, both of which 

have been reviewed by Affinity Water and the Environment Agency and which underpin 

the Final Construction Monitoring Plan which has been provided to Affinity Water. For 

each HS2 asset, or group of assets, an asset specific monitoring plan is developed as part 

of each Water Environment Assessment report. 

 

1.2 Scope 

1.2.1 This document provides an overview of the proposed works which includes boring and 

lining of the twin bore Chiltern tunnel. An assessment is made of whether these 

structures are likely to affect groundwater flow and groundwater quality and in particular 

any Affinity Water assets.  The report also assesses risks to surface water at the two 

locations where the tunnel passes under the River Misbourne. Monitoring details are 

provided in a standalone site specific monitoring plan.  A detailed programme is provided 

in Appendix A. 
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1.2.2 This report is limited to the tunnel bores. The assessment of effects and request for 

consent for the cross passages between the twin tunnel bores is subject to a separate 

water environment assessment.  Also excluded is the processing of chalk cuttings from 

the tunnel and placement of these in the landscape area.  Requirements for permits or 

consents that are not related to the groundwater environment (e.g. noise and vibration) 

are also excluded from this assessment. 

 

1.3 Existing assessments 

1.3.1 A hydrogeological assessment has been completed in order to determine the effect of 

the tunnel on the water environment and to identify appropriate mitigation. This report, 

which is listed in Table 1, should be read in conjunction with this assessment as it 

contains a considerable amount of information that is not repeated here with a small 

number of exceptions. 
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Table 1 Relevant reports 

No. Title Document 

reference 

Contents Conclusions 

1 Groundwater 

Assessment for 

Construction Tasks 

Tunnel and Cross 

Passages 

1MC05-ALJ-EV- 

NOT-CS02_CL04- 

400048 

Revision C04 

Geological and hydrogeological characterisation of 

the tunnel route is detailed.  A detailed geological 

section along the route alignment is included along 

with a summary of groundwater abstractions and 

potential interactions between groundwater and 

surface water at the two river crossing points.  The 

report includes details of the tunnel boring machine 

(TBM) its operating procedures and lubricants that it 

will use and an assessment of the potential impacts 

of the construction on the groundwater 

environment.  Based on the assessment an outline  

of mitigation and monitoring that might be required 

is included.  Stakeholder liaison activities are 

summarised. 

There is no requirement for mitigation of turbidity 

on the Chalk aquifer due to its localised effect and 

its temporary nature.  Mitigation of chalk turbidity at 

the public supply abstractions will be required and 

so turbidity treatment plants will be constructed. 

Extensive monitoring is required to identify any 

effects. 

2 Section C1 

Monitoring Position 

Statement 

1MC05-ALJ-EV- 

NOT-C001-600011 

Revision C03 

The report reviews the completed and ongoing 

monitoring via the priority monitoring boreholes, 

which are designed to provide baseline 

hydrogeological information.  Each proposed major 

HS2 asset is considered and an outline of 

monitoring requirements during construction is 

presented including plans showing the location of 

all monitoring facilities.  Post construction 

monitoring requirements are considered. 

Extensive monitoring of groundwater level and 

quality will be undertaken along the alignment of 

Section C1. 
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No. Title Document 

reference 

Contents Conclusions 

3 Section C1 

Construction 

Monitoring Plan 

1MC05-ALJ-EV-REP- 

C001-000095 

Revision C01 

The plan is a specific requirement of the Asset 

Protection Agreement between HS2 and Affinity 

Water and is developed from the monitoring 

position statement specifically for that purpose.  The 

construction monitoring requirements detailed in 

report 2 are slightly revised and updated but the 

fundamentals remain the same as report 2. 

The monitoring can meet the requirements of the 

Affinity Water / HS2 Asset Protection Agreement. 

4 Contract-Wide 

Environmental 

Management Plan 

1MC05-ALJ-EV- 

PLN-C001-000026 

Environmental management procedures for delivery 

of the C1 Main Works Civils Contract.  The report 

outlines organisation, objectives, performance 

indicators, incident management and training. 

Environmental aspects, risks and controls are 

presented for: agriculture, forestry and soils; air 

quality; cultural heritage; community; ecology; land 

quality; landscape and visual; noise and vibration; 

traffic and transport; waste and materials, and water 

resources and flood risk.  Performance assessments 

are also detailed. 

Not applicable 

5 Water Management 

Plan 

1MC05-ALJ-EV- 

PLN-C001-000031 

Revision C01 

Generic management of the water environment 

during the construction works for Section C1.  The 

plan identifies key pieces of water legislation, key 

receptors and risk assessments and provides high 

level monitoring requirements.  Compliance and 

control measures are also detailed. 

Not applicable 
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No. Title Document 

reference 

Contents Conclusions 

6 Chiltern Tunnel -Site 

Specific 

Environmental 

Management Plan 

In progress Environmental management procedures specific for 

the compound, including specific risks and controls 

for the disciplines listed above for report 8. 

Not applicable 

7 Pollution incident 

control plan 

1MC05-ALJ-EV- 

PLN-C001-000028 

Describes the management of pollution incidents 

during the construction phase of HS2 Sector C1 and 

the measures that ALIGN and its subcontractors will 

take in preventing and, where not possible, reducing 

environmental damage as a result of construction 

related incidents. 

Not applicable 

8 Section C1 - 

Updated Water 

Framework Directive 

Compliance 

Assessment 

1MC05-ALJ-EV-REP- 

C001-600115 

Assessment of potential effects of Section C1 on 

Water Framework Directive Waterbodies, updating 

the compliance assessment completed as part of the 

EIA.  The report reviews the previous submissions 

and updates the baseline.  An assessment is then 

completed of each major HS2 asset along Section  

C1 to determine if the works will comply with the 

WFD for each water body identified along the 

section.  Each quality element is considered and the 

compliance status is identified along with the 

underlying reasons for the status.  The cumulative 

effect of the assets in Section C1 is considered along 

with the effects of adjoining sections. 

Taking into account construction timescales, there 

are not anticipated to be any significant permanent 

impacts at a WFD water body scale.  This assumes all 

mitigation and monitoring is implemented. 

9 Construction of 

Chiltern Tunnel Site 

1MC05-ALJ-EV-REP- 

CS02_CL04-000155 

Site specific monitoring plan along the line of the 

tunnel including pre-construction monitoring, 

Not applicable 
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No. Title Document 

reference 

Contents Conclusions 

 Specific 

Groundwater 

Monitoring 

 monitoring during construction, and monitoring 

during operation. 

 

10 Ground investigation 

report for tunnels 

and CPs 

1MC05-ALJ-TN- 

REP-CS02_CL04- 

400047 

Revision C02 

Details ground investigations completed along the 

tunnel alignment and provides a ground model of 

the route including geotechnical assessment of 

ground conditions. 

n/a 

11 Geotechnical design 

report - Chiltern 

Tunnel 

1MC05-ALJ-TN- 

REP-CS02_CL04- 

401001 

Revision C02 

Details geotechnical design assumptions and 

approach adopted for the design of the Chiltern 

Tunnel 

 

12 Use of bentonite 

during tunnelling 

under the M25 – 

Technical 

1MC05-ALJ-TN- 

NOT-CS02_CL04- 

000001 

Revision C01 

Provides proposals regarding the use of bentonite 

as an additive for boring beneath the M25 in order 

to reduce the risk of ground instability at this highly 

sensitive location. 

The risks from bentonite assessed as very low due to 

the boring being above the water table and due to 

the gelling properties of bentonite which will limit 

the potential for migration. 

13 Chiltern Tunnel 

Cross Passages 

Water Environment 

Assessment 

 Assesses the potential effects and risks from 

construction of the cross passages within the 

Chiltern Tunnels. 

Not commenced 

 

14 Tunnelling, Chalk 

and turbidity: 

conceptual model of 

risk to 

groundwater public 

water supplies 

Technical paper by 

P. Burris1, C. D. 

Speed, A. E. Saich, S. 

Hughes, S. Cole and 

M. Banks published 

online in QJEG as 

Assessment of the potential effects of tunnelling on 

groundwater turbidity using an EPB TBM in the 

Chalk in SE England with particular reference to 

effects on public water supply abstractions.  The 

paper includes limited predictive assessment based 

“The key conclusions of this conceptual work are that 

in most settings attenuation of turbidity is likely to 

occur by settling within the aquifer, and that 

groundwater velocities and/or fracture aperture 

cannot support turbidity suspension. However, within 

several hundred metres of a public water supply, the 
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No. Title Document 

reference 

Contents Conclusions 

  part of: Ground 

models in 

engineering 

geology and 

hydrogeology 

(2020) 

on indicative turbidity concentrations from borehole 

drilling and basic analytical methods. 

high-transmissivity conditions of the aquifer and/or 

abstraction-related fluxes can result 

in groundwater velocities that become generally too 

great within the active zone of the borehole to permit 

settlement.” 



Chiltern Tunnel Construction Water Environment Assessment 

Document no: 1MC05-ALJ-EV-REP-CS02_CL04-000142 

Revision: C02 

OFFICIAL 

Page 8 

 

 

 

 

 

 

2 Proposed Works 

2.1 Location 

2.1.1 The Chiltern Tunnel is a 16km long tunnel that will start at the South Portal which is 

located about 1km south of Maple Cross to the east of the M25 and south of Chalfont 

Lane.  The tunnel will be bored in a north westerly direction re-emerging at the North 

Portal which is to the west of South Heath (Figure 1). The tunnel will be intersected by 

five shafts which provide ventilation, drainage and emergency access and egress.  The 

tunnel elevation will vary along its length, ranging from approximately 55mAOD at the 

South Portal, increasing to 190mAOD at the North Portal, with a minimum elevation of 

approximately 35mAOD in the vicinity of the Chalfont St Peter ventilation shaft. 

 
Figure 1: Route of the Chiltern tunnel 
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2.2 Tunnel Boring 

2.2.1 The Chiltern Tunnel will consist of a twin bore tunnel with each tunnel having an internal 

diameter of 9.1m and an external diameter of 10.265m. Forty cross passages, required to 

provide a means of escape from one tunnel to the other in the event of an incident, will 

be constructed along the length of the tunnel, with a typical spacing of about 500m. The 

cross passage construction is subject to a separate consent application. 

 

2.2.2 The two tunnels will be constructed simultaneously by means of two Tunnel Boring 

Machines (TBMs) and will be progressed from the South Portal to the North Portal.  The 

first TBM will start about 2 months before the second although the second will progress 

faster than the first due to the cross passage construction which will take place from the 

first tunnel. 

 

2.2.3 Details of the TBM selection, boring method, chalk cutting management and tunnel lining 

are all provided in Report 1 (Table 1) and so are not repeated here. RAMS for the 

tunnelling are provided in Appendix A. 

 

2.2.4 Boring beneath the M25 will be slightly different to the remainder of the tunnel in that 

bentonite will be added at the cutting face to provide additional ground support (see 

Report 12 for full details). This is required as the motorway (road surface and associated 

structures) is a critical piece of infrastructure  and even very small settlement could have 

significant implications, and the tunnel is being excavated at shallow depth (circa 11m) 

beneath the motorway. In addition, the TBM will be excavating above the water table, 

making it more challenging to maintain the confinement pressure. 

 

2.2.5 The crossing of the Network Rail line at about Ch 43+600 to the east of Little Missenden 

(Figure 1) is also very sensitive and it may be necessary to use bentonite at this location 

but that has yet to be determined.  The crown of the tunnel at this location would be 

c.15m below the railway line and the tunnel would be below the water table which would 

result in a greater risk of contamination than at the M25 crossing. 

 

2.2.6 Although the crossing of the River Misbourne is also sensitive, very small amounts of 

settlement can be tolerated as they will have no effect on river flows and with an 18m 

offset between the tunnel crown and the River Misbourne the tunnel will be located 

deeper below the river than below the M25 (c. 11m).  Furthermore, at the M25 the tunnel 

will be above the water table whilst at the river crossings it will be below the water table 

in the centre of the valley and so the risk of contamination from bentonite and rapid 

migration in groundwater beneath the river valley would be much greater. 
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2.2.7 Since Report 1 (Table 1) was prepared the grouting process has been refined and the 

grout mix confirmed. The grout mix (per m3) will be as follows: 

 

 Cement – 245kg 

 Bentonite – 19kg 

 Water – 855kg 

 Sodium silicate – 76kg 

 Additive (TamCem RP) – 3.3kg (c. 0.3% of the mix) 

2.2.8 The MSDS for the retarder / plasticising additive (TamCem RP), which is included in 

Appendix E, indicates that it contains 5-chloro-2-methyl-2H-isothiazol-3-one and 2- 

methyl-2H-isothiazol-3-one, added as a preservative.  The former substance is listed on 

the EU list of substances prohibited to be discharged to groundwater as it is a hazardous 

pollutant. The second substance is not listed. The manufacturer has indicated that 

typically these substances combined will only comprise 0.0005% of the additive which 

when combined with the fact that the additive is only 0.3% of the total mix means that in 

each m3 of grout there would only be 16.5mg of these preservatives. 

 

2.2.9 The grouting process will primarily consist of this rapid set grout immediately after the 

tunnel lining is placed (as detailed in Report 1). However, if there are leaks in the tunnel 

lining then secondary grouting may be undertaken to stem these leaks. In these areas 

the proportion of sodium silicate may be reduced to extend the setting time thereby 

allowing the grout time to migrate into the area where the leak is occurring. This 

secondary grout would not include use of the TamCem RP additive. 

 

2.2.10 If leaks persist then the tunnel lining may be sealed by drilling 8 to 10mm diameter holes 

into the lining, or potentially through the lining into the grout layer (or any gap between 

the lining and the grout layer) and using small quantities of specialist sealants such as 

polyurethane foam and epoxy resin injected under low pressure. Although these will 

come into contact with groundwater it would only be at the leak junction where the water 

is seeping into the tunnel and not the groundwater in the aquifer outside of the tunnel. 

These are therefore not considered likely to affect aquifer groundwater quality and are 

not included in the risk assessment in Section 4 of this report as they fall outside of the 

requirements of Schedule 33 of the HS2 Act. 

 

2.2.11 The TBM manufacture has been completed and they have been assembled at the South 

Portal TBM launch slab (Figure 2 shows the assembly status in January 2021). 
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Figure 2: South Portal and TBM launch slab (January 2021) 

 
 

 

2.3 Programme 

2.3.1 A detailed programme for the works is provided in Appendix B. The launch date for 

TBM1 is early May 2021 with TBM2 due to be launched at the start of July 2021. They are 

due to break out at the North Portal in February (TBM2) and March (TBM1) 2024. 

 

3 Ground conditions 

3.1 Ground conditions along the tunnel route 

3.1.1 Ground conditions along the route of the tunnel are shown in a series of sections along 

the route in Appendix C. The majority of the tunnel will be in chalk with about 65 to 70% 

of the route below the water table, penetrating the water table at about Ch32+200 and 

leaving it at about Ch44+600. Full details of the ground conditions are provided in Report 

10 (Table 1). 



Chiltern Tunnel Construction Water Environment Assessment 

Document no: 1MC05-ALJ-EV-REP-CS02_CL04-000142 

Revision: C02 

OFFICIAL 

Page 12 

 

 

 

 

 

3.1.2 In summary the key deposits identified in Report 10 that are likely to be penetrated 

during tunnel boring are outlined below. The chalk is well fractured (see Appendix C) and 

so the tunnel will pass in and out of blocks of different chalk in some areas. 

 

 Seaford and Newhaven Chalk from South Portal at Ch 31+100 to Ch 32+000. This is 

typically blocky with marl seams and a few flint seams. 

 Lewes Nodular Chalk from Ch 32+000. The top of the underlying Lewes Chalk will be 

penetrated at about Ch34+100 in the vicinity of Chalfont St Peter shaft (the tunnel low 

point) at which point the tunnel will pass through a mixture of predominantly Lewes 

Chalk with a small amount of New Pit Chalk to Ch 38+600 (Chalfont St Giles shaft is at 

Ch 37+400). The tunnel passes back into the Lewes Chalk at the northern end of the 

route at about Ch 46+400.  The Lewes Chalk is typically dense to very dense nodular 

chalk with flints, marls and interbedded chalks.  The Chalk Rock, which is a hard band 

and in which groundwater flow is often significant is located at the base of the Lewes 

Nodular Chalk. 

 New Pit Chalk (only) from Ch 38+600 with the Holywell Nodular Chalk first being 

encountered at around Ch 40+600, although as the Holywell chalk is only about the 

same thickness as the tunnel diameter in places the tunnel will often encounter both 

layers. The tunnel will pass through its second low point at Amersham shaft at about 

Ch 40+100. As the elevation of the tunnel increases beyond Amersham shaft so it will 

leave the Holywell Nodular Chalk and from about Ch 42+600 will remain solely in the 

New Pit Chalk passing through Little Missenden shaft at Ch 43+000 and Chesham Road 

shaft at Ch 46+200. The New Pit Chalk is typically blocky and hard with numerous 

fractures and marl seams often with perched water on the marl seams ( including the 

800mm thick Gun Gardens Mail Marl and 200mm thick New Pit Marl). 

 Holywell Nodular Chalk mixed with New Pit Chalk as discussed above.  The Holywell 

Chalk is hard and nodular, extensively fractured with thin marls and shell debris.  Two 

distinct strata are present within the Holywell Nodular Chalk, the Melbourne Rock 

which is a hard stratum in which groundwater flow can be significant, and the Plenus 

Marl, a clay layer towards the base of this unit and which can restrict vertical water 

movement. 

 Zig Zag Chalk and West Melbury Chalk (undifferentiated) will be penetrated by the 

tunnel for a short distance from Ch 40+900 to Ch 41+500. These are typically firm block 

chalks with the lower part of the formation including alternating rhythmic bands of marl 

and marly chalk. 

 Clay with Flints – as the tunnel rises up towards the North Portal it enters Clay with 

Flints deposit at about Ch 47+100, although it is only solely within this deposit for a 

short time at Ch 47+200 with the tunnel mostly passing through a mixture of this 

deposit and the Lewes Chalk. 



Chiltern Tunnel Construction Water Environment Assessment 

Document no: 1MC05-ALJ-EV-REP-CS02_CL04-000142 

Revision: C02 

OFFICIAL 

Page 13 

 

 

approximately 

 
 

 

3.1.3 Dissolution features will be encountered in places during tunnelling, the location of some 

of these has been established from Lidar surveys (see Report 10 in Table 1) although 

these are based solely on their surface expression. The location of those at depth is not 

known but they are likely to be more prevalent beneath the valley of the River Misbourne 

and voids are known to be present at Chalfont St Giles shaft, albeit above tunnel level. 

The tunnel will pass about 18m under the River Misbourne at two locations, Ch 35+200 

to Ch 35+500 and Ch 42+100 to Ch 42+500. 

 

3.2 Ground conditions at Affinity Water abstractions 

3.2.1 The tunnel route passes in close proximity to a number of Public Water Supply (PWS) 

boreholes, including XXXX which is 0.9km to the north-east of the above ground route, 

increasing to 1.3km to the east of the tunnel portal. However, at this location the tunnel 

would be above the water level and would not likely penetrate the water table until it is 

over 2km to the north-west of XXXX PWS.  XXXX PWS is some 200m to the north-east of 

the tunnel route, XXXX PWS is 1km to the north-east and XXXX is 1.2km to the south-west 

of the tunnel route. 

 

XXXX 

3.2.2 The XXXX supply consists of XXXX. Local geology includes approximately 4m of superficial 

deposits overlying the Chalk. Rest water level is approximately XXXX. The tunnel invert 

level is at approximately 45mAOD at its nearest point to the abstraction, located on the 

edge of the valley of the River Misbourne. The chalk in the abstraction boreholes is XXXX. 

 

XXXX 

3.2.3 The XXXX abstraction comprises XXXX.  The borehole XXXX. Rest water level was recorded 

as XXXX. Tunnel invert level at its closest approach to the abstraction is 

58mAOD. 
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XXXX 

3.2.4 The XXXX abstraction is comprised of XXXX. Both boreholes have XXXX. The chalk in 

borehole 1 is XXXX.  Below this the lithology changes and the chalk is XXXX.  Borehole 2 has 

XXXX. Below XXXX. 

 

Other groundwater abstractions 

3.2.5 Two licensed private abstractions and four unlicensed private abstractions have been 

identified within 1km of the tunnel route and are detailed in Report 1, including two 

within 150m of the tunnel alignment. 

 

3.3 Potential areas of contamination along the tunnel route 

3.3.1 There are no known areas where the tunnel passes through made ground and no known 

areas of groundwater contamination. Some low level hydrocarbons were detected at 

Amersham shaft location as part of pre-pumping test works but abstraction of 20m3 of 

water did not identify any contamination at concentrations greater than the limit of 

detection. 

 

4 Risks to groundwater and surface 

water 

4.1 Risk assessment approach / conceptual model 

4.1.1 A groundwater risk assessment has been completed for the Chiltern Tunnel (Report 1 

listed in Table 1). The assessment below builds on the information in that report which 

should be read prior to the assessment below. 

 

4.1.2 The assessment below follows the standard source – pathway – receptor methodology 

which is summarised in Appendix D. In general, any risk of moderate or above (denoted 

by amber / red shading in the risk assessment tables) would require mitigation.  The 

assessment has been completed assuming that there is no mitigation in place with the 

exception of pollution prevention measures as described in the HS2 Code of Construction 
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Practice. Full details of these are included in the Contract Wide EMP (Report 4 in Table 1), 

the Site Specific EMP for the viaduct (Report 6) and in the Pollution Incident Control Plan 

(report 7). 

 

4.1.3 Due to the length of the tunnel the risks to identified receptors could vary from one end 

to the other. This is partly related to the distance to receptors and partly as not all of the 

tunnel is below the water table.  In addition, there are changes in geology along the 

tunnel route but the identified changes are less likely to significantly change the 

classification of risk than the other factors. 

 

Sources 

4.1.4 The identified activities that could potentially have an effect on groundwater (i.e. the 

possible source of the effect) have been detailed in Report 1 and are summarised in Table 

2.  Effects on water quality and groundwater movement are considered separately along 

with whether the effect is solely related to construction or whether it will continue after 

construction and into operation. The duration of an effect has implications when 

considering the consequences as detailed in the methodology in Appendix D. 

 

4.1.5 The temporary effects are largely associated with water quality and permanent effects are 

associated with changes to water movement caused by the presence of the tunnel. 

Although there may be temporary effects on water movement at the cutting face 

associated with the c.0.1bar positive overpressure (see Report 1) and potentially with 

localised blockage of fractures and fissures by slurry (or in the case of the M25 crossing 

by bentonite), these are minor changes in comparison to those associated with the tunnel 

itself and so have not been considered further. 

 

4.1.6 The most significant potential effect on water quality will be the generation of chalk 

turbidity which will be caused by the cutting action at the face.  This will result in the 

generation of fine grained chalk particles that may remain in suspension if significant 

fracture networks are encountered in which turbulent flow occurs such that the particles 

do not settle out. The size and nature of the cuttings will vary along the route as the TBM 

passes through the differing chalk horizons (see Section 3.1) and especially where flint 

layers, hard grounds or in some instances marl horizons are penetrated. Any marl 

horizons penetrated are likely to be narrow and yield only a very small proportion of the 

cuttings at any one point due to the large cross sectional area of the tunnel. 

 

4.1.7 The effects on groundwater and surface water are considered separately below with the 

exception of where surface water is a secondary receptor associated with groundwater 

migration. In this instance for simplicity the effect is considered with the groundwater. 
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Table 2 Summary of potential sources 

Activity Potential Effect Duration 

Groundwater Quality Groundwater Movement Surface Water 

 

 

 

 

 

 

 

Tunnel 

boring and 

lining 

Chalk turbidity - Changes to water quality 

in the event that there is 

water exchange between 

groundwater and surface 

water 

 

 

 

 

Temporary during 

construction 

Drilling slurry - 

Bentonite added to slurry Localised changes to 

groundwater movement 

in unsaturated zone (at 

M25), saturated zone at 

Network Rail crossing. 

Cement grout injection 

around tunnel lining 
- 

Use of lubricants and 

hydraulic fluids by TBMs 
- 

 

- 

Changes to vertical 

groundwater movement 

Changes to river flow due 

to tunnelling induced 

fractures 

 

 

 

Permanent 
- 

Changes to lateral 

groundwater movement 

Changes to river flow due 

to presence of the tunnel 

- 
Tunnel seepage water 

(diffuse) 
- 

 

Pathways 

4.1.8 The pathways associated with the sources listed in Table 2 are: 

 migration in groundwater; 

 creation of new preferential flow paths in groundwater; and 

 blocking of flow paths in groundwater. 

 

4.1.9 In heterogeneous aquifers such as the Chalk it is very difficult to predict groundwater 

movement at any particular point as the number, size, nature and connectivity of 

fractures and fissures that will be penetrated at any one point is not known. However, 

there are some general characteristics of flow that need to be considered. 

 

4.1.10 Groundwater movement in Chalk can range between two extremes (Figure 3), at the one 

end of the spectrum is diffuse flow associated with movement through pores or micro 

fissures. This tends to be very low in the Chalk as the small pore throat size limits 

significant groundwater flow. At the other extreme is conduit flow which concentrates 

high flows into a small area, similar to water flowing through pipes.  There is unlikely to 

be any significant active conduit flow along the alignment of the tunnel as it is normally 

(but not always) associated with either sinking streams and/or springs / risings, neither of 

which are extensive in this area.  The flow is therefore likely between fracture and fissure 

flow, especially in the interfluve area, with fracture networks and well developed 

solutional voids in the river valley. The main concern for contaminant migration, 

especially chalk turbidity, is the fracture networks in the Misbourne Valley as these are 

likely to have flow rates sufficient to sustain turbulent flow. 
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Figure 3: Conceptualisation of flow types 

 
 

 

 

4.1.11 Groundwater pathways tend (though not always) to be best developed in the zone of 

groundwater fluctuation in the Chalk which tends to be a relatively limited zone, albeit 

that it is thinner in the valleys (up to c.5m) than the interfluves (up to c. 20m). It is also 

known that the majority (but not all) of the flow takes place in the upper 50m of the 

saturated zone. In addition to flow type, the degree and direction of connectivity is 

important.  If fractures and fissures are present but not well connected into the local or 

regional flow regime then contaminant migration will be limited. In addition, if the 

direction of greatest connectivity is away from a sensitive receptor then a significant 

impact may not occur. 

 

4.1.12 Some aspects of the nature and connectivity of the pathways in the vicinity of the shafts 

can be drawn from the pumping tests.  At Chalfont St Peter the TBMs intersect the shaft 

at depth beneath the interfluve and the pumping test indicated a low permeability with a 
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limited zone of drawdown. At this location a significant pathway is unlikely to be well 

developed. At Chalfont St Giles shaft large voids were encountered although a short 

pumping test of these did not suggest that they were well connected to the aquifer and 

so a high degree of connectivity is not anticipated. However, at Little Missenden shaft, 

which is in the Misbourne Valley a high permeability was calculated from the pumping 

test and good connectivity is likely. At Amersham shaft, where a full pumping test was 

not conducted, short term pumping suggests a high permeability although as the test 

was of very short duration little can be determined regarding the connectivity. 

 

4.1.13 The heterogeneity of the Chalk introduces uncertainty into the risk assessment. However, 

as a generalisation, along the tunnel alignment the risks of rapid groundwater movement 

and high connectivity are greater at shallow depths in the Misbourne valley and least at 

greater depths beneath the interfluves. 

 

Receptors 

4.1.14 The tunnel will pass through the Chalk Principal aquifer, which is a Drinking Water 

Protected Area, part of the Mid Chilterns Water Framework Directive water body and the 

following Source Protection Zones (Figure 4): 

 

 SPZ 1 for XXXX, albeit above the water table and SPZ2 and SPz3 for XXXX and XXXX. 

 SPZ 2 and 3 for XXXX, although this SPZ is long and narrow and is not considered 

realistic and the tunnel passes through the SPZ some 7km from the PWS. 

 XXXX SPZ lies adjacent to the tunnel alignment but the tunnel will not actually pass 

through it although the SPZ is not thought to be accurate and there is potentially a 

risk to the PWS from the tunnel boring. 

 SPZ 2 for XXXX. 

 XXXX SPZ which lies adjacent to the tunnel alignment but the tunnel will not actually 

pass through it although the SPZ is not thought to be accurate and there is potentially 

a risk to the PWS from the tunnel boring. 

4.1.15 The XXXX abstraction is only at risk for the first few km of the tunnel as it passes beneath 

the M25 and heads towards Chalfont St Peter shaft.  This section is above water table 

from the South Portal at chainage 31+100 to chainage 32+200 in the vicinity of cross 

passage 3 and so the potential for a significant well connected pathway to this receptor 

is limited. 

 

4.1.16 The greatest potential for a significant connection between the tunnel and a PWS occurs 

where the tunnel passes through the XXXX PWS SPZ for some distance and crosses 
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through the Misbourne valley (which is likely to be a high flow – fissure network) at 

relatively shallow depth (c.20mbgl) upgradient of the XXXX abstraction boreholes. 

Although the tunnel will pass very close to the XXXX PWS (the closest of the PWS) it is 

down / cross gradient and not within the SPZ for that water supply, although the SPZ is 

not considered accurate and it is more than likely that the tunnel will pass through the 

area which contributes water to that abstraction. In addition, the tunnel will pass 

beneath several dry valleys, including significant features at Chalfont St Giles shaft and 

Amersham shaft, both of which could act as preferential flow zones towards the PWS. 

 

4.1.17 The potential for a significant connection from the tunnel to the XXXX supply is 

considered to be low as the tunnel is across / down gradient of the SPZ and much of the 

tunnel adjacent to the SPZ will be above the water table. 

 

4.1.18 The non-PWS abstractions from the chalk are detailed in Table 2 of report 1MC05-ALJ- 

EV-NOT-CS02_CL04-400048. Only two of the identified abstractions are within 500m of 

the tunnel alignment (Table 3) and are included as potential receptors. Given the small 

size and location none of the other abstractions are considered further. 

 
Table 3 Non-PWS groundwater abstractions from the Chalk 
 

Abstraction ID 

in the ES [5] 

 

Location 

 

Distance from 

Tunnel 

 

Recorded use 

CFA08- 

GWUA03 

Shardeloes Farm 140m south-west Farm use, unknown 

Hill Farm 

GSHP 

Hill Farm 110m south-east Ground source Heat Pump system 

 

4.1.19 The risks to the groundwater in the Principal aquifer are considered separately to the risks 

to abstractions from that aquifer.  These groundwater risks have been assessed on a local 

basis considering an area within an approximately 500m radius of the tunnel.  The 500m  

is based on a combination of professional judgement and as any effects beyond 500m  

are likely to be short lived and/or small scale. The area formed by a 500m radius is 

substantially less than the groundwater source protection zones (SPZ) considered as part 

of the assessment of effects on PWS. The assessment of risks to groundwater represents 

a different scale of assessment from the assessment of risks to the PWS.  It is designed to 

identify effects in very close proximity to the tunnel rather than those in the region or at 

the WFD waterbody scale. 

 

4.1.20 The risks to the Mid Chilterns Chalk WFD water body is excluded from this assessment as 

it has already been assessed and reported in Report 8 in Table 1. No significant effects 

were identified on the waterbody as any changes would be temporary. 
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4.1.21 The River Misbourne is a chalk fed stream, which is in hydraulic connection with 

groundwater in the Chalk aquifer. However, in dry conditions, the groundwater level can 

be several metres below the base of the river in mid catchment (around 8m lower in the 

reach between Amersham and Chalfont St Peter). As a result, the River Misbourne tends 

to lose water to groundwater in these stretches through seepage downwards to the Chalk 

aquifer and can dry out completely in reaches between Amersham and Chalfont St Peter. 

 

4.1.22 There are no permanently flowing tributaries to the River Misbourne along the route of 

the tunnel. There are a number of lakes and ponds along the line of the River Misbourne, 

but these appear to be “online” lakes which are essentially extensions of the River 

Misbourne. The largest is Shardeloes lake, an artificial online lake controlled by a 

downstream weir, located approximately 2km west of Amersham. 

 

4.1.23 The surface water is therefore only considered as a secondary receptor associated with 

groundwater migration from the gravels and alluvium.  Although this is assessed in the 

following section, for completeness the risks to the River Misbourne are further discussed 

in Section 4.4 of this report. 
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4.2 Risks to groundwater quality 

4.2.1 Potential effects on water quality and appropriate mitigation measures have been 

described in detail in Section 6 of Report 1 and the assessments are summarised below. 

Tables detailing the risk assessment are provided below for the sources, pathways and 

receptors identified in Section 4.1. 

 

4.2.2 All risk assessments have been carried out on the basis of a cumulative effect of the twin 

bores of the tunnel and take into account the c. 3 year construction period. The risks are 

also more conservative than previous assessments in order to allow for a greater degree 

of uncertainty. 

 

Chalk turbidity and slurry 

4.2.3 Chalk cuttings during tunnelling represent a potential risk to groundwater quality as the 

chalk can be ground to a very small size and result in turbid water.  Due to the small 

particle size it can take a significant time for these to settle out and where fracture flow 

predominates they may not be readily filtered. The amount of chalk cuttings that enter 

groundwater will depend upon the efficiency of the cutting head, the hardness and 

variability of the chalk and the nature and extent of fracturing.  The risks to water quality 

will therefore vary along the tunnel alignment. 

4.2.4 At the TBM cutting face the chalk rock is ground into particles which are mixed with water 

to form a slurry to allow transfer back to the slurry treatment plant at South Portal for 

removal of the cuttings and recirculation of the water to the TBM for reuse. The potential 

effects of the slurry will be similar to those of chalk cuttings generated at the TBM face. 

The potential for slurry loss is reduced by the selection of the variable density TBM (see 

Section 5 in Report 1). 

4.2.5 As the most significant risks to water quality are from the boring process the area at 

greatest risk will move along with the TBMs. Thus, although there may be a high risk to 

groundwater resources in close proximity to the alignment this will only last for a period 

of a few weeks as the TBM moves through that area. 

4.2.6 The risks to Affinity Water PWS are greatest for those sources located in the Misbourne 

Valley and which the tunnel will pass up hydraulic gradient of and / or close to the  

source. Amers XXXX ham and XXXX PWS are therefore at greatest risk.  In addition, the 

borehole at Shardeloes Farm is at risk from turbidity, although this is only an issue if it is 

used for potable supply. 

4.2.7 The risks are detailed in Table 4. 
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Table 4 Risk assessment to groundwater from chalk turbidity and slurry 

 
Source 

 

Potential 

contaminants 

 
Pathway 

 
Receptor 

Consequence 

of 

occurrence 

 

Likelihood of occurrence 

(reason) 

Potential 

significance 

(risk) 

Period of risk 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Tunnel 

boring 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Chalk turbidity 

and slurry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Migration in 

groundwater 

Groundwater 

resource <500m 

from tunnel 

(High value) 

 

 

Medium 

High (fractured / fissured strata, 

resource immediately adjacent to 

tunnel but short duration at any 

one point) 

 

 

High 

Throughout boring but 

limited to periods of 

several weeks at any 

one point as TBM 

moves past 

XXXX / XXXX 

PWS(High value) 

 

Medium 
Low (distance from tunnel 

alignment and above water table) 

Moderate / 

Low 

Q3 to Q4 of 2021 

XXXX PWS (High 

value) 

 

Medium 
Unlikely (significant distance from 

tunnel alignment) 

 

Low 
Mid 2022 (based on 

SPZ) 

XXXX PWS (High 

value) 

 

Medium 

High (fractured strata, PWS 

adjacent to tunnel in valley, short 

duration due to alignment) 

 

High 

Mar 2022 to Jul 2022 

XXXX PWS 

(High value) 

 

Medium 
High (fractured strata, PWS 

adjacent to tunnel in valley) 

 

High 
Nov 2022 to Mar 2023 

XXXX PWS (High 

value) 

 

Medium 

Low (distance from tunnel 

alignment and mostly above water 

table) 

Moderate / 

Low 

Q3 23 to Q1 24 

Shardeloes Farm 

abstraction 

borehole (Medium 

value) 

 
Medium 

Low (BH adjacent to tunnel but 

across hydraulic gradient, low 

abstraction rates and short 

duration) 

 

Moderate / 

Low 

Feb 2023 to May 2023 

 

Hill Farm GSHC 

(Low value) 

 
Mild 

Low (BH adjacent to tunnel but 

short duration, likely closed loop 

system, low abstraction rate, and 

low sensitivity to turbidity) 

 
Low 

Jun 2022 to Aug 2022 

River Misbourne 

(High value) 

 

Medium 

Low (depth of tunnel, presence of 

low permeability alluvium and 

weathered chalk) 

Moderate / 

Low 

Apr 2022 to Jun 2022 & 

Apr 2023 to Jun 2023 

 
 

OFFICIAL  

Page 23 



OFFICIAL 

Page 24 

 

 

 

 

 

Cement grout 

4.2.8 As the TBM progresses so pre-cast concrete lining panels are placed behind the shield 

and then the annular space between the lining and the tunnel wall will be filled with a 

cement based grout with 6% sodium silicate added along with 0.3% retarder / plasticiser 

additive.  The grout will be very quick setting as the sodium silicate is added as an 

accelerator such that the grout will have a gel time of around 12 seconds and a cure time 

of around 30 minutes. There is therefore a low risk of migration even upon entry to 

fissures. Given the low percentage of retarder / plasticiser in the grout mix and the very 

small proportion of this that is a hazardous substance (17mg/m3 grout) there will not be 

any discernible effect on groundwater quality adjacent to the tunnel. The risk to all 

receptors from cement grout (including additives) is therefore is assessed as 

moderate/low or low as detailed in Table 5, i.e. there are no significant risks. 

4.2.9 If the tunnel passes a significant fracture or void then the grout will fill the void up to a 

certain distance beyond the cut diameter. The TBM will pump grout at a maximum of 

25 m3/h which is the maximum flow of all 6 pumps on the TBM. This is designed to 

slightly exceed the TBM advance speed to ensure any extra voids around the tunnel are 

grouted. The grout gels within 12-15 sec to reduce the penetration into the fissures 

although it will still be able to travel through the cavities as the grout will be pushed 

under pressure. The grout is completely set within 20-30 min thereby limiting the 

quantity of grout pushed away from the injection point. The grout specificity and gel 

time will avoid the grout travelling too far in large voids or fractures. The bigger the void 

the higher the travel distance as it is related to the gel and setting time. At some stage 

the grout will have to “push” the previously injected grout which will have set and the 

injection pressure will build, informing the operator that the void is full. The current 

estimate is around 10m maximum grout travel from the tunnel due primarily to the rapid 

gel time for the grout. 

 

4.2.10 Where there is a leak in the lining system, e.g. where the grout does not completely fill 

the void between the lining and tunnel wall and/or there is seepage through the lining 

segment joints, then secondary grouting may be required.  This would have a lower 

proportion of sodium silicate and no TamCem RP additive to allow the grout to travel 

further away from the lining to help sealing.  Even under these conditions the gel time 

will be quick and significant migration away from the tunnel will be controlled by limiting 

grout pressures. Furthermore, as such secondary grouting will be the exception rather 

than the rule its use would be highly localised.  No significant effect on groundwater 

quality in the aquifer is therefore anticipated. 

 

4.2.11 The TBM Operator is able to monitor the volume and pressure of the grout injected 

behind the segmental lining. Alarms in the TBM operator’s area identify when 

parameters have deviated from the specified values, providing real time monitoring of 
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the volume of grout injected. This same information is available in the surface control 

room (together with alarms), with analysis of the grout volumes and injection pressures 

completed regularly to ensure any voids have been injected correctly. If the required 

grout pressure cannot be obtained the TBM advance will be stopped until the grout 

pressure is achieved ensuring proper filling of the annular void on the crown. The grout 

volume per ring will be limited to a maximum of 200% of the theoretical volume allowing 

the grout to set before resuming the excavation and grouting process. 

 

Bentonite 

4.2.12 This will be used for the M25 crossing above the water table and as detailed in Report 12 

represents a moderate/low to low risk to water quality, groundwater abstractions and 

other sensitive receptors as detailed in Table 6, i.e. there are no significant risks. It may 

also be used for the Network Rail crossing at Ch 43+600. Although not situated in the 

main Misbourne valley where the tunnel passes under it, the railway does cross a dry 

valley that feeds into the Misbourne valley and the tunnel is below the water table at this 

location.  The potential for an effect on groundwater quality from the use of bentonite is 

therefore much greater at this location than at the M25 crossing. Fortunately, the XXXX 

PWS is a significant distance at just over 3.5km down hydraulic gradient. 
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Table 5 Risk assessment to groundwater from cement grout 

 
Source 

 

Potential 

contaminants 

 
Pathway 

 
Receptor 

Consequence 

of 

occurrence 

 

Likelihood of occurrence 

(reason) 

Potential 

significance 

(risk) 

Period of risk 

 

 

 

 

 

 

 

 

 

 

 

 

 
Tunnel 

boring 

 

 

 

 

 

 

 

 

 

 

 

 

Cementitious 

materials and 

additives in grout 

 

 

 

 

 

 

 

 

 

 

 

 

 
Migration in 

groundwater 

Groundwater 

resource <500m 

from tunnel 

(High value) 

 

 

Medium 

 

Low (very rapid gel time for grout and 

low likelihood of significant leaching 

once cured) 

Moderate / 

Low 

Throughout boring but 

limited to periods of 

several weeks at any 

one point as TBM 

moves past 

XXXX / XXXX 

PWS(High value) 

 

Medium 

 

Unlikely (distance from tunnel 

alignment, very rapid gel time for 

grout and low likelihood of significant 

leaching once cured) 

Low Q3 to Q4 of 2021 

XXXX PWS (High 

value) 

 

Medium 
Low Mid 2022 (based on 

SPZ) 

XXXX PWS (High 

value) 

 

Medium 
 

Low (very rapid gel time for grout and 

low likelihood of significant leaching 

once cured) 

Moderate / 

Low 

Mar 2022 to Jul 2022 

XXXX PWS 

(High value) 

 

Medium 
Moderate / 

Low 

Nov 2022 to Mar 2023 

XXXX PWS (High 

value) 

 

Medium 

Unlikely (distance from tunnel 

alignment, very rapid gel time and 

above water table) 

Low Q3 23 to Q1 24 

Shardeloes Farm 

abstraction 

borehole (Medium) 

 

Medium 

Low (BH across gradient, low 

abstraction rates and very rapid gel 

time for grout) 

Moderate / 

Low 

Feb 2023 to May 2023 

Hill Farm GSHC 

(Low value) 

 

Mild 

Low (Likely closed loop system, low 

abstraction rate, rapid gel time and 

low sensitivity to contamination) 

Low Jun 2022 to Aug 2022 

River Misbourne 

(High value) 

 

Medium 

Low (depth of tunnel, presence of low 

permeability alluvium and weathered 

chalk, rapid gel time of grout) 

Moderate / 

Low 

Apr 2022 to Jun 2022 & 

Apr 2023 to Jun 2023 
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Table 6 Risk assessment to groundwater from bentonite 

 
Source 

 

Potential 

contaminants 

 
Pathway 

 
Receptor 

Consequence 

of 

occurrence 

 

Likelihood of occurrence 

(reason) 

Potential 

significance 

(risk) 

Period of risk 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tunnel 

boring 

 

 

 

 

 

 

Bentonite at M25 

 

 

 

 

 

Migration in 

groundwater 

 

Groundwater 

resource <500m 

from tunnel 

(High value) 

 

 

Medium 

Low (bentonite only used for a 

short section of tunnel above the 

water table and bentonite is 

relatively low mobility based on 

experience of losses during LTP1 

and CSP d-wall) 

 

 

Moderate / 

Low 

Limited to periods of 

several weeks each as 

the two TBMs move 

under M25 

 

 

XXXX / XXXX 

PWS(High value) 

 

 

 

Medium 

Unlikely (distance from tunnel 

alignment, bentonite only used for 

a short section of tunnel above 

the water table and bentonite is 

relatively low mobility based on 

experience of losses during LTP1 

and CSP d-wall) 

 

 

 

Low 

Q3 to Q4 of 2021 

 

 

 

 

 

 

Bentonite at 

Network Rail 

Crossing 

 

 

 

 

 

 

 

Migration in 

groundwater 

Groundwater 

resource <500m 

from tunnel 

(High value) 

 

 

Medium 

High (bentonite used for a short 

section of tunnel below the water 

table but bentonite is relatively 

low mobility if there is no 

turbulent water flow). 

 

 

High 

Summer 2023 for just 

over 1 month as the 

two TBMs progress 

beneath the railway 

 

 

XXXX PWS(High 

value) 

 

 

Medium 

Low (distance from tunnel 

alignment, bentonite only used for 

a short section of tunnel and 

bentonite is relatively low mobility, 

location is not beneath main river 

valley) 

 

 

Moderate / 

Low 

Summer 2023 for just 

over 1 month as the 

two TBMs progress 

beneath the railway 

 
River Misbourne 

(High value) 

 

 

Medium 

Low to Likely (bentonite only used 

for a short section of tunnel and 

bentonite is relatively low mobility, 

location is not beneath main river 

valley) 

Moderate / 

Low to 

Summer 2023 for just 

over 1 month as the 

two TBMs progress 

beneath the railway 
Moderate 
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Lubricants 

4.2.13 As detailed in Section 6.2 of Report 1 a small number of lubricants are used by the TBM 

during boring with several of these being lost to the aquifer as the TBMs progress 

including: 

 HBW grease which is in the main drive seal and will be used at a rate of 2.0m3/km of 

TBM boring (note that this is an increase from 1.1m3/km that is cited in document: 

1MC05-ALJ-EV-NOT-CS02_CL04-400048). Most losses will be to the cutting spoil as 

this is in contact with the drive, rather than to the tunnel walls.  Biocides are used in 

the grease but in very small quantities (<0.02%). 

 GR217 or BTG 4602 grease which will be used in the main drive at a rate of 2.3m3/km 

of TBM boring. Over 90% of the losses will be into the spoil not the aquifer. 

Although the greases both contain mineral oil this is <0.3% of the total. 

 WR89 or TG91 grease which will be used in the tail skin brushes and used at a rate of 

31m3/km of TBM boring. The grease will not be in contact with the aquifer as the 

grease is used to form a 1mm thick seal between the TBM shield and the concrete 

lining and so is encapsulated in the grout which is pumped between the chalk wall 

and the tunnel lining. There is therefore an extremely limited pathway to the aquifer 

which is only open for a very short period of time.  The TG91 grease was not assessed 

in document 1MC05-ALJ-EV-NOT-CS02_CL04-400048 and so further information is 

provided in Table 7 and the MSDS in Appendix E. 

 

4.2.14 These lubricants are all defined as insoluble and low mobility by the manufacturers and 

although this does not preclude migration of any lubricant into groundwater the actual 

quantities will be so small as to not be significant and will likely not be detectable at any 

receptors. The risks to all receptors are moderate/low or low (i.e. not significant) as 

detailed in Table 8. 
 

Table 7 TG91 characteristics 

Property Value 

Composition Calcium carbonate (30-60%), Triglyceride oil (1-5%), clay (e.g. bentonite) 

(1-5%), cellulose (1-5%) 

Triglyceride oil is a vegetable based oil such as rape seed 

Form Paste 

Stability Highly insoluble, inert and stable with no known hazardous reactions 

Ecotoxicity Not defined as environmentally hazardous, not toxic to fish 
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Table 8 Risk assessment to groundwater from lubricants used in the TBM 

 
Source 

 

Potential 

contaminants 

 
Pathway 

 
Receptor 

Consequence 

of 

occurrence 

 

Likelihood of occurrence 

(reason) 

Potential 

significance 

(risk) 

Period of risk 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tunnel 

boring 

 

 

 

 

 

 

 

 

 

 

 

 

Lubricants used 

by the TBM 

during boring 

 

 

 

 

 

 

 

 

 

 

 

 

Migration 

in ground- 

water 

Groundwater 

resource <500m 

from tunnel 

(High value) 

 

 

Medium 

 

Low (low mobility and low solubility 

of greases and limited pathway to the 

aquifer esp. for WR89) 

Moderate / 

Low 

Throughout boring but 

limited to periods of 

several weeks at any 

one point as TBM 

moves past 

XXXX / XXXX 

PWS(High value) 

 

Medium 

 

Unlikely (distance from tunnel 

alignment, low mobility and low 

solubility of greases and limited 

pathway to the aquifer esp. for WR89) 

Low Q3 to Q4 of 2021 

XXXX PWS (High 

value) 

 

Medium 
Low Mid 2022 (based on 

SPZ) 

XXXX PWS (High 

value) 

 

Medium 
 
Low (low mobility and low solubility 

of greases and limited pathway to the 

aquifer esp. for WR89) 

Moderate / 

Low 

Mar 2022 to Jul 2022 

XXXX PWS 

(High value) 

 

Medium 
Moderate / 

Low 

Nov 2022 to Mar 2023 

 

XXXX PWS (High 

value) 

 

Medium 

Unlikely (distance from tunnel 

alignment, low mobility and low 

solubility of greases and limited 

pathway to the aquifer esp. for WR89) 

Low Q3 23 to Q1 24 

Shardeloes Farm 

abstraction 

borehole 

(Medium) 

 

Medium 

Low (BH across gradient, low mobility 

and low solubility of greases and 

limited pathway to the aquifer esp. for 

WR89) 

Moderate / 

Low 

Feb 2023 to May 2023 

 

Hill Farm GSHC 

(Low value) 

 
Mild 

Low (Likely closed loop system, low 

abstraction rate, low mobility and low 

solubility of greases and limited 

pathway to the aquifer esp. for WR89) 

Low Jun 2022 to Aug 2022 
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Source 

 

Potential 

contaminants 

 

Pathway 

 

Receptor 

Consequence 

of 

occurrence 

 

Likelihood of occurrence 

(reason) 

Potential 

significance 

(risk) 

Period of risk 

    

River Misbourne 

(High value) 

 

 
Medium 

Low (depth of tunnel, presence of low 

permeability alluvium and weathered 

chalk, low mobility and low solubility 

of greases and limited pathway to the 

aquifer esp. for WR89) 

Moderate / 

Low 

Apr 2022 to Jun 2022 & 

Apr 2023 to Jun 2023 
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Significant effects on groundwater quality 

4.2.15 The assessment indicates that the majority of risks are low or moderate / low, effects that 

are not deemed significant or require mitigation. The exceptions are all associated with 

chalk / slurry turbidity including those to: 

 the groundwater resources in the immediate vicinity of the tunnel; 

 XXXX PWS; and 

 XXXX PWS. 

 

4.2.16 The is also a potential Moderate risk to groundwater quality from bentonite if it is used 

for support at the Network Rail crossing in the Little Missenden area. 

 

4.2.17 Although the risks from chalk / slurry turbidity are high they are all of relatively short 

duration in comparison to the duration of tunnelling.  At XXXX and XXXX PWS the particles 

are likely to be cleared relatively rapidly once tunnel boring in the vicinity of the 

abstractions is complete due to pumping from the abstractions (especially start / stop 

pumping cycles). 

 

4.2.18 There could be residual risks associated with chalk particles remaining in fractures and 

fissures around the alignment post construction but these would only be realised if there 

was a significant change in the local hydrogeology.  This would require a significant 

increase in the steepness of the hydraulic gradient which is only likely if new groundwater 

abstraction boreholes were drilled. This is currently unlikely as the aquifer is closed to 

new abstractions but in the event of a new abstraction being drilled, the zone of effect 

would likely be limited to several hundred metres around the abstraction (assuming it is a 

large PWS) and this would be removed during borehole development. 

 

4.2.19 There is potential for changes in flow rates to be induced by extremes in weather 

conditions, especially intense rainfall events / extended periods of rainfall that are well 

above normal, or extremely low levels of rainfall that result in low water levels. Around 

large Affinity Water abstractions the latter could potentially result in higher groundwater 

velocities that could mobilise turbidity. Although all possible, the risk from these events 

is assessed as low. 
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4.3 Risks to groundwater movement 

4.3.1 Changes to groundwater movement due to the construction of the Chiltern Tunnel could 

include the following, the risks from which are detailed in Table 9: 

 

 Changes in pathways, particularly in the unsaturated zone, due to use of bentonite in 

the vicinity of the M25, and in the saturated zone at the Network Rail crossing in the 

event that bentonite is used. 

 Short term changes resulting from the increased pressure at the cutting face and 

short term slurry movement during boring. 

 Permanent changes in lateral or vertical groundwater movement due to construction 

activities and / or the presence of the tunnel. 

 Permanent changes due to abstraction of seepage water from the tunnels. 

 

4.3.2 The use of bentonite in the vicinity of the M25 is detailed in Report 12 and the risks of 

significant changes to groundwater movement are low due to its short term use and as 

the majority of the bentonite will be removed with the slurry. Some localised blocking of 

fine fractures and fissures may occur but the effects will be insignificant in comparison to 

those of the tunnel itself. Rainfall recharge will migrate around any sealed fractures or 

fissures. Such changes could also occur at the Network Rail crossing if bentonite is used 

as a support fluid, although significant effects on groundwater movement are not 

anticipated. 

 

4.3.3 As the head changes at the cutting face are relatively small (c.1m), short lived as the TBM 

will be moving through the aquifer, and will rapidly dissipate in the fractured and fissured 

aquifer the effects of any changes are not assessed as significant. 

 

4.3.4 The tunnels are 10m in diameter and so could have an effect on vertical groundwater 

migration. This would particularly be the case where the tunnel passes through marl 

bands that would otherwise act as aquicludes and hard bands (such as the Chalk Rock) 

that are highly transmissive strata. As noted in Section 3.1 the tunnel will pass through a 

varied sequence of chalk including the Lewes and New Pit Chalk, both of which contain a 

number of marl seams and the Chalk Rock. This could be a significant local impact, 

although the extensive faulting along the alignment means that marl seams and hard 

bands are already discontinuous (see sections in Appendix C) and a significant regional 

effect is not anticipated. 

 

4.3.5 The process of tunnelling could theoretically induce fractures in the overlying chalk and 

increase vertical movement of groundwater. However, the upper parts of the chalk are 

soft and weathered and the Misbourne has a base of alluvium over soft chalk and so the 

potential for generation of fractures that would allow significant downward transmission 
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of water is extremely low. In addition, the tunnel only passes under the Misbourne at two 

short locations which reduces the potential for an effect even further and at the upstream 

location the river gains from groundwater due to upward groundwater movement so in 

the unlikely event of fracturing extending up through the river bed this would increase 

river flows. Further details are provided in Section 4.4. 

 

4.3.6 The effects of the tunnel on lateral groundwater movement have been assessed in detail 

in Report 1 and are not repeated here. The report concluded that there will be changes  

in water levels and flow patterns immediately adjacent to the tunnel but that these will 

not be laterally extensive across the aquifer.  However, Report 1 did not specifically assess 

the effects of the tunnel on groundwater movement in the Chalk Rock which is a highly 

transmissive zone at the base of the Lewes Nodular Chalk and which will be penetrated by 

the tunnel primarily between Chalfont St Peter and Chalfont St Giles vent shafts.       

Where the tunnel passes through this stratum there will be local effects on groundwater 

levels and flow but these will not be laterally extensive for the following reasons: 

 

 The geological sections (Appendix C) indicate that the faulting along the tunnel 

alignment results in elevation changes in the Chalk Rock which suggests that there are 

already either interruptions to lateral flow through the Rock, and/or, there are already 

vertical pathways in the Chalk, perhaps along the faults. 

 The strike of the chalk is south west to north east whilst the tunnel is dominantly 

orientated south east to north west. The tunnel cannot therefore form a continuous 

lateral blockage of the Chalk Rock but only a localised blockage through this stratum at 

any one location. Given that the Chalk Rock has a high permeability groundwater will 

rapidly establish flow routes around the tunnel. Thus, there will be local effects on 

groundwater flow and levels but these will not have a significant effect on abstractions 

or at distance from the tunnel. 

4.3.7 The water level / flow changes associated with construction of the tunnel are unlikely to 

have a significant effect on any sensitive receptors. If they do change flow in the River 

Misbourne it would be by a small amount and it would likely result in a local increase in 

river flow rather than a loss of flow (as the tunnel would reduce groundwater flow and 

force water upwards out of the aquifer (see Section 4.4 for further discussion). 

 

4.3.8 Any changes that do occur in the aquifer are likely to be far more localised than those 

associated with quality changes and so the risk assessment only considers a 50m zone 

around the tunnel for changes to groundwater movement rather than the 500m 

considered for groundwater quality. 

 

4.3.9 The seepage into the tunnel has been assessed and, based on the design parameters that 

need to be met must be less than 176m3/d. This water will seep along the c.11km of the 

tunnel that will be below the water table and will be returned back to the aquifer at two 
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locations, Chalfont St Peter shaft and Amersham shaft.  As the water is returned back to 

the aquifer there is no net effect on groundwater resources. Although water will have 

been moved from 11 linear km to two spot recharge locations the volume is insignificant 

compared to other abstractions from the aquifer and will not have a significant effect.  If 

there are any significant inflow points due to tunnel liner defects these would be rectified 

so that any inflows would be diffuse in nature. 
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Table 9 Risk assessment to groundwater movement from tunnel boring 

 
Source 

 

Potential 

effects 

 
Pathway 

 
Receptor 

Consequence 

of 

occurrence 

 

Likelihood of occurrence 

(reason) 

Potential 

significance 

(risk) 

Period of risk 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tunnel 

boring 

 

 

 

Effects at the 

cutting face 

from bentonite 

and slurry 

blocking 

fractures and 

fissures 

 

 

 

 

 

Migration 

in ground- 

water 

Groundwater 

resource <50m 

from tunnel 

(High value) 

 

 

Mild 

Likely (very localised effect on 

pathways, low mobility of bentonite 

(M25 crossing only), potentially 

transitory, migration will re-establish 

itself around any blockages) 

Moderate / 

Low 

Throughout boring but 

limited to periods of 

several weeks at any 

one point as TBM 

moves past 

 

All abstractions 

 

Mild 

Unlikely (distance from tunnel 

alignment, localised effect only, 

migration will rapidly re-establish 

itself around any blockages) 

Low 

 

River Misbourne 

(High value) 

 
Mild 

Unlikely (distance from tunnel 

alignment, localised effect only, 

migration will rapidly re-establish 

itself around any blockages) 

Low Apr 2022 to Jun 2022 & 

Apr 2023 to Jun 2023 

 

 

 

 

 

 

Lateral or 

vertical water 

movement 

around tunnel 

 

 

 

 

 

 

 

Migration 

in ground- 

water 

Groundwater 

resource <50m 

from tunnel 

(High value) 

 

 

Mild 

Likely (very localised effect on 

pathways but migration will re- 

establish itself around the tunnel and 

changes will be small in comparison 

to annual variations) 

Moderate / 

Low 

 

 

 

 

 

 

 

 

Permanent 

 

 

All abstractions 

 

 

Mild 

Unlikely (distance to abstractions, very 

localised effect on pathways but 

migration will re-establish itself 

around the tunnel and changes will be 

small in comparison to annual 

variations and effect of abstractions) 

Low 

 

 

River Misbourne 

(High value) 

 

 

Medium 

Low (depth of tunnel, presence of low 

permeability alluvium and weathered 

chalk, any effect would increase flows 

to a small amount but would not 

increase flood risk which is driven by 

rainfall runoff) 

Moderate / 

Low 
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Source 

 

Potential 

effects 

 

Pathway 

 

Receptor 

Consequence 

of 

occurrence 

 

Likelihood of occurrence 

(reason) 

Potential 

significance 

(risk) 

Period of risk 

 

 

 

 
Tunnel 

boring 

 

 

 

 
Seepage into 

tunnel 

 

 

 

Migration 

in ground- 

water 

Groundwater 

resource <50m 

from tunnel 

(High value) 

 

Mild 

 
Unlikely (very small seepage volume 

distributed along all of below water 

table alignment with extremely 

localised effects which will be 

insignificant compared to changes 

induced by rainfall variations and 

other abstractions) 

Very Low  

 

 

 
 

Permanent  

All abstractions 

 

Mild 
Very Low 

River Misbourne 

(High value) 

 

Mild 
Very Low 
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4.4 Risks to the River Misbourne 

4.4.1 The potential effects of tunnel construction on the River Misbourne have been discussed 

in detail in Report 1 and the risks from groundwater migration to the river are 

summarised in Tables 5, 6, 8 and 9. Due to stakeholder concerns the text from Report 1 

is included and expanded below.  This relates specifically to the two crossing points, the 

southern crossing point which is at Chalfont St Giles and the northern crossing point 

which is just upstream of Shardeloes Lake, an artificial online lake that is an extension of 

the River Misbourne and which is not separately distinguished from the river in this 

assessment (see Section 3.1 for chainages). 

 

4.4.2 Tunnel construction could potentially lead to the following effects on the River 

Misbourne: 

 

 enhanced leakage from the River Misbourne to groundwater by induced fractures, 

washout of infilled voids or other changes to flow paths caused by tunnelling 

activities, including settlement; 

 reduction in river baseflow as a result of disturbance to groundwater flow paths 

caused by the construction of the tunnel; 

 contamination by chalk turbidity which could migrate within groundwater which 

subsequently discharges at the River Misbourne; and/or 

 an increase in river flows at the tunnel crossing points due to increases in hydraulic 

heads up gradient of the tunnels. 

 

4.4.3 Settlement resulting from construction of the tunnels is predicted to be in the range 10 

to 30mm. This could potentially result in limited opening up of some fractures in 

competent chalk above the tunnels, but as the valley of the River Misbourne is already a 

well fractured high flow zone, this is unlikely to significantly alter flow rates or change 

pathways.  The competent chalk is overlain by weathered chalk which is likely to behave 

similarly to a clay and so is not likely to result in a significant increase in openings. In 

addition, the weathered chalk is overlain by alluvium which is likely to be a mixture of 

clay, silt, sand and gravel.  At the two crossing points the following strata have been 

identified in ground investigation boreholes: 

 

 Southern crossing point. The geology at the closest GI borehole (ML035-RO002) which 

is within 25m of the river indicates alluvium (silt, clay, sand and gravel) to about 5m 

underlain by chalk although as the drill returns were poor it is not possible to confirm 

the nature of the chalk.  Groundwater in the chalk was at about 7m depth.  A cored 

borehole (ML035-CR002) about 60m from the river indicates alluvium (clay and sand) to 

1.3m depth overlying clayey sandy gravel to 4.8m depth and then structureless chalk 

(silt) to borehole completion at 5.6m depth. 
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 Northern crossing point. The geology at ML042-CR003, which is about 75m from the 

river, indicates made ground / alluvium (clay) to 1.2m depth, underlain by river terrace 

gravels to 2.8m depth and then structureless chalk (silt) to 21.5m depth. Groundwater 

was about 1m below ground level. 

4.4.4 Given the relatively limited extent of the section of the tunnel beneath the river crossings, 

the depth of the tunnel at these locations and the presence of superficial deposits and silt 

like structureless chalk beneath the riverbed, it is considered unlikely that tunnelling 

activity will result in a significant increase in leakage from the River Misbourne.  Any 

settlement in the river bed will be self-sealing via the alluvium and structureless chalk and 

this is unlikely to change flow rates.  In addition to this, at the southern crossing the 

groundwater level is typically well below the bed of the river (by up to 7 or 8m) and only 

rises to provide river baseflow for short periods of time in spring following a period of 

high winter recharge. No mitigation is therefore required with regard to the effects of 

settlement on the River Misbourne. 

 

4.4.5 There is no evidence for springs within the Misbourne valley forming a potential source 

for the river and groundwater levels in the upper catchment are broadly similar to the 

river level, indicating a degree of connection between groundwater and the River 

Misbourne. It is therefore considered that baseflow to the Misbourne is diffuse and 

occurs up through superficial deposits into the river over a relatively long stretch of the 

upper catchment. 

 

4.4.6 Baseflow primarily occurs in the upper reach of the Misbourne, with the middle reaches 

between Shardeloes Lake and Chalfont St Peter typically losing water to the underlying 

aquifer (as evidenced by the low groundwater levels at the lower crossing. The northern 

crossing is therefore the area most at risk of experiencing reductions in baseflow as a 

result of tunnel construction. 

 

4.4.7 At the northern crossing the tunnel passes beneath the River Misbourne at an oblique 

angle with tunnel invert level at an elevation of approximately 70mAOD.  Local 

groundwater flow at tunnel depth is likely to be altered in the immediate vicinity of the 

tunnel by blocking some of the preferential flow pathways within the Misbourne valley. 

This could result in more groundwater entering the river, or groundwater flow down the 

valley could redirect around the tunnel through shallower fracture zones such that total 

flow down the valley will not be reduced. 

 

4.4.8 Diffuse baseflow would not be affected upstream of the tunnel and baseflow can still 

occur downstream as total groundwater flow is unlikely to be significantly altered. 

Baseflow in the vicinity of the northern crossing may be slightly altered but as baseflow 

occurs over such a long distance it is likely to have an insignificant effect on river flow. 
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The risks of tunnel construction reducing baseflow to the River Misbourne are therefore 

considered to be low. 

 

4.4.9 Chalk turbidity will be generated by the tunnelling activity and could potentially reach the 

River Misbourne due to the proximity of the works and the ease with which very fine  

chalk particles migrate within groundwater.  Turbidity effects caused by tunnelling are 

likely to be of greatest concern in the vicinity of the northern crossing, due to the gaining 

nature of the Misbourne in this area with no effects possible at the southern crossing 

except when the water table is very high. The presence of alluvium and structureless 

chalk beneath the River Misbourne at the northern crossing will provide a degree of 

filtration, although given the fine particle size of chalk turbidity this may only have a 

limited effect. 

 

4.4.10 At the northern crossing the top of the tunnel will be approximately 18m below the River 

Misbourne and there is unlikely to be a vertical gradient directing turbidity straight to the 

river, although there is some potential for it to appear downstream under some 

hydrogeological conditions. Tunnel construction is expected to advance at a rate of 

approximately 15 to 20m per day which means that each TBM will likely be in the 

Misbourne valley in the order of about 10 to 15 days. Any turbidity effects that do reach 

the river will therefore be short lived. 

 

4.4.11 Flow volumes in the River Misbourne are likely to be much greater than the volume of 

baseflow entering the river in the vicinity of the northern crossing and so any turbidity in 

the baseflow waters will be diluted significantly within the river itself, although flow paths 

and travel times will be important in the extent to which the dilution is significant.  The 

river Misbourne will have a background level of turbidity, although for the majority of the 

time this will be very low and the stream will be clear.  However, after some local rainfall 

events, especially those that are high intensity, and due to some agricultural practices 

such as ploughing fields, turbidity events of a higher magnitude than any potential 

turbidity generated during tunnelling may occur. The short term effects generated by 

tunnel construction are therefore considered to pose a low risk to the River Misbourne. 

 

4.5 Mitigation 

4.5.1 The only significant effects identified from tunnel construction are those associated with 

chalk and / or slurry turbidity.  There will certainly be effects on the groundwater resource 

immediately adjacent to the tunnel but these will decline with distance from the tunnel 

and will be short lived and so no mitigation will be required for the water resource per se. 

However, there is a significant risk to Affinity Water abstractions at XXXX and XXXX due to 

their very high sensitivity to low levels of turbidity and a combination 
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of their proximity to the tunnel alignment and high groundwater flow zones through the 

Misbourne Valley. 

 

4.5.2 The risk from turbidity was recognised at an early stage in the development of HS2 and 

funding was made available for construction and operation of turbidity treatment plants 

for the duration of construction. A plant has therefore been constructed at XXXX 

pumping station along with a pipeline from XXXX to XXXX. These works will allow 

treatment of water from both sites to ensure that turbidity is sufficiently low to allow 

water to be put safely into supply.  Similar plants have been constructed at XXXX and XXXX 

abstractions although these are both at very low risk of any impact from tunnelling. 

 

4.5.3 The potential for grout injection, use of bentonite and use of grease to reduce the 

efficacy of the turbidity treatment plant has been assessed. The grout has a very rapid 

gel time and is not anticipated to move more than about 10m from the tunnel alignment 

even in voided ground. Unless there is rapidly flowing water that disperses the grout 

before it sets it will not migrate. The greatest potential for turbulent flowing water is 

along the valley and there are only two valley crossing points, the first of which is down 

gradient of both abstractions and the second is sufficiently upgradient for sufficient 

dilution to have occurred in the unlikely event of grout mobilisation. 

 

4.5.4 Bentonite addition is only proposed at the M25 crossing which is above water table so 

there are no risks to XXXX or XXXX abstractions and the risks to XXXX is very low. An option 

for use at the Network Rail crossing (north of Little Missenden shaft) is still being 

considered. This would be below water table and so would be a slightly higher risk. 

 

4.5.5 The greases are used in reasonable amounts during tunnelling but they are all low 

mobility and low solubility so migration is not anticipated. In addition, grease losses are 

likely to be encased in the tunnel lining system (tail skin grease is used in the largest 

amount) or lost in small quantities with the chalk cuttings. 

 

4.5.6 Impacts of grout, bentonite or grease on the efficacy of the turbidity treatment plant at 

XXXX are therefore not anticipated. 

 

4.5.7 Monitoring will be undertaken during tunnelling (see Report 9 listed in Table 1) and if 

there is a significant impact that is laterally extensive or persistent then mitigation would 

be implemented once any required consents are in place.  This could comprise 

groundwater remediation using techniques such as pump and treat. 
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5 Consent requirement 

5.1 Environment Agency approval 

5.1.1 According to the HS2 Technical Standard1, the proposed works could potentially require a 

proforma or detailed submission to the Environment Agency in the following categories: 

 

 Any of the works that may impact on a SSSI, SAC, SPA. 

 Discharge of rainfall (quality) to watercourses or ground. 

 Below groundwater construction e.g. tunnelling, piling and shafts. 

 Use or application of chemicals, additives or lubricants to works below the 

groundwater table. 

 Temporary construction activities to facilitate permanent works e.g. cofferdams, 

over pumping, temporary crossings. 

 Ground investigation works not covered elsewhere in Table 10 of the Technical 

Standard. 

 

5.1.2 The Technical Standard also indicates that a consent is required for tunnelling below a 

main river if certain criteria (see Sections 6.6 and 6.7 of the standard) are not met. As 

these are not all met for the Chiltern Tunnel (primarily as the crossings are not within 10 

degrees of perpendicular to the river) then a consent is required. 

 

5.1.3 The proposed works include construction below the water table, the use of chemicals, 

additives and lubricants below the water table and tunnelling beneath a main river. The 

proposed works therefore require a detailed PPA submission as per the HS2 Technical 

Standard4. 

 

5.1.4 A WFD Compliance Form is included in Appendix F. 

 

5.2 Affinity Water consent 

5.2.1 The APA and PPA/U&A2189 require consent from Affinity Water for this activity 

irrespective of the depth to groundwater. The methodology and risk assessment detailed 

in this report are therefore provided to Affinity Water with regard to Align’s request for 

consent. 

 

 

 

 

 

 
 

1 HS2, 2019, Technical Standard - Water resources and flood risk consents and approvals, Document no.: HS2-HS2-EV-STD-000-000015 
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6 Monitoring proposals 
6.1.1 Monitoring details are provided in a standalone site specific monitoring plan for the 

Chiltern Tunnel (Report 9 in Table 1). 
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Appendix A RAMS for tunnelling 
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1 Introduction 

1.1 General introduction to the Project 

HS2 awarded the Main Works Civil Contract (MWCC) for Section C1 to the ALIGN Joint-Venture (JV) on 

the 31st of July 2017. 

 

Section C1 is located in the Central Delivery Area. It contains two major assets, the Colne Valley Viaduct 

and the Chiltern Tunnels. They run from route chainage 25+800 at Colne Valley South Embankment to 

route chainage 47+750 at Chiltern Tunnels North Portal. 

 

 
 

Figure 1: HS2 Lot C1 Overview 

 

The route of HS2 Phase One within Section C1 through the Colne Valley area is approximately 5.7km in 

length. The route commences from the boundary of the existing Harvil Road alignment, north of 

Ickenham and proceeds north-west on the Colne Valley Viaduct, passing west of South Harefield and east 
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of Denham Green, over the Grand Union Canal, Mid Colne Valley Site of Special Scientific Interest, River 

Colne, a number of lakes and A412 Denham Way/North Orbital Road. 

 

The route of HS2 Phase One continues in a north-west direction passing west of West Hyde in a series of 

cuttings and embankments before entering the Chiltern Tunnel via the Chiltern Tunnel south portal, 

immediately east of the M25 motorway. 

 

1.2 General introduction to the Chiltern Tunnel 

The Chiltern Tunnels construction consists of two tunnels, excavated by TBM 1 (S1205) & TBM 2 (S1206), 

totalling respectively ~16km of excavation in ~10.265m Ø considering segmental lining ID of 9.1 m Ø 

and OD of 9.9 m Ø. 

 

Both TBMs will be launched from same South portal, accessible from the M25 motorway between 

junctions 16 and 17 and east of Chalfont St Peter, in the Colne Valley area. All the logistic to supply the 

TBM will be done from the South Portal. 

 

Variable Density Tunnel Boring Machines (TBM) will be used for the construction of the tunnels. Spoil 

from the excavation chamber at the front of the TBM is removed by means of a pumped slurry 

recirculation system and the spoil is pumped back to the surface where the spoil is separated from the 

slurry by means of a Slurry Treatment Plant (STP). 

 

The tunnels proceed north-west passing under two sections of Chalfont St Giles located on either side of 

River Melbourne and pass approximately 500m to the north of Coleshill village. The tunnels continue to 

the south of Amersham Old Town through to west of Frith Hill road, behind the Orchard Cottage and 

Frith Hill Farm, South Heath in Buckinghamshire County, where the northern portal is situated. 

 

The TBM’s are crossing five ventilation and intervention shafts (vent shafts), located at Chalfont St Peter, 

Chalfont St Giles, Amersham, Little Missenden and Chesham Road respectively 

 

A total of 38 Cross passages will be built behind the TBM. 

 

The elevation view is presented below, with a main concern having 2 Low points to cross and a high 

elevation (+110m above portal) for last section of tunnel. 
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Figure 2: Overall elevation view for TBM drive 

 

 

1.3 Definitions and abbreviations 
 

# Abbreviations Definitions 

1 TBM Tunnel Boring Machine 

2 VaD Variable Density 

3 LD Low Density 

4 HD High Density 

 

5 

 

SIR 

Slurry Injection Rate is the ratio of LD slurry injected in the 

excavation chamber compare the ground in-flow due to 

excavation advance 

6 PLC Programmable Logic Control 

7 PID Proportional, Integral, Derivative 

8 Pyxis TBM Guidance System 

9 DTA Design Tunnel Axis 

10 PB Push Button 



TBM – Excavation of the Tunnel 

Document no: 1MC05-ALJ-TN-MST-CS02_CL04-000003 

Revision: C01 

Page 4 

 

 

 

 

 

11 SE Shift Engineer 

12 STP Slurry Treatment Plant 

13 VISU Visualization unit of the electric control system 

14 BYDAS Bouygues Data Acquisition System 

15 MOBYDIC Bouygues instrumented cutter and associated supervision 

screens 

16 CW Clockwise 

17 CCW Counter clockwise 

18 CoT Centre of Thrust 

19 RB Ring Building 

20 SA Standard Advance 

21 SCA Semi-Continuous Advance 

22 SRG Shift Review Group 

23 OIS Operational Instruction Sheet 

24 DTAP Daily Tunnelling Advancement Plan 

Table 1: List of abbreviation. 
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2 Purpose and Scope of Works 
This method statement briefly describes the operational cycles of the TBM as the tunnel will be 

constructed. The TBM cycle consists of an excavation cycle and ring erection (lining installation) cycle. 

This Method statement will focus on the excavation cycles of the TBM. 

 

The excavation of the tunnel comprises the following operations: 

 Excavation with the cutter-head; 

 TBM shield advancement and steering; 

 Confinement of the excavation face and removal of spoil; 

 Grout injection; 

 Tail-skin grease injection; 

 Preparation for the cutter head maintenance. 

 

This document will provide a clear understanding of the processes involved in each of the activities 

defined above and identify all the associated risks and hazards for each activity. It defines the suitable 

control measures and risk assessments that must take place in order to safely carry out each task, in 

accordance with the applicable UK legislation and the industry’s best practice. 

 

Other operations linked to the cycle of the TBM but carried out independently to the excavation cycle 

will be covered in separate RAMS, this include: 

 The segmental lining erection; 

 The mucking system inside the tunnel and the Slurry Treatment Plant; 

 Cutter head maintenance; 

 Hyperbaric operations; 

 The logistic inside the tunnel & supply to the TBM; 

 Extension of slurry mucking pipes (slurry feed line, slurry return line, recycled water line); 

 Extension of bentonite, cooling water and de-watering services; 

 Extension of the TBM ventilation system; 

 Installation of temporary tunnel lighting; 

 Installation of the tunnel walkway; 

 Hanging and lengthening of HV, LV and communications cables; 

 Segment and leakage repair. 

 

This RAMS only covers the production side of the TBM operations. The maintenance operation of the 

TBM are covered in the Herrenknecht maintenance manual. 
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3 References 

3.1 British & International Standards: 

 BS 6164 -2019 - Code of practice for health and safety in tunnelling in the construction 

industry; 

 BS  EN  12336-2005-A1-2008  -Tunnelling  machines  -Shield  machines,  thrust  boring 

machines, auger boring machines, lining erection equipment - Safety requirements; 

 BS EN 16191-2014 - Tunnelling machinery — Safety requirements; 

 EN 12110 - Tunnelling machines - Air Locks - Safety requirements; 

 ITA - Guideline for the provision of refuge chamber in tunnels under construction. 
 

3.2 Client Specifications: 

 HS2-HS2-CV-SPE-000-014010 - SCEW Series 4010 Tunnelling (Bored Tunnels and Shafts); 

 HS2-HS2-CV-SPE-000-014200  -  SCEW  Series  4200  Tunnelling  (Slurry  Tunnel  Boring 

Machine). 
 

3.3 Project General References: 

 1MC05-ALJ-QY-PLN-C001-000001 - Contract Quality Plan; 

 1MC05-ALJ-HS-PLN-C001-000006 - Principal Contractors Construction Phase Health and 

Safety Plan; 

 1MC05-ALJ-EV-PLN-C001-000026 - Contract Wide Environmental Management Plan; 

 1MC05-ALJ-EV-PLN-C001-000030 - Contract Waste Management Plan; 

 HS2-HS2-SC-PLN-000-000004 - Security Intelligence Management Plan; 

 1MC05-ALJ-HS-PLN-C001-000032 - Site Emergency Preparedness and Response Plan. 
 

3.4 Project Tunnelling References: 

 1MC05-ALJ-TN-MST-CS02_CL04-000005 - RAMS – Segmental Lining Installation; 

 1MC05-ALJ-TN-PLN-CS02_CL04-000004 – TBM - Segment and leakage repair plan; 

 1MC05-ALJ-TN-MST-CS02_CL04-000006 - RAMS – TBM - Segment and Leakage Repair; 

 1MC05-ALJ-TN-MST-CS02_CL04-000007 - RAMS – TBM Logistic; 

 1MC05-ALJ-TN-MST-CS02_CL04-000008 - RAMS – TBM Utilities Lengthening; 

 1MC05-ALJ-TN-MST-CS02_CL04-000009 - RAMS – TBM - Hyperbaric Operations; 

 1MC05-ALJ-TN-PLN-CS02_CL04-000005 - TBM – Incident Management Plan; 

 1MC05-ALJ-TN-MST-CS02_CL04-000004 - RAMS – Slurry Treatment Plant Operation. 
 

3.5 Herrenknecht References: 
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 S-1205/1206 Variable Density TBM High Speed 2 Phase 1 Section C1 – Operating Manual; 

 5778-006-915-00 – Escape and Rescue Plan 
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4 Sequence and Methods of Work 

4.1 Excavation with the Cutter Head 

4.1.1 General 

 

Excavation of the ground within the horizon of the tunnel is carried out by the TBM cutter-head.  The 

cutter head is a welded assembly comprising the following: 

 The structure; 

 The permanent cutting system (cutting tools); 

 

4.1.2 Description of Cutter Head Structure 

 

The cutter-head has an excavation diameter of 10,265mm (with new excavation tools) and thus an 

excavation face of 82.76m2. 

 

The main structure is composed of 8 arms linked together by an inner ring. The cutter head is bolted on 

the main drive unit ring. The structure is protected by wear plates and on the continuous sections by 

hard facing (weld material). 

 

 

 
Figure 3: Cutterhead front and rear views 
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The following properties / features also apply: 

 Working rotation is clockwise for the excavation, turning counter clockwise is still possible; 

 2 wear detection mushrooms and 2 wear detection channels are fitted in boxes with hydraulic 

measuring equipment, alarm provided in the control cabin; 

 2 rows of grill bar for wear protection; 

 6 slurry injection ports through the cutter head directly to front face. 

 

 

 

 
Figure 4: Cutterhead wear detection and slurry injection points 

 

 
 

4.1.3 Description of Permanent Cutting System 

 

There are 2 types of cutting tools: 

 Disc Cutter tools (19”, twin disc monobloc) that break down the face for hard ground; 

 Cutter knives, Ripper and Scrappers (Buckets) for removing soft ground. 
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The cutter tools are mounted on supports (tool holders), welded on each side of the cutter head spokes. 

The design of the tool holder is such that tools can be replaced without needing to dig a deep hole in 

the excavation face. 

 

The following characteristics apply: 

 Space between tracks is 110mm in the face and reducing on the peripheral; 

 1 central ripper (in 4 parts, covering track 1 to 8); 

 56 tracks (-8 single from central ripper); 

 Tracks 54/56 have allowance for 3 discs cutters; 

 Tracks 53/55 have allowance for 2 discs cutters; 

 In total, 27 double discs cutters monobloc including 16 double disc cutters monobloc with C- 

wedge fasteners and 11 instrumented Mobydic® double disc cutters monobloc with V-wedge 

fasteners; 

 172 Cutting Knives; 

 80 Scrappers Buckets; 

 2 gauge rippers. 
 

 

 
Figure 5: Cutterhead tools 



TBM – Excavation of the Tunnel 

Document no: 1MC05-ALJ-TN-MST-CS02_CL04-000003 

Revision: C01 

Page 11 

 

 

 

 

 

4.1.4 Description of the Mobydic® instrumented disc cutters 

 

Mobydic® is a Bouygues TP development for TBM disc monitoring. 

 

For each equipped disc, the system allows the measurement and the acquisition of: 

 The radial force applied on the disc; 

 The disc cutter rotation speed; 

 The disc cutter temperature. 

Having these parameters, the system allows the interpretation of the encountered geology and the disc 

cutter status. 

 

The cutter discs and its housing are equipped with electronic devices. Therefore, they are specific and 

have been supplied to the TBM manufacturer for their fully integration during manufacture of the TBM. 

All interfaces connections are tested on surface prior to install the cutter head. 

 

 

 
Figure 6: Repartition of Mobydic® discs cutters 

 

The interface for the 11 discs cutters installed consists of: 

 Specific Mobydic® disc housings and electronic protection welded on the CH; 
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 Disc cutters with instrumentation, acquisition modules set up in the Mobydic® disc cutters shafts; 

 A wireless box and a power supply on the rotatory joint; 

 The acquisition system coupled to the main TBM software in the TBM control cabin; 

 The duplicate of information in office on surface. 

 

 

 
Figure 7: hardware architecture 

 

In the cabin, the pilot has a continuous access of Mobydic® acquisition and calculations. The radial load 

applied on the disc gives information about the hardness of the encountered soil while the rotation speed 

of the disc indicates its weariness. 

 

The choice of the instrumented disc position should give us a view of the face mapping once the wheel 

has rotated 360deg. 

 

All the data received from the instrumented disc cutters can allow displaying a real-time diagraph of the 

front. All these data are recorded in historical ring files every 10mm of excavation. 

 

Specific thresholds will be adjustable by Align to create PLC fault able to: 

 Stop the TBM advance; 
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 Stop the advance and cutterhead rotation. 

 

The view below shows an example of the tympanum excavation during the launching of the S880 on 

Tuen Mun Chep Lap Kok Subsea Tunnel. It shows clearly the location of the concrete compare to the void 

provided in the middle: 

 

 
Figure 8: View of Mobydic screen during crossing of tympanum (TMCLK) 

 

The view below show the crossing of a concrete pile during the excavation of S989 for SCL1128 project. 

The pile can be clearly seen in the middle of the cutterhead: 

 

 
Figure 9: View of Mobydic screen during crossing of concrete pile (SCL1128) 
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Mobydic historical software allows replaying the different situation by reading the recorded information. 

The software allows visualizing the film of the previous excavation. Like a videotape, it’s possible to go 

forward, pause, backward, seek the data for a specific ring number and ring chainage and adjust the 

replay speed. Below a view of this tool on 1128 project: 

 

 

Figure 10: View of Mobydic historical software (SCL1128) 

 

4.1.5 Cutter Head Rotation, drive unit & Torque 

 

The cutter head is working in both direction but will be used mainly in clockwise rotation. The cutter head 

has a speed range between 0 and 3.2 rpm in either rotation direction. 

 

It is supported with 10 electrical motors rated at 350kW each. These motors are asynchronous type, 

water-cooled and driven by 10 Frequency converters. The Pilot will adjust the speed of the cutter head 

depending on geology, torque, penetration (i.e. TBM advance rate) and other excavation parameters. 
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Figure 11: Drive unit 

 

The torques and the speeds provided by the drive unit are mentioned below and presented in the torque 

diagram: 

 Nominal torque is 16 239kNm; 

 Maximum torque is 20 136kNm; 

 Break out torque is 21 922kNm. 

 

 

Figure 12: Torque diagram S1205 / S1206 
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The torque is transmitted to the main bearing through shafted pinions which are driven by planetary 

gears. The connections between the motors and the gear boxes is done though safe set couplings which 

act as torque limit switch. 

 

Each electrical motor is driven by frequency converter which can be overloaded for reduced period 

(approx. 30s) in order to reach the breakout torque value of the diagram. This period is given by the 

cooling capacity of the frequency converters. 

 

The general driving mode of the drive unit is frequency regulated: all the frequency converters work to 

the same frequency. The PLC control permanently the overall comparison of all frequency converters in 

speed (frequency) and in torque (current). 

 

Following actions are done automatically in following scenarios: 

 Torque difference bigger than 15% beyond 25 seconds: Alarm in VISU and advance STOP; 

 Speed difference greater than 5% between the frequency converter and the tachymeter in one of 

the pinions: Advance STOP; 

 Torque difference bigger than 20 % beyond 25 seconds: Cutting wheel rotation STOP; 

 Speed difference greater than 20% beyond 10 seconds between the frequency converters Cutting 

wheel rotation STOP; 

 At least 1 safe set fault beyond 15s: Rotation STOP. 

 

The PLC permanently controls ensures the torque diagrams as shown above are not exceeded. A lower 

torque can be set in the VISU if necessary (in % of the maximum current). 

 

Safety couplings type Safe-set ST-KB 125/2 are installed between the motors and the gear boxes. Each 

coupling act as a hydraulic torque limit switch, controlling permanently the torque transmitted between 

all motors and all gearboxes. 

 

If, for any reason, one or more motors are transmitted a torque close to the safe-set torque, as defined 

on the torque diagrams, both sides of the couplings will start to slide until the shearing pin of the relevant 

safe-set is broken (release of hydraulic pressure in the safe-set, not anymore enough friction between 

the two coupling sides). 

 

Once the shearing pin is broken, no more torque is transmitted between the motors and the relevant 

gear boxes and the PLC will detect torque differences between all motors. A message will be displayed 

for the corresponding safe set in the control cabin VISU, and the cutting head rotation is stopped. 
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Figure 13: Safe set description 

 

On top of the torque limitation provided by the safe-sets, the S-1205/1206 drive unit are equipped with 

fuse shafts. These shafts are mounted directly between each gear box and its associated pinion. There 

are rated and calculated to provide a broken torque as shown on the figure below: 

 

 

Figure 14: torque values 
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The main purpose of these shafts is to protect the integrity of the main gear. If, for any reason, one or 

more gear boxes are blocked, the fuse shaft should break before any serious damage appear to the main 

gear. 

 

The one brake on the cutting wheel drive is a parking brake. It is opened by applying control pressure. 

Closing is done by releasing the brake. Since the brakes is a parking brake, it must only be closed when 

the cutting wheel is stopped. 

 

An electrical sensor controls the position of the brake (open or close): 

 When the brake is open, the proximity sensor gets a signal, which allow the cutting wheel rotation. 

 When the brake is closed, the proximity sensor does not get any signal, which does not allow the 

cutting wheel rotation. 

 The accumulator installed on the brake circuit allows to get the brake closed approx. one minute 

after cutting wheel rotation has been stopped (in normal operation). In inching, the accumulator 

is quickly discharged to allow direct parking of the cutting wheel. 

 

 
4.1.6 Main drive lubrication 

 

4.1.6.1. Description of the seal 

 

The main drive on the TBM has a 4 lip seals which maintains the lubrication and protection against 

potential contamination. The schematic below identifies the different parts of the seal. 

 

 

Figure 15: Main drive sealing 

 

The labyrinth seal is continually injected with seal grease to prevent the ingress of material or slurry into 

the main drive. The pressure of injection corresponds the pressure in the excavation chamber with a value 

0.5bar above the support pressure. This grease is named HBW, with an MAF (1MC05-ALJ-TN-FRM- 

CS02_CL04-000003) submitted for this grease prior to the launch of the TBM’s. 
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The grease is injected at a rate of 0.00528m3/hr, which represents a total of 2.0m`/km of excavation for 

each tunnel. The lubricant is primarily lost in excavated spoil, but some may be lost in the walls of the 

bored tunnel. Based on discussions with suppliers of this grease, it is estimated that the quantity present 

in the spoil would range between 0.005mg/kg and 0.024mg/kg. Details of the risks to the water 

environment are provided in documents 1MC05-ALJ-EV-NOT-CS02_CL04-400048 and 1MC05-ALJ-EV- 

REP-CS02_CL04-000142. 

 

The grease chamber is continually injected with grease to lubricate the seal on either side of the chamber 

and is a passive seal in which grease is pumped 0.5 bar above the support pressure. The grease injected 

is GR217 EP2 or BTG4602 and is injected at a rate of 0.00622 cm3/hr, which represents a total of 2.3m3/km. 

A MAF (1MC05-ALJ-TN-FRM-CS02_CL04-000004) will be submitted prior to the launch of the machine. 

 

The following are only used at higher confinement pressures above 3.5bar are used: 

 The oil chamber - a closed circuit and further lubricates the seal. It is cleaned through filters and 

does not go through to the excavation chamber 

 The leakage chamber - pressurised with compressed air to support the seal. 

 The gear box - filled with gear oil and is pressurised with compressed air. It again is a closed circuit. 

 

 

4.2 Front shield (active) articulation 

The Front Shield of the TBM is equipped with an articulation system which allows the turning and tilting 

movement of TBM. The front articulation joint connects the front shield with the middle shield and allows: 

 Parallel translation of the front shield against the middle shield; 

 Angular tilting movements of front shield required for TBM steering purpose; 

 Better harmonisation of the pressure between the thrust cylinders; 

 Overcut of the ground at 9’clock with worn disc cutters to enable maintenance of the disc cutters; 

 Calculation of the disc contact force. 

 

This articulation is made of 14 hydraulic cylinders with 300 mm stroke controlled in 3 hydraulic groups. 
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Figure 16: Layout of shield active articulation 

 

The thrust force for the active articulation will be nominally 66,853kN at 350 bars, being able to take the 

TBM nominal main thrust, with the maximum up to 420 bars. 

 

8  numbers  of  the  cylinders  are  equipped  with  stroke  measurement  sensors.  The  transmission  of 

information will be controlled by PLC for the extension and any correction. 

 

 
Figure 17: Shield articulation sectors 
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The front articulation can be operated via the main control panel in the control cabin. There are three 

different modes to move the front shield: 

 Orientation mode; 

 Parallel extension/retraction mode; 

 Parallel extension/retraction mode (with offset). 

 
 

Figure 18: Articulation panel layout 

 

4.3 Shield roll correction 

Due to the reaction torque between the cutter head and the excavation face, during excavation, the shield 

will tend to rotate (or roll) gradually away from its neutral (horizontal) position, in a direction opposite to 

the rotation of the cutter head. 

 

This characteristic is known as shield roll and must be controlled by the TBM Operator. 

 

Inclinometers mounted in the shield return information to both the VISU and the Pyxis system to inform 

the TBM Operator  of the current roll magnitude. The TBM Operator will use the Thrust cylinder 

displacement (Roll Correction System) to compensate the roll. The orientation/angle of the cylinders on 

the segment force the shield to rotate in the specified direction. 

 

4 positions are available depending roll amplitude and the sense of the correction (CW or CCW). As the 

cutterhead will be mainly used in CW rotation, the shield roll will go CCW direction. The 4 positions are: 

 -50mm; 

 0; 

 50mm; 
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 100mm. 

 

 

 
 

Figure 19: Principle of thrust cylinders displacement 

 

4.4 TBM Shield Advance and Steering 

4.4.1 General 

 

The TBM advances by pushing against the previously installed segmental lining using the thrust cylinders, 

which are found in the middle shield. After a set distance of 2m (length of segment) is reached, the 

machine is stopped and the next ring erected. 

 

The back-up gantries are connected to the shield through the erector beam and are pulled forward as 

the machine advances. 

 

The thrust cylinders are powered by the main hydraulic system. The steering and advance speed of the 

TBM are controlled by the manipulation of the flow oil and the repartition of pressure applied to the 

individual pairs of thrust cylinders. 

 

The C1 TBM’s have two advance modes, normal excavation mode and semi-continuous boring mode. 

Both will be described in this section of the method statement. 

 

4.4.2 Description of the Main Thrust System 

 

The TBM’s thrust is distribute by 14 pairs of cylinders. 

 

Each pair of cylinders is equipped with a thrust pad fitted with polyethylene plastic plates to distribute 

the load onto the segments, increasing the friction load. 
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Each pair of cylinders is equipped with elongation sensors that allow the forward extension of the thrust 

cylinders to be measured in real time, thus the advance of the machine. This information is displayed on 

the VISU control screens in the control cabin. 

 

The figure below shows the arrangement of the thrust cylinders inside the middle shield and identifies 

the cylinders with the elongation sensors. 

 

 
 

Figure 20: Thrust cylinder distribution 

 

Each pair of cylinders is connected to a dedicated hydraulic pump, which performs the functions of 

normal operation (advance and ring building). 

 

In case of power shortage, the erector emergency pump, powered by the emergency generator (genset) 

in a fault situation, can supply power to the thrust cylinder’s hydraulic circuit. This prevents pressure being 

lost in the cylinders that are supporting the last ring. 

 

The thrust cylinders are managed in 3 hydraulic states: 

 Excavation/Advance mode - The pads are under high pressure which generates the thrust force 

to move the machine forward. Adjusting the pressure distribution across the 14 pairs cylinders 

guides the TBM. 

 Ring building mode - during segment installation. The pad pressure is reduced, and a sufficient 

force is provided to ensure the segments supported and the TBM does not advance; 
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 Auto re-filling mode – during standby or maintenance. The feed to cylinders is controlled 

automatically to maintain a set pressure and thrust force in a stable condition and not advance 

the machine forward. 

 

General characteristics: 

 Number of thrust cylinders: 28 

 Number of thrust pads: 14 

 Useful Stroke: 3200mm 

 Piston diameter: 300mm 

 Rod diameter: 260mm 

 Elongation sensors: 14 units 

 

Standard Advance Mode (SA) Characteristics: 

 Max. advance speed: 60mm/min 

 Min. pressure: 30 bar 

 Nominal pressure: 365 bar 

 Max. pressure: 420 bar 

 Nominal push force per cylinder pair: 5,160kN 

 Max. push force per cylinder pair: 5,937kN 

 Total nominal thrust force: 72,240kN 

 Total max. thrust force: 83,126kN 

 Adjustable pressure sectors: 14 

 

Semi-Continuous Advance Mode (SCA): 

 Max. advance speed: 30mm/min 

 Min. pressure: 30 bar 

 Nominal pressure: 283 bar 

 Max. push force per cylinder pair: 4,000kN 

 Total max. thrust force: 30,000kN 

 

4.4.3 Thrust Parameters 

 

The TBM thrust settings are the result of several complex phenomena and depend on the following: 

 The machine itself (length, weight, centre of gravity and orientation of the front articulation); 

 The ground encountered (geology); 

 TBM parameters (cutting speed, advance speed, torque…); 

 Position of the TBM relative to the Design Tunnel Axis (DTA); 

 Mode of operations (normal or semi-continuous advance). 

 

In order to set the thrust parameters correctly, the TBM Operator must consider the following criteria: 
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 The confining pressure; 

 The friction forces around the shield and tailskin; 

 The pulling forces of the back-up; 

 The contact forces via the displacement/articulation cylinders; 

 Steering required to follow the DTA (thrust repartition); 

 Information of disc cutters given by Mobydic®; 

 The machine advance speed (max. speed 60mm/min – max. speed set by TBM Manager); 

 The penetration rate depending on the ground conditions (max. penetration rate linked to the 

geology will be set in the supervision stopping the advance – set by TBM Manager). 

 

Several of these parameters will be specified based on the Operational Instruction Sheet provided to the 

TBM control cabin. The TBM Operator will adjust the thrust cylinders accordingly to ensure these 

parameters are met. 

 

Parameters will be reviewed during the Shift Review Group (SRG) meetings and validated by the TBM 

Manager. 

 

4.4.4 Steering of the TBM - Distribution of Thrust Force 

 

The direction in which the machine moves is determined by the distribution of the thrust force applied 

on the segmental ring. The extent to which the forces are distributed is dependent on the Thrust 

Parameters described in previous section. 

 

The difference in pressure between the pairs of thrust cylinders allows the machine to be directed due to 

the differing extension rates. In simple terms, if there is a large force pushing on the right side of the 

machine than on the left, the tendency of the machine will be for it to be guided to the left. 

 

For reference, the figure below shows the position of the centre of gravity of the machine based on its 

weight. If the centre of thrust force applied by all the cylinders is below this position, the machine should 

tend to be guided up wards. 

 

4.4.5 Pyxis Guidance System 

 

Pyxis is the TBM guidance/steering system which is used on the TBM and provides the theoretical 

trajectory for the machine, based on the design tunnel alignment (DTA). It is made up of target unit, 

inclinometers and total station while also utilising information from the TBM VISU as well additional 

information inputted on the system. 

 

During TBM operations, the position of the TBM is continuously calculated by Pyxis. It works by knowing 

two points with regard the tunnel coordinate system (its current fixed position and back shot position) 
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and comparing that with the angle and distance target positioned in the shield. When adding this 

information to the inclinometers, thrust cylinder lengths, articulation cylinders length, the position of the 

machine can be calculated. 

 

With all this information gathered, the key position of the next ring can be anticipated. The image below 

provides an example of the guidance screen, which is present in the control cabin of the machine. The 

left screen shows the main guidance parameters and is used to troubleshoot the system. The right screen 

shows the tendencies of the machine in the up/down and left/right positions about the track chainage. 

The as-the built position of the previous ring relative to the tailskin is also shown on this graphic. 

 

 

Figure 21: Pyxis Guidance display screen (indicative only) 

 

In the example above to steer the machine, the TBM Operator would steer the cutter head (represented 

by blue target on the above screen) towards the steering axis (goal – represented by the red target/cross). 

He would increase the pressure value in the top thrust cylinders and decrease the pressure in the lower 

thrust cylinders by moving the centre of trust upwards. This would redistribute the forces accordingly to 

allow the machine to change direction. 

 

The front of the blue target represents the cutterhead of the machine while the rear of the target 

represents the tailskin. It is important that both positions are considered when guiding the TBM, given 

that the tailskin is the area in which the permanent lining will be installed (i.e. the most important). 

 

4.4.6 Standard Advance (SA) & Steering 

 

Typically, the standard advance involves two independent repetitive processes; advance and ring 

building. The machine will excavate forward 2000mm before the next ring can be installed. A simple flow 

diagram is shown below. 
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Figure 22: Standard Advance Principle 

 

The thrust cylinders must reach an extension of at least 3100mm in order for the key segment of the ring 

to installed. This will be explained in further documentation regarding the ring building process. 

 

As a form of continuous boring is implemented on this machine, the steering operations have been 

altered, with each pair of cylinders now making use of 1 hydraulic pump, rather than having several 

cylinders controlled from a single pump (sector). 

 

To guide the machine, the operator will select the position of Centre of Thrust (CoT) from a dedicated 

touch screen: 

 The CoT is described as the point in the shield where all the reaction forces are directed. 

 As the position will take into consideration the weight of the machine, its centre will normally be 

below the x-axis. 
 

 

 
Figure 23: Centre of Thrust (CoT) Principle 

 

As we are using the CoT, the operator must select the opposite direction for which they want to 

guide the machine in. For example, if the operator wanted guide the machine to the right, the position 

of CoT will be on the left as the forces will need to be applied on this side of the machine. An image of 

the control screen is shown below, with the yellow dot represents the current selection of CoT. 
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Figure 24: Thrust cylinders control touch screen 

 

In the case above, the operator is directing the machine to the left and up, with the centre of thrust 

located in the bottom right of the screen. This means a greater force is applied in this location. 

 

When positioning the centre of thrust, the PLC automatically regulates the thrust cylinder pressures to 

maintain this set point. 

 

The advance speed is the then altered by adjusting the flow of oil to the system, which further increases, 

the pressure in all the cylinders but maintains the CoT. This is controlled by the potentiometer located to 

the left of the screen. 

 

The TBM operator will make use of the Pyxis guidance system in order to select the centre of thrust 

position. In addition to this, they will use information passed down from the TBM Manager to ensure 

forces are in line with the set parameters. 

 

4.4.7 Semi-Continuous Advance (SCA) & Steering 

 

The principle of semi-continuous advance is excavating forward while installing a ring at the same time. 

A typical timeline process is shown below. 
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Figure 25: Semi Continuous Advance Principle 

 

The machine must first allow the thrust cylinders to reach an extension of 2100mm for erection of the 

first two tunnel segments. Once they have been installed, the machine can continue with its advance, 

with the remainder of the ring being erected at the same time. 

 

The continuous boring principle works by automatically repartitioning the thrust force of the two 

cylinders that are been retracted to place the new segment, through the remaining cylinders that are still 

in contact with ring, while maintaining the CoT and the total thrust force. This redistribution of cylinder 

pressures is completed by the PLC. 

 

The graph below shows how the pressure in the thrust cylinders is redistributed with the retraction of 

cylinders 9 and 10. 

 

 
Figure 26: Repartition of Thrust Pressure 

 

The solid red line represents the situation before any cylinders are retracted, with the TBM continuing its 

advance based on the TBM operators CoT set point. The green line then represents the thrust 

redistribution among the 12 cylinders that are advancing the machine forward, with two retracted to 

allow for a segment to be installed. To note that: 
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 All cylinders have had their pressure adjusted to maintain the CoT; 

 The PLC had a maximum and minimum thrust force that can be applied on each pair of cylinders 

(max. 4,000kN per pair, min. 500kN per pair); 

 There is a maximum difference of pressure between two pairs of cylinders to avoid uneven 

distribution on the segments; 

 The cylinders immediately next to those that have been retracted have their thrust force limited 

as far as possible to prevent large difference in pressure being applied over individual segments 

leading to damage; 

 The minimum pressure ensures the cylinder to extend and keep the segment under pressure. 

 

With regard to the guidance of the machine in semi-continuous boring, the same principle is followed, 

by adjusting the centre of thrust on the thrust control panel located in the control cabin. 

 

4.5 Front Pressurization System 

4.5.1 Confinement Pressure Definition 

 

In order to ensure the front stability, a confinement pressure is applied on the excavation face to limit the 

ground settlement while at the same time, avoiding a blow out of slurry on the surface. 

 

The confinement pressures exerted by the TBM during excavation must be controlled above a minimum 

value to prevent instability of the excavation face, but below a maximum value to prevent heaving of the 

ground and blow out. 

 

The confinement pressure is calculated by the designer considering: 

 Tunnel segment geometry, 

 Lining concrete, 

 Geotechnical parameters and soil permeability of the ground of the excavation face and the 

ground above the TBM crown, 

 The water levels, 

 Building and surface loads, 

 Admissible variation in slurry pressure, 

 Slurry density. 
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Minimum slurry pressure (PSmin): 

The slurry pressure used as a confinement pressure at the tunnel face is calculated to compensate at least 

the hydrostatic pressure. When an overpressure is shown to be necessary, the face pressure will be 

determined by an effective stress calculation for most of the soil according to the calculation 

methodologies presented hereafter. 
 

 
Figure 27: Sketch of the sliding mechanism used in the Anagnostou and Kovari Method 

 

The confinement pressure is determined so that it ensures the stability of the wedge A-E-D-B-F-C with a 

given safety factor. The equilibrium of the forces acting upon the wedge in front of the tunnel face is 

represented on the figure below. The vertical force acting on the rectangle C-D-E-F in the silo theory is 

the dead weight of the soil up to the surface at K-L-M-N. Additional surface load (i.e. traffic loads, building 

loads, etc…) are considered. 

 

 

Figure 28: Sketch and equation of wedge equilibrium in the Anagnostou and Kovari Method 
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In general terms, the minimum slurry pressure is, using the following equation: 

PSmin = water pressure + pressure to balance effective pressure from soil and surcharge 

 

Maximum slurry pressure (PSmax): 

The dead load of the soil above the tunnel is estimated to determine the maximum acceptable face 

pressure (to avoid blow-outs). The total overburden pressure is at least equal to mean unit weight of soil 

multiplied by the height of the soil cover to the tunnel crown. No additional surface loads are considered 

in order to get a conservative value for the maximum allowed face pressure. 

 

Thus, if the maximum total confinement pressure is kept below these values, there should be no risk of 

excessive heave at the surface or loss of slurry to the surface. 

 

Recommended Bubble pressure (Pbc): 

 

The minimum slurry pressure is given by the designer at the axis of the excavation chamber. The 

recommended (target) bubble pressure is calculated from the minimum face pressure required at the axis 

plus an allowance for variation of the bubble level (∆P). 
 

 

Figure 29: Density and Pressure in bubble & Excavation Chambers 

 

As the density in the excavation chamber is higher than the density inside the bubble chamber, the bubble 

pressure at the axis is lower than the pressure at the axis of the excavation chamber. 

 

Equation variables: 

 Pbc = Bubble chamber pressure 

 Pec = Excavation chamber pressure 
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 Dbc = Bubble chamber slurry density 

 Dec = Excavation chamber muck density 

 H = Height between TBM axis & top of communication pipe 

 Hsl = Height of slurry level in bubble chamber (Hsl = 0 at the TBM axis) 

 
Equilibrium of pressures formula: 

𝑃�� − � × 9.81 × ��� = 𝑃�� − (� − ��� ) × 9.81 × ��� 

The recommended bubble pressure will be calculated using the following equation: 

𝑃�� = 𝑃𝑆��� + ∆𝑃 ���ℎ ∆𝑃 = 0.2 ��� 

We thus get the insurance that the actual slurry pressure at the axis will always be over the minimum 

required slurry pressure at the axis. 

 

Cutterhead intervention pressure: 

 

The air pressure for hyperbaric interventions will be defined to fulfil the criteria and ensure the workers 

safety. This will covered in later documentation. 

 

For interventions, we consider that the slurry level is not fully drawn down (1.2m under the tunnel axis) 

and the recommended compressed air pressure is the higher of the two following values: 

 10kPa above the slurry level; 

 Air pressure equivalent to get the same force applied on the front than with slurry to ensure 

front stability. 

Measures shall be taken to control that pressures do not exceed these bounds and are presented in 

section 8 of this report. 
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4.5.2 Air Bubble Pressurization Description 

 

 

Figure 30: Air Bubble Principle 

 

The front pressurisation system is provided via the regulation of the compressed air bubble behind the 

front bulkhead wall. The compressed air bubble allows the TBM to absorb variations of over-pressure or 

under-pressure or slurry leakage into the soil, keeping the front pressurisation constant. 

The effect will be fluctuations of bubble level that indicates the pilot needs to react by adjusting slurry 

pumps. The control levels in the air bubble chamber are split between the maximum level at +2.5m from 

TBM axis and the minimum level at -2m from TBM centreline. 

 

4.5.3 Samson Regulation System 

 

The breathable air circuit supplies the bubble chamber permanently through 2 independent lines with 

regulation valves. 

Two identical GA110 Atlas Copco compressors are installed on the gantry 5 supplies the circuit. This layout 

allows an initial redundancy which covers any mechanical and local electrical breakdowns involving a 

single compressor. As the air units are duplicated (compressors, filters and refrigerating air dryers), 

servicing is allowed on one unit while the other one is in operation. The flow rate of the compressors is 

designed in order to supply the bubble during hyperbaric work. 

Bulkhead Bubble 

wall chamber 

Screw and Sizer + SFB 
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There is a filtration station located after the compressors one before and one after the refrigeration 

combined with the dryer system. 

 

 
 

Figure 31: Breathable Air Supply 

 

The breathable air tanks of 11 bars (3 x 4 m3), located on gantry 5, act as an air reserve to avoid constantly 

starting up the compressors. Below 6 or 8 bars (to be set), the compressors will start up to increase the 

pressure of the tanks up to 8 or 10 bars (to be set). 

There are two supply lines of the regulation valves of the bubble for safety in case of hose rupture or 

compressor breakdown. The air bubble pressure is managed by 2 sets of pneumatic regulation valves 

known as the SAMSON system: 

 These regulation valves are composed of 2 independent set of injection and discharge valves. 

These valves regulate the air pressure of the bubble with the help of a pneumatic PID supplied by 

the breathable air circuit. In this way, the pressure of the bubble is regulated even in the absence 

of electrical current. 

 A second set of valves, which are activated by manual valves, is fitted as a backup. The pressure 

set point is managed through a 24V supply pressure reducer, which stays in position in case of 

electrical breakdown. The real pressure set-point given to the SAMSON valve is corrected by the 

PLC following the slurry level in the air bubble (the maximal correction is 0,45 bar). 
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Figure 32: Samson Regulation Schematic 

 

 

 

 

4.5.4 Implementation of the Confinement Pressure 

 

The Shift Engineer is responsible for setting the air bubble pressure at the SAMSON control box and 

monitoring its fluctuations. The pressure set point used for the air bubble pressure all along the tunnel 

alignment is presented to the Shift Engineer and TBM Operator via the OIS. 

The Shift Engineer/TBM Operator should always follow the value of confinement pressure provided by 

the OIS, unless the TBM Production manager requests a change of confinement pressure. Events that 

may lead to a change in the confinement pressure are described below: 
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- Excessive settlement / heave measured on surface; 

- Slurry loss in the ground; 

- Slurry loss at the surface; 

- Evidence of over excavation, based on the excavation management control system; 

- Slurry pressure during ring building / when TBM is stationary is building up over the target value 

or dropping off below it. 

BYDAS will permanently compare the real value with the design/set value to inform any variations and 

dispatch alarms. 

 

 
4.5.5 Communication Pipe (Over-Pressure Transfer) 

 

The communication pipe enables the overpressure to be transferred from the bubble to the excavation 

chamber. During excavation, the TBM Operator maintains a one-way slurry flow through the pipe, to keep 

it alive. It is equipped with a flap to isolate the bubble from the excavation chamber. It also has a “screw” 

propeller at its top end to avoid stones and big particles to enter the bubble chamber. 

 

 

 
Figure 33: Communication Bubble to Excavation Chamber 

 

The TBMs are equipped with one communication on both side of the main drive. One main, on the right 

side which has the flap and the propeller. The other pipe is kept close and may be used as a backup in 

case of failure of the main. The bottom of the right pipe is located at – 2.7665 m from the axis. The top 

of this pipe is located at + 4.095 m from the axis. 
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Figure 34: Communication Pipes - Bubble to Excavation Chamber 

 

4.5.6 Communication Pipe (Level Balance Right-Left) 

 

As the main drive is in the centre of the shield, the bubble chamber is a “C” shape cavity. There are two 

communication pipes used to link each side of the “C”. Their function is to equalize the level the slurry 

on both sides of the chamber. 

 

 
 

Figure 35: Bubble Communication Pipes – left/right) 
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4.5.7 Earth Pressure Sensors 

 

As the pressure inside the excavation chamber must be monitored throughout excavations, the TBM is 

equipped with 8 earth pressure sensors. Theses sensors are measure the pressure at 4 different levels and 

on both sides of the machine. 

 

These sensors are also used to calculate an estimation of the density of the muck in the excavation 

chamber for each of 3 sections (between each sensor level). 
 

𝜌 = 

∆𝑃 

𝑔 × 

� 

→ ������� 

= 

∆ 𝑃������� 

𝑔������ × 

���𝑔ℎ� 

𝐾𝑔 

→ (
�3) = 

(𝑃�) 
(
�

) × 
(�) 

�2 

FORMULA FOR THE HIGH SECTION (for reference) 
 

𝜌 = 
∆𝑃𝐻𝑆 

𝐻𝑆 𝑔 × �𝐻𝑆 

= 
𝑃��� 2 − 𝑃��� 1 

9.81 × 1.92 

 
 
 

 
Figure 36: Earth Pressure Sensors 

 

4.5.8 Bubble Level Monitoring 

 

The level of slurry is monitored in the bubble chamber by 12 level sensors (punctual sensor) and two rope 

sensor. Each level sensor is located at a specific height from the TBM axis, as follow: 

 + 3 m (Right side) 
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 + 2.5 m (Left side) 

 + 2 m (Right side) 

 + 1.5 m (Left side) 

 + 1 m (Right side) 

 + 0.5 m (Left side) 

 0 m (Right side) 

 - 0.5 m (Left side) 

 - 1 m (Right side) 

 - 1.5 m (Left side) 

 - 2 m (Right side) 

 - 2.5 m (Left side) 

 

Each of these sensors are only located on the one side of the shield in the bubble chamber. When 

activated (when the slurry reaches it), they inform the PLC for the interlocks. The repartition left/right 

enables to monitor the communication pipe. 

 

As redundancy, there are two rope sensor which gives an accurate height of the slurry level. 

 

4.6 TBMs Slurry Circuit Operation 

This section describes all equipment’s, operations and situations regarding the slurry circuit on the TBMs. 

The slurry circuit of the tunnel and surface will be detailed in a separate RAMS. 

 

4.6.1 General Description 

 

Confinement of the excavation face and removal of excavated muck from the excavation chamber is 

carried out with the slurry mucking system and front pressurization system. The two systems work 

together and are controlled by the Pilot and Shift Engineer to maintain the required confinement 

pressures on the face, whilst allowing the removal of excavated spoil. The slurry mucking system 

comprises the following: 

 Slurry feeding pumps in the STP on the surface (Slurry Treatment Plant) and in the tunnel; 

 Bypass station on the TBM and in the tunnel; 

 Slurryfier box; 

 Mucking extraction screw, piping and valves installed on the TBM; 

 Slurry mucking pumps on the TBM and the tunnel; 

 Over-pressure release valve. 

In addition, the following equipment is linked with the slurry mucking system: 

 Excavation chamber (area of front shield, i.e. between cutter head and submerged wall); 

 Bubble chamber (area of the front shield between the excavation chamber and the bulkhead wall); 
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 Communication pipe allowing communication from bubble to excavation chamber; 

 Front screw gates (at bottom of excavation chamber); 

 Screw for mucking extraction; 

 Slurryfier box gate; 

 Rotary crusher; 

 Pipe extension carriage on gantry 6 with telescopes and pipe carriage wagon; 

 Slurry Treatment Plant (STP). 

 

The slurry circuit is a closed circuit. The STP feeds the TBM’s with slurry through the feeding pipe and 

pumps. Throughout the excavation, the feeding slurry mix with the ground excavated by the cutterhead 

and becomes muck. The screw conveyor extracts and conveys the muck to the rotary crusher where it is 

then sized to prevent damage and blockages of pipes / pumps, before entering the slurryfier box. The 

muck is then diluted with slurry and recycled water to make it sufficient for hydraulic transportation 

(control of the density and the viscosity) before sending it back to STP through the return pipe and 

pumps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 37: Slurry Circuit Description 

 

4.6.1.1. TBM Slurry Pumping System 

 

During the excavation, the feed line slurry is injected in the bubble chamber, the excavation chamber and 

in the slurryfier box. Each corresponding flow depends on the TBM parameters and the excavation mode. 

The different excavation modes will be described later in this document. 

The TBM pumps used for excavation are: 
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 P0.1 flushing the centre through V1, only used in Low Density mode or before Cutterhead 

maintenance intervention; 

 P0.2 to feed the bubble chamber to control the level. Also used for the cleaning of the bubble 

chamber; 

 P0.3 to feed the excavation chamber through V13 & V14. It is also used for the shield/tail skin 

lubrication; 

 P0.4 is used for cleaning the bubble chamber and the excavation chamber and for recirculation 

of the bubble chamber; 

 Face injection pumps (x6) used to condition the face in front of the CH. The lines go through the 

rotary coupling; 

 2 Recycle water pumps are used to dilute the muck in the slurryfier box. 

The return circuit includes one centrifugal variable speed pumps P2.1 on the gantry 1. The slurry 

extraction rate is regulated (in conjunction with the feed supply) in order to obtain the flow of 1250 m3/h 

while assuring a pressure regulation into the slurryfier box. 

A booster pump P2.1Bis is available on the gantry 5 and is only used to allow the installation of the next 

pump in the tunnel. 

 

4.6.1.2. Screw Conveyor 

 

Located at the bottom of the excavation chamber, behind the cutter head, the 1000 mm diameter 

“helicoid” type of screw, conveys the slurry mixed with excavated ground to the sizer (rotary crusher). The 

discharge gate can isolate the screw from the rotary crusher. The screw is powered by a hydraulic motor. 

The pilot can adjust its rotation speed dependent on the TBM advance speed and the excavation mode. 

 

For maintenance purpose, two cylinders can retract the screw from its normal position (excavation 

chamber). There is the inlet gate at the bottom of the submerged bulkhead to isolate the screw from the 

excavation chamber. 

 

The screw conveyor settings will be monitored to optimize power consumption, wear and to ensure that 

an excessive rotation speed and high torque have not been reached. 

 

Characteristics of the screw conveyor: 

- Maximum ground flow capacity: 635 m3/h 

- Maximum size of block / rock size: 500 mm 

- Maximum rotation speed: 23 rpm max 

- Brakeaway torque: 238 kN.m 

- Power unit: One hydraulic motor of 630 kW 

The screw conveyor discharge gate is equipped with a hydraulic accumulator to close the gate in case of 

emergency (loss power). 
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Figure 38: Screw Conveyor 

 

The screw is designed to work for the whole drive; therefore, it must be maintained in working order. To 

do so, it is equipped with wear components. These wear parts are made of specific alloy steel plates 

bolted on the helicoid frame. They can be replaced during maintenance intervention while the screw is 

retracted. 
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Bolted wear plates (Vautid) on Auger (complete length of auger) 

Welded wear stipes (Hardox) in screw conveyor pipes 

Welded wear stipes (Vautid) in screw conveyor pipes (Bottom section 120°, approx. last 5400mm) 

Figure 39: Screw Conveyor – Wear Parts 

 

4.6.1.3. Rotary Crusher (Sizer) 

 

 
 

Figure 40: Rotary Crusher 
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The sizer (in blue) is located between the discharge gate of the screw conveyor and the slurryfier box. 

This device is a box equipped with 2 parallel hard alloy rotary drums crushers which rotate in opposite 

direction thanks to each of their hydraulic motor. 

 

 
 

Figure 41: Rotary Crusher – Crushing Tools 

 

Its main role is to size the stones (flints) that have been extracted from the ground and to calibrate them 

to go through (without blockage and / or damage) the slurry pumps and the return line pipes. 

 

Two tests were done in 2019 to select the type of tools of rotary crusher. The goal was to see which type 

of tools was the most efficient with big size flints. The following pictures show the flint stones before (left) 

and after (right) passing through the sizer. 

 

  
 

Figure 42: Flints, before and after crushing 
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Characteristics of the rotary crusher (sizer): 

- Maximum rotation speed: 48 rpm max 

- Power unit: One hydraulic pump supply 90 kW for each motor 

- Maximum hydraulic pressure: 350 bar 

- Motors One motor per drum 

- Rotary drum 2 rotary drums turning in the opposite direction 

 

Operation 

The rotary crusher is normally working in automatic mode. The TBM Operator can adjust the speed in 

function of the TBM advance speed and the screw speed. In standard case, the sizer is in “crush position”. 

If the blockage persists, it will stop automatically and alert the TBM Operator. Then the pilot can force 

the positions in manual mode. Once there is no blockage anymore, the automatic mode can be selected 

again. 

 

4.6.1.4. Slurryfier Box 

 

The slurryfier box it acts like a mixing box. There are 3 main inlets and 1 main outlet. At this stage, the 

first inlet is the mucking which is a slurry thick paste with sized stones. It must be evacuated from the 

tunnel, but it is too dense to be conveyed with the slurry pump. As a result, the slurryfier box uses two 

other inlets. Both slurry and recycled water are used to dilute the paste reducing its density. Then the 

muck can be conveyed to the STP through the slurry return line. 

 

4.6.2 By-Pass Functions 

 

This section describes the different by-pass functions used on the machine and configuration regarding 

the slurry circuit. 

 

4.6.2.1. Bypass TBM 

 

This function is the first one to be activated before starting an excavation. It allows the creation of a flow 

of slurry in the pipes. The flow comes from the STP and returns just before the slurryfier box. The flow 

then returns to the STP. When activated, the PLC drives all ball valves automatically to switch to the slurry 

circuit Bypass TBM position. The screw conveyor discharge gate is closed, and the screw conveyor cannot 

be switched on during Bypass TBM. The purpose of this step is to build up the slurry flow and pressure 

in the slurry circuit. 
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The Bypass TBM is a general base function for the slurry circuit operations: 
 

 
 

Changeover  to  slurry  circuit  bypass  operation function  via  slurry  mixing  box  is  possible  (BYPASS 

SLURRYFIER BOX). 

 

 

 
Figure 43: Bypass TBM Function 

 

From STP 

 

To STP 

LD 

TBM 

Stopped 

BYPASS 

TBM 

BYPASS 

SFB 
ADVANCE EXCAVATION HD 

CLOSED 



TBM – Excavation of the Tunnel 

Document no: 1MC05-ALJ-TN-MST-CS02_CL04-000003 

Revision: C01 

Page 48 

 

 

 

 

 

4.6.2.2. Bypass Slurrifier Box 

 

This function is the second step before starting an excavation with the flow created during BYPASS TBM 

redirected to the slurryfier box. When activated, the PLC drives all ball valves to switch to the BYPASS 

SLURRYFIER BOX position. The screw conveyor discharge gate is closed, and the screw conveyor cannot 

be switched on during BYPASS SLURRYFIER BOX function. The purpose of this step is to build up the 

slurry flow and pressure in the slurryfier box circuit. 

 

 

 
Figure 44: Bypass Slurrifier Box 

 

The distribution of the flow will be monitored as follow (QF = Flow rate in the feed line): 

 QF ≤ 1400m³/h: V222 and V225 can be closed 

 QF ≤ 980 m³/h: V223 and V224 can be closed 

 QF ≥ 1400m³/h: V222 – V225 to be opened 

 

Before switching to excavation, the TBM pilot adjusts the pumps to get pressure in the slurryfier box close 

to the pressure of the top of the screw conveyor. 

 

From STP 

 

To STP 
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4.6.3 Excavation 

 

There are three different cases for this mode depending on the geological conditions: 

 LOW DENSITY 

 SIR 

 CLOSED 

 

4.6.3.1. Low-Density Mode 

 

With this mode, the variable density is acting closely to a slurry TBM. Most of the flow from the feed line 

is sent to the bubble and the excavation chamber (70%), with the remaining to the slurryfier box (30%). 

This mode does not allow control of the density in the excavation chamber. 

 

To keep the pressurization of the excavation chamber, a continuous flow of slurry is sent to the bubble 

chamber. The flow rate is not a concern for this mode of operation but the slurry level in the bubble 

should be maintained. The face injection lines in the cutterhead must be active prior to excavation starting 

to prevent blockage. The TBM Operator should still check the screw conveyor speed and slurryfier box 

pressure. 

 

P0.1 and P0.2 pumps are used to send the flow to the bubble and the excavation chamber. All slurry 

valves going to the excavation chamber can be opened during this mode of operation. 

 

4.6.3.2. SIR Mode 

 

The target of this mode is to achieve a control of the density in the excavation chamber. This mode is 

similar to the low-density mode, with the exception that the flow sent to the excavation chamber is 

dependent on the quantity of the excavated ground (i.e. Advance Speed) to reach the target density using 

the SIR (Slurry Injection Ratio). 
 

��� (%) = 

𝐹��� ������ �������� �� �ℎ� ����������    �ℎ����� 

𝐹���  𝑔�����   ��������� 
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The SIR pre-settings will adjust automatically the flow on the slurry face injection lines by the PLC. The 

max pre-setting when all face injection lines are active and pumping is to 60% of the excavated volume. 

To keep the pressurization of the excavation chamber, a continues flow of slurry is sent to the bubble 

chamber by using P0.2 pump. Most of the flow from the feed line is sent to the slurryfier box (70%) and 

the remaining to the bubble and excavation chamber box (30%). The pilot controls the density in the 

excavation chamber by increasing or decreasing the SIR. 

 

 

 
Figure 45: SIR Mode – Feed Line 

𝐹��� ������ �������� �� ���������� �ℎ����� = 𝐹��� ������ �ℎ����� + 𝐹��� ��   + 𝐹��� �����������  ����� 

 

• Flow of slurry sent to the bubble • Flow of slurry sent by the face • Used only in case there is not 

chamber injection enough flow to reach the SIR 

• From 30 to 60 m3/h • Up to 30 m3/h for each line (x6) • Flow of slurry sent to the 

• To be adjusted by the operator • Max 180 m3/h excavation chamber 

• Automatically adjusted* by the PLC • To be adjusted manually by the 

• The adjustment* depends on the SIR operator 
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4.6.3.3. Closed Mode (Above Ground Water Table) 

 

This mode is used when the confinement pressure cannot be maintained due to an excessive slurry loss 

in the ground. The mode is activated from the Low/SIR density modes when the bubble level is decreasing 

too fast and reaches the low level, with the flap closing. 

 

First, before activating this mode, the excavation must be stopped, with TBM Operator double checking 

the slurry pump adjustments, refilling the bubble chamber and reopening the flap. If the level is still going 

down, it shows the presence of a cavity/fracture in the ground. As a result, the TBM Operator will switch 

to closed mode. The pressure in the front will be close to 0 bar as the excavation chamber with be filled 

with air from the ground. The flap is kept closed with no pressurised air sent. 

 

Then the TBM Operator restarts excavation with the screw stopped and discharge gate closed. 95% of 

the slurry flow will be sent to the SFB, with 5% sent to the face injection to keep the lines alive and to still 

lubricate the cutterhead. The recycled water in the slurryfier box is stopped. 

 

The closed mode is kept until the earth pressure sensors return to a higher pressure; which means either 

the TBM passed through the cavities/fractures, or those cavities/fractures are filled with the thick muck. 

The TBM Operator will then stop excavation and return to SFB Bypass. The bubble level will be increased 

to +1.5m, and the flap reopened. Small loses of slurry are to be expected due to the substitution of the 

air/slurry in the excavation chamber. If bubble level is stable, the Operator will restart in SIR mode. If not, 

closed mode excavation will continue, monitoring the earth pressure sensors. 

 

The flow chart below provides a quick overview the procedures that will be in the place when slurry losses 

occur. 
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4.6.3.4. Closed Mode (Below Ground Water Table) 

 

Same as previous chapter but instead of getting a pressure of 0 bar once the flap is closed, the excavation 

chamber will find equilibrium with the hydrostatic pressure. As the excavation chamber stays full as in 

equilibrium with water table, when the TBM Operator re-opens the flap applying the overpressure, either 

the bubble keeps losing its level or it is directly stabilized. 

 

4.6.4 Regulation of the return Line Density 

 

In order to improve the regulation of the return line density, a specific slurry pumping process has been 

developed. 

 

The classical process shows the TBM slurry network with high flows. These high flows are required in 

order to dilute the muck from the excavation chamber suitably for hydraulic transportation. At 60 

mm/min of TBM advance speed, 300 m3/h of 2 tonnes/m3 density ground is being conveyed to the 

slurryfier box. To ensure the return line density does not exceed 1.35 tonnes/m3, a slurry flow of 2000 

m3/h would be required to achieve the dilution. For this process to work, larger pumps need to be 

installed consuming high quantity of electricity. 

 

 

 

Figure 46: Traditional Slurry Process 

 

To optimize the control of the return line density, the flow being sent to the STP has been reduced to 

1250 m3/hr and an additional waterline (recycle water from STP) added to aid dilution in the slurryfier 

box. By regulating the return line density, the risk of plugging the slurry lines in the tunnel or the tanks 
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at the STP can be avoided. The target of density in the return line needs to be limited from 1.35 up to 1.4 

tons/m3 during excavations. This allows the use of smaller pumps in the tunnel and a huge reduction in 

the power consumption. 

 

Control of the recycle water operation will be adjusted by the PLC, following the below formulation: 

 

Density of the return line = (flow of recycle water + flow of slurry feed line to SFB * density of slurry feed 

line + Flow of the muck * density of the muck) / flow of the return line. 

 

 

 

 

 
Figure 47: “Recycled Water” Slurry Process 

 

4.6.5 Secondary Functions 

 

This section describes all the secondary functions which are linked to the excavation but not compulsory. 

 

4.6.5.1. Rinsing the Bubble / Excavation Chamber 

 

This function is for flushing/cleaning the bubble or the excavation chamber when the advance is 

finished and slurry circuit in slurryfier box by-pass. In order to avoid sedimentations in the bubble 

chamber, the rinsing will be done at the end of each excavation. Excavation chamber rinsing will only be 

activated when the screw discharge gate is closed. 
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This function is activated by using the P0.4 pump to suck the sedimented slurry in the bottom of the 

chamber to the slurryfier box, while P0.2 pump keeps feeding the chamber to maintain the slurry level. 

The cleaning can be optimized from right to left side by alternating the different valves on the lines to 

properly rinse the chamber. 

 
 

 

 
Figure 48: Rinsing System Drawing 

P0.4 pump 3 suction points 

of slurry into the 

bubble chamber 
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Figure 49: Rinsing System Schematic 

 

 

 

 

4.6.5.2. Recirculation of Bubble Chamber 

 

This function is used to recirculate the slurry in the bubble to avoid sedimentations when the slurry circuit 

is stopped for a long time. Slurry from the bottom of the bubble chamber is sucked through P0.4 and 

reinjected through valves V3 & V4. 

 

From STP 

 

To STP 
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Figure 50: Recirculation of Bubble Chamber 

 

4.6.5.3. Rinsing the Slurryfier Box 

 

Cleaning the slurryfier box is done during the BYPASS SLURRYFIER BOX but with the crusher turning and 

different valves alternated to flush the box. This is used to avoid any accumulation of muck inside the 

box. 

 

4.6.5.4. Panic Switch 

 

Pressing the panic switch in a critical situation (e.g. heavy variation of the filling level in the excavation 

chamber) will transfers the slurry circuit to a safe state of NORMAL BYPASS. The following actions will 

happen automatically: 

 Warning signal in the visualization in the control cabin; 

 Stop of advance; 

 Stop of screw conveyor rotation and closing of the screw conveyor discharge gate; 
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 Pumps P0.xx switched off; 

 V30, V31, V32 goes to BYPASS TBM; 

 All the other gate valves / ball valves to bubble chamber / excavation chamber remain in the 

position they were at the moment the panic switch was pressed. 
 

 

Figure 51: Panic Switch 

To return in normal situation the panic button must be released, and a general reset must be pressed. 

 

4.6.5.5. Weekend Function 

 

The "weekend" function monitors the slurry level in the bubble chamber during a long stoppage period. 

When the weekend mode is activated, the pump units are switched off and the slurry, feed and bypass 

valves are closed. When the slurry level drops below the set value the relevant valves open, until the 

required level is reached. The level is managed between +0m to +1m. 

 

The weekend mode uses the feed line and can only increase the level to compensate for slurry loss, not 

decrease the level. 

 

If the feed line pressure is more than 0.5 bar above the bubble pressure, the feeding is done only by 

activating valves. If the feed line pressure is less than 0.5 bar above the bubble pressure, the P1.1 is used 

to counteract the confinement pressure. The speed of the pump will be regulated by the PLC to reach 

the bubble pressure +0.5 bar and the feeding is done only by activating valves. 
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4.6.6 Interlock Functions 

 

This section describes the main interlock to prevent a critical situation that could occur, and all actions 

undertaken in this case. 

 

4.6.6.1. Bubble Chamber High Levels 

 

If the warning high level (+ 2.0 m) is reached, the following actions are done automatically: 

 Warning in control cabin visualisation; 

 Advance stop; 

 The flushing pumps P0.x are switched off; 

 Switchover to the Bypass Slurryfier Box (with screw conveyor still in operation). 

 All ball valves of the feed line and of the bentonite supply in working and excavation chamber 

close. 

Manually, the TBM Operator shall low down the level using the screw conveyor and P2.1 or P0.4 to 

slurryfier box (rinsing function) below +1.0m to be allowed to restart excavation. 

 

If the critical high level (+ 2.5 m) is reached, the following actions are done automatically: 

 Warning in control cabin visualisation; 

 Feed pumps P1.1 - P1.n switch off; 

 Slurry pump P2.1 remains in operation. 

Manually, the TBM Operator shall lower down the level using the screw conveyor and P2.1 or P0.4 to 

slurryfier box (rinsing function). When level 1.0 m is reached feed pumps P1.1 – P1.n can be switch on, 

P0.4 switch off and excavation resume from Slurryfier Box Bypass. 

 

4.6.6.2. Bubble Chamber Low Levels 

 

If the warning low level (- 1.5 m) is reached, the following actions are done automatically: 

 Warning in control cabin visualisation; 

 The flap remains open; 

 Advance remain active with all pumps and valves as configured. 

Manually, the TBM operator should increase the slurry level by increasing P0.2 rotation speed. 

 

If the critical low level (- 2.0 m) is reached, the following actions are done automatically: 

 Warning in control cabin visualisation; 

 Advance stop; 

 The flap close to avoid any air to reach the excavation chamber. 



TBM – Excavation of the Tunnel 

Document no: 1MC05-ALJ-TN-MST-CS02_CL04-000003 

Revision: C01 

Page 59 

 

 

 

 

 

Manually, the TBM Operator should increase the level by reducing the rotation speed of P2.1, even 

switching it off, use the P0.2 to fill the Bubble chamber. When the level reach 0.0m the flap opens 

automatically, the advance can then be resume. 

 

If the problem persists and not linked to the slurry system operation, the TBM Operator will start the 

excavation in Closed Mode (refer chapter 4.6.3.3 & 4.6.3.4). 

 

4.6.6.3. Loss of Power 

 

If the TBM power supply fails, the slurry circuit turns automatically to BYPASS TBM function: 

 The main Bypass Valves (V30, V31, V32) are equipped with oil accumulators to do this action; 

 The pipe extension Valves (V50, V51) remain open; 

 All others motorized valves close (natural position is closed); 

 The Flap of the communication pipe closes. 

 

4.6.7 Preparation of Cutterhead Intervention 

 

During the drive, it will be necessary to do some inspection and maintenance intervention in the 

cutterhead. In this case, the excavation chamber must be partially or totally emptied. To do so, there is a 

process to follow. 

 

4.6.7.1. Intervention in Atmospheric Condition 

 

 Cleaning the excavation chamber in Low Density Mode; 

 Perform an overcut oriented at 9 o’clock position using the thrust of the articulation cylinders as 

per figure below; 

 Front shield articulation is then retracted of about 50 mm to create a void between the cutterhead 

and the ground; 

 Cleaning the bubble chamber with rinsing function, bubble level is adjusted to -1.2m; 

 The flap of the communication pipe is closed; 

 Lower the slurry level in the excavation chamber while opening slowly the air balancing pipes; 

 The pressure sensors in the excavation chamber match the pressure in the bubble chamber; 

 The pumping out is kept until P2.1 pump is cavitating; 

 The screw conveyor stops, and the discharge gate closed; 

 Stop the slurry circuit; 

 Lower the pressure in the bubble chamber and adjust the thrust cylinders pressure; 

 Once the atmospheric pressure is reached, access to the bubble chamber can be granted; 

 Open the door at 12 o’clock to inspect the ground condition and measure any water ingress; 

 If stable, the intervention can start. If not, the excavation chamber must be refilled to restart 

excavations and schedule another intervention in a more stable ground. 
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Figure 52: Overcut Principle 

 

4.6.7.2. Intervention in Compressed Air Conditions 

 

 Cleaning the excavation chamber in Low Density Mode; 

 Perform an overcut oriented at 9 o’clock position using the thrust of the articulation cylinders as 

per figure below; 

 Front shield articulation is then retracted of about 50 mm to create a void between the cutterhead 

and the ground; 
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 Cleaning the bubble chamber with rinsing function, bubble level is adjusted to -1.2m; 

 Set the CAI pressure in the bubble chamber; 

 Monitor the slurry level inside the bubble chamber to seek for significant changes (hold point); 

 If no significant changes, close the flap of the communication pipe; 

 Lower the slurry level in the excavation chamber while slowly opening the air balancing pipes; 

 The pressure sensors in the excavation chamber match the pressure in the bubble chamber; 

 The pumping out is kept until P2.1 pump is cavitating; 

 The screw conveyor stops, and the discharge gate closed; 

 Stop the slurry circuit, access the bubble chamber can be granted; 

 Open the door at 9 o’clock to inspect the ground condition. 

If stable, the intervention can start. If not, the excavation chamber must be refilled to restart excavations 

and schedule another intervention in a more stable ground 
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4.7 Tailskin Grease Sealing Injection 

4.7.1 Description of the Grease Injection System 

 

The tailskin is the part of the TBM where the segmental lining is installed before being pushed out by the 

thrust cylinders into the excavated ground. 

 

To allow enough space for the segmental lining installation, there is a gap of 85mm between the extrados 

of the segment (diam. 9.9m) and the intrados of the tailskin (diam. 10.07m). 

 

 

 
Figure 53: Tailskin Description 

 

Due to this being the junction between the excavated ground and the atmospheric side of the TBM, 

measures have been taken to prevent ground, water or grout from entering and risking flooding the 

tunnel. 

 

The system in place to stop this is named the tailskin seal and is made up of the tailskin brushes, tailskin 

plates, spring plates and the grease injection system. 

 

Figure 54: Tailskin Seal Description 

 

A film of approximately 1mm remains on the surface of the segment once it leaves the tailskin, with the 

TBM grout injected directly over it, preventing any contact with the ground. The tailskin grease will be 
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used a rate of about 31m3/km. Risks to the water environment are detailed in documents 1MC05-ALJ- 

EV-NOT-CS02_CL04-400048 and 1MC05-ALJ-EV-REP-CS02_CL04-000142. The tailskin seal consists of 2 

rows of wire brushes (with rubber sheets) and 2 rows of spring plates making up 3 chambers: 

 

 Front Chamber; 

 Middle Chamber; 

 Rear Chamber. 

 

 
Figure 55: Grease Chambers 

 

The three chambers made up from the junction of the tailskin brushes and plates are each filled with a 

grease which maintains the seal between the segmental lining and the tailskin. 

 

Each chamber has a dedicated pump for supplying grease lines. The pumping units are made up of the 

following: 

 Pumping is performed directly from the 200kg barrel of grease (tail skin grease –WR 89 or TAM 

SEAL TG91); 

 The grease is pumped through a 1" line into the closed circular line inside the shield; 

 The grease is filled through 12 injection points in each chamber – Front, middle and rear (as per 

below figure); 

 Pneumatically controlled valves are mounted on each individual injection line; 

 Pressure sensors are installed on each injection line to control the filling of the inter-seal. 
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Figure 56: Repartition of Injection Points 

 

The grese is injected during excavation to maintain the sealing between the excavated ground (charged 

with water pressure and grout pressure) and the atmospheric side of the tunnelling machine. 

The general characteristics of the pumping system are shown below: 

 Number of injection points on the tail seal: 3 x 12 points 

 Number of pumps: 3 pumps 

 Operating pressure: 380 bar with 7bar air pressure 

 

4.7.2 Tailskin Grease Injection Operation 

 

There are 3 mode of operation: 

 Automatic mode: Used during TBM advance either by: 

o Quantity control 

o Lining control 

 Manual mode: Usually used when the TBM is stopped or when there is a leakage 

 

The volume of grease injected is controlled in order to have 1mm of grease thickness all around the ring. 

 

4.7.2.1. Manual mode 

 

That mode is selected from the control cabin panel. 
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Figure 57: Tail Seal Control Panel 

 

Every individual ball valve is operated manually from the Visualization screen dedicated to the tail seal 

grease system. 
 

However, it is not possible to inject by opening any of a valve if the corresponding pressure in that line 

is above a pre-set maximum pressure value, which has been entered in the Visualization. 

 

4.7.2.2. Quantity control mode (Automatic) 

 

In this mode, a certain quantity of compound is injected per injection point. 
 

The quantity is defined by the number of strokes that can be entered in the dedicated VISU. Each time 

that the pre-set no. of strokes/valve is attained it switches to the next. There is only one valve opened at 

the time per chamber. 

 

The system stops if the maximum pressure value preselected in the visualization is reached on one 

injection line, even if the pre-set no. of strokes is not reached. If required, the pressure control can be 

switched off. The cycle of injection through the 36 valves can be programmed and changed. 

 

4.7.2.3. Distance control mode: Regulation on TBM advance (Automatic) 

 

This mode will be used as the standard mode during the drive. For this mode it is necessary to define a 

distance, for example 200 mm, in the visualization. When this distance is reached valves are opened one 

after the other and the quantity of compound corresponding to 1 stroke is injected into each point. 

 

This process re-starts each time the distance of 200 mm is reached. 

 

If the maximum pre-set pressure is reached on one line during or before injection, the system will 

automatically switch over to the next injection point. The pressure control setting can be switched off. 

 

This injection mode is regulated on TBM advance distance and controlled in pressure. The cycle of 

injection through the 36 valves can be programmed and changed. 
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Figure 58: Tail Seal parameters VISU 
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4.8 Annular Void Grout Injection 

4.8.1 Bi-component Grout Principle 

 

As the cutterhead diameter is larger than the extrados of the segmental lining, the gap between the 

excavated ground must to be filled to lock/load the lining in position, preventing any movement of the 

ring and limit any settlements on the surface of the tunnel. This is usually injected with grout. 

 

Figure 59: Grout void to be filled 

 

Based on theoretical calculation, the volume of the annular gap each ring (2000mm stroke) is 11.56m3. 

For this project, a bi-component A+B grout system has been specified to inject the void. 

The process works by combining the two components; the A, a bentonite/cement-based grout, and the 

B a sodium silicate (accelerator). 

 

Once the two combines, they gel rapidly before setting and solidifying. In the case of TBM operations, 

the two components mix together inside the tailskin of the shield where they are injected into the ground. 

The image below shows how this process works. 
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Figure 60: Tailskin injection process 

 

For the C1 TBM, the A component is manufactured on the machine with the components either pumped 

or delivered. The B component is delivered to the TBM via tankers. The bentonite will be pre-hydrated 

and pumped to the TBM from the South Portal compound. 

 

The logistics to the TBM will be detailed in further documentation. 

 

4.8.2 Grout Technical Specification 

 

The following section describes the general specification of the grout components. 

 

4.8.2.1. Component A 

 

Table 2 below provides the general specification for the constituents that make up the A component. 

 
Table 2: A component specifications 

 Standard Value 

Marsh 

Viscosity 

ASTN C185 <45 seconds 

Bleeding ASTM C940 3 hours <3% 

24 hours <8% 

Stability Marsh at 24 hours <45 seconds 

 

 

The table below provide the mix design of the A component that has been utilised on previous projects 

completed by the contractor using bentonite powder. The mix used for this project will be later confirmed 

with a MAF ( following the mix design trials. 

 
Table 3: Nominal component A mix design using bentonite powder 

Comp  A  mix 

design 

Cement (kg) Bentonite powder 

(kg) 

Retarder (kg) Water (kg) 

Nominal mix 260 32 2.6 893 

 

4.8.2.2. Component B 

 

The table below indicates the component B specifications. 
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Table 4: B component specifications 

 Value 

Silicate 

density 

Between 1.35 and 1.39 

Molar ratio Between 3.1 and 3.4 

 

4.8.2.3. Component A+B 

 

The time for the A and B components to for a gel once mixed has been specified to be between 8-16s. 

This time is based on the requirement for the grout to gel prior to exiting the tailskin without then causing 

potential blockages in the grout lines of the tailskin. 

 

The consistency of the gel must appear like the figure below: 

 

Figure 61: Example of gel consistencies 

 

Table 5 below shows the compressive strengths expected from the combine A+B grout. 

 
Table 5: Expected compressive strengths of A+B grout 

Compressive Strength Standard Strength 

1 hour ASTM C403 <45 seconds 

3 hours ASTM C403 3 hours <3% 

24 hours <8% 

24 hours EN 12390-3 >0.5 MPa 

28 days EN 12390-3 >1.2 MPa 

 

Generally, the ratio of injection of the B component is at a ratio of 6% based on the injection volume of 

A. 
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4.8.3 A Batching Plant Description 

 

Usually the batching plant is on surface and the component A is transferred to the TBM through a 

pumping system. Due to the length of the tunnel and risk of plugging the transfer line, the component 

A of the grout is batched on the TBM from its constituents. Figure 62 shows the layout of the plant with 

descriptions of each part: 

 

 

Figure 62: TBM grout batching plant 

 

 Cement Silo – Transfers bulk cement powder to the TBM. Capacity of 12 m3. Specific crane located 

on gantry 4 to lift in position; 

 Cement buffer tank (2.5m3) – Stores cement from silo to allow grout continues to be batch during 

the cement silo is being exchanged; 

 Mixer (2m3) – high colloidal mixer for mixing the components and produce the grout 

 Water tank – Storage of water used for grout manufacture; 

 Bentonite tank (not shown) – located on gantry 4. Bentonite is pumped from bentonite plant 

located at the South Portal. It is supply directly into the mixer from the tank; 

 Transfer tank (2.5m3) – located next to the batching plant to store mix previously prepared. Stored 

prior to being pumped to the main tank. 
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Figure 63: Grout transfer tank 

 

A brief explanation of the batching process is described below, with this being completed automatically 

by the PLC of the plant, the batching plant can be operated locally or from the TBM control cabin. 

 Cement is transferred from the cement silo into the buffer tank for additional storage using screws 

built within the silo; 

 Water and bentonite are pumped one after the other to the mixer. Load cells located on the mixer 

ensure the correct weight is added (figure below showing position of cells); 
 

 

Figure 64: Load cell position 

 

 Retarder added to the mixer, with the volume measured by flow meter; 

 Cement is added to the mixer by the buffer tank screw, with correct weight identified from the 

load cells installed on the mixer; 

 The batch is mixed for 1-2 minutes; 
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 Batch is transferred to the buffer tank using the mixer impeller prior to being pumped to the main 

tank to allow a new batch to be produced. 

 

4.8.4 A+B Injection System 

 

4.8.4.1. Component A Injection System 

 

The A grout injection lines are labelled A1 to A6 with colours later added on the TBM to distinguish one 

from the other in the tailskin. These lines have been evenly distributed around the shield. 

 

 

Figure 65: Repartition of Grout Injection Lines 

 

A spare line has been provided at each injection point in case of failure. 

 

Each A line is supplied with an 11kW peristaltic pump located on Gantry 1. The pump works with a rotor 

squeezing the hose inside the housing of the pump in the direction of flow. This type has been selected 

for ease of maintenance. A dampener has been fitted on the end of each pump to smoothening the flow 

and pressure. 
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Figure 66: A Pumping System 

 

The pumps work in three operational modes: 

 Idle speed (10% of the nominal speed) – used when the TBM advance has been stopped before 

ring is completed. This is only used for a set waiting time. Once the waiting time is exceeded, the 

lines are flushed, and the injection stopped; 

 Quick/flushing speed (80% of the nominal speed) – activated when flushing of the lines is required, 

once the B line has been flushed with high-pressure water; 

 Injection speed, dependent on the advance of the TBM. 

A 7m3 grout storage tank is located above the 6 peristaltic pumps which is supplied from the on-board 

batching plant transfer tank. Within the tank there is a set of 5 agitators which ensure the grout does not 

sediment. 4 level sensors are installed middle of the grout tank to alert the operator as well as use within 

the PLC as interlocks to start and stop refilling and stop grout injection and excavation when too low. 

 

 

Figure 67: A Component Storage Tank 
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4.8.4.2. Component B Injection system 

 

Each A line has a dedicated B line which is fed by 1.5kW screw pump located on the opposite side of 

gantry 1. A 2m3 tank located behind the pumps supplies the pumps and is topped up from a 10m3 transfer 

tank, located on Gantry 4. 

 

 

Figure 68: B Pumping System (gantry 1) and Storage Tanks (gantry 4) 

 

A spare line has also been provided together with the A in case of failure. 

 

4.8.4.3. High-pressure water line 

 

Each B component line in the tailskin is fit with a high-pressure water line, used to flush the pipes after 

mining is completed or stoppage. This ensures all the sodium silicate is removed from the grout lines 

inside the tailskin, which could otherwise cause blockages when the grout injection is stopped. 

 

There are two high pressure water pumps located in the shield of the TBM. 
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Figure 69: High pressure pumping unit located in shield 

 

Pump 1 supplies the flushing from B1 to B3 with pump 2 supplying the flushing of B4 to B6. During the 

flushing operation, both pumps work simultaneously, flushing one line from each side at a time with a 

pre-set amount of water. 

 

4.8.5 A+B Injection process 

 

Component A and B combine about 1800mm before exiting the tailskin. This provides sufficient time for 

the two components to combine and begin to gel before entering the ground environment. 

 

Figure below shows the layout in the tailskin with regard to the injection and combining of the two 

components to together with the spare lines. 

 

 

Figure 70: Grout Injection Process inside the Tailskin 
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In standard operation, both components are injected at the same time, with the B component 

automatically adjusting depending on the flow of the A and following the set ratio of 6%. 

 

The figure below shows the supervision screen used to control the grout injection and is found in VISU 

of the control cabin. 

 

 

Figure 71: Grout Control Screen 

 

Within the visualisation, a theoretical injection quantity (based on thrust cylinder extension) and actual 

injection quantity are shown to ensure the correct volume of grout in injected; This is named the volume 

control: 

 Should the difference between the theoretical and actual quantities reach 5%, an alarm will be 

shown on the screen; 

 Should the difference between the theoretical and actual quantities reach 10% below the 

theoretical, the advance will be stopped. 
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The grout injection system has three operational modes: manual, semi-automatic and automatic 

 

4.8.5.1. Manual Mode 

 

This mode it not to be used during excavation operations as it is not possible to accurately regulate the 

volume of A and B to ensure the correct ratio. 

 

Manual mode is done for maintenance or during unblocking, cleaning and commissioning of the injection 

pipes. 

 

The speed of the pump is set on the VISU by the TBM operator or at the local panel close to the A tank 

on gantry 1 (0-100%) to increase or decrease the flow rate. 

 

During manual operation, grout can be injected when the TBM advance is stopped. 

 

4.8.5.2. Semi-automatic mode 

 

In this mode of operations, the percentage of B component is added automatically based on the flow of 

A and the set ratio in the visualisation. The TBM operator is then able to adjust the quantity of grout 

depending on the required theoretical volume. 

 

The system is regulated by pressures so when a “high” pressure threshold is reached, the B line injection 

is stopped and flush with a pre-set volume of high-pressure water and high flow of component A 

automatically. Once the pressure in the line reduced below the set threshold, the injection will resume. 

 

If the pressure is too low a grout line, it is possible to stop the advance and continue injecting with 

injection of A+B to build up the pressure (in case of low injection or a void/fracture to be filled). 

 

The injection can only be started once the minimal excavation distances has been reached, which is pre- 

set in the visualisation. 

 

In semi-automatic mode, the B line will be stopped approximately 50mm before end of the stroke with 

each line flushed with high pressure water and a high flow of component A. The remainder of the stroke 

will be completed with component A only. 

 

The figure below shows a timeline of the injection speed of the A and B pumps during operation and 

when the flushing takes place. 
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Figure 72: Normal injection cycle for A&B pumps in operation 

 

4.8.5.3. Automatic mode 

 

In automatic mode, the A component injection flow is regulated on the TBM advance speed while 

maintaining the pressure corridor specified in the control screen. 

 

The rotational speed of the pumps is calculated from the advance speed and the annular gap that is to 

be filled. The volume of flow is evenly distributed automatically between the selected lines during the 

advance. 

 

The percentage of component B volume is added automatically and is based on the ratio set point which 

is entered in the visualisation (nominally 6%). 

 

The starting and stopping of the grout system follows the same principles as the semi-automatic mode: 

 A minimal distance must first be reached before starting the injection; 

 The B injection lines are stopped 50mm before the finish of the advance and are flushed with a 

pre-set volume of high-pressure water. Remainder of line is flushed with high volume of A. 
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The figure below provides the principle of how the pressure corridor works: 

 

Figure 73: Pressure Corridor Control 

 

❶ Upper pressure limit – When this pressure is reached, flow should be reduced on this line 

automatically (magnitude dependent on speed); 

❷ Lower pressure limit – When pressure is below this limit, flow of grout will be increased 

automatically (magnitude dependent on speed); 

❸ System stop – when exceeds this limit, lines are automatically flushed; 

❹ Advance stop – grout injection is continued until lower pressure limit is exceeded. 

 

 

A. The pumps are controlled automatically based on the advance speed and theoretical volume to 

inject. The flow rate is maintained at a constant value when the pressure in the annular gap 

remains inside the pressure corridor (“Upper/Lower pressure limit” parameter); 

B. The selected flow rate is too low, and the pressure drops below the value of the lower pressure 

limit when the annular gap grows or the advance rate increases. Gradually increase the flow rate 

until the pressure is back between the two pressure limits. 

C. The selected flow rate is too high, and the pressure rises above the value of the lower pressure 

limit when the annular shrinks or the advance rate drops. Gradually reduce the flow rate until the 

pressure is back inside the pressure corridor (between the pressure limits). 

D. The pumps stop automatically when the pressure in the annular gap exceeds the system stop limit. 

The component B lines are flushed with high-pressure water. The component A lines are flushed 
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with component A. The pumps are restarted as soon as the pressure has dropped to an admissible 

value. 

E. A complete filling of the annular gap is no longer guaranteed when the pressure in the annular 

gap drops below the advance stop limit. The flow rate is too low. Advance stops automatically 

until the lower pressure limit is reached. 
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5 Health & Safety 

5.1 PPE Requirements 

Suitably coloured safety helmets (identifying the name of the person and their company) will be worn by 

all persons in the construction areas on site to aid in the identification of key roles as follows: 

Table 6: Safety Helmet Colour Code 

Role Safety Helmet Colour 

Contractor Working and Non-Working Foremen/Supervisors 

(gangers/charge hands) 

Black 

Medical Staff Green 

Trainees, Apprentices or Young Persons (16 to 18 years old) Red 

All Visitors not carrying out physical work Blue 

All other contractor personnel/operatives White 

All Banksmen, Vehicle Marshals Yellow 

Slingers/Signallers Orange 

Working and non-working foremen who are also first aiders will be identified by a sticker applied to their 

safety helmet. 

Table 7: Mandatory PPE 

 Mandatory PPE 

Safety hard hat (BS 

EN13688:2013) 

Correct colour for appointed role with chin strap: Management White, Supervisor Black, 

Operative’s Blue, Lifting Team Orange and Traffic Marshal’s Yellow 

Safety Glasses 

(BS EN166) 

Light eye protection or safety prescription eye wear suitable for the Task 

High- visibility vest 

and trousers 

(EN ISO 2047) 

Management & Operatives High-visibility vest orange long sleeve or longs sleeve top and 

orange safety trousers 

Lifting Team / Traffic Marshal's Orange 

Safety boots 

(BS EN 20345:2011) 

Safety boots/ Lace-up boots, with ankle support, S3 minimum toe, midsole protection and 

metatarsal protection 

Gloves (EN388) Safety gloves suitable for the task (minimum cut level 3) 

Hearing protection 

(BS EN 352) 

To be worn at all time 

PPE Requirements 

 

 
 

 

 

 

 

 
 

 
 

 

 

 

Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No Yes/ No 
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5.2 Training 

All operatives are expected to have completed the following training before arriving on site for tunnels 

works: 

- Valid CSCS Card or equivalent NVQ 

- Tunnel Safety Training Scheme 

- C&G 6151 Confined Space Tunnel Entry and Emergency Procedures 

 

All managers and engineer are required to have completed SMSTS training, with supervisors within the 

TBM completing the SSSTS training. 

 

Additional training will be required to be completed by all TBM operatives prior to the start of their works 

to ensure all procedures are known. These will be completed by a designated individual. 

- Emergency Procedures (Tunnel and TBM) 

- Self-Rescuer Training 

- Evacuation procedure training 

- Fire fighting system training 

- Refuge chamber training 

- Emergency Dewatering Pump operation 

 

For each shift, there will be a minimum number of first aid and fire warden trained personnel to cover for 

the works taking place on the machine. 
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5.3 Health & Safety Risk Assessments 

 

 
Table 8: Risk Assessment matrix 

 

Severity Classification 

 

S 

 

Likelihood Classification 

 

L 

 

Risk Level Description 

 

R 

Minor – minor accident resulting in no 

serious injuries or lost time. Little or no 

damage to property or the 

environment 

 
 

1 

Improbable – no known 

instances of such an event 

occurring 

 
 

1 

Low risk, ensure that controls are 

adhered to and activity need not be 

altered 

 
 

0-5 

Moderate – potential injury 

necessitating less than 3 days off work. 

Damage to property or the 

environment requiring remedial work 

 
 

2 

Remote – past experiences 

suggest that event is unlikely to 

occur 

 
 

2 

Moderate risk, tolerable, but efforts 

should be made to reduce risk where 

cost effective and reasonably practicable 

 
 

6-10 

Serious – accident reportable under  
3 

Possible – experience shows  
3 

Substantial risk, all practicable  

 

 
11- 

RIDDOR 95, serious damage to that events occur on occasions measures must be taken to reduce the 

property or the environment level of risk. Tolerable only where further 

Major – Accident resulting in serious 

or permanent injury, major or 

permanent damage to property or the 

environment. Reportable under 

RIDDOR 

 

 
4 

Probable  

 
4 

risk reduction is impractical or 

disproportionate to the risk involved 20 

Catastrophic – accident resulting in 

death or severe disablement. 

Destruction of property, irreversible 

damage to the environment. 

Reportable under RIDDOR 

 

 
5 

Likely – very likely to happen 

unless actively prevented 

 

 
5 

Extreme risk, unacceptable except in 

extraordinary cases. All control measures 

must be taken regardless of cost 

 

21- 

25 
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Table 9: Safety Risk Assessment 
 

Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

 TBM General 

1.1 Pre-work assessment General identifications of 

normal operations on the 

machine and any additional 

works 

Operatives 

carrying out 

task, 

persons in 

the vicinity, 

persons 

visiting the 

machine 

4 3 12 Task launch meeting to be conducted to 

ensure everyone is briefed on relevant 

sections of method statement. 

 

Critical tasks to have separate briefing 

for those who are involved 

 

PPE requirements for work on TBM 

reviewed. Any additional PPE for specific 

tasks to be provided. 

 

Briefings conducted at the start of every 

shift and recorded 

4 1 4 

1.2 Untrained/ 

unauthorised 

personnel visiting 

TBM 

Danger to general TBM 

operations 

 

Slips, trips and falls 

All 

operatives 

on TBM 

2 4 8 Unauthorised personnel entering tunnel 

to be stopped at tally hut 

 

All untrained personnel to be supervised 

while on the TBM 

 

Correct PPE is always to be worn at all 

time 

 

Main walkway areas within the TBM to 

be kept clear 

2 1 2 

1.3 Confined space 

working 

Lack of oxygen 

 

Toxic or flammable fumes 

All tunnel 

operatives 

3 4 12 All operatives entering tunnel to have 

sufficient confined space (tunnel 

3 1 3 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

   

Sudden flows of water 

Slip/trip hazards 

    working) training or be supervised by 

someone who has 

 

Suitable ventilation provided into the 

tunnel to ensure flow of breathable air 

into tunnel 

 

Toxic/flammable fumes limited as far as 

possible for use inside tunnel 

 

Self-rescuer location to be identified for 

all works in case of “irrespirable 

atmosphere”. 

 

All personnel inside tunnel briefed prior 

to works starting and regularly 

reminded 

 

Suitable communication between the 

below ground work and outside of 

tunnel 

 

Visitors to carry their own self-rescuer 

   

1.4 Personnel 

Competencies 

Severe injury to untrained 

operative 

All 

operatives 

on TBM 

4 4 16 Training of all operative working for 

Align on site to be recorded. 

 

No personnel to operate 

machinery/plant unless they have been 

trained and are deemed competent to 

do so. 

4 1 4 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

1.5 Change to working 

method or discovery 

of site constraint 

Injury to personnel Task specific 

operatives, 

all TBM 

operatives 

for larger 

changes 

3 4 12 Site work to be stopped if working 

outside of the scope of the method 

statement. Supervisor to notify 

engineering team regarding change. 

Work to resume when change has been 

approved. Operatives to be re-briefed 

on change to method. 

 

Small changes can be addressed by task 

briefing on site, led by the site 

supervisor. Significant changes to be 

updated within RAMS. 

3 2 6 

TBM General 

2.1 Manual handling Injury to personnel 

Muscle Strains 

Back Injuries 

TBM 

gangers 

3 4 12 All items lifted by hand should allow for 

satisfactory body movement (limited 

need for rotation/twisting/carrying 

loads away from truck/straight back). If 

not possible, lifting equipment/plant to 

be used. 

 

Manual handling training to be 

completed to prevent injuries. 

 

Personnel must take their own 

assessment of what their capabilities are 

when lifting materials. 

 

Mechanical means should be made use 

of as far as practically possible 

3 2 6 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

       Personnel with health issues regarding 

lifting should advise the Align Site 

Supervisor for specific assessment by 

the H&S Team. 

   

2.2 MSV movements 

inside TBM 

Collision of vehicles with 

personnel 

All TBM 

personnel 

4 3 12 Back-up gantries fenced off preventing 

access into the invert of the TBM 

 

Traffic light system at rear of machine to 

always go to red without direction 

permission from TBM banksman. 

 

Operatives briefed not to enter invert of 

TBM unless notified by TBM Shift 

Boss/Foreman 

 

MSV vehicle to have flashing lights and 

siren to provide warning 

 

Speed limited to 5km/hr when entering 

the back up 

 

Authorised operators to only use the 

MSV vehicles 

4 1 4 

2.3 Access to electrical 

panel 

Electrocution 

 

Danger to machine operation 

Electricians 4 3 12 Lock-out-tag-out system to be 

implement on machine when 

conducting maintenance operations 

 

Only authorised personnel to have 

access to electrical panels on the TBM. 

Warning notices to be placed on areas 

with electrical equipment 

4 1 4 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

       
Work area isolate as far as practically 

possible to ensure electricians are not 

impeded 

 

Systems to be fully tested prior to use 

and fully earthed 

    

2.4 General dust 

emissions 

Dust inhalation TBM 

operatives 

3 3 9 Operatives to wear FFP3 masks to 

protect them from dust particles when 

carrying out operation produces 

significant amount of dust (segment 

repair mortar). 

 

Face fit evidence to be required. 

 

Dust suppression systems that can be 

fitted to tools/equipment to be utilised 

 

Adequate ventilation provided within 

the vicinity of the works. 

 

Works areas regularly cleaned to 

prevent build-up of dust 

3 1 3 

2.5 Housekeeping Slips, trips and falls All persons 

on TBM 

4 3 12 Walkways kept clear at all times from 

materials or obstructions 

 

Tools to be kept in designated stores 

 

Hazardous and non-hazardous materials 

to be stored in respective areas as soon 

as they are delivered to the TBM 

4 1 4 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

       
All materials not in use to be removed 

from the working area and placed in 

storage or waste bins 

 

COSHH items to be kept in designated 

COSHH stores. 

    

2.6 Management of 

additional power 

cables for tools 

Slips, trips and falls 

Cable damage 

All persons 

on TBM 

3 3 9 Cables to be kept out of main access 

walkways 

 

Where possible, cables to be kept off 

the ground 

 

Cables to be regularly inspected for 

damage. 

3 1 3 

2.7 Lighting Conditions Poor visibility leading to injury 

Slips and trips 

All persons 

on TBM 

 

Persons 

completing 

activity 

requiring 

lighting 

3 4 12 All walk ways provided with sufficient 

lighting 

 

Lighting assessment completed during 

TBM design to ensure all major works 

areas have sufficient lighting 

 

Task specific lighting to be provided in 

areas where it is not sufficient, mainly 

during maintenance 

3 1 3 

2.8 Hot Works Fire 

 

Injury to person and those 

near by 

Hot works 

worker 

4 3 12 Hot works only to be carried out on the 

TBM where absolutely necessary and 

cannot be done outside in the surface 

area 

4 1 4 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

  Eye damage (welding) Operatives 

in the 

vicinity 

   Hot works permit issued by 

Foreman/Shift boss prior to works 

starting. 

 

Hot works completed in compliance 

with the permit issues. 

 

Fire watch to be put in place where 

necessary 

 

Appropriate fire extinguishing systems 

to be located near by 

Appropriate PPE to be worn during 

activity (ventilate mask, fire proof 

overalls etc.) 

 

Area to be adequately ventilated 

 

Welding shield to placed where possible 

to prevent damage to eyes. Area 

completely fenced off when necessary 

   

2.9 Noise Hearing impairment All persons 

on TBM 

4 3 12 Site rules specify that use of ear 

protection is now mandatory for all 

works areas. 

 

Noise measurements will be taken by 

H&S team as part of the assessment of 

the works. 

 

Warning signs and notices to be in 

places in areas with high noise 

4 1 4 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

2.10 Entrapment/entangle 

ment in rotating parts 

Injury to person Operatives 

working on 

TBM 

 

Fitters 

performing 

maintenanc 

e 

4 3 12 All permanent fixtures with rotating 

parts have been equipped with guards 

to prevent access for opportunity of 

entanglement 

 

Interlocks/sensors put in place on access 

hatches/guards to stop item from 

rotating if opened 

 

Hands and loose clothing are kept clear 

during the operations. 

 

Lock-out-tag-out system to be in place 

when performing maintenance on these 

parts 

4 1 4 

2.11 Working at height Falling of personnel leading to 

significant injury 

 

Falling materials 

Operatives 

working on 

TBM 

4 3 12 Areas to have suitable fencing and edge 

protection provided to prevent falls 

from height. 

 

Safe access to working at height 

location 

 

Adequate supervisor while working at 

height to be provided 

 

If no fencing is provided, harnesses to 

be wore while working with sufficient 

anchorage point 

4 2 8 
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No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

       Area below working at height location 

to be fenced off or isolate in case item 

was to fall 

 

All unnecessary materials and 

equipment to be removed from the area 

which could otherwise fall or cause trips 

   

2.12 Hydraulic 

components 

High pressure hydraulic lines 

Failure of hose/couplings 

Sudden movement of lines 

All persons 

on TBM 

 

Fitters 

4 3 12 All couplings to be full tested to high 

pressure prior to operation of machine 

 

Maintenance of hydraulic system to 

following lock-out-tag-out procedures 

 

All couplings/piping/equipment to be 

maintained to reduce risk of failure 

 

All piping sufficiently bolted in place 

with majority using fixed pipes and only 

rubber hose where required 

 

Protection sleeve to be installed on the 

hoses when close to a personnel 

working area 

 

Pump pressures limited to not exceed 

the capacity of the pipes supplying the 

hydraulic oil. 

4 1 4 

2.13 General lifting 

operations 

Falling materials 

Damage to TBM 

Lifting 

personnel, 

Crane 

operators 

4 3 12 Lifting plans to be followed if required 

for specific lift 

4 1 4 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

  Uncertified lifting equipment 

Lifting equipment failure 

Crane failure 

and those 

working 

within the 

vicinity of 

the activity 

  Specific lifting procedures to be 

followed for each general lift 

 

Only trained and authorised personnel 

to use lifting equipment/cranes on TBM 

 

Regular inspection of crane and lifting 

equipment 

 

Lifting equipment to be colour coded to 

identify latest inspection 

 

Vacuum tests on segment crane and 

erector to be completed on a daily basis 

 

Adequate signage to be put in place 

identifying lifting operation areas 

 

Warning sirens and lights installed on 

lifting equipment to identify movement 

of lifting equipment where motorised 

    

2.14 Compressed air Pressurised pipes striking 

individual 

 

Excessive noise 

 

Particles being blown into 

person 

 3 3 9 Air discharged away from yourself and 

others 

 

Do not use compressed air to clean 

down works areas or equipment unless 

specifically authorised 

 

Ensure all components comply with 

appropriate standards for connections 

3 1 3 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

      Whip checks to be utilised on all 

temporary line connections. 

Connections to be checked they are 

secure prior to turning on supply 

 

Appropriate training for use of 

compressed air to be conducted 

 

Always release pressure in air lines prior 

to disconnection 

 

Ensure all components are appropriately 

rated before use 

 

Defects in compressed air lines to be 

notified immediately 

 

Appropriate PPE to be used when 

completing task with compressed air 

(earplugs, goggles etc.) 

    

 Moving equipment Striking individual leading to 

injury 

TBM 

operatives 

4 4 16 Access into areas where equipment is 

moving prevented where possible 

 

Moving machinery equipped with 

flashing light and siren 

 

Access into areas stops movement of 

equipment 

4 1 4 

 TBM Advance 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

3.1 Cuttehead Rotation Rotating equipment Workers 

completing 

tasks inside 

shield area 

4 3 12 Access area equipped with sensor to 

stopping cutterhead if accessed 

 

Alarm sounded during start of operating 

to provide warning to operatives in the 

area 

 

Only authorised personnel to access 

area 

4 1 4 

3.2 Thrust Cylinder/Ram 

Movement 

Entrapment/crushing of limbs Ring 

building 

operatives 

 

Persons in 

ring building 

area 

4 4 16 Only authorised personnel to be in 

erector area during thrust cylinder 

movement operations 

 

Rubber fingers attached to ends of 

thrust rams to provide early detection of 

cylinder movement 

4 2 8 

 Slurry Circuit 

4.1 Pipe Extensions Contact with slurry 

Lifting of pipes 

Pressurised pipes 

TBM 

Gangers 

3 4 12 Slurry to be drained into dedicated tank 

to prevent contact with operatives. Use 

of PIG system. 

 

Pipes to be purged prior to removal to 

prevent blowout of pipes and striking 

individuals 

 

Only trained operatives to use crane 

equipment for lifting 

 

Lifting plan/procedures to be followed 

3 2 6 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

      Site provided PPE to be used 

 

Manual handling guidelines to be 

followed 

    

 TBM Grout Batching 

5.1 Mixing of grout Skin and Eye Irritation 

Rotating equipment 

Pressurised hoses 

Cement dust inhalation 

Grout 

operator, 

general TBM 

operatives 

4 4 16 All equipment and tanks to be closed as 

per design to prevent splash back of 

grout materials 

 

Safety glasses, gloves and long sleeve 

shirts to be worn while on the TBM 

(standard Align Equipment) 

 

All rotating equipment enclosed to 

prevent entrapment of losing clothing 

or other items. Access to rotating 

equipment to have interlocks engaged 

when completing maintenance. 

 

Eye wash stations located on the TBM in 

the event grout comes in contact it eyes. 

 

Suitable washing facilities provided on 

the TBM 

 

All pipes fixed and bolted to TBM 

structure to prevent movement 

 

Sufficient dust suppression equipment 

installed on batching tanks to prevent 

dust exposure to TBM 

4 1 4 
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Hazard 

No. 

Activity Hazard Persons in 

danger 

Initial Rating Risk Control Measures Residual Risk 

  

S 

 

L 

 

R 

 

S 

 

L 

 

R   

5.2 Manual cleaning of 

grout lines 

High pressure water usage 

Flying debris 

Manual handling (lifting of 

pipes) 

TBM 

Gangers 

3 4 12 Only operatives who have been trained 

to use high pressure water equipment 

are able to use it (signed on from 

cleaning method statement) 

 

Correct PPE to be worn when 

completing cleaning operations 

(specifically goggles and waterproof 

gloves) 

 

High pressure hoses are regularly 

inspected, and results recorded. Any 

damage to hoses is repaired 

immediately. 

 

When moving pipes, correct manual 

lifting procedures to be followed. If 

heavy lift, multiple operatives to be 

used. 

3 2 6 
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6 Environmental Risk Assessments 
An environmental risk matrix is provided in table 10 and a summary of the main environmental risks is provided in Table 11. This excludes 

risks to the water environment which are separately assessed in a more detailed assessment in: Chiltern Tunnel Construction Water 

Environment Assessment (Document no:1MC05-ALJ-EV-REP-CS02_CL04-000142) and in: Groundwater Assessment for Construction Tasks - 

Tunnel and Cross Passages (Document no: 1MC05-ALJ-EV-NOT-CS02_CL04-400048). 

 
Table 10: Environment Risk Matrix 

 

Severity Classification 

 

S 

 

Likelihood Classification 

 

L 

 

Risk Level Description 

 

R 

Minor – minor  incident 

resulting in no serious 

environmental impact. 

Little or no damage to 

the environment 

 

 
1 

Improbable – no known instances of such an 

event occurring 

 

 
1 

Low risk, ensure that controls are adhered to and 

activity need not be altered 

 

 
0-5 

Moderate – potential 

damage to the 

environment requiring 

remedial work 

 
 

2 

Remote – past experiences suggest that event is 

unlikely to occur 

 
 

2 

Moderate risk, tolerable, but efforts should be 

made to reduce risk where cost effective and 

reasonably practicable 

 
 

6-10 

Serious – Serious 

damage to the 

environment 

 
3 

Possible – experience shows that events occur on 

occasions 

 
3 

Substantial risk, all practicable measures must 

be taken to reduce the level of risk. Tolerable only 

where further risk reduction is impractical or 

disproportionate to the risk involved 

 

 

 
11-20 Major – Incident 

resulting in major or 

permanent damage to 

the environment. 

 
 

4 

Probable  
 

4 

Catastrophic – incident 

resulting in irreversible 

damage to the 

environment. 

 
 

5 

Likely  –  very  likely  to  happen  unless  actively 

prevented 

 
 

5 

Extreme risk, unacceptable except in 

extraordinary cases. All control measures must be 

taken regardless of cost 

 
 

21-25 
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Table 11: Environment Risk Assessment 
 

Hazard Activity  (TBM) Hazard Initial Rating Risk Control Measures Residual Risk 

 

S 

 

L 

 

R 

 

S 

 

L 

 

R 
No.   

 General 

1.1 Waste water from TBM Contaminated water 

Contamination to the ground 

3 3 9 Closed waste water circuit to pumping 

water to the surface where is then cleaned 

 

Waste water is directed to specific 

locations for pumping to waste water 

circuit 

3 1 3 

1.2 General Tunnel Dust Minor  environmental  impact,  no 

damage to the environment 

2 3 6 Dust suppression systems implement on 

the TBM as far as possible. Only grouting 

operations are expected to produced dust 

 

Drilling activities to use water suppression 

systems to unsure dust is not produced 

2 1 2 

1.3 Waste Disposal from TBM Contamination of the ground 2 4 8 All waste will be removed from the TBM to 

the surface 

 

Skips/containers will be used to transfer 

waste to the outside of the tunnel and 

ensure no losses within the tunnel 

2 1 2 

1.4 Oil Leaks from TBM Contamination of the ground 3 3 9 Oil leaks will be addressed as and when 

they arise by the operatives. Supervisor to 

be notified and appropriate actions 

discussed 

3 1 3 
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Hazard Activity  (TBM) Hazard Initial Rating Risk Control Measures Residual Risk 

 

S 

 

L 

 

R 
 

S 

 

L 

 

R 
No.   

      Drip trains and plant nappies to be used 

where necessary 

 

Leaks to be cleared using spill kits located 

on the TBM. Waste materials to be 

transferred to the to the designated oil or 

hazardous waste containers to be 

removed from site. 

 

Equipment to be regularly inspected and 

maintained. 

 

Any leaks from equipment behind the 

shield will be contained by the tunnel 

lining (no pathway to ground) 

   

1.5 Noise Nuisance to local community 

(limited to TBM break in and break 

out) 

1 3 3 Noise levels will be monitored. It is not 

envisaged that the noise levels at the local 

receptors will exceed 60db. 

 

Works to be carried out in accordance 

with the section 61 and best practice. 

1 1 1 

1.6 Vibration Vibration from the TBM excavation 

going through the ground, 

effecting the local community 

3 3 9 Monitoring to be carried out under 

sensitive assets which have be identified 

by the geotechnical team 

 

Refer to Vibration monitoring plan for 

specific control measures. 

3 1 3 

1.7 Storage of materials Contamination of the ground and 

groundwater 

2 3 6 Oils and lubricants will be stored in the 

manufacturer’s containers within the TBM 

COSHH stores. 

2 2 4 
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Hazard Activity  (TBM) Hazard Initial Rating Risk Control Measures Residual Risk 

 

S 

 

L 

 

R 
 

S 

 

L 

 

R 
No.   

      Limited quantities of these materials will 

be kept in the stores on the TBM 

 

Use containers will be placed in specific 

trays and removed from the TBM 

   

 Greases 

2.1 Grease injection Contamination  of  the  soil  along 

the line of the tunnel alignment 

4 3 12 Quantities stored and used not to exceed 

those specified in method statements and 

documentation 

 

Chemicals to be bio-degradable where 

possible 

 

Greases are low mobility and low solubility 

so potential migration is limited 

2 3 6 

2.2 Grease drum disposal Contamination of soil at the drum 

storage area 

 

Waste disposal 

2 4 8 Barrels to have plastic membrane installed 

within for simpler hazardous waste 

disposal. Specific box located on TBM for 

removal to the surface 

 

Drums to be crushed on TBM to then be 

recycled. Reduce number of trips required 

to remove from the TBM once delivered 

2 1 2 

2.3 Storage of grease Contamination of soil at the 

grease storage area 

2 3 6 Grease   stored   in   sealed   barrels   in 

dedicated containment location on G1. 

 

Limited storage of grease barrels kept on 

TBM 

2 1 2 

 Grouting 
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Hazard Activity  (TBM) Hazard Initial Rating Risk Control Measures Residual Risk 

 

S 

 

L 

 

R 

 

S 

 

L 

 

R 
No.   

3.1 Grout mixing Damage to skin, chemical burns 

 

Contamination of the soil at the 

grout mixing plant 

4 3 12 Grout batched on a just in time basis 

before pumping to temporary storage 

tanks 

 

Mixing to be completed in dedicated 

batching plant to reduce risk of spillage 

 

Rapid gel time will restrict migration to 

soil 

4 1 4 

3.2 Grout mixing Cement dust exposure 4 3 12 Sufficient dust suppression systems 

installed on the cement tanks 

 

Cement  tanks  enclosed  to  limit  dust 

exiting the TBM atmosphere 

4 1 4 

3.3 Storage of 

chemicals/components 

Potential leaks from tank, 

introducing constituent 

components into waste water lines 

4 3 12 Tanks/containers of ground components 

regularly inspected and maintained to 

ensure no leaks occur. 

 

Spill kits available for use if required 

4 1 4 

3.4 Waste Grout Contamination of the ground 3 4 12 All grout not used from mixing will be 

washed out into waste water network 

where the materials will be separated, and 

water processed on the surface 

3 1 3 

3.5 Chemical spillages (silicate) Contamination of ground/tunnel 3 3 9 Specific  pumping  systems  in  place  to 

prevent opportunity for chemical spillages 

 

Grout batching plant regularly inspected 

for leakages 

 

Spill kits located on TBM in the event a 

spillage occurs. 

3 1 3 
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Hazard Activity  (TBM) Hazard Initial Rating Risk Control Measures Residual Risk 

 

S 

 

L 

 

R 
 

S 

 

L 

 

R 
No.   

       
Any leaks from chemical storage behind 

the shield will be contained by the tunnel 

lining (no pathway to groundwater) 
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7 Emergency Response 
In the event of a medical emergency, in the first instance, the first aider should be contacted. The first 

aider will then assess the severity of the injury/condition and call the ambulance if needed. The incident 

will be recorded in SFL’s site Accident book. Additionally, the accident will be reported to Align. First aider 

details will be posted and made available in all work areas, welfare facilities and supervisor will keep a 

record of responsible people as a point of contact for onsite personnel. 

 

All near misses or accidents should be reported in this way. Please refer to ALIGN Emergency Prep Plan. 

All accidents to be recorded in ALIGN accident book upon the day of the accident ONLY. 

 

7.1 Emergency Response 

In the event of an incident or a suspected incident, the ALIGN Emergency Preparedness and Response 

Plan (1MC05-ALJ-HS-PLN-C001-000032) will be followed. 

 

All accidents, near misses and incidents will be reported to ALIGN at the earliest opportunity and in all 

instances on the day of the recorded event. 

 

 

XXXX 

Figure 74: Emergency Procedure Matrix 
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7.2 Emergency contact details 

Emergency Services 999 

Local Police 101 

Medical Services (if applicable) 101 

HSE Emergency Number: 0345 300 9923 

Environment Agency Emergency Number: 0800 807060 

RSPCA Animal Helpline: 0300 1234 999 

HS2 Emergency Number: 0808 1434 434 

 

 

Figure 75: Nearest Hospital Address 

 

8 Monitoring of Work 
Due to the number of parameters that are to be followed during TBM operations, large amounts of 

monitoring must be carried out to ensure they are within set limits as well as relative documentation. As 

a result, there are a number of monitoring systems in place with the following section describing these 

systems. 

 

8.1 Shift Review Group/Daily Review Meeting 

More detail  on Shift Review Groups (SRG)/Daily Review Meeting (DRM) are found in the Tunnel 

Construction Management Plan. 

 

SRG/DRM will be carried out on a regular basis to review parameters and activities that took place on the 

TBM over the previous 24 hours. The review will range from checking of surface settlements outside of 

the TBM tunnel to analysing key parameters provided by the TBM data acquisition system. Following on 

from this review, new excavation instructions will be issued to the site team to follow over the next 24 

hours. In many cases, this may be as simple as stating to continue to following the OIS. 
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Key members of the SRG are the TBM Manager, TBM Shift Manager, Underground Geotechnical Manager, 

Design Representative and the Client. Third party representatives may be present depending on the 

progress of works/infrastructure affected by construction etc. Attendance at the group is limited to ensure 

a concise review of information is carried out with effective communication. Minutes of the meeting will 

be kept on site for the duration of the works 

 

Outcomes of the SRG will be briefed to the tunnelling teams carrying out the works, with specific 

emphasis on any changes to the OIS. 

 

8.2 Monitoring of Confinement Pressure 

As discussed in Section 4.5.1 of this document, the confinement pressure at the axis of the TBM is based 

on the calculations made by the design team to ensure ground movements are limited during 

construction of the tunnel and slurry blow outs are avoided. Therefore, during operation, this parameters 

needs to be carefully monitored to ensure the pressure is within specified limits. The excavation chamber 

and bubble chamber have a number of pressure sensors located within them, where the information is 

fed back to the TBM operator in the control cabin and the surface control room. 

 

The recommended and minimum confinement pressures calculated by the design team are recorded in 

the TBM guidance system (Pyxis) as well as the Operational Instruction Sheet which (OIS) which provided 

to the Operator and Shift Boss. The OIS takes precedence over the information presented on the Pyxis 

system. 

 

Prior to arriving in the area of applied pressure, the OIS will be reviewed ensuring the parameters are 

correct, based on the previous excavations. Any deviations from those within the Pyxis system will be 

noted on the OIS. 

 

Warnings are set in the TBM visualisation screens to alert the pilot, should the pressure drop below the 

minimum confinement. Similarly, warnings are provided when the pressure goes above the 

recommended pressure. 

 

The control room engineers in the surface control room will be regularly monitoring and performing 

analysis on the implemented confining pressures, reporting any significant anomalies to the TBM 

Manager. The results of this analysis (if deemed necessary) will be reviewed in the SRG/DRM. 

 

8.3 Monitoring of Grout Volume Injected and Pressure 

As discussed in section 4.8, the TBM Operator is able to monitor the volume and pressure of the grout 

injected behind the segmental lining. Alarms are shown in the Visualisation pages of the TBM to identify 

when parameters have deviated from the specified values, proving real time monitoring of the volume of 

grout injected. 
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This same information is available in the surface control room (together with alarms), with analysis of the 

grout volumes and injection pressures completed regularly to ensure the void has been injected correctly. 

 

With each ring erected, a ring report will be produced, showing the variation of a number of parameters 

of the excavated ring. Below shows an excerpt of this report focusing on the grout injection values; 

volume injected per line, average pressure per line and volume injected over the course of the ring. 

 

 

Figure 76: Example of grout volume review from ring report 

 

Any anomalies/issues with the grouting will be raised during the SRG/DRM. 

 

8.4 Monitoring of Volume & Dry Matter Excavated 

A key parameter to monitor during TBM operation is the volume of dry material excavated and removed 

from the tunnel face to the slurry circuit. This allows checks for over excavations, based on the increased 

weight of material removed from an excavated ring, to be performed. Ad we are using a Variable Density 

TBM, we are not able to install weight sensors to monitor this value as there is a slurry circuit. 

 

The calculation revolves around measurements taken by the flow meters and density meters on the TBM 

and comparing them to the theoretical values of tunnel excavation such as the tunnel geometry and 

geotechnical information. Considerations are also taken with regard as to what function the TBM is 

operating in, whether is it is excavation or slurry bypass due to the fact measurement are not required 

when no additional material is being sent into the line. 

 

The theoretical volume is calculated through the area of the excavated face and the distance excavated. 

For the theoretical dry matter excavated, an in-situ dry density value is used provided by the Geotechnical 

team. than removed will then be measured based on the geotechnical parameters of excavated ground. 

This information will be passed to the Production team by the Geotechnical team. 

 

For the actual estimation of the excavated volume, a comparison is made between the flows being sent 

to the TBM and compared against the flows returning from the TBM. The flows being sent to the TBM 
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must take into consideration that being sent to the Slurryfier box and the bubble chamber as it will impact 

the final calculation. To then provide an estimation of the dry matter, comparisons will be made between 

the feed line density and return line density. It should, however, be noted that this calculation is based 

on the volume removed from the excavation chamber, not the actual volume excavated. The formula 

below is used for the calculation of the excavated material. 

 

 

 

As the calculation is  based on estimated volume and weight of dry material excavated, the key 

comparisons that is made during excavations is the variations from ring to ring and the longer term 

average (last 10 rings). This allows the operator to immediately identify if an over excavation has occurred 

rather than waiting for results from the STP. 

 

The information will be displayed on a similar graphic to that below, with a graph displaying the 

theoretical values and the estimated values in real time. In addition to this, the bar graph will show the 

trends of the previous rings so the production team are aware if a specific ring has had over excavation. 

 

 

Figure 77: Example of graphic displaying excavated material trends 

 

 

 

8.5 Void Measuring System 

The front shield of the TBM is equipped with a hydraulic cylinder at the 12 o’clock position with which 

the void between the shield and excavated ground can be measured. This name of this equipment is the 

frontimeter. As a result, this information can be used to detect potential over excavations. 

 

The equipment works by having a pressure set point to which the cylinder reaches to when in contact 

with the excavated ground. Once reaching this pressure, the extension of the cylinder is stopped and the 

elongation measured by a stroke sensor. The Geotechnical Engineer will provide the pressure set point 

of the frontimeter, bases on the ground condition in which the machine is excavating in. 
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The operator is able to initiate an extension or retraction of this cylinder as well as set the pressure via a 

potentiometer from the control cabin. The information is displayed on the VISU. 

 

 

 

The void measuring system can only work when the TBM is stationary, with an interlock in place to prevent 

the machine advancing when extended. 

 

 

Figure 78: Void measuring system located in the shield 

 

8.6 Noise Monitoring 

Due to the launch of the TBM from an open cut, base line noise monitoring will be conducted once the 

TBM is fully inside the tunnel. From these measurements, criteria will be set and then regularly monitored 

throughout the project duration to ensure adequate hearing protection is provided at all times. 

 

On the machine itself, we have two noise sensors located on gantry 2 and gantry 6. As these sensors will 

be continually monitoring the noise levels, bases lines are to be taken from here at the start of the project. 

If noise levels to exceed set levels on a regular basis, an investigation will be conducted and PPE reviewed. 

The health and safety team will be able to conduct their own measurements on the TBM. 
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Figure 79: Location of noise measuring sensors on the TBM gantries 

 

Only during the launch of the TBM is noise expected to effect the local environment, given that the 

machine is operating inside the tunnel. While outside of the tunnel, the machine will work within the 

constraints of the sections 61 consents. The machine is launched from a deep cut on the south portal 

site and not within a close vicinity to any local receptors. As a result, no concerns have been raised. 

 

Noise will be monitored at the TBM at the beginning of the production and then regularly monitored 

throughout the project duration to ensure the adequate hearing protection is being worn at all times. 

 

8.7 Dust Monitoring 

A dust-monitoring device, which will continually monitor dust levels, is installed on the rear of gantry 6 

on the TBM. The information is displayed in the TBM control cabin, with the same information then 

available in the Surface Control room. 

 

A base line is to be conducted at the start of TBM operations to ensure we are accurately able to monitor 

changes. Alarms, displayed in the control cabin, will follow those of the occupational exposure limits, with 

the results taken over an 8 hour period, given the cyclic process of TBM Operations. When required, the 

Health and Safety team will be able to conduct spot check measurements using personal samplers. 

 

Exposure limits as listed in BS 6164: 

- Respirable dust - 4mg/m3
 

- Mineral dust – 10mg/m3
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Figure 80: Location of the dust monitoring system on Gantry 6 

 

8.8 Gas Monitoring 

The following gases are monitored continuously on the TBM at various locations throughout the shield 

and back-up gantries – Oxygen, CO, CO2, NO, NO2, H2S and methane. The sensors are installed in areas 

where the gases are most prevalent, for example, in the location of the back-up gantry where the MSV is 

to unload the segments. The information is shown in the TBM control cabin and is available in the surface 

control room. If the concentration exceeds the set limit values, a warning is issued in the visualisation, 

where appropriate action by the TBM Operator and shift boss will be taken. Similar warnings are shown 

in the surface control room. The location of all the gas sensors is shown in the Escape and Rescue Plan 

(5778-006-915-00 – Escape and Rescue Plan). 

 

The Incident Management Plan covers for the TBM covers the actions by the relevant parties in the case 

the gas levels are breached. Workplace exposure limits (WEL) will be taken from BS 6164 (which refers to 

guidance note EH40 [35]) as the alert levels for the TBM. Note that the (*) located next to a value 

represents the updated value to be used from 2023. Short term working limits refer to a period of 15 

mins while long term refer to an 8 hour time weighted average. 

 
Table 12: Safe exposure limits of gases inside the tunnel 

Contaminant Chemical Symbol Hazzard WEL Long term WEL Short term Explosive limit 

Lower 

Explosive limit 

lower 

Carbon monoxide CO Toxic 30 ppm 

20 ppm* 

200 ppm 

100 ppm* 

12.5% 74.2% 

Carbon dioxide CO2 Asphyxiant 5,000 ppm 15,000 ppm N/A N/A 

Nitrogen monoxide NO Toxic 3 ppm 

2 ppm* 

15 ppm* 
 

- 
 

- 

Nitrogen dioxide NO2 Extremely toxic 0.5 ppm* 1 ppm* - - 

Methane CH4 Explosive and 

Asphyxiant 

   

4.4% 

 

17% 

Hydrogen sulfide H2S Toxic and 

explosive 

10 ppm 15 ppm 4.3% 45.5% 



TBM – Excavation of the Tunnel 

Document no: 1MC05-ALJ-TN-MST-CS02_CL04-000003 

Revision: C01 

Page 112 

 

 

 

 

 

Sulphur dioxide SO2 Toxic 2 ppm 5 ppm -  

Oxygen O2 Asphyxiant and 

increased fire risk 

- <19 % 

>23 % 

 

- 

 

- 

 

 

8.9 Groundwater monitoring 

A detailed groundwater monitoring plan has been prepared and discussed with the Environment Agency 

and Affinity Water. This details locations along the alignment where water quality and water level will be 

monitored before, during and after construction (see report 1MC05-ALJ-EV-REP-CS02_CL04-000142). 

 

8.10 Waste disposal 

Waste management from the TBM is described in the document 1MC05-ALJ-TN-MST-CS02_CL04-000007 

- RAMS – TBM Logistics. 

 

9 Quality 
The ITP reference number for the TBM Excavation of the Tunnel as  follows - 1MC05-ALJ-TN-ITP- 

CS02_CL04-000001. All checks, hold points, review etc. are covered within this documentation. 

 

The ITPs referencing to segment installation (ring building) and segment repair on the TBM are covered 

in spate documentation. The references are below: 

 

- Inspection Test Plan – Segment Lining Installation - 1MC05-ALJ-TN-ITP-CS02_CL04-000002 

- Inspection  Test  Plan  –  Segment  Lining  General  and  Leakage  Repair  -  1MC05-ALJ-TN-ITP- 

CS02_CL04-000003 

10 Material Control / Certificates of 

Conformity / COSHH assessments 
The different products for grease injection, bentonite and grout components are actually under tender. 

This section will be updated in further revision. 

 

10.1 Material Approval Forms 

The following document references below refer to the Material Approval Forms for the components, 

which will used during TBM operations: 

 

- TBM Tailskin Grease - 1MC05-ALJ-TN-FRM-CS02_CL04-000002 

- TBM Main Drive Grease - 1MC05-ALJ-TN-FRM-CS02_CL04-000003 
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- TBM Sealing Grease - 1MC05-ALJ-TN-FRM-CS02_CL04-000004 

- TBM Annulus Grout - 1MC05-ALJ-TN-FRM-CS02_CL04-000005 

 
These will be approved through the appropriate ALIGN quality management systems prior to the launch 

of the TBM. 

 

10.2 COSHH Assessment 

 
The list below provides a list of COSHH materials where a COSSH assessment will be conducted, prior to 

the launch of the TBM. 

 

- TBM Tailskin grease (WR89 and WR90 – TAM SEAL ST91) 

- TBM Main Drive Grease 

- TBM Sealing Grease 

- Cement (annulus grout component) 

- Bentonite (annulus grout component) 

- Retarder (annulus grout component) 

- Sodium silicate (annulus grout component) 

11 Security 
Effective security arrangements for the work location and plant and equipment being used have been 

identified and effective arrangements have been detailed in accordance with the requirements of ALIGN 

Security Plan. 
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Appendix C Geological sections along the 

tunnel alignment 
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Figure B1 - Schematic Geological Long Section Density/UCS/Permeability Sheet 1 of 9 



Figure B2 - Schematic Geological Long Section Density/UCS/Permeability Sheet 2 of 9 

 

 

 



Figure B3 - Schematic Geological Long Section Density/UCS/Permeability Sheet 3 of 9 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure B4 - Schematic Geological Long Section Density/UCS/Permeability Sheet 4 of 9 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B5 - Schematic Geological Long Section Density/UCS/Permeability Sheet 5 of 9 



Figure B6 - Schematic Geological Long Section Density/UCS/Permeability Sheet 6 of 9 

 

 

 



Figure B7 - Schematic Geological Long Section Density/UCS/Permeability Sheet 7 of 9 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure B8 - Schematic Geological Long Section Density/UCS/Permeability Sheet 8 of 9 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B9 - Schematic Geological Long Section Density/UCS/Permeability Sheet 9 of 9 



Figure B10 - Schematic Geological Long Section TCR/RQD Sheet 1 of 9 

 

 

 



Figure B11 - Schematic Geological Long Section TCR/RQD Sheet 2 of 9 

 

 

 



Figure B12 - Schematic Geological Long Section TCR/RQD Sheet 3 of 9 

 

 

 



Figure B13 - Schematic Geological Long Section TCR/RQD Sheet 4 of 9 

 

 

 



Figure B14 - Schematic Geological Long Section TCR/RQD Sheet 5 of 9 

 

 

 



Figure B15 - Schematic Geological Long Section TCR/RQD Sheet 6 of 9 

 

 

 



Figure B16 - Schematic Geological Long Section TCR/RQD Sheet 7 of 9 

 

 

 



Figure B17 - Schematic Geological Long Section TCR/RQD Sheet 8 of 9 

 

 

 



Figure B18 - Schematic Geological Long Section TCR/RQD Sheet 9 of 9 
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Appendix D Risk assessment methodology 
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Approach 

The risk assessment has been completed using the source-pathway-receptor approach, with the 

presence of all three being termed a pollutant linkage.  Without all three elements being present 

there can be no risk to a receptor.  The level of risk then depends on the combination of the 

likelihood (or probability) and the consequences of the linkage. The nature of the source and in 

particular the level of hazard it poses is an important part of the assessment of consequence, as is 

the value of the source. Wherever possible a standard approach has been taken to the assessment 

to try to ensure a degree of consistency in the assessment. Where a significant risk is identified this 

may require monitoring and/or mitigation. 

 

Value of the receptors 

The value of each receptor has been defined based on a number of criteria including the aquifer 

classification, presence of abstractions, support that aquifer provides to ecologically sensitive sites 

and other relevant factors. These are summarised in Table A1, although it must be noted that some 

criteria fall within more than one value class as they can be dependent on other factors. The value of 

the receptor is used as a general part of the assessment and also when considering the level of 

uncertainty in the approach and need for precautionary monitoring. For example, where there is a 

high value receptor and a low risk, but with a moderate degree of uncertainty this could require 

precautionary monitoring, whereas for the same situation for a low value receptor it may not. 

 
Table A1 Value of water receptors 

Value Generic criteria Criteria 

High High importance 

and rarity, 

national scale, 

and limited 

potential for 

substitution 

Principal aquifers with high aquifer vulnerability and Drinking Water 

Protected Area. 

Groundwater public water supplies. 

Main river of national importance, e.g. used for public water supplies. 

Private groundwater or surface water supplies serving more than 50 

properties, or properties where there is no other viable source of water 

supply. 

Water feeding sites with a high environmental importance and international 

or national value, including Ramsar sites; SACs; Special Protection Areas; 

SSSIs; and internationally and nationally important groundwater 

dependent terrestrial ecosystems (GWDTEs). 

Nationally important fisheries. 

WFD water body. 

Medium High or medium 

importance and 

rarity, regional 

scale, and limited 

Principal  aquifers  with  low  vulnerability  (e.g.  confined)  or  Secondary  A 

aquifers. 

Private water supplies serving three or more (but fewer than 50) properties 

and where viable alternative supplies are available. 
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Value Generic criteria Criteria 

 potential for 

substitution 

Important in the context of the region including watercourses or water 

bodies. 

Main rivers within a catchment, locally important watercourses, abstracted for 

non-potable use. 

Groundwater  that  supports  highly  dependent  GWDTEs  which  are  not 

designated. 

Regionally important fisheries. 

WFD water body. 

Low Low or medium 

importance and 

rarity, local scale 

Low productivity aquifer, which will often correspond to a Secondary B 

aquifer. 

Private supplies located within the vicinity of a mains water supply or used 

for agricultural purposes and not for drinking water purposes and where 

viable alternative supplies are available. 

Low or local environmental importance. 

Minor watercourses or water bodies. 

Degraded fisheries or receptor not important for fisheries. 

Groundwater that supports un-designated moderately dependent GWDTE. 

WFD modified or artificial water body 

Negligib 

le 

Very low 

importance and 

rarity, local scale 

Not classified as an aquifer under WFD, i.e. water bearing stratum identified 

through ground investigation that is not classified (‘Unproductive 

Strata’). 

Groundwater that supports a wetland not classified as a GWDTE, although 

may receive some minor contribution from groundwater. 

Not a WFD defined water body 

 

 

Classification of consequence 

The assessment of the consequences of a pollutant linkage being present range from severe to 

minor. The definition of each term used in this assessment is provided in Table A2 for both 

groundwater and surface water. 



Chiltern Tunnel Construction Water Environment Assessment 

Document no: 1MC05-ALJ-EV-REP-CS02_CL04-000142 

Revision: C01 

Table A2 Classification of consequence 

OFFICIAL 

Page 49 

 

 

 

Receptor Characteristics Magnitude of change and criteria 

 
Severe Medium Mild Negligible   

Surface 

watercourses 

Water quality 

status with respect 

to EQS 

Measurable change with 

respect to EQSs for more than 

one month with long-term 

irreversible effect on aquatic 

ecosystems. 

Measurable change for less 

than one month with a 

temporary effect on aquatic 

ecosystems in the medium 

term. 

Measurable change but no 

change with respect to EQS. 

No significant effect on 

aquatic ecosystems. 

No measurable 

change in surface 

water quality. 

Water availability Long-term change in the flow 

of water within a water body 

equivalent to +/- 10% (or 

more) of low flow. 

Long-term change in the flow 

of water within a water body 

equivalent to between +/- 5% 

and +/- 10% of low flow. 

Long-term change in the 

flow of water within a water 

body of up to +/- 5% of low 

flow. 

No measurable 

change in water 

volume or flow 

within a water 

body. 

Note: Professional judgement is used to assess potential changes in flow, particularly those watercourses that 

naturally dry up. 

Runoff regime 

resulting in change 

to flood risk and 

erosion potential 

Long-term irreversible 

change in overall volume of 

runoff and changes to flow 

paths and rates. 

Temporary change, over a 

medium time period, in overall 

volume of runoff and changes 

to flow paths and rates. 

Localised and short-term 

change in volume of runoff 

and changes to flow paths 

and rates. 

No measurable 

change in runoff 

regime. 

Groundwater Recharge and flow 

or discharge of 

groundwater 

Irreversible or permanent 

change. May have a large 

effect on water supplies, 

supply to ecosystem or 

groundwater base flow to a 

watercourse.       Affects   the 

Measurable but temporary 

change. Limited effect on water 

supplies, supply to ecosystem 

or groundwater base flow to a 

watercourse but with no effect 

on WFD status. Affects 

moderate size area. 

Short-term reversible 

changes. Effects are limited 

to small discrete areas. 

No measurable 

change. 



OFFICIAL 

Page 59 

Chiltern Tunnel Construction Water Environment Assessment 

Document no: 1MC05-ALJ-EV-REP-CS02_CL04-000142 

Revision: C01 

 

 

 

Receptor Characteristics Magnitude of change and criteria 

 
Severe Medium Mild Negligible   

  WFD status.  Affects large or 

multiple area(s). 

   

Groundwater levels Irreversible or permanent 

change (greater than 1m 

change in level) over a large 

area. May affect water 

supplies, supply to ecosystem 

or groundwater base flow to 

a watercourse such that it 

affects the WFD status. 

Affects large or multiple 

area(s). 

Measurable permanent change 

of less than 1m over a large 

area or over 1m to a local area 

or on a temporary basis. May 

affect water supplies, supply to 

ecosystem or groundwater 

base flow but with no effect on 

WFD status. Affects moderate- 

size area. 

Short-term, reversible or 

minor changes. Effects are 

limited to small discrete 

areas. 

No measurable 

change. 

Groundwater 

quality with 

respect to Water 

Quality Standards 

Permanent or long-term 

change resulting in 

widespread exceedances of 

standards such that it affects 

the WFD status. 

Temporary change in 

groundwater quality for several 

months. 

Measurable but temporary 

change but not with respect 

to Water Quality Standards. 

Local in extent. 

No measurable 

change. 

Groundwater 

movement to 

Statutory 

Designated 

GWDTE 

Quality status 

(critical supporting 

elements) 

Large change (> twice 

background) in quality for 

more than 1 year. 

Change in quality by up to two 

times for up to 1 year. 

Measurable change, but 

quality remains within limits 

for good condition. 

No measurable 

change. 

Water level change 

(permanently 

saturated wetland): 

GWDTE becomes 

unsaturated for more than 4 

months per year or for more 

GWDTE becomes unsaturated 

for less than 4 months per year 

for no more than 2 consecutive 

years. 

Measurable change, but 

feature remains 

permanently saturated. 

No measurable 

change 
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Receptor Characteristics 
 

Magnitude of change a nd criteria 

 
Severe Medium Mild Negligible   

  than 1 month for more than 2 

or more consecutive years. 

   

Water level change 

(seasonally 

saturated wetland): 

GWDTE becomes 

permanently unsaturated for 

more than one year. 

GWDTE becomes permanently 

unsaturated, but for less than 

one year. 

Measurable change, but 

seasonal saturation 

remains. 

No measurable 

change 
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Likelihood 

The likelihood or probability of a consequence being realised can range from High to unlikely, with 

the perception of likelihood often being subjective and dependent upon the perspective of the 

person making or reviewing the assessment (those with potential to be affected often tend to 

perceive something as being more likely than those with no vested interest). Throughout this risk 

assessment the terms defined in Table A3 have been used. In all instances a pollutant linkage is 

present and the likelihood represents the potential for a consequence to be realised. 

 
Table A3 Likelihood of a consequence occurring 

Likelihood Definition 

High An event is very likely in the short term and almost inevitable over the long 

term, or there is already evidence of an impact at the receptor. 

Likely An event is not inevitable, but possible in the short term and likely over the long 

term. 

Low It is not definitive that even over a longer period an event would take place, and 

it is even less likely to occur in the shorter term. 

Unlikely Although there is a pollution linkage it is improbable that an event would occur 

even in the very long term. 

 

 

Risk ranking 

Based on the definition of likelihood and consequence the level of risk to a receptor is defined with a 

range from very low to very high as shown in the matrix in Table A4. The definition of each risk 

category is summarised in Table A5. 

 
Table A4 Risk matrix 

 
Risk matrix 

Consequence of occurrence (severity) 

Severe Medium Mild Negligible 

 P
r
o

b
a

b
i
l
i
t
y
 (
l
i
k
e

l
i
h

o
o

d
)
 

High likelihood Very high High Moderate Moderate/low 

Likely High Moderate Moderate/low Low 

Low likelihood Moderate Moderate/low Low Very low 

Unlikely 
Moderate/low Low Very low Very low 
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Table A5 Definition of risk rating 

Risk Risk description 

Very high There  is  a  high  likelihood  of  the  event  occurring  and  having  severe 

consequences. If the risk is realised, it is likely to result in a substantial liability. 

High It is likely that an event with medium or even severe consequences could arise. 

If the risk is realised, it may result in a substantial liability. 

Moderate It is possible that an event could occur and it is either unlikely and consequences 

may be severe or, if it were to occur, it is likely that consequences would be 

relatively mild. Investigation would normally be required to clarify the risk and 

determine the potential liability. 

Low risk It is possible that an event could occur but it is likely that the consequences 

would be at worst mild. 
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Appendix E MSDS for TG91 and grout mix 



 

 

TamSeal TG91 

High Performance Tail Sealant for TBMs 

 

DESCRIPTION TECHNICAL DATA 
 

TamSeal TG91 

Odour None 

Colour Off White 

Form Homogenous paste 

Density Approx. 1.40 (g/cm3) 

Consistency 210 - 220 (1/10mm) 

Matsumura Water 

pressure test 
Pass at 34.5 bar 

Flammability Self-extinguishing 

 

All technical data stated herein is based on tests carried 

out under laboratory conditions. 

 

APPLICATION  GUIDELINES 
 

 
 
 
 

 
TamSeal TG91 is a high performance driving grade tail 

sealant for shielded tunnel boring machines (TBM). 

Together with the wire brushes, the sealant forms an 

impermeable barrier between the tail shield of the TBM and 

the concrete segments to effectively seal off any ingress 

of water, soils and backfill grout back into the TBM invert. 

 

TamSeal TG91 performs best when used in conditions with 

an ambient temperature above 15°C. 

 

KEY BENEFITS 

Biodegradable 

Self-extinguishing 

Excellent resistance to water 

Anti-washout 

Excellent adhesion properties 

Excellent pumpability 

Controlled consumption rates 

REACH compliant 

Consumption 

Consumption depends on various parameters like TBM- 

diameter, brush conditions, grout or water pressure and 

tunnel alignment. 

 

Typical consumption rates are 0.8 - 1.2 kg/m2 segment 

surface. 

 

PACKAGING 

TamSeal TG91 is supplied in 250 kg and 70 kg metal drums, 

being suitable for the standard press plate pumping 

system installed in TBMs. Other packaging may be 

available upon request. 

 

STORAGE 

TamSeal TG91 should be stored at room temperature (min 

5°C and max 40°C), kept dry and out of direct sunlight. If 

these conditions are maintained and the product 

packaging is unopened, then a shelf life of one year can be 

expected. 

 

HEALTH & SAFETY 

TamSeal TG91 should only be used as directed. We always 

recommend that the Safety Data Sheet (SDS) is carefully 

read prior to application of  the material. Our 

recommendations for protective equipment should be 

strictly adhered to for your personal protection. The Safety 

Data Sheet is available upon request from your local 

Normet representative. 

 
Whilst any information and/or specification contained herein is to the best of our knowledge, true and accurate, we always recommend that a trial be carried 

out to confirm suitability of the product. Please note regional climatic conditions may cause a variation in the performance of the product. No warranty is given 

or implied in connection with any recommendations or suggestions made by us or our representatives, agents or distributors. The information in this data 

sheet is effective from the date shown and supersedes all previous data. Please check with your local Normet office to confirm that this is current issue. 

TamSeal TG91 V1WW20 – 2020.05.01 
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SAFETY DATA SHEET 

TAMSEAL TG91 

According to Regulation (EC) No 1907/2006, Annex II, as amended. Commission Regulation (EU) No 2015/830 
of 28 May 2015. 

 

 

1.1. Product identifier 
 

Product name TAMSEAL TG91 

Product number -44 
 

1.2. Relevant identified uses of the substance or mixture and uses advised against 
 

Identified uses Tail Sealant for Shielded Tunnel Boring Machine 
 

1.3. Details of the supplier of the safety data sheet 
 

Supplier NORMET UK LTD 

Unit 5 Wheler Road, 

Seven Stars Industrial Estate, 

Coventry, 

CV3 4LB 

UK 

+44 (0) 333 2409966 

SDS@NORMET.COM 
 

1.4. Emergency telephone number 
 

Emergency telephone +44 (0) 207 858 1228 - 24 hours 
 

 

2.1. Classification of the substance or mixture 

Classification (EC 1272/2008) 

Physical hazards Not Classified 

Health hazards Not Classified 

Environmental hazards Not Classified 

2.2. Label elements 
 

Hazard statements NC Not Classified 
 

2.3. Other hazards 
 

HSNO Classification 
 

 

3.2. Mixtures 
 

Composition comments None of the ingredients are required to be listed. 
 

 

4.1. Description of first aid measures 
 

General information Move affected person to fresh air and keep warm and at rest in a position comfortable for 

breathing. Get medical attention. Treat symptomatically. 

SECTION 4: First aid measures  

SECTION 3: Composition/information on ingredients  

SECTION 2: Hazards identification  

SECTION 1: Identification of the substance/mixture and of the company/undertaking  

mailto:SDS@NORMET.COM
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TAMSEAL TG91 

 

Inhalation IF INHALED: Get medical attention immediately. Move affected person to fresh air and keep 

warm and at rest in a position comfortable for breathing. Do not induce vomiting. 

Ingestion IF SWALLOWED: Get medical attention immediately. If throat irritation or coughing persists, 

proceed as follows. Rinse mouth thoroughly with water. Promptly get affected person to drink 

large volumes of water to dilute the swallowed chemical. Stop if the affected person feels sick 

as vomiting may be dangerous. If vomiting occurs, the head should be kept low so that vomit 

does not enter the lungs. 

Skin contact IF ON SKIN (or hair): Rinse immediately with plenty of water. Continue to rinse for at least 10 

minutes. Get medical attention if irritation persists after washing. Remove contaminated 

clothing. 

Eye contact IF IN EYES: Remove any contact lenses and open eyelids wide apart. Continue to rinse for at 

least 15 minutes and get medical attention. Get medical attention if irritation persists after 

washing. 

Protection of first aiders First aid personnel should wear appropriate protective equipment during any rescue. 
 

4.2. Most important symptoms and effects, both acute and delayed 
 

General information Treat symptomatically. See Section 11 for additional information on health hazards. 

Inhalation May cause irritation. 

Ingestion May cause stomach pain or vomiting. May cause irritation. Gastrointestinal symptoms, 

including upset stomach. 

Skin contact May cause skin irritation. 

Eye contact May cause irritation. 
 

4.3. Indication of any immediate medical attention and special treatment needed 
 

Notes for the doctor Treat symptomatically. 

Specific treatments Treat symptomatically. 
 

 

5.1. Extinguishing media 
 

Suitable extinguishing media Use fire-extinguishing media suitable for the surrounding fire. Extinguish with alcohol-resistant 

foam, carbon dioxide or dry powder. 
 

5.2. Special hazards arising from the substance or mixture 
 

Specific hazards Irritating gases or vapours. 

Hazardous combustion 

products 

Irritating gases or vapours. 

 

5.3. Advice for firefighters 
 

Protective actions during 

firefighting 

 

No action shall be taken without appropriate training or involving any personal risk. Stop leak 

if safe to do so. If leakage cannot be stopped, evacuate area. Move containers from fire area 

if it can be done without risk. 
 

Special protective equipment 

for firefighters 

Use air-supplied respirator, gloves and protective goggles. 

 

 

6.1. Personal precautions, protective equipment and emergency procedures 
 

SECTION 6: Accidental release measures  

SECTION 5: Firefighting measures  
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TAMSEAL TG91 

 

Personal precautions No action shall be taken without appropriate training or involving any personal risk. Keep 

unnecessary and unprotected personnel away from the spillage. Avoid contact with skin, eyes 

and clothing. Avoid inhalation of vapours. Follow precautions for safe handling described in 

this safety data sheet. 
 

6.2. Environmental precautions 
 

Environmental precautions Spillages or uncontrolled discharges into watercourses must be reported immediately to the 

Environmental Agency or other appropriate regulatory body. 
 

6.3. Methods and material for containment and cleaning up 
 

Methods for cleaning up If leakage cannot be stopped, evacuate area. Move containers from spillage area. Large 

Spillages: Absorb spillage with sand or other inert absorbent. Collect and place in suitable 

waste disposal containers and seal securely. Absorb small quantities with paper towels and 

evaporate in a safe place. Dispose of waste to licensed waste disposal site in accordance with 

the requirements of the local Waste Disposal Authority. Label the containers containing waste 

and contaminated materials and remove from the area as soon as possible. 
 

6.4. Reference to other sections 
 

Reference to other sections For personal protection, see Section 8. For waste disposal, see Section 13. See Section 11 

for additional information on health hazards. See Section 12 for additional information on 

ecological hazards. 
 

 

7.1. Precautions for safe handling 
 

Usage precautions For professional users only. Do not handle until all safety precautions have been read and 

understood. Use only in well-ventilated areas. Protect from moisture. Keep container dry. 

Container must be kept tightly closed when not in use. Do not eat, drink or smoke when using 

this product. 
 

Advice on general 

occupational hygiene 

Do not eat, drink or smoke when using this product. Provide eyewash station. Wash promptly 

with soap and water if skin becomes contaminated. Promptly remove any clothing that 

becomes contaminated. 
 

7.2. Conditions for safe storage, including any incompatibilities 
 

Storage precautions Store at temperatures between 5°C and 40°C. Store in tightly-closed, original container in a 

dry, cool and well-ventilated place. Do not store near heat sources or expose to high 

temperatures. Store away from the following materials: Acids. Alkalis. 

Storage class Chemical storage. 
 

7.3. Specific end use(s) 
 

Specific end use(s) The identified uses for this product are detailed in Section 1.2. 
 

 

8.1. Control parameters 
 

8.2. Exposure controls 
 

Eye/face protection Wear eye protection. 

Hand protection To protect hands from chemicals, gloves should comply with European Standard EN374. 

Hygiene measures Wash contaminated skin thoroughly after handling. Wash after use and before eating, 

smoking and using the toilet. Provide eyewash station. When using do not eat, drink or 

smoke. 

Respiratory protection If ventilation is inadequate, suitable respiratory protection must be worn. 

SECTION 8: Exposure controls/Personal protection  

SECTION 7: Handling and storage  
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TAMSEAL TG91 

 

 

9.1. Information on basic physical and chemical properties 
 

Appearance Coloured paste. 

Colour Off-white. 

Odour Characteristic. 

Odour threshold Not determined. 

pH Not determined. 

Melting point Not applicable. 

Initial boiling point and range Not determined. 

Flash point Not determined. 

Evaporation rate Not determined. 

Evaporation factor Not determined. 

Flammability (solid, gas) Not applicable. 

Upper/lower flammability or 

explosive limits 

Not applicable. 

 

Other flammability Not applicable. 

Vapour pressure Not determined. 

Vapour density Not determined. 

Relative density Not determined. 

Bulk density Not applicable. 

Solubility(ies) Not determined. 

Auto-ignition temperature Not determined. 

Decomposition Temperature Not determined. 

Viscosity Not determined. 

Explosive properties Not applicable. 

Explosive under the influence 

of a flame 

Not considered to be explosive. 

 

Oxidising properties Not applicable. 
 

9.2. Other information 
 

 

10.1. Reactivity 
 

Reactivity There are no known reactivity hazards associated with this product. 
 

10.2. Chemical stability 
 

Stability Stable at normal ambient temperatures and when used as recommended. 
 

10.3. Possibility of hazardous reactions 

Possibility of hazardous 

reactions 

No potentially hazardous reactions known. 

SECTION 10: Stability and reactivity  

SECTION 9: Physical and chemical properties  
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TAMSEAL TG91 

 

10.4. Conditions to avoid 
 

Conditions to avoid Avoid exposure to high temperatures or direct sunlight. 
 

10.5. Incompatible materials 
 

Materials to avoid Avoid contact with the following materials: Strong acids. Strong alkalis. 
 

10.6. Hazardous decomposition products 

Hazardous decomposition 

products 

Carbon dioxide (CO2). Carbon monoxide (CO). Nitrous gases (NOx). 

 

 

11.1. Information on toxicological effects 
 

Toxicological effects When used and handled according to specifications, the product does not have any harmful 

effects to our experience and the information provided to us. 
 

Acute toxicity - oral 

Notes (oral LD₅₀) No specific test data are available. 
 

Acute toxicity - dermal 

Notes (dermal LD₅₀) No specific test data are available. 
 

Acute toxicity - inhalation 

Notes (inhalation LC₅₀) No specific test data are available. 
 

Skin corrosion/irritation 

Skin corrosion/irritation Based on available data the classification criteria are not met. 
 

Serious eye damage/irritation 

Serious eye damage/irritation   Based on available data the classification criteria are not met. 
 

Respiratory sensitisation 

Respiratory sensitisation Based on available data the classification criteria are not met. 
 

Skin sensitisation 

Skin sensitisation Based on available data the classification criteria are not met. 
 

Germ cell mutagenicity 

Summary Based on available data the classification criteria are not met. 
 

Carcinogenicity 

Carcinogenicity Based on available data the classification criteria are not met. 
 

Reproductive toxicity 

Summary Based on available data the classification criteria are not met. 
 

Specific target organ toxicity - single exposure 

STOT - single exposure Based on available data the classification criteria are not met. 
 

Specific target organ toxicity - repeated exposure 

STOT - repeated exposure Based on available data the classification criteria are not met. 
 

Aspiration hazard 

Aspiration hazard Based on available data the classification criteria are not met. 
 

 
 

Ecotoxicity Not regarded as dangerous for the environment. 

SECTION 12: Ecological information  

SECTION 11: Toxicological information  
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12.1. Toxicity 
 

Toxicity Based on available data the classification criteria are not met. 
 

Acute aquatic toxicity 

Acute toxicity - fish No specific test data are available. 

Acute toxicity - aquatic 

invertebrates 

No specific test data are available. 

 

Acute toxicity - aquatic plants   No specific test data are available. 
 

12.2. Persistence and degradability 
 

Persistence and degradability   No specific test data are available. 
 

12.3. Bioaccumulative potential 
 

Bioaccumulative potential No specific test data are available. 
 

12.4. Mobility in soil 
 

Mobility No information available. 
 

12.5. Results of PBT and vPvB assessment 

Results of PBT and vPvB 

assessment 

This product does not contain any substances classified as PBT or vPvB. 

 

12.6. Other adverse effects 
 

Other adverse effects None known. 
 

 

13.1. Waste treatment methods 
 

General information Dispose of waste to licensed waste disposal site in accordance with the requirements of the 

local Waste Disposal Authority. Waste should be treated as controlled waste. 

Disposal methods Dispose of contents/container in accordance with national regulations. Waste should be 

treated as controlled waste. 
 

 
 

General The product is not covered by international regulations on the transport of dangerous goods 

(IMDG, IATA, ADR/RID). 
 

14.1. UN number 
 

Not applicable. 
 

14.2. UN proper shipping name 
 

Not applicable. 
 

14.3. Transport hazard class(es) 
 

No transport warning sign required. 
 

14.4. Packing group 
 

Not applicable. 
 

14.5. Environmental hazards 
 

Environmentally hazardous substance/marine pollutant 

No. 

SECTION 14: Transport information  

SECTION 13: Disposal considerations  
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14.6. Special precautions for user 
 

Not applicable. 
 

14.7. Transport in bulk according to Annex II of MARPOL and the IBC Code 

Transport in bulk according to 

Annex II of MARPOL 73/78 

and the IBC Code 

Not applicable. 

 

 

15.1. Safety, health and environmental regulations/legislation specific for the substance or mixture 
 

National regulations Control of Substances Hazardous to Health Regulations 2002 (as amended). 

EH40/2005 Workplace exposure limits. 

Health and Safety at Work etc. Act 1974 (as amended). 

The Chemicals (Hazard Information and Packaging for Supply) Regulations 2009 (SI 2009 

No. 716). 

EU legislation Commission Decision 2000/532/EC as amended by Decision 2001/118/EC establishing a list 

of wastes and hazardous waste pursuant to Council Directive 75/442/EEC on waste and 

Directive 91/689/EEC on hazardous waste with amendments. 

Commission Directive 2000/39/EC of 8 June 2000 establishing a first list of indicative 

occupational exposure limit values in implementation of Council Directive 98/24/EC on the 

protection of the health and safety of workers from the risks related to chemical agents at 

work (as amended). 

Commission Regulation (EU) No 453/2010 of 20 May 2010. 

Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 

December 2008 on classification, labelling and packaging of substances and mixtures (as 

amended). 

Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 

December 2006 concerning the Registration, Evaluation, Authorisation and Restriction of 

Chemicals (REACH) (as amended). 

Guidance Workplace Exposure Limits EH40. 

Restrictions (Annex XVII 

Regulation 1907/2006) 

No specific restrictions on use are known for this product. 

 

15.2. Chemical safety assessment 
 

No chemical safety assessment has been carried out. 

 

Inventories 
 

EU - EINECS/ELINCS 

All the ingredients are listed or exempt. 
 

 
SECTION 16: Other information  

SECTION 15: Regulatory information  
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Abbreviations and acronyms 

used in the safety data sheet 

ADR: European Agreement concerning the International Carriage of Dangerous Goods by 

Road. 

IATA: International Air Transport Association. 

IMDG: International Maritime Dangerous Goods. 

LC₅₀: Lethal Concentration to 50 % of a test population. 

LD₅₀: Lethal Dose to 50% of a test population (Median Lethal Dose). 

NOEC: No Observed Effect Concentration. 

vPvB: Very Persistent and Very Bioaccumulative. 

PBT: Persistent, Bioaccumulative and Toxic substance. 

UN: United Nations. 

REACH: Registration, Evaluation, Authorisation and Restriction of Chemicals Regulation 

(EC) No 1907/2006. 

CAS: Chemical Abstracts Service. 

GHS: Globally Harmonized System. 
 

General information Only trained personnel should use this material. 

Revision comments This is the first issue. 

Revision date 03/04/2020 

Revision 1 

SDS number 6752 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
This information relates only to the specific material designated and may not be valid for such material used in combination 
with any other materials or in any process. Such information is, to the best of the company's knowledge and belief, accurate 
and reliable as of the date indicated. However, no warranty, guarantee or representation is made to its accuracy, reliability or 
completeness. It is the user's responsibility to satisfy himself as to the suitability of such information for his own particular use. 



 

 

 

 

 

TamCem RP  
normet 

CONSTRUCTION CHEMICALS 

Set Retarding,  Plasticising Admixture  for TBM  Backfill  Grout 
 

DESCRIPTION 
 
 
 
 
 
 
 
 
 
 
 

 
TYPICAL APPLICATIONS 

TECHNICAL DATA SHEET 

 

 
 
 
 
 
 

TamCem RP is a special retarder/plasticiser for TBM 

backfill grouts. It is a non-chloride liquid admixture 

formulated to give water reduction, greater workability 

and extended open time to concrete and cementitious 

grouts. It is compatible with all cements meeting 

recognised international standards. It complies with the 

requirements of EN 934-2 and ASTM C 494 for Type 

B retarding admixtures. 

 

TamCem RP extends the hydration process by 

retarding both initial and final set times and enhances 

strength through cement particle dispersion. In TBM 

backfill grouts the setting and hydration control can be 

regulated using silicate accelerators such as TamShot 

10SS. 

 

KEY  BENEFITS 

 
Good cohesion, no segregation and minimal bleed 

water with extremely high levels of workability 

Controllable, long open time, enhanced placement 

and delivery control 

High elastic  modulus, low shrinkage and creep are 

achievable with graded coarse and fine aggregates 

Superior surface finishes 

TBM backfill grout admixture 

High performance concrete 

Mixing logistics efficiency during large pour 

Hot weather concrete and grouting 

Peak temperature  controlled concrete 

Ideal for  long distance transportation of ready mixed 

concrete 

 

APPLICATION  GUIDELINES 

 
The dosage can be adjusted to meet the mix design 

requirements or to specific job site conditions. Trial 

mixes must be carried out to determine the appropriate 

dosage. 

An independent dispenser and feed line must be used 

during the application. TamCem RP can be added to 

the mixed concrete/grout , or into the mixing water, but 

addition to any dry concrete/grout mix is not 

recommended. 

Typical dosage is 0.3 to 1.2% of the cementitious 

binder content. Should application conditions require a 

higher dosage rate, consult your local Normet 

representative. 

TamCem RP should not be used together with any 

other company's admixtures. Technical advice should 

be obtained from your local Norrnet representative 

regarding compatibility with other Normet Admixtures 

prior to use. 

 
lf-.ohitst MJ information 31'td/or spe<:if.c:ation eontaned herein ts to the best of Ot.1' knowledge, true and aeell'ate, we always reeonmend that a trial 

be  carried  out  to  confim  sui1abiity  of  he product.  Please  note regtotlal  clinabc conditions may cause  a variation  in the perlorrnanoe  of  f'\e 

prod.Jct No w<rranty is given or i'rplied ii comection witl atry recommendaHons Of' suggestions made by us or Olr representatives, agents or 
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Ta mCem RP  
normet 

CONSTRUCTION CHEMICALS 

Set Retarding,  Plasticising Admixture  for TBM  Backfill  Grout TECHNICAL DATA SHEET 

 

 

TECHNICAL DATA 
 

TamCem  RP 

Appearance Red clear  liquid 

Density (kg/dm3
) 1.17 ± 0.03 

pH 6.5 ± 1.0 

Chloride  content (wt-%) < 0.1 

All at 20°C 

 
All technica l data stated herein is based on tests 

carried out under laboratory conditions. 

 

PACKAGING 

TamCem RP is supplied in IBCs, drums and bulk. 

Packaging size may vary subject  to  local  regulations 

and requirements, please contact your local Normet 

representative for more details. 

 

STORAGE 

TamCem RP should be stored at  room  temperature 

(min S°C and max 38°C), kept dry and out of direct 

sunlight If these conditions are maintained and the 

product packaging is unopened, then a she life of six 

months can be expected. However it is recommended 

that the suspension shall be mechanically agitated after 

long storage  and before use. 

 
 
 
 
 

HEALTH &  SAFETY 

TamCem RP should only be used as directed.  We 

always recommend that the Safety data sheet is 

carefully read prior to application of the material. Our 

recommendations for protective equipment should be 

strictly adhered to for your personal protection. The 

Safety data sheet is available upon request from your 

local  Normet  representative. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Wl 1tst  ti'/  nfonnatton  trtdl« speclficabon oontaned   here.,  11 to  the  best of 011 knowledge, true  aid aoct.nte,  we  atNays  reoomnend  lhat  a  tnal 

be earned out to eonfrm a11tab1ity of f'9 product  Pt&Me note regional clmne conditions may cause a vanabon n th& perionnMOe of tie 

prod.Jct No warranty • given or 1Tpled in cOl"l"lection will fin/ reoorrmendat.IOl"9  or aJggetbon• made by t.a or OIS repreMntat1"9I , agents or 
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normel 
SAFETY DATA SHEET 

TAMCEM RP 
According to Regulation(EC) No 1907/2006, Annex II,as amended. Commission Regulation (EU) No 2015/830 

of 28 May 2015. 
 

ISECTION 1:ldenllftcallon of the inclof the COl'l"*1YMldertaklng 
 

1.1. Procl.lct identi11er 

Pro<*Jctname TAMCEM RP 

ProcU:t runber 
 

.44 

 

1.2. Relevwit identified U888 of the sU>stance or mixlu"e S1d U888 advised against 

Identified U888 Set Retarding Admixture 

1.3. Details of the fll4lP!ier of the safety datasheet 

S'-"P!ier NORMET UK LTD 

Unit 5 Wheler Road, 

Seven Stars Industrial Estate, 

Coventry, 

CV34LB 

UK 

+44 (0) 333 2409966 

SDS@NORMET .COM 
 

1.4. Emergency telephone runber 

Emergency telephone +44 (0) 207 858 1228   • 24 hours 
 

 

lsECTION 2: Hazaode identification 
 

2.1. Classification of the sU>stslce or mixlu"e 

Claaalllcallon (EC 127212008) 

Physical hazards Not  Classified 
 

Heallh hazards 
 

Elllllronrnental  hazards 

 

Not Classified 

Not Classified 

 

EUH208 Contains reaction mass of 5-chloro-2-methyl-2H-isothia2ol-3-one and 2-methyl-2H· 

isothia2ol-3-one (3:1). May produce an allergic reaction. 

2.3. Other hazards 

HSNO Claaalllcation 
 

lsECTION 3:Corf1>0llltlon/lnformellon  on Ingredients 
 

3.2. Mlxlu'"ea 
 

Composition comments  No classified ingredients,or those having occupational exposure limits,present above the 

levels of disclosure. 
 

 

isECTION 4:Rrataid 
 

4.1. Deac:ription of firat aid ea 
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General Information Move affected person to fresh air and keep warm and at rest in a position comfortable for 

breathing.Get medical attention.Treat symptomatically. 

lrtialallon  IF INHALED: Get medical attention immediately. Move affected person to fresh air and keep 

warm and at rest in a position comfortable for breathing. Do not induce vomiting. 

Ingestion  IF SWALLOWED: Get medical attention immediately. If throat irritation or coughing persists, 

proceed as follows. Rinse mouth thoroughly with water. Promptly get affected person to drink 

large volumes of water to dilute the swallowed chemical. Stop if the affected person feels sick 

as vomiting may be dangerous. If vomiting occurs, the head shouldbe kept low so that vomit 

does not enter the lungs. 

Skin contact  IF ON SKIN (or hair): Rinse immediately with plenty of water. Continue to rinse for at least 10 

minutes. Get medical attentionif irritation persists after washing. Remove contaminated 

clothing. 

Eye contact  IF IN EYES: Remove any contact lenses and open eyelids wide apart. Continue to rinse for at 

least 15 minutes and get medical attention.Get medical attention if irritation persists after 

washing. 

Protection of ftrat aidera First aid personnel shouldwear appropriate protective equipment during any rescue. 

4.2. Most 8)'111)1oms and etrecta, both acute and delayed 

General information Treat symptomatically. See Section 11for additional information on health hazards. 
 

lrtialallon May cause irritation. 
 

Ingestion May cause stomach painor vomiting. May cause irritation.Gastrointestinal symptoms, 

including upset stomach. 

Skin contact 

Eye contact 

May cause skin irritation. 

May cause irritation. 

4.3. lnclcalion of wry irrmediate medical attention and special treatment needed 

Noteefor the doctor Treat  symptomatically. 

Speciftc lrealmenla Treat symptomatically. 
 

 

isECTION 5: Flreflg,tlng mMllh8 
 

 

5.1. ExllaHngmedia 

Slitable exlif9Jiahing media   Usefire-extinguishing media suitable for the surrounding fire. Extinguish with alcohol-resistant 

foam,carbon dioxide or dry powder. 

5.2. Special hazards arisingfrom the llU>Blalce or mxue 

Speciftc hazards The product is not flammable. Irritating gases or  vapours. 
 

HlllUl'doua combustion 

producls 

5.3. Adllice for ftreftghlera 

Protective acaona di.ling 

fireftghling 

 

Irritating gases or vapours. 
 
 
 
 

No action shall be taken without appropriate training or involving any personal risk.Stop leak 

if safe to do so. If leakage cannot be stopped,evacuate area.Move containers from fire area 

if itcan be done without risk. 

Special protective ecppment  Use air-supplied respirator,gloves and protective goggles. 

for fireftltilera 

isECTION 6:Accidental rel-,,_...,., 
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6.1. Personal precaJllons,protective equipment and emergency procecU'es 

Personal preca.Jtions No action shall be taken without appropriate training or involving any personal risk. Keep 

unnecessary and unprotected personnel away from the spillage. Avoid contact with skin,eyes 

and clothing. Avoid inhalation of vapours. Follow precautions for safe handling described in 

this safety data sheet. 

For per80l'l'lel  No action shall be taken involving any personal risk or without suitable training. 

Evaluate surroundingareas. Keep unnecessary and unprotected personnel from entering. 

Do not touch or walk throughspilt material. Avoidbreathing vapour or mist.  Provide 

adequate ventilation. Wear appropriate respirator when ventilation is inadequate.  Put on 

appropriate personal protective equipment. 

6.2. Ernltrormenlal precautions 

Environmental  preca.1tions Spillages or uncontrolled discharges into watercourses must be reported immediately to the 

Environmental Agency or other appropriate regulatory body. 

6.3. Methods and material for conlalmient and cleailng 14> 

Methods for cleaning up If leakage cannot be stopped,evacuate area. Move containers from spillage area. Large 

Spillages:Absorb spillage with sand or other inert absorbent .Collect and place in suitable 

waste disposal containers and seal securely.Absorb small quantities with paper towels and 

evaporate ina safe place. Dispose of waste to licensed waste disposal site in accordance with 

the requirements of the local Waste Disposal Authority . Label the containers containing waste 

and contaminated materials and remove from the area as soon as possible. 

6.4. Reference to other HCtions 

Reference to other aectiona For personal protection, see Section 8. For waste disposal,see Section 13. See Section 11 

for additional information on health hazards. See Section 12 for additional information on 

ecological hazards. 
 

 

!SECTION 7:Handingand storage 
 

7.1. Preca.Jtions for safe twldling 

Usage precautions 
 
 
 
 

Advice on general 

occupetional hygl- 

For professional users only. Do not handle until all safety precautions have been read and 

understood. Use only in well-ventilated areas. Protect from moisture. Keep container dry. 

Container must be kept tightly closed when not in use. Do not eat, drink or smoke when using 

this product. 

Do not eat, drink or smoke when using this product. Provide eyewash station.Wash promptly 

with soap and water if skin becomes contaminated. Promptly remove any clothing that 

becomes contaminated. 

7.2. Conclllons for safe storage, lncludng 91fY ll"IC001>ellbllllles 

Storage preca.dions 
 
 

 
Storage class 

 

7.3. Speclftc encl use(a) 

Specific end use(s) 

Store at temperatures between 4°C and 30°C. Store in tightly-closed,original container in a 

dry,cool and well-ventilated place. Do not store near heat sources or expose to high 

temperatures . Store away from the following materials:Acids.Alkalis. 

Chemical storage. 
 
 
 

The identified uses for this product are detailed in Section 1.2. 
 

isECTION 8:E>cpoare conlrola/Per80!lal protection 
 

 

8.1. Control pinmeters 

OCC14>811onal  expo•relimits 

reaction of 5-chloro-2-methyl-2H-isotiazol-3-one and 2-melhyl-2H-isotiazol-3-one (3:1) 
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Workplace Exposure Limits EH40. 

Short-term exposure limit (15-minute): WEL 0.2 mg/m' 

Long-term exposure limit (8-hour TWA):WEL 0.2 mg/m' 

WEL = Workplace Exposure Limit. 

 

2. Elq:iom.ire corwoht 

Protecilve eciµpmant 

O ft 

 
 
 
 
 
 
 
 
 

Provide adequate ventilation. 
 

 
Use protective clothing, hand gloves and goggles. 

 

Personal protective equipment for eye and face protection should comply with European 

Standard EN166. 

Hmdprotection To protect hands from chemicals,gloves should comply with European Standard EN374. It is 

recommended that gloves are made of the following material: Nitrile rubber. Butyl rubber. 

Oltw skin mdbody 

protoclfon 

Wear appropriate clothing to prevent skin contamination. 
 

 
Wash hands thoroughly after handling. Promptly remove any clothing that becomes 

contaminated. Do not eat, drink or smoke when using this product. 

If ventilation is inadequate,suitable respiratory protection must be worn. 

Keep container tightly sealed when not in use. 

 
 

lsECT ON 9:Phyl!ical and chemlca propertin 
 

 

9.1.lrHolvnsilicn onblllllic phyllical endchemica properlilHI 

Coloured liquid. 
 

Colour Red. 
 

Odo!..r Almost odourless. 
 

Odoor lkel!hold Not determined. 
 

pH pH (concentrated solution): 6.5 ±0.01 
 

Malting point Not applicable. 

lnilial boil l"ll!I pointand r1111Q8 Not determined. 

Fll!llhpoint Not determined. 

EWipClfdon mm Not  determined. 

Ewpardonfactor Not determined. 

Al!ITT'll'll!bllily (eol d,gu) Not applicable. 

UpperAOVllGr l'larnmal:lilily or Not applicable. 

explol!iw    nils 

Ohwilmm!ibiJ  ly Not applicable. 
 

Vll1J)CU' Not  determined. 
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Vapcu density Not determined. 

 

Relative density 1.11 @  20°c 
 

BUkdenaity Not  applicable. 
 

Solubility(iee) Not  determined. 
 

Pa1ition coel'licient  Not determined. 

Auto-ignition e Not determined. 

Dt!JC00'1)0Slllon Te Not determined. 

Vl9C08ity  Not determined. 

Exploaive properties Not  applicable. 

Exploaive t.n:ler the inftuence  Not considered to be explosive. 

ofaftirne 
 

Oxidalng properties Not  applicable. 

 

9.2. Other information 
 

 

lsECTION 10:S1Bblllty s1CI reactMty 
 

10.1. Reactivity 

Reactivity 

10.2. Chemical stability 

Slablllty 

 
 

There are no known reactivity hazards associated with this product. 
 
 
 

Stable at normal ambient temperatures andwhen used as recommended. 

10.3. Posalblllty of hazardous reactions 

Poaaibility of hazardous No potentially hazardous reactions known. 

reactions 
 

10.4. Condtiona to llll'Oid 
 

Condllons to llll'Oid Avoid exposure to  high temperatures or direct sunlight. 

 

10.5. lnco!T1>8tible materials 

Materials to llll'Oid Avoid contact with  the following  materials: Strong acids.Strong alkalis. 
 

10.6. Hszardoua dec:on1>oaillon  prociJclB 

Haz.-dous tion 

producta 

Carbon dioxide (C02). Carbon monoxide (CO). Nitrous gases (NOx). 

 
 

lsECTION  11:TO>Cicological information 

11.1. Information ontoxicological etrecta 

Toxicological  etrecta No information  available. 

 

Skin corroalorVlrrltallon 
 

Skin corroalorVirrilation Based on available data the classification criteria are not met. 

Arimal data Not  available. 

 

Serloua flY" dmnagellrrltallon 

Serioua f1Y9 dsnagelirrilation Based on available data the classification criteria are not met. 

 

Respiratory aenaltiaation 

Reapiratory  aenalllaallon Based on available data the classification criteria are not met. 
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Skin sensitisation 

Skin sensitisation 

Germ cell mJ!agenicity 

SlnYIW)' 

 

C•cinogenicity 

Cwcinogenicity 

Reproducllw toxicity 

SlnYIWY 

 
 

Based on available data the classification criteria are not met. 
 
 

Based on available data the classification criteria are not met. 

 

 
Based on available data the classification criteria are not met. 

 

 
Based on available data the classification criteria are not met. 

 

Specific target orgsi toxicity - Bingle expollU'e 

STOT - single expollln Based on available data the classification criteria are not met. 
 

Specific target org.-i toxicity - repeated expoa.n 

STOT - repeated expot1U19 

 

 
Inhalation 

Ingestion 

Skin contact 

Eye contact 

Based on available data the classification criteria are not met. 
 

 
May cause respiratory irritation. 

May cause irritation. 

May cause skin irritation. 

May cause eye irritation. 

isECTION 12:Ecological lnformallon 
 

 

Ecotoxlcity No information available. 

 

12.1.Toxicity 

12.2. Persistence and degradability 

Persistence and degradabillty   There are no data on the degradability of this product. 
 

12.3. Bloac:cunUellw  potentlal 

P.-tition coel'licient 

12.4. Mobility in soil 

Mobility 

 
 

Not determined. 
 
 

No information available. 

12.5. R88Uta of PBT and vPvB llll88SSITl8nt 

ReatJta of PBT andvPvB 

8888a.nent 

This product does not contain any substances classified as PBT or vPvB. 

 

12.6. Other adll'enle etfecta 

Other adll'enle etfecta None known. 
 

 

lsECTION 13:Diepoeal coneideraliona 
 

13.1.Waste treatment methods 

Gen«al lnformallon 

 
Dlllp098I methods 

 
 

Dispose of waste to licensed waste disposal site in accordance with the requirements of the 

local Waste Disposal Authority. Waste should be treated as controlled waste . 

Dispose of contents/container in accordance with national regulations.Waste should be 

treated as controlled waste. 

ISECTION 1 4:Traieport Information   
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General The product is not covered by international regulations on the transport of dangerous goods 

(IMDG, IATA ,ADR/RID). 
 

14.1. runber 

Not applicable. 
 

14.2. UN proper ahippi name 

Not applicable. 

 

14.3. Transport l'laza'd class(ea) 

No transport warning sign required. 

 

14.4. Packl 

Not applicable. 
 

14.5. Enviroi mental hazards 

ElllllronmentaHy l'laza'dous lltbstancellnarine pollutant 

No. 

 

14.6. Special precautions for user 

Not applicable. 
 

14.7. Transport inbUk accordng lo Amex II of MARPOL and lhe IBC Code 

Tnnport inbUk accordng to  Not applicable. 

Amex II of MARPOL 73178 

and lhe IBC Code 
 

 

isECTION 15:Reg!Jalory Information 
 

15.1. Safety, health and environmental reg!Jationallegislation apecific for lhe lltbstance or nlx11se 

National  reg!Jallons Control of Substances Hazardous to  Health Regulations 2002 (as amended). 

EH40/2005 Workplace exposure limits. 

Health and Safety at Work etc. Act 1974 (as amended). 

The Chemicals (Hazard Information and Packaging for Supply) Regulations 2009 (SI 2009 

No. 716). 

EU laglalallon Commission Decision 2000/532/EC as amended by Decision 2001/118/EC establishing a list 

of wastes and hazardous waste pursuant to Council Directive 75/442/EEC onwaste and 

Directive 91/689/EEC on hazardous waste with amendments. 

Commission Directive 2000/39/EC of 8 June 2000 establishing afirst list of indicative 

occupational exposure limit values in implementation of Council Directive 98/24/EC on the 

protection of the health and safety of workers from the risks related to chemical agents at 

work (as amended). 

Commission Regulation (EU) No 453/2010 of 20 May 2010. 

Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 

December 2008 on classification,labelling and packaging of substances and mixtures (as 

amended). 

Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 

December 2006 concerning the Registration, Evaluation,Authorisation and Restriction of 

Chemicals (REACH) (as amended). 

Workplace Exposure Limits EH40. 
 

Reabicllons (Amex XVII 

Reg!Jallon 1907/2006) 

15.2. Chemical safety 

 

No specific restrictions on use are known for this product. 
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No chemical safety assessment has been carriedout. 

 

ll"lll'llnlories 

EU ·EINECS/ELINCS 

All theingredients are listed or exempt. 

 
 

isECTION 16:Other informallon 
 

 

 

General Information 

Revision date 

Only trained personnel should use this material. 

15/04/2021 

Revision 
 

SDS rumer 
 

Hllm'd statements infUI 

 

6967 
 

EUH208 Contains reaction mass of 5-chloro-2-methyl-2H-isothiazol-3-one and 2-methyl-2H 

isothiazol-3-one (3:1). May produce an allergic reaction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This information relates only to the specific material designated and may not be valid for such material used in combination 
with any other materials or in any process. Such information is, to the best of the company's knowledge and belief,accurate 
and reliable as of the date indicated. However,nowarranty, guarantee or representation is made to its accuracy,reliability or 
completeness. It is the user's responsibility to satisfy himself as to the suitability of such information for his own particular use. 



 

 

 
 
 

normet QC Specification - TamCem RP 
 

 

 
 

Test Test information Test limits (units) Test Frequency 

 
 

NORQCOl - Appearance N/A Red Clear Liquid Every batch 
 

NORQC02.3 - Liquid 

Density 

N/A See Ax Every batch 

 

NORQC03.3 - pH 

 
NORQCOS.4 - Solid 

Content 
 
 

NORQC07.3 - Chloride 

Content 

 

Calibrated    before    each   See Ax 

reading. 

Using   method    B,   and   See Ax 

applying to  a  70mm  filter 

paper. 

 
Water soluble chloride and   <0.1(%) 

tota Ichloride 

 

Every batch 

Every batch 

 
 

Every lO'h batch 

 

NORQC08.2 - Setting Using mix from Initial set control +90 Every lOOOt (max of 3 per 

Times NORQC1 2.2.  Dosi ng with min  year) 

TBC%   TamCem  RP with 

respect to the cement. 

Final set s control +360 

min 

 

NORQC09 - Compressive 

Strength 

 
 
 

 
NORQClO - Air Content 

 

Using mix NORQC12.2.   7 days; Test  mix 80%   Once per Year 

Dose of TBC% TamCem RP   controlmix. 

with respect to cement. 12   @28days;   test   mix 

cubes  (6  control, 6  test   control 

mix). Crush 28days for both   Result is recorded as a (%) 

HCA and a controlmix 

Using mix NORQC12.2 with   Test mix s 2% control mix    Once per Year 

a dose ofTBC% TamCem RP 

with respect to cement. 

 
 

Have the constituent raw materials passed QC 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

QC specification 

Issue Date - 27.04.2018 

Issue Number- OS 

Issue by - Brandon Hands 
 

FORM 43 tssue 3 



normet 
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Tam5hot 1055 
Sprayed Concrete Accelerator 

DESCRIPTION TECHNICAL DATA 

www.normet.com 

 

 

 

 
 
 

TamShot 10SS is a liquid acce lerator for wet shotcret ing, 

 

All technical data stated herein is based on tests carried 

out under laboratory conditions. 

which enables fast setting. It is suitable for use where ear ly    

strengths are required. 

 
 

KEY BENEFITS 
 

 

 
Increased durability 

High finalstrengths 

Improved sprayability 

Increased bonding 

Increase strength due to reduced fibre rebound and 

better fibre orientation 

Reduced rebound 

Improved work ing environment 

Quicker work progress 

 
 

TYPICAL  APPLICATIONS 
 

 

 
TamShot 10SS is suitable for all applications in wet 

shotcreting where large thickness layers and early and 

simultaneously high f inal strengths are crucial. TamShot 

10SS is specially designed for use with wet sprayed, steel 

f ibre reinforced shotcrete. 

>    Tunnels 

Galleries 

Mining 

TBM backfillgrout 

Slope stabilisation 

Pit protection 

APPLICATION  GUIDELINES 
 

 

 

Mixing 
TamShot 10SS is dosed through a proportioning pump or 

pressure tank and added at the nozzle. 

 

Applicat ion 
For overhead applicat ions the maximum thickness per 

layer applied is 80 - 140 mm. 

 

Consumption 
The dosage of TamShot 10SS generally varies between 1 - 

7% by weight of cement. The required setting time and the 

necessary dosage of TamShot 10SS are determined by the 

type of substrate. Dosage is also influenced by the 

temperature of the substrate and of the gunned material, 

as well as by the type of cement used. 

 
In special cases, other dosages may be recommended 

according to specific job conditions. 

 
 

PACKAGING 
 

 

 
TamShot 10SS is supplied in IBCs, drums and bulk. 

Packaging size may vary subject to local regulations and 

requirements, please contact your local Normet 

representative for more details. 

TamShot 1055 

Form Viscous Liquid 

Colour Clear to cloudy 

Solubility Complete 

3 
Density (kg/dm ) 1.35 ± 0.05 

pH value 11 - 12.5 

Initial Set < 10 mins 

FinalSet < 60 mins 

All at Z0°C 

http://www.normet.com/
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Tam5hot 1055 
Sprayed Concrete Accelerator 

STORAGE HEALTH & SAFETY 

 

 

 
TamShot 10SS should be stored at room temperature (min 

10°C and max 35°(), kept dry and out of direct sunlight. If 

these conditions are maintained and the product packaging 

is unopened, then a shelf life  of six months can be 

expected. 

 
TamShot 10SS should only be used as directed. We always 

recommend that the Safety data sheet (SDS) is carefully 

read prior to application of the material. Our 

recommendat ions for protective equipment should be 

strictly adhered to for your personal protection.The Safety 

data sheet is available upon request from your local 

Normet representative. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C E 
0836-CPR-13 

1274 

 
Wiilst any information and/or specitcation contained he-ein is tolhe best of our kno'lo\ledge, lrueand accurate, we always recommend that a trial becarried out to oontrrn suitability of lhe 

product. Please noteregionaldimatic oondliais may cause  a variation in thepertormance oflhe product. No wa1Tantyis given or implied in connection  Wth any reoommendations or 

suggestions made byusor our representatives, agents Of' dstributors. The information inthis data she-et is efted:ive tomthe date shO'M'l and supersedes au previousdata. Pleasecheck with 

your local Normet office to oontrm that this iseurrentissue. Tamstlot 10SS V1Wv'V·16 

http://www.normet.com/
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FO R  T O U G H  J O B S 

SAFETY DATA SHEET 

TAMSHOT 10SS 
According to Regulation (EC) No 1907/2006, Annex II 

 
 

 

lsECTION 1:ldenllflcallon ar the SlCI ar the  corf1*1Y/lndertaldng 

1.1. Prod.Jct ldenllller 

ProcU:t name 

ProcU:t runber 

 

 

TAMSHOT 10SS 

100022999-44 

1.2. Relevant identified ar the aU>etaice or mixtl.r'e S1d uaes advised against 

ldenlllled Sprayed Concrete Accelerator 

1.3. Details arthe 814lPller ar the safety data aheet 

S14>P!ier NORMET UK LTD 

UNIT S WHELER ROAD,SEVEN STARS INDUSTRIAL ESTATE,COVENTRY , CV34LB 

0333 2409966 

SDS@NORMET.COM 
 

1.4. Emergency telephone runber 

Emergency telephone +44 (0) 207 858  1228 
 

 

lsECTION 2:HllZR'cls ldenllllcallon 
 

 

2.1. Classification ar the atbslln:eor mixtl.r'e 

Clasatication 

Phyaical hazards Not  Classified 
 

Health hazards Skin lrrit. 2 • H315 Eye lrrit. 2 • H319 
 

Environmental hazards Not  Classified 
 

2.2. Label elements 

Pictogan 

 
 

 
Sigialword 

 

Hazardstaternenlll 

Warning 
 

H315 Causes skin irritation. 

H319 Causes serious eye irritation. 
 

P264 Wash contaminated skin thoroughly after handling. 

P280 Wear protective gloves/protective clothing/eye protection/face protection. 

P302+P352 IF ON SKIN: Wash with plenty of water. 

P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove 

contact lenses,if present and easy to do. Continue rinsing. 

P332+P313 If skin irritationoccurs: Get medical advice/atte ntion. 

P337+P313 If eye irritation persists: Get medical advice/attention. 

S14>Plementary prec&1tiorwy   P321 Specific treatment (see medical advice on this label). 

stal8menlll P362+P364 Take off contaminated clothing andwashit before reuse. 

mailto:SDS@NORMET.COM
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TAMSHOT 10SS 

 

2.3. Other haza'd9 
 

 

lsECTION 3:COl\1)C)lilion/lnformation on lrveclenla 
 

 

3.2. Ml>dlns 

 

The full text for all hazard statements is displayed in Section 16. 
 

 

!SECTION 4: First aid 
 

 

4.1. Deaaiplion of ftrst aid ea 

General Information 

lrhalatlon 

Move affected person to fresh air and keep warm and at rest in a position comfortable for 

breathing.Get medical attention. Treat symptomatically. 

IF INHALED: Get medical attention immediately. Move affected person to fresh air and keep 

warm and at rest in a position comfortable for breathing. Do not induce vomiting. 

Ingestion  IF SWALLOWED: Get medical attention immediately. If throat irritation or coughing persists, 

proceed as follows. Rinse mouth thoroughly with water. Promptly get affected person to drink 

large volumes of water to dilute the swallowed chemical. Stop if the affected person feels sick 

as vomiting may be dangerous. If vomiting occurs, the head shouldbe kept low so that vomit 

does not enter the lungs. 

Skin contact  IF ON SKIN (or hair): Rinse immediately with plenty of water. Continue to rinse for at least 10 

minutes.Get medical attentionif irritation persists after washing. Remove contaminated 

clothing. 

Eye contact  IF IN EYES: Remove any contact lenses and open eyelids wide apart. Continue to rinse for at 

least 15 minutes and get medical attention.Get medical attention if irritation persists after 

washing. 

Protection of first aiders First aid personnel shouldwear  appropriate protective equipment during any rescue. 

4.2. Most 8)'1T1>1oms and etrecta, both acute and delayed 

General lnformaHon Treat symptomatically. See Section 11for  additional information on health hazards. 
 

lrhalatlon 

Ingestion 

 

May cause respiratory irritation. 
 

May cause stomach painor vomiting.May cause irritation.Gastrointestinal symptoms, 

including upset stomach. 

Skin contact 

Eye contact 

May cause skin irritation. 

May cause irritation. 

4.3. lnclcaHon of Inf  inmediate medical attention and special treatment needed 

Notnfor the doctor Treat  symptomatically. 

Speclftc treetrnenta Treat  symptomatically. 
 

 

lsECTION 5: Flreftg,tlng 
 

 

5.1. Exlingl.iatingmedia 

 

SODIUM SILICATE 60-100% 

CAS number: 1344-09-8 EC number: 215-687-4 REACH registration number:01- 

2119448725-31 -0001 

 

Claaaiflcalion 

Skin lrrit. 2 - H315 

Eye lrrit. 2 - H319 
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TAMSHOT 10SS 

 

SIJlable exllBhlng meda   Usefire-extinguishing media suitable for the surrounding fire. Extinguish with alcohol-resistant 

foam,carbondioxide or dry powder. 

5.2. Special hazsds arising from the SIJ>slance or mixlu'e 

Speclftc hazsda 
 

Hazardous  combustion 

products 
 

5.3. Adi/tee for 11reftghters 

Protective actions cUing 

11reftgrtlng 

The product is non-combustible. 

None known. 

 
 
 

No action shall be taken without appropriate training or involving any personal risk.Stop leak 

if safe to do so. If leakage cannot be stopped,evacuate area.Move containers from fire area 

if itcan be done without risk. 

Special protective 8(f.ipment   Use air-supplied respirator ,gloves and protective goggles. 

for11reft"1ters 
 

 

lsECTION 8:Acc:ldenlal releue rneasues 
 

 

8.1. Pereonal preca.itions, protective equipment and emergency proc:ed.res 

Pereonal preca.itions No action shall be taken without appropriate training or involving any personal risk. Keep 

unnecessary and unprotected personnel away from the spillage.Avoid contact with skin,eyes 

and clothing.Avoid inhalation of vapours. Follow precautions for safe handling described in 

this safety data sheet. 

For non-emergency peniomel  No action shall be taken involving any personal risk or without suitable training. 

Evaluate surroundingareas. Keep unnecessary and unprotected personnel from entering. 

Do not touch or walk throughspilt material. Avoidbreathing vapour or mist. Provide 

adequate ventilation. Wear appropriate respirator when ventilation is inadequate. Put on 

appropriate personal protective equipment. 

8.2. Envtrormental prec&Jllons 

Environmental preca..itions 

 
 

Spillages or uncontrolled discharges into watercourses must be reported immediately to the 

Environmental Agency or other appropriate regulatory body. 

6.3. Methods and material for contal1T1181lt and cleaiing 14> 

Methods for cleaning up If leakage cannot be stopped,evacuate area.Move containers from spillage area. Large 

Spillages:Absorb spillage with sand or other inert absorbent .Collect and place in suitable 

waste disposal containers and seal securely. Absorb small quantities with paper towels and 

evaporate ina safe place. Dispose of waste to licensed waste disposal site in accordance with 

the requirements of the local Waste Disposal Authority . Label the containers containing waste 

and contaminated materials and remove from the area as soon as possible. 

8.4. Reference to other eections 

Reference to other sections For personal protection, see Section 8. For waste disposal,see Section 13. See Section 11 

for additional information on health hazards. See Section 12for additional information on 

ecological hazards. 
 

 

!SECTION 7:Handlingand storage 
 

 

7.1. PrecaJtions for safe twldling 

Usage  prec&Jllons  For professional users only. Do not handle until all safety precautions have been read and 

understood.Use only in well-ventilated areas. Protect from moisture. Keep container dry. 

Container must be kept tightly closed when not in use. Do not eat, drink or smoke when using 

this product. 
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Adi/Ice on general 

C>CCl.4)ational hygiene 

Do not eat, drink or smoke when using this product. Provide eyewash station.Wash promptly 

with soap andwater if skin becomes contaminated. Promptly remove any clothing that 

becomes  contaminated. 

7.2. Concitions for safe storage, includng any inc:or1'>81ibilitiea 

Storage precaJllons Store at temperatures between4°C and 30°C. Store in tightly-closed,original container in a 

dry,cool and well-ventilated place. Do not store near heat sources or expose to high 

temperatures. Store away from the following materials: Acids .Alkalis. 

Storage cl- 

7.3. Specific end use(s) 

Speclftc end use(s) 

Chemical storage. 
 
 
 

The identified uses for this product are detailed in Section 1.2. 

 

lsECTION 8:E>cposu'e Controlslper9onal protection 
 

 

8.1. Control pawneters 

Otional exposu-e limila 

SODIUM SILICATE 

The existing OEL (TRGS 900,June 2008) for dust is 3 mg/m3 (alveolar fraction) and 10 mg/m3 (respirable fraction). 

There are different sodium silicates dangerousness depending on their MR values (molar ratio) and concentration. DNELs 

and PNECs values found inthe table below correspond to the worst case evaluated (MR<1.6,and high concentration). 

 
SODIUMSILICATE (CAS:1344-09-8) 

 

DNEL Workers - Inhalation; Long term systemic effects: 5.61 mg/kg/day 

General population· Inhalation; Long term systemic effects: 1.38 mg/kg/day 

Workers • Dermal; Long term systemic effects: 1.59 mg/kg/day 

General population· Oral; Long term local effects: not determined 
 

PNEC Industry/Professional· Fresh water; 7.5 mg/I 

Industry/Professional • Marine water; 1mg/I 

Industry/Professional·STP; 348 mg/I 

8.2. E>cposu'e controls 
 

 

isECTION 9:Phyalcal and Chemlcal Properties 
 

 

9.1. lnfonnalion on basic physical and chemical properties 

Appeawice Colourless   liquid. 

ColOll Colourless. 
 

Odcu Almost odourless. 
 

Odcu ltYeshold Not determined. 
 

pH pH (concentrated solution): 11• 12 
 

Melting point Not applicable. 

Initial boiling point and rsige  Not determined. 

Flashpoint Not determined. 

Evaporation nste Not  determined. 

Evaporation factor Not  determined. 

Aarrmability (aolid, gas) Not applicable. 
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UpperAower flanmablllty or     Not applicable. 

exploaive limita 

Other flanmablllty Not  applicable. 
 

Vapol.I' pre881.1'e Not  determined. 
 

Vapol.I' density Not  determined. 

Relative density 1.35 
 

Bukdensity Not applicable. 
 

Solubility(ies) Not  determined. 
 

Pmtition coeftlcient Not determined. 

Auto-Ignition temperallse Not determined. 

D9C0!1'4>08ition Te Not determined. 

Viscoaity Not determined. 

Explosive properties Not  applicable. 
 

Explosive uider the influence  Not considered to be explosive. 

of aflame 

Oxidieing  properties Not  applicable. 

 

9.2. Other information 
 

 

lsECTION 10:stability midreactMty 
 

10.1. Reactivity 

Reactivity 

10.2. Chemical alabllity 

Slabllity 

 
 

There are no known reactivity hazards associated with this product. 
 
 
 

Stable at normal ambient temperatures andwhen used as recommended. 

10.3. Poaeibility of hazsdoua reactions 

Poaeibility of hazsdoua No potentially hazardous reactions known. 

reactions 
 

10.4. Condtiona to llll'Oid 

Condtiona to llll'Oid Avoid exposure to  high temperatures or  direct sunlight. 

 

10.5. lncot'11>8tible  materials 

Materials to avoid Avoid contact with  the following  materials: Strong acids.Strong  alkalis. 

10.6. Hazardous dec:on1><>ailion procUcts 

HllZlrdoua  clecon1>oaition None known. 

products 
 

 

isECTION 11:Toxicological Information 
 

 

11.1. Information ontoxicological etfecta 
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To>dcologlcal e1TectB 
 

 

 

 

 

 

 

 

 

 

 

Acute toxicity • oral 

Notes (oral LO..) 

 
 

Acute to>dclty • dermal 

Notes (dermal LO..) 

 
 

Acute toxicity - inhalation 

Notes (lnhalatlon LC..) 

 
 

 
Skin corrosion/irritation 

Animal data 

The general formula for Silicic acid, sodium salt is Si02.xNa20. Sodium silicates is a 

chemical substance that can be produced in lump, powder and liquid form,with different 

concentrations and molar ratios. 

Nasil 3.0 is a silicic acid,sodium salt solution witn a molar ratio of Si02.xNa20=3.0, in the 

low-medium alkalinity range. The chemical descriptionfor Nasil 3.0 in oxide notation is: 

%Na20=8.5%, %Si02=25.5%. 

The toxicological properties of the silicic acid,sodium salts are governed by their intrinsic 

alkalinity. At a given concentration the alkalinity of silicates is inversely correlated with the 

ratio, Si02.xNa20. The lower the ratio,the higher the alkalinity. A clear correlation exists 

between oral toxicity ,skin and eye irritation and the molar ratio; the toxicity and irritation 

increasing with decreasing ratio. 

 

 
Method(s) - Metodo OCDE 401 Condiciones - rat male/female 

Results/Conclusions • LD50 = 3400 mg/Kg bw. 

 

 
Methods(s) - EPA OPPTS 870.1200 Condiciones - rat (Sprague-Dawley) male/female 

Material: CAS 1312-76-1 Results/Conclusions - LD50 > 5000 mg/kg bw. 

 

 
Method(s)·EPA OPPTS 870.1300 Condiciones - rat (Sprague-Dawley) male/female Material: 

CAS 1312-76-1 

Results/Conclusions - LC50 (4hr) > 2.06 mg/L air. 
 
 

Method(s) - OECD Guideline 404 Condiciones - rabbit,time: 24,48,72 hr not reversible. 

Test material: 53.5%, MR=1.60 Results/Conclusions - PDll (Primary dermal irritation Index)= 

8 

Test material: 34.5%, MR=3.40 Results/Conclusions - PDll (Primary dermal irritation Index)= 

0.4 

Sodium silicate can be irritating to corrosive to the skin,depending on the molar ratio and 

concentration. 

Nasil 3.0 (MR = 3.0) is classified as Skin irritant 2. 

 

Serious tl'fe <kmagefirritation 

Serious eye dsnage/lrrltatlon  Method(s) - OECD SIDS (2004) Condiciones - Rabbit (invitro) Test material:MR=2.0 

Results/Conclusions - 1 - 4 ;mean; 0.5, 1, 2, 3,4 hrs after treatment 

In vivo eye irritation studies do not have to be conducted since the substance is irritating I 

corrosive to the skin. 

A series of non-validated in vitro studies indicate the same inverse correlation between molar 

ratio and irritation that has been observed for skinirritation. 

 

Substance is classified as Eye Damage 2A. 
 

Respiratory sensitisation 

Respiratory sensitisation 

 
 

 

Skin sensitisation 

Skin Mlllitlsatlon 

 
 

Germ cell rnJtagenlclty 

 
 

The read-across substance,sodium metasilicate (OECD 429 Guideline),was not sensitising 

in the local lymph node assay . In a human case report,contact urticaria was observed in one 

indvidual. 

 

 
Based on category approach,silicic acid-sodium salt is not skin sensitising. In a human case 

report,contact urticaria induced by sodium silicate was observed inone individual. 
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Genotoxlclty - Invitro 
 
 
 
 
 
 
 

 
Genotoxicity - invivo 

 
 
 
 

C•clnogenlclty 

c..cinogenicity 

Negative for Chinese hamsterlung fibroblasts ,V79 (all strains I cell types tested). In vitro 

mammalian test. 

Negative with and without metabolic activation.  Citotoxicity: 156.3 -312.5 µg active 

ingredient/ml. 

OECD Guideline 473. 

The results of experimental studies are: a) in vitro: negative, b) invivo: negative 

The available data is conclusive but not sufficient for classification. 

Negative for Chinese hamsterlung fibroblasts ,V79 (all strains I cell types tested). Negative 

with and without metabolic activation. Citotoxicity: yes. 

OECD Guideline 476. EU Method B.17. EPA OPPTS 870.5300. Japanese Guideline: 

Kanpoan N° 287. 

 

 
No reliable data available. In addition, silicic acic-sodium salt does not carry any structural 

alerts for carcinogenicity (CAS: 1312-76-1). 

The available data is conclusive but not sufficient for classification. 
 

Reproducllw toxicity 

Reproductive toxicity - fertility Multi-generation study - NOAEL (P) > 159 mg/kg bw/day,,(rat Sprague-Dawley male/female). 

Duration of test: 2.5 years. 
 

Reproductive toxicity - 

development 

 

Developmental toxicity: - NOAEL: >200 mg/kg bw/day,,(mouse JLC-TCR). Test Material: 

229-912-9. Application of Na-metasilicate via gavage fromday 0 to 18 of grestation. 

NOAEL (maternal toxicity)=12.5 mg/kg bw/day 
 

The available data is conclusive but not sufficient for classification. 

 

Speciftc tsget org1r1toxicity - aingle expo8U'9 

STOT - aingle expo8U'e Not determined. 
 

Speciftc tsget orgen toxicity - repeated expo8U'9 

STOT - repeated expolU'e 
 
 
 
 

Aapiration haza'd 

Aapiratlon haza'd 

 

 
Toxicokinetics 

NOAEL =159 mg/kgbw/day ,Oral,(rat Sprague-Dawley male/female). Oral exposure of 

weanling rats via drinkingwater for 180 days. NOAEL =2400 mg/kg bw/day,Oral,(rat Charles 

River Cesarean-derived male/female) . Equivalent to OECD Guideline 407 (Repeated Dose 

28-Day Oral Toxicity in Rodents) 
 

 
Not determined 

 

 
Silicon oxide excretion or removal in the urine of rats and dogs is clearly increased after 

exposure. The removal rate inurine is independent of the applied dose, indicating that the 

limiting factor is the production rate of soluble or absorbable silicon oxide in the 

gastrointestinal tract. 

Information in humans: Data not available. 
 

 

lsECTION 12:Ecological lnformallon 
 

 

 

12.1.Toxicity 

Acute toxicity - ftah OECD Guideline  203 

Freshwater Semi-static Test Material:Sodium silicate solution MR: 3.46, 34.8 wt% NOEC,96 

hours: 1108 mg/I, Brachydanio rerio (Zebra Fish) 

Freshwater Semi-static Test Material:Sodium silicate solution MR: 3.46, 34.8 wt% NOEC,(96 

hours: Mortality)=348 mg/I, Brachydanio rerio (Zebra Fish) 



Revision date:28/08/2015 Revision:1 

8/10 

 

 

 
TAMSHOT 10SS 

 

Acute to>dclty - a<JJ&llc 

invertebrates 

C.2 EU Method (according to OECD 202, part 1) 

Freshwater. Static method. Material tested: sialic acid, sodium salt MR:3.2,35% EC50,48 

hours: 1700 mg/I, Daphnia magna 

Acute toxicity - a<JJ&llc plants DIN 38412,Tail9 according to OECD 201 

Freshwater. Material tested: sialic acid, sodium salt MR=3.0, 34.54wt"/o EC50,72 hours:207 

mg/I, Scenedesmus subspicatus 

basedon biomass 

Freshwater. Material tested: sialic acid, sodium salt MR=3.0,34.54wt"/o EC50,72 hours: 

>345.4 mg/I, Scenedesmus subspicatus 

basedon growth rate 

Acute toxicity - 

mlcroorganlllll8 

Study scientifically unjustified. Direct emissions from soluble silicates to the terrestrial 

compartment are considered negligible. 

Since silicates are furthermore natural components of soil minerals,such tests would be of 

limited value. 

Soil arthropods· EPA OPPTS 850.3020 • Honey Bee·Test Material: a potassium silicate 

solution (29.1 wt%) 

LDO (48h)=25 µg active matter/animal 

LD50 (48h) > 25 µg active matter/animal 

Atmospheric compartment • Due to the physico-chemical properties of soluble silicates (i.e. 

very low vapour pressure) a release into the atmosphere during use is not to be expected. 

Microbiological activity in sewage treatment systems· DIN 38412,Tail 27,German National 

guidelines. The method conforms with OECD 209. 

Bacterium Pseudomonas putid<t·Oxygen consumption inhibition test. Test material: MR=3.0, 

potassium silicate solution 34.54 wt%, 

pH=8.0-11.1.·ECO (30min): 3454mg/L. 
 

German standards and GLP guidelines·Bacterium Pseudomonas putida·Growth inhibition 

test; Test Material:MR=3.46,potassium silicate solution 34.8 wt"/o • ECO (18 h):>3480 mg 

active matter/L (pH 7.6-7.8)·ECO (18 h):>348 mg active matter/L (pH 7.9-10.4) 

12.2. Persistence and degradablllty 

Persistence and degradabllity  Abiotic Degradation: 

Hydrolysis stability depends on pH,where solutions are chemically stable above 10.6. The 

basic consideration is that silica dissolves according to: 

Si02 + H20 = Si(OH)4 . 
 

Photolnrlaformation Study scientifically unjustified.  Based on its structural considerations a significant breakdown 

of  soluble silicates via photodegradation  is not expected. 

Biodegradation Study scientifically  unjustified. 

No biodegradation since inorganic substance. 
 

12.3. BioaccumJative potential 

Bioac:<:lnUative potential Toxicokinetic data on vertebrates revealed a low potential for bioaccumulation.   Ingested 

soluble silicates are excreted via urine and to a lesser extendvia the faeces .  No 

bioaccumulation is to be expected. Aquatic bioaccumulation.  Low potential risk. 

Terrestial bioaccumulation.  No risk is to be expected. 
 

P..Uaon coel'llclent Not  determined. 

 

12.4. Mobility in soil 
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Mobility  Dissolved silica from commercial soluble silicates is indistinguishable from natural dissolved 

silica. 

Of the elemental composition of the earth's crust, sediments and soils,Si02 represents about 

59%. Silica is foundin European rivers in mean concentrations of 7.5 mgSi02/L.   

Compounds of silicon and oxygen are ubiquitous in the environment; they are present in 

inorganic matter, like minerals and soils as well as in organic matter,like plants,animal and 

man. By weathering of soil,rocks and sediments and by atmospheric deposition, silica is 

released into surface and grounds waters from where it may be removed by precipitation and 

sedimentation or taken up by living organisms,especially diatoms. Dead sedimenting 

diatoms also contribute significantly to sediment silica (diatomaceous earth). Silica is found in 

all natural waters with an average concentration of 10-20 mg Si02/L. 

 
Due to the low vapour pressure,volatiliisation is not expected. 

 

1 2.5. R.U IB of PBT and vPvB 888M9ITl8llt 

R.UIB of PBT andvPvB Silicic acid, sodium salt is not a candidate for PBT or vPvB classification. 
 

 
 

2.6.Other adll9r8e etTeclB 

Other adll9r8e etTeclB Unknown. 
 

 

lsECTION 13:Dieposal COOlllderallona 
 

 

13.1. Waste treatment methods 

General information  Dispose of waste tolicensed waste disposal site in accordance with the requirements of the 

local Waste Disposal Authority. Waste should be treated as controlled waste . 

Disposal methods  Dispose of contents/container in accordance with national regulations.Waste should be 

treated as controlled waste . 

ISECTION 1 4: Tranaport I nformation   

General The product is not covered by international regulations on the transport of dangerous goods 

(IMDG, IATA, ADR/RID). 

 

14.1. UN l"IU'Tiber 
 

Not applicable. 
 

14.2. UN proper ahlppl neme 

Not applicable. 

 

14.3. Tranaport haza'd cllll8(es) 

No transport warning sign required. 

 

14.4. Packl 

Not applicable. 
 

14.5. Enviroi mental hazsda 
 

Environmentally haza'dous Slbstance.'rnmine pollutant 

No. 
 

14.6. Special precautions for user 

Not applicable. 
 

14.7. Tranaport InbtJk accordng to Amex IIof MARPOL73178 mid the IBC Code 
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Transport In bUk accordng to   Not applicable. 

Amex II of MARPOL 73178 

and the IBC Code 
 

 

lsECTION 15: RagtJalory Information 
 

 

15.1. Safety, healthand environmental ragtJllliona/legiallllion epeciftc for the lli>stance or mixhn 

Nlllional ragtJallons Control of Substances Hazardous to  Health Regulations 2002 (as amended). 

EH40/2005 Workplace exposure limits. 

Health and Safety at Work etc.Act 1974 (as amended). 

The Chemicals (Hazard Information and Packaging for Supply) Regulations 2009 (SI 2009 

No. 716). 

EU legislation Commission Decision 2000/532/EC as amended by Decision 2001/118/EC establishing a list 

of wastes and hazardous waste pursuant to Council Directive 75/442/EEC onwaste and 

Directive 91/689/EEC on hazardous waste with amendments. 

Commission Directive 2000/39/EC of 8 June 2000 establishing afirst list of indicative 

occupational exposure limit values in implementation of Council Directive 98/24/EC on the 

protection of the health and safety of workers from the risks related to chemical agents at 

work (as amended). 

Commission Regulation (EU) No 453/2010 of 20 May 2010. 

Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 

Decerrber 2008 on classification,labelling and packaging of substances and mixtures (as 

amended). 

Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 

Decerrber 2006 concerning the Registration, Evaluation,Authorisation and Restrictionof 

Chemicals (REACH) (as amended). 

GLidaic:e 
 

Resbictions  (Tille VIII 

RagtJallon 1907/2006) 

Workplace Exposure Limits EH40. 
 

No specific restrictions on use are known for this product. 

 

15.2. Chemical safety 

No chemical safety assessment has been carriedout. 

 

Inventories 

EU - EINECS/ELINCS 

All theingredients are listed or exempt. 
 

 

lsECTION 16:Other Information 
 

 

 

General Information 

Revision date 

Only trained personnel should use this material. 

28/08/2015 

Revision 
 

SDS rumer 
 

Hllm'd statements infUI 

 

4985 
 

H315 Causes skin irritation. 

H319 Causes serious eye irritation. 

 
 

 

This information relates only to the specific material designated and may not be valid for such material used in combination 
with any other materials or in any process. Such information is, to the best of the company's knowledge and belief,accurate 
and reliable as of the date indicated. However,nowarranty, guarantee or representation is made to its accuracy,reliability or 
completeness. It is the user's responsibility to satisfy himself as to the suitability of such information for his own particular use. 
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DECLARATION OF PERFORMANCE 
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Normet UK Ltd 

 
Unit 5.Wheler Road. 

Seven Stars Industrial Estate 

Coventry. CV34LB 

United Kingdom T +44 333 2409966 www.normetcom 

1. Product Type: 

Unique identification code of the product type 

TAMSHOT 1055 

2.   Type: batch or serial number or any other 

element allowingidentification of the 

construction product as required under article 

11(4) of the CPR 

SHOTlOSS-0110123 

3. Intended Use or uses of the construction 

product, in accordance with the applicable 

harmonised technical specification,as foreseen 

by the manufacturer: 

EN 934-5 SPRAYED CONCRETE SET ACCLERATING 

ADMIXTURE 

4. Name,reg stered trade name or registered trade 

mark and contact address of the manufacturer as 

required under Article 11(5) 

TAMSHOT 1055 

 
Normet UK Ltd 

 
Unit 5 Wheler Road 

 
Seven Stars Industrial Estate 

Coventry 

CV3 4U 

5.   Contact address:Where applicable, name and 

contact address of the authorizes representative 

whose mandate covers the tasks specified in 

Article 12(2) 

Not relevant (see 4) 

6. AVCP:System or systems of assessment and 

verification of constancy of performance of the 

construction product as set outin CPR, Annex V : 

System 2+ 

7.   Notified Body (hEN): In case of the declaration of 

performance (DoP) concerning a construction 

product covered by a harmonised standard 

083&-CPR-13/F058 

 
Notified factory production control certification body 

No.0836,BBA performed the initialinspection of the 

manufacturing plant and of factory production 

control and the continuous surveillance,assessment 

and evaluation of factory production control and 

issued the certificate of conformity of the factory 

production control (FPC) 0836-CPR-13/FOSS 

8.   Notified body (ETA): In case of the declaration of 

performance concerning a construction product 

Not relevant (see 7) 

 



 

 

 
 
 

 

normet 
 
 

 
9. Declared Performance 

 
 

Essential 

Characteristics 

Performance Test Standard Harmonised technical 

specification 

TOTAL CHLORINE <0.35% EN ISO 1158  
 
 
 
 
 
 

 
EN 934-5 

WATER SOLUBLE 

CHLORIDE 

<0.1% EN 480-10 

ALKALI CONTENT <lOA" i EN 480-12 

CORRSION BEHAVIOUR COMPLIES WITH CLAUSE 5 EN 480-14 

COMPRESSIVE  STRENGTH 28 DAYS - 75.4% OF 

CONTROL MIX - 

CONFORMS TO 

REQUIREMENTS 

 
90 DAYS > 28 DAYS. 

CONFORMS TO 

REQUIREMENTS 

EN 196-1 

SETIING TIME INITIAL SETIING - 3 MINS, 

30 SECS 

 
FINAL SETTING -9MIN,40 

SEC 

EN 480-2 

DANGEROUS  SUBSTANCES COMPLIES WITH 4.3  

10. Declaration 

 
The performance of the product identifiedin points 1and 2 is in conformity with the declared performancein point 9. 

This declaration of performanceisissues under the sole responsibility of the manufacturer identified in point 4.Signed   

for and on behalf of the manufacturer: 

 
 

 
 
 

 

Shuyuan Liu 

GCCTR&D Manager 

GCCT R&D Centre 

Unit  7,Wheler Road, Coventry 

CV3 4LB, UK 

1August 2019 

 

 
 

P a g e  l l 

for which a European Technical Assessment (ETA) 

has beenissued: 



 

 

 

 
 

normef QC Specifica tion - Tam Shot 1055 
 

 

 
 

Test Test information Test limits (units) Test Frequency 

 
 

NORQCOl - Appearance  N/A 

and odour 

Colourless   and   odourless    Every batch 

liquid 

 

NORQC02.2 - Density N/A See Ax Every batch 
 

NORQC03.3 - pH Calibrated before each  See Ax 

reading.   average of    3 

readings 

Every batch 

 

NORQC04 -Viscosity Using spindle 4 @ 60rpm.   See Ax Every batch 

Run  test  for  60s  before 

recording result. 
 

NORQCOS .4 Solid   Using    method    A,    and    See Ax Every batch 

Content  applying  to  a 90mm  filter 

paper. 
 

Four Times per Year 

 
 

NORQC08.2 Setting Using mix NORQC12.4. Initial Set <lOmins Every lOOOt (max of 3 per 

Times (BS ISO}  Dosing 

lOSS. 

the  mix  with  5% (NORQC08.2.1) 

Final Set 
 

<60mins 

year) 

(NORQC08.2.2) 

NORQC09 - Compressive  Conditioning all the  Test at 28days  Once per Yea r 

Strength materials to 5•c for at least   @28days test mix 90% of 

24 hours. Using mix 

NORQC12.4. Dosing with 

5% OSS. Cast 3 control 

and 6 test mix prisms . 

control 

 

 
Alkali Content 

Have the constituent raw materials passed QC 

External testing Twice per year 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Normet UK ltd 

Unh. 5 Wheler Road 

Seven Stars Industrial Estate 

Coventry CV34U 

United Kingdom 

 
 
 

Tel."44 (0)333 2409966 

Fax +44 (0)333 240 7744 

www.normet.com Registered in Eland & Wales no. 6004916 

VAT no.GB 478 0700 37 

 

QC specification 

Issue Date - 25/07/2019 

Issue Number - 04 

Issue by-Jake Dimmock 
 

FORM43   sue 3 

NORQC07.3 Chloride Water soluble Chloride and < 0.1(%)  
Content  total chloride   
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Technical Data Sheet 
BENTONITE FOR GEOTECHNICAL WORKS 

 

 

 
 

 

Description 

BENTONIL® CV15 is a sodilllll bentonite specially developped for the 
stabilization of cement base suspensions. It shows an amazing ability to 
produce stable and viscous slurries at ve1y low concentration. 

 

Applications 

BENTONIL® CV15 is compatible with all kinds of cements (CEM I to V). 
It is recommended for all applications requiring cement based slurring and 
in pa1ticular for cut off walls, injection works and to components grout for 
shield tunneling. 

 

General cha1·acteristics 

 
Aspect : Powder 

 

Apparent density : o,6 g/cm3 

 

Water content : 88.14% 
 

 

 
Suspension properties after 1h* 

CLARIANT 
 

BU  FUNCTIONAL MINERALS 

BUSINESS SEGMENT 

FOUNDRY  &FUNCTIONAL 

ADDITIVES EMEA 

 

 
 

www.clariant.com 

EDITION - 2019 

 

Concentration (kg/1113) 30 35 40 

Density 1,14 1,14 1,14 

Marsh viscosity (s/946 ml) 36 40 46 

API Filtrate at 30 min (ml) 100 Bo 65 

 
 
 
 

 

•Notguaranted t·a/ues -properties  depend on make up water quality and mixing procedtJTes 

BENTONIL® 

CV15 

http://www.clariant.com/
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Operating instructions 

Recommended dosage : 30 -35 kg/m3of water. 

Make up water should comply with minimwn quality standards. 

This dosage isthe subject to adjustments depending on soil characteristics 
and desired viscosity. 

To ensure optimal BENTONIL® CV15 perfonnance adapted mixing and a 
suitable hydratation time are required. 

Properties of BENTONIL® CV15 slurring can be improved by addition of 
CLARIANT brand additives ( eg. BENTOCRYL® 86, SC 6FF, BENTOCRYL® 
Sup R). 

 
Origin & Packaging : 
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BU FUNCTIONAL MINERALS 

BUSINESS SEGMENT 

FOUNDRY & FUNCTIONAL 

ADDITIVES EMEA 
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Pncknging 
LeTreport Portes Jes Moosburg Ynncos 

(FR) Vnlence (FR) (DE) (ES) 

Bulk ./ ./   

Jumbo Bags 
1000/ 12ook 

Paper Bags 
25 kg 

./ 
g 
 

./ 

./ 

 
./ 

  

 

Storage & stability 

Keep product in is original package at ambient temperature, protected against 
hwnidity . 

A decrease of product performance.might result from inadequate storage. 

 
Related documents 

MSDS and application sheet on demand. 

 

 

 

 

 

 

 

 

 

 

 

Thisinfamation caresponds olhe present state ofour knOIA4edge andIsintended at a general dncrii:itiai ofour products and lheir possl>le 

applications.Clariantmak.esno w.ranties,express orimpl ed,as tothe intormation't ac:c:uracy .adequacy,sufriciency or freedan from defect 

and """'"noiabiityin connection wilhany use of this hformation.Any uS« of this P"ocllct is rnponsl>le for determining lhe suitabilly of 

Clarianc's produtts for its partirutar appl catioo.• Nothinginduded in lhis intonnation waNH any of Clarianfs Gennl Tenns and Conditions   

of Sale which controlunlessiiagrees oCl'tel'Wise inwriting. Ally existing intell@Cll.JalAindutlrial propetty rightsmu•be obseNed.Ouetopossible 

changes in our products and applicabee national and international regulat ons aldlaws. the 9':1tus of our products cOJld change. Material 

Safety O•a Sheets l)t'O'oAdiig safety precautions, lhal shol.dd be obsetVed Vwtien handttng or storing Olrlianl products.. are available upon 

request and are PfO"i(ded n complianoe ..;lh applicab e law_ Yoo thoutd obtain andrew the lppftcable Material Safety Data Sheet 

infonnatlon before hlndJ ng any oflhese procb:ts.FOi' addional hformatlon,please eontact Ctariant. 
 

'" f0t 11•es lo customers located within the Urited States and Canadalhe tillOl!Wig applil?t n addtion. NO EXPRESS OR IMPLIED 

WARRANTY'ISMADE Of THEMERCHANTAB UTY,SUITAB LITY,FITNESS FORA PARTICULAR PURPOSE OR OTHERWSEOF/'tNY 

PROOUCT OR SERVICE. 

 

llTradem1rk of aariant registeredinmany countries 

Cl 2015Cllrianl lntemationaJ Ud, Rothausstrasse 61, 4132M.Jttenz, S\Nf:zettand 

mailto:intell@Cll.JalAindutlrial


SAFETY DATA SHEET 
according to Regulation (EC) No. 1907/2006 CLAR IANT 

BENTONIL CV 15 t 
Substance key: SC0000107340 

Version : 1- 61GB 

Page 1(15) 

Revision Date: 06.02.2021 

Date of printing : 16.04.2021 

 

 

 

SECTION 1: Identification of the substance/mixture and of the company/undertaki ng 

1.1. Productidentifier 

Trade name 

BENTONIL CV 15 t 

Material number: 254315 

REACH - Registration number EXEMPTED ACCORD. ANNEX V.7 

according to article 20(3): 

CAS number : 1302-78-9 

EC number : 215-108-5 

1.2. Relevant identified uses of the substance or mixture and uses advised against 

Relevant identified uses of the substance or mixture 

Type of use : Bentonite has a variety of uses.It can be used as a rheology 

modifier, binding agent, adsorbent, filler and other i.e for 

applications like: foundry, iron ore agglomeration, drilling, 

construction - civil engineering,filtration (i.e oil, wine,beer), 

pharmaceutical & cosmetics, cat litter,food and feed additives 

in human and animal nutrition. 

Uses advised against 

Type of use : There are no uses advised against. 

1.3. Detailsof the supplier of the safety data sheet 

Identification of the company 

Clariant Production (France) 

6 rue Louise Michel 

F-94603 Choisy le Roi 

Telephone no. : +33 (0)1 41 76 20 00 

Information about the substance/mixture 

BU Functional Minerals 

Product Stewardship 

e-mail: SDS.Europe@clariant.com 

 
1.4. Emergency telephone number 

00800-5121 5121 (24 h) 
 

 

SECTION 2: Hazards identification 

 
2.1 Classification of the substance or mixture 

Classification (REGULATION (EC) No 127212008) 

Not a hazardous substance or mixture. 

2.2 Label elements 

Labelling (REGULATION (EC) No 1272/2008) 

Not a hazardous substance or mixture. 

Not a hazardous substance or mixture. 

mailto:SDS.Europe@clariant.com
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2.3 Other hazards 

This substance/mixture contains no components considered to be either persistent, 

bioaccumulative and toxic (PBT), or very persistent and very bioaccumulative (vPvB) at levels of 

0.1% or higher. 

 
Ecological information: The substance/mixture does not contain components considered to have 

endocrine disrupting properties according to REACH Article 57(f) or Commission Delegated 

regulation (EU) 2017/2100 or Commission Regulation (EU) 2018/605 at levels of0.1% or higher. 

 
Toxicological information: The substance/mixture does not contain components considered to 

have endocrine disrupting properties according to REACH Article 57(f) or Commission Delegated 

regulation (EU) 2017/2100 or Commission Regulation (EU) 2018/605 at levels of0.1% or higher. 

 
The substance/mixture does not contain components considered to have endocrine disrupting 

properties according to REACH Article 57(f) or Commission Delegated regulation (EU) 2017/2100 

or Commission Regulation (EU) 2018/605 at levels of 0.1% or higher. 

The product contains less than 1% w/w RCS (respirable crystalline silica) as determined by the 

SWERF method. The respirable crystalline silica content can be measured using the "Size 

Weighted Respirable Fraction - SWERF" method. All details about the SWERF method is 

available at www.crystallinesilica.eu 

Depending on the handling and use (grinding, drying,bagging), airborne respirable dust may be 

generated. Dust contains respirable crystalline silica. Prolonged and or massive inhalation of 

respirable crystalline silica dust may cause lung fibrosis, commonly referred to as silicosis. 

Principal symptoms of silicosis are cough and breathlessness. Occupational exposure to 

respirable dust should be monitored and controlled. The product should be handled using 

methods and techniques that minimize or eliminate dust generation. 
 

 

SECTION 3: Composition/information on ingredients 
 

3.1Substances 

EC-No. 215-108-5 

 
Chemical nature Synonyms: Bentonite, sodian; Bentonite, calcian; 

Montmorillonite, Sodium-activated  Bentonite 

Bentonite is a UVCB substance, sub-type 4. The purity of the 

product is 100 %wlw. 
Impurities are not applicable for a UVCB substance. 

 

Components 

No hazardous ingredients 
 

 

SECTION 4: First aid measures 
 

4.1 Description of first aid measures 

General advice No known delayed effects. Consult a physician for all 

exposures except for minor instances. 

 
If inhaled  Remove to fresh air immediately. Get medical attention 

immediately. 

 
In case of skin contact Wash off immediately with soap and plenty of water. 
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In case of eye contact 
 

 
If swallowed 

Rinse thoroughly with plenty of water, also under the eyelids. 

If symptoms persist, call a physician. 

 
Clean mouth with water and drink afterwards plenty of water. 

 

4.2 Mostimportant symptoms and effects, both acute and delayed 

Symptoms There are no acute and delayed symptoms and effects 

observed. 

 

Risks No information available. 
 

4.3 Indication of any immediate medical attention and special treatment needed 

Treatment Treat symptomatically. 

 

 
 

SECTION 5: Firefighting measures 
 

5.1 Extinguishing    media 

Suitable extinguishing media 

 
 
 
 
 
 
 

Unsuitable extinguishing 

media 

 
 

The product itself does not burn. 

Use extinguishing measures that are appropriate to local 

circumstances and the surrounding environment. 

Water spray jet 

Dry powder 

Foam 

Carbon dioxide (C02) 

No restrictions 

 

5.2 Special hazards arisingfrom the substance or mixture 

Specific hazards during 

firefighting 

 
 
 

5.3 Advice for firefighters 

Special protective equipment 

for firefighters 

The product is not flammable. 

Does not sustain combustion. 

No hazardous decomposition products are known. 
 
 

 
In the event of fire, wear self-contained breathing apparatus. 

Special sliding risk through leaking of spilled product in 

connection with water. 

 
 

SECTION 6: Accidental release measures 
 

6.1 Personal precautions, protective equipment and emergency procedures 

Personal precautions Ensure adequate ventilation. 

Avoid dust formation. 

Evacuate personnel to safe areas. 

Avoid contact with skin, eyes and clothing. 

Wear personal protective equipment. 

Avoid breathing dust. 
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Use the indicated respiratory protection if the occupational 

exposure limit is exceeded and/or in case of product release 

(dust). 

Special sliding risk through leaking of spilled product in 

connection with water. 

Avoid dust formation; avoid dry sweeping 
Use vacuum suction unit, or shovel into bags. 

 
 
 

6.2 Environmental precautions 

Environmental precautions No special environmental precautions required. 
 

6.3 Methods and material for containment and cleaning up 

Methods for cleaning up Pick up and transfer to properly labelled containers. 

If product is released from trucks in roads, place signposts 

and remove the spillusing vacuum cleaning systems. 

 

6.4 Reference to other sections 

For personal protection see section 8., For disposal considerations see section 13. 
 

 

SECTION 7: Handling and storage 

 
7.1 Precautions for safe handling 

Advice on safe handling Provide sufficient air exchange and/or exhaust in work rooms. 

In case of insufficient ventilation, wear suitable respiratory 

equipment. 

For personal protection see section 8. 

Handle and open container with care. 

If you require advice on safe handling techniques or specific 

uses, please contact your supplier or check the further 

information referred to in section 16. 

 
Avoid dust formation. 

 
Hygiene measures Wash hands before breaks and at the end of workday. 

 

7.2 Conditions for safe storage, including any incompatibilities 

Requirements for storage 

areas and containers 

Minimize airborne dust generation and prevent wind dispersal 

during loading and unloading. Keep containers closed and 

store packaged products so as to prevent accidental bursting. 
 

Advice on common storage No conditions to be specially mentioned. 
 

Further information on 
storage stability 

Stable under recommended storage conditions. 

 

7.3 Specific end use(s) 

Specific use(s) Not relevant 
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SECTION 8: Exposure controls/personal protection 
 

8.1Control parameters 

Contains no substances with occupational exposure limit values. 

8.2 Exposure controls 

Engineering measures 

Use ventilation adequate to keep exposures below recommended exposure limits. See the safety 
datasheet. 

Personal protective equipment 

Eye protection Do not wear contact lenses. 

Safety glasses with side-shields 

Ensure that eyewash stations and safety showers are close to 

the workstation location. 

 

Hand protection 
Remarks Use a high fat protective cream after cleaning skin. Wear 

suitable gloves. 

 
Skin and body protection Long sleeved clothing 

 
Wear suitable protective equipment. 

 
Respiratory protection Local ventilation to keep levels below established threshold 

values is recommended. In case of prolonged exposure to 

airborne dust concentrations, a suitable particle filter mask 

that complies with the requirements of national legislation is 

recommended, depending on the expected exposure levels. 

 
 

SECTION 9: Physical and chemical properties 

 
9.1 Information on basic physical and chemical properties 

Physical state lumpy, granular ,powder 

 

Colour bright to earthy 

 
Odour none 

 
Odour Threshold not determined 

 

Melting point/range > 450 °C 

Method: EU A.1 

Boiling point/boiling range not applicable (solid with a melting point > 450 °C} 

Flammability does not ignite 

Method: EU A.10 
 

Upper explosion limit I upper no data available 
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flammability limit 
 

Lower explosion limit I Lower 

flammability limit 

 
Flash point 

Auto-ignition temperature 

Decomposition temperature 

Decomposition 
ternperature 

 
pH 

 
 
 
 

Viscosity 
Viscosity, dynamic 

Viscosity, kinematic 

Solubility(ies) 

Water solubility 
 
 
 

Partition coefficient: n 

octanol/water 

 
Vapour pressure 

Density 

Bulk density 
 

 
Relative vapour density 

 

9.2 Other information 

Oxidizing properties 
 
 
 
 

Self-ignition 
 
 
 

Evaporation rate 

non explosive (void of any chemical structures commonly 

associated with explosive properties) 

 
Not applicable 

 
no data available 

 

 
No decomposition if used as directed. 

 

 
6- 11 (20 °C) 

Method: aqueous suspension 

For detail information please refer to our physical & chemical 
data sheet. 

 

 
not applicable (solid with a melting point > 450 °C) 

no data available 

 
< 0.9 mg/I (20 °C) 

Method: Tested according to Directive 92/69/EEC. 
 

 
Not applicable 

inorganic 

 
not applicable (solid with a melting point > 450 °C) 

 
2.6 g/cm3 

 
500 - 1,100 kg/m3For detail information please refer to our 

physical & chemical data sheet. 

 
Not applicable 

 
 

 
no oxidizing properties (Based on the chemical structure, the 

substance does not contain a surplus of oxygen or any 

structural groups known to be correlated with a tendency to 

react exothermally with combustible material) 

 
Method: 92/69/EEC ,A.6. 

no relative self-ignition temperature below 400 °C 

not applicable (solid with a melting point > 450 °C) 
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SECTION 10: Stability and reactivity 
 

10.1Reactivity 

Stable under recommended storage conditions. 

10.2 Chemical stabiity 

The product is chemically stable. 

10.3 Possibility of hazardous reactions 

Hazardous reactions None known. 
 
 

10.4 Conditions to avoid 

Conditions to avoid Forms slippery/greasy layers with water. 
 

10.5 Incompatible materials 

Materials to avoid inert, not reactive 

Avoid storing together with materials that may be affected by 

dust. 
 

10.6 Hazardous decomposition products 

Not relevant 
 

 

SECTION 11: Toxicological information 
 

11.1 Information on hazard classes as defined in Regulation (EC) No 1272/2008 

Acute toxicity 

Product: 

Acute oral toxicity  LOSO (Rat, male and female): > 5,000 mg/kg 

Method: US EPA Test Guideline OPP 81-1 

Remarks: By analogy with a product of similar composition 

Acute inhalation toxicity Remarks: no data available 

Acute dermal toxicity Remarks: no data available 

 

Skin corrosion/irritation 

Product: 

Species 

Method 

Result 

 
 
 

Rabbit 

OECD Test Guideline 404 

No skin irritation 

 

Serious eye damage/eye irritation 

Product: 

Species 
Method 

Result 

Rabbit 
OECD Test Guideline 405 

No eye irritation 
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Respiratory or skinsensitisation 

Product: 

Remarks no data available 

 

Germ cell mutagenicity 

Product: 

Genotoxicity in vitro Test Type: In vitro gene mutation study in bacteria 

Method: OECD Test Guideline 471 

Result: negative 

 
Test Type: Chromosome aberration test in vitro 

Method: OECD Test Guideline 473 

Result: negative 

 
Test Type: In vitro gene mutation study in mammalian cells 

Method: OECD Test Guideline 476 

Result: negative 
 

Germ cell mutagenicity 

Assessm ent 

In vitro tests did not show mutagenic effects 

 

Carcinogenicity 

Product: 

Carcinogenicity - 

Assessment 

 
 
 

No information available. 

 

Reproductive toxicity 

Product: 

Reproductive toxicity  
Assessment 

 
 
 

No information available. 

 

STOT - single exposure 

Product: 

Assessment The substance or mixture is not classified as specific target 
organ toxicant , single exposure. 

 

STOT - repeated exposure 

Product: 

Assessment The substance or mixture is not classified as specific target 
organ toxicant , repeated exposure. 

 

Aspiration toxicity 

Product: 

No aspiration toxicity classification 
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11.2 Information on other hazards 

Endocrine disrupting properties 

Product: 

Assessment The substance/mixture does not contain components 

considered to have endocrine disrupting properties according 

to REACH Article 57(f) or Commission Delegated regulation 

(EU) 2017/2100 or Commission  Regulation (EU) 2018/605 at 

levels of 0.1% or higher. 
 

Further information 

Product: 

Remarks Specific symptoms in animal studies (likely route of 

exposure): 

 

In case of ingestion: 

No acute or long term effects were seen in animal studies 
following oral exposure. 

 
In case of skin contact: 

No acute effects were seen in an animal study following acute 

dermal exposure. 

Bentonite is not a skin irritant 

 
In case of inhalation: 

No acute effects were seen in an animal study following acute 

inhalation exposure. 

 
Bentonite contains crystalline silica, which is a known cause of 

silicosis, a progressive, sometimes fatal lung disease. In a   

1997 monograph (Volume 68,"Silica, Some Silicates, Coal 

Dust and Para-aramid Fibri s"),the International Agency for 

Research on cancer (IARC) has classified "inhaled crystalline 

silica from occupational sources" in Group 1as a substance 

"carcinogenic to humans". In making the overall evaluation, 

the IARC Working Group noted that carcinogenicity in humans 

was not detected in all industrial circumstances studied. 

Crystalline silica has also been classified by the German MAK 

Commission as a human carcinogen (Category A1). 

 
Although bentonite contains quartz, an intratracheal study 

(Creutzenberg 2008) on the read across substance bentonite 

demonstrated significant differences in toxicity following 

administration of equivalent doses of quartz as either 

bentonite (15.2 mg of bentonite with 60% quartz) or reference 

quartz (10.5 mg of 87% quartz). The reference-quartz caused 

significant , self-perpetuating lung toxicity while bentonite 

demonstrated significantly less toxicity and partial recovery 

during the study period. The main effect of bentonite was  

slight fibrosis and inflammation of the lung. The study 

demonstrated that a simple bridging of toxicity data from 

quartz to bentonite is not appropriate. 
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Occupational exposure to respirable dust should be monitored 

and controlled 

 
 

SECTION 12: Ecological information 
 

12.1Toxicity 

Product: 

Toxicity to fish 

 
 
 
 

 
Toxicity to daphnia and other 

aquatic invertebrates 

 
 
 
 
 
 
 
 

 

Toxicity to algae/aquatic 

plants 

 

Toxicity to fish (Chronic 

toxicity) 

 
Toxicity to daphnia and other 

aquatic invertebrates 

(Chronic toxicity) 

 
Plant toxicity 

 
 
 
 
 
 
 
 

12.2 Persistence and degradability 

Product: 

Biodegradability 
 
 
 

12.3 Bioaccumulative potential 

Product: 

Bioaccumulation 

 
 
 

LC50 (Oncorhynchus mykiss (rainbow trout)): 16 g/I 

Exposure time: 96 h 

 
LC50 (Marine water fish): 2.8 - 3.2 g/I 

Exposure time: 24 h 

 
EC50 (Daphnia magna 0Jlfater flea)): > 100 mg/I 

Exposure time: 48 h 

Method: OECD Test Guideline 202 

 
EC50 (Metacarcinus magister): 81.6 mg/I 
Exposure time: 96 h 

 
EC50 (Pandalus danae): 24.8 mg/I 

Exposure time: 96 h 

 
EC50 (Desmodesmus subspicatus (green algae)):> 100 mg/I 

Exposure time: 72 h 

 

Remarks: no data available 
 

 
Remarks: no data available 

 
 

 
84.4 mg/kg 

Species: Phaseolus vulgaris 

Remarks: No effect on the growth was observed. 

 
84.4 mg/kg 

Species: Zea mays 

Remarks: No effect on the growth was observed. 
 
 
 
 
 

Remarks: The methods for determining biodegradability are 

not applicable to inorganic substances. 
 
 
 
 
 

Remarks: Not relevant for inorganic substances 
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12.4 Mobi ity in soil 

no data available 

12.5 Results of PBT and vPvB assessment 

Product: 

Assessment This substance/mixture contains no components considered 

to be either persistent, bioaccumulative and toxic (PBT), or 

very persistent and very bioaccumulative (vPvB) at levels of 

0.1% or higher.. 

 

12.6 Other adverse effects 

Product: 

Endocrine disrupting 

potential 

 
 

 
The substance/mixture does not contain components 

considered to have endocrine disrupting properties according 

to REACH Article 57(f) or Commission Delegated regulation 

(EU) 2017/2100 or Commission  Regulation (EU) 2018/605 at 

levels of 0.1% or higher. 
 

Additional ecological 

information 

none 

 
 

 

SECTION 13: Disposal considerations 

 
13.1Waste treatment methods 

Product Can be disposed of as solid waste in a suitable installation 

subject to the Environmental Protection (Duty of Care) 

Regulations. 

Avoid dust formation. 

Where possible recycling is preferred to disposal or 

incineration. 

 
Contaminated  packaging No specific requirements. 

 
 

SECTION 14: Transport information 

Section 14.1.to 14.5. 

ADR 

AON 

RID 

IATA 

IMDG 

not restricted 

not restricted 

not restricted 

not restricted 

not restricted 

 

14.6. Special precautions for user 

See sections 6 to 8 of this Safety Data Sheet. 
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14.7. Maritime transport in bulk according toIMO instruments   

No transport as bulk according IBC - Code. 

 
 

SECTION 15: Regulatory information 
 

15.1 Safety, health and environmental regulations/legislation specific for the substance or 

mixture 

REACH - Restrictions on the manufacture, placing on 

the market and use of certain dangerous substances, 

preparations and articles (Annex XVII) 

Not applicable 

 

REACH - Candidate List of Substances of Very High 

Concern for Authorisation (Article 59). 

Not applicable 

 

REACH - List of substances subject to authorisation 

(Annex XIV) 

Not applicable 

 

Regulation (EC) No 1005/2009 on substances that 
deplete the ozone layer 

Not applicable 

 

Regulation (EU) 2019/1021 on persistent organic 

pollutants (recast) 

Not applicable 

 

Other regulations: 

The product (bentonite) is not separately classified by the Occupational Health and Safety 

Administration (OSHA). The product has not been classified as a human carcinogen by OSHA , 

the International Agency for Research on Cancer (IARC) and the National Toxicology Program 

(NTP). 

Bentonite is not a SEVESO substance, not an ozone depleting substance and not a persistent 

organic pollutant. 

15.2 Chemical safety assessment 

A hazard assessment has been conducted under the umbrella of the European Bentonite Association 

(EUBA) and the outcome was that bentonite is not a hazardous substances. Therefore,in absence of 

identified hazard, the substance is safe and presents no risk. 
 

 

SECTION 16: Other information 

 
Full text of other abbreviations 

AON - European Agreement concerning the International Carriage of Dangerous Goods by Inland 

Waterways; ADR - European Agreement concerning the International Carriage of Dangerous 

Goods by Road; AllC - Australian Inventory of Industrial Chemicals; ASTM - American Society for 

the Testing of Materials; bw - Body weight; CLP - Classification Labelling Packaging Regulation; 

Regulation (EC) No 1272/2008; CMR - Carcinogen, Mutagen or Reproductive Toxicant; DIN - 

Standard of the German Institute for Standardisation; DSL - Domestic Substances List (Canada); 

ECHA - European Chemicals Agency; EC-Number - European Community number; ECx - 

Concentration associated with x% response; Elx - Loading rate associated with x% response; 

EmS - Emergency Schedule; ENCS - Existing and New Chemical Substances (Japan); ErCx - 

Concentration associated with x% growth rate response; GHS - Globally Harmonized System; 

GLP - Good Laboratory Practice; IARC - International Agency for Research on Cancer; IATA - 

International Air Transport Association; IBC - International Code for the Construction and 
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Equipment of Ships carrying Dangerous Chemicals in Bulk; IC50 - Half maximal inhibitory 

concentration; ICAO - International Civil Aviation Organization; IECSC - Inventory of Existing 

Chemical Substances in China; IMDG - International Maritime Dangerous Goods; IMO - 

International Maritime Organization; ISHL - Industrial Safety and Health Law (Japan); ISO - 

International Organisation for Standardization; KECI - Korea Existing Chemicals Inventory; LC50 

- Lethal Concentration to 50 % of a test population; LD50 - Lethal Dose to 50% of a test 

population (Median Lethal Dose); MARPOL - International Convention for the Prevention of 

Pollution from Ships; n.o.s. - Not Otherwise Specified; NO(A)EC - No Observed (Adverse) Effect 

Concentration; NO(A)EL - No Observed (Adverse) Effect Level; NOELR - No Observable Effect 

Loading Rate; NZloC - New Zealand Inventory of Chemicals; OECD - Organization for Economic 

Co-operation and Development; OPPTS - Office of Chemical Safety and Pollution Prevention; 

PBT - Persistent, Bioaccumulative and Toxic substance; PICCS - Philippines Inventory of 

Chemicals and Chemical Substances; (Q)SAR - (Quantitative) Structure Activity Relationship; 

REACH - Regulation (EC) No 1907/2006 of the European Parliament and of the Council 

concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals; RID - 

Regulations concerning the International Carriage of Dangerous Goods by Rail; SADT - Self 

Accelerating Decomposition Temperature; SOS - Safety Data Sheet; SVHC - Substance of very 

high concern; TCSI - Taiwan Chemical Substance Inventory; TSCA - Toxic Substances Control 

Act (United States); UN - United Nations; UNRTDG - United Nations Recommendations on the 

Transport of Dangerous Goods; vPvB - Very Persistent and Very Bioaccumulative 
 

 
Further information 

Training advice Workers must be informed of the presence of crystalline silica 

and trained in the proper use and handling of this product as 

required under applicable regulations. 

 
Other information Social Dialogue on Respirable Crystalline Silica: 

 
A multi-sectoral social dialogue agreement on Workers Health 

Protection through the Good Handling and Use of Crystalline 

Silica and Products Containing it was signed on 25 April 2006. 

This autonomous agreement, which receives the European 

Commission's financial support, is based on a Good Practices 

Guide. The requirements of the Agreement came into force on 

25 October 2006. The Agreement was published in the Official 

Journal of the European Union (2006/C 279/02). The text of 

the Agreement and its annexes, including the Good Practices 

Guide, are available from http://www.nepsi.eu and provide 

useful information and guidance for the handling of products 

containing respirable crystalline silica. Literature references 

are available on request from EUROSIL, the European 

Association of Industrial Silica Producers. 

Prolonged and/or massive exposure to respirable crystalline 

silica-containing dust may cause silicosis, a nodular 

pulmonary fibrosis caused by deposition in the lungs of fine 

respirable particles of crystal 

In 1997,IARC (the International Agency for Research on 

Cancer) concluded that crystalline silica inhaled from 

occupational sources can cause lung cancer in humans. 

However it pointed out that not all industrial circumstances, 

nor all crystalline silica types, were to be incriminated. (IARC 

Monographs on the evaluation of the carcinogenic risks of 

chemicals to humans, Silica, silicates dust and organic fibres, 

http://www.nepsi.eu/
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1997, Vol. 68, IARC, Lyon, France.) 

In June 2003, SCOEL (the EU Scientific Committee on 

Occupational Exposure Limits) concluded that the main effect 

in humans of the inhalation of respirable crystalline silica dust 

is silicosis. 'There is sufficient information to conclude that the 

relative risk oflung cancer is increased in persons with   

silicosis (and, apparently,not in employees without silicosis 

exposed to silica dust in quarries and in the ceramic industry). 

Therefore preventing the onset of silicosis will also reduce the 

cancer risk..." (SCOEL SUM Doc 94-final, June 2003. 

So there is a body of evidence supporting the fact that 

increased cancer risk would be limited to people already 

suffering from silicosis. Worker protection against silicosis 

should be assured by respecting the existing regulatory 

occupational exposure limits and implementing additional risk 

management measures where required (see section 16 

below). 

 
This safety data sheet (SOS) is based on the legal provisions 

of the REACH Regulation (EC 1907/2006; article 31 and 

Annex II), as amended. Its contents are intended as a guide to 

the appropriate precautionary handling of the material. It is the 

responsibility of recipients of this SDS to ensure that the 

information contained therein is properly read and understood 

by all people who may use, handle, dispose or in any way 

come in contact with the product. Information and instructions 

provided in this SDS are based on the current state of 

scientific and technical knowledge at the date of issue 

indicated. It should not be construed as any guarantee of 

technical performance, suitability for particular applications, 

and does not establish a legally valid contractual relationship. 

This version of the SDS supersedes all previous versions. 
 

Sources of key data used to 

compile the Safety Data 

Sheet 

Creutzenberg 0, Hansen T, Ernst H & Muhle H (2008) 

Toxicity of a quartz with occulated surfaces in a 90 day 

intratracheal instillation study in rats; Inhalation toxicology. 20: 

995-1008 

 
 
 

This information corresponds to the present state of our knowledge and is intended as a general 

description of our products and their possible applications. Clariant makes no warranties, express 

or implied, as to the information's accuracy, adequacy, sufficiency or freedom from defect and 

assumes no liability in connection with any use of this information. Any user of this product is 

responsible for determining the suitability of Clariant's products for its particular application. 

Nothing included in this information waives any of Clariant's General Terms and Conditions of 

Sale, which control unless it agrees otherwise in writing. Any existing intellectual/industrial 

property rights must be observed. Due to possible changes in our products and  applicable 

national and international regulations and laws, the status of our products could change. Material 

Safety Data Sheets providing safety precautions, that should be observed when handling or 

storing Clariant products, are available upon request and are provided in compliance with 

applicable  law.  You  should  obtain  and  review  the  applicable  Material  Safety  Data  Sheet 
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Portland cementis the most commonly used cementinthe UK and 

indeed the world.It is suitable for a range of uses and is produced 

to consistent qual ty indicators. Portland cement can 

be used on its own or in conjunction with other supplementary 

materials such as Fly Ash and GGBS.Itis compatiblewith 

admixturesincluding plasticizers and air-entrainers. 

 

FEATURES 
 

Qual ty controlled to conform to EN 197-1. 
 

., High performance at 7 and 28 days. 
 

Versatile for usewith a range of admixtures and additions. 
 

GOOD SITE PRACTISE 
 

A risk assessment should be carried out before commencing any 

work. 

., Itis recommended that trials are undertaken when using a new 

source of cement. Samples are avai able on request for trial work 

and technical support is available. 

To maintainstrength the water/cement ratio should be kept low 

and admixtures should be used to achieve the required workability. 

The use of cementitious additions e.g. Fly ash and GGBS will 

affect overall strength and workability. 

Concrete should be placed by experienced contractors who 

have the correct training.' 

This cement is suitable for useinthe following applications: 

 
Precast concrete units 

Foundations 

Soilstabilisation 

Highway applications 

Coastal structures 

Tunnelling 

 

AVAILABILITY 
 

Availablein bulk loads delivered bytanker. Site must have 

suitable access for vehicles and a safe discharge point. 

 

STORAGE 
 

Can be stored in a siloreadyfor use. 

 
 
 
 
 
 

 

 

LLAFARGE 

LAFARGE 
PORTLAND 
CEMENT 

Our most versatile cement. 

 
GENERAL INFORMATION APPLICATIONS 

., 



 

 

team 

on 01455 288392 or emailcementsales@aggregate.com 
 

., For technical support emailcement.technical@aggregate.com 
 

., Alternatively, visit our website at: www.lafargecement.co.uk 

Theinformationcontainedwithin this publicationwas accurateat time of 

production.However,Aggr atelndustries reserves the right to introduce 

modifications orchanges todetailat anytimewithout notice. Nochargeis 

levied for this publication oradvicetherein,andaccordingtythecompany, its 

employeesand authorised agentsc:anaccept no liabilitywhatsoe'A" r.either 

indirectly or directly arisingfromthe useof its products inconnection with 

anyinformation or advicecontained inthis guide. 

 
 
 
 
 

 
 

CONDITIONS OF USE HEALTH & SAFETY 
 

., Cement and water ratio must be aslow as possible in 

accordance with placing, thorough compaction and 

effective curing. 

., Trials shouldtake placeto ensure the correct cement content 

and water:cement ratio for the application. 

., There is no substitute for good site practice. It is essential to 

usethe correct materials, proportion and mix the materials 

properly,add the correct amount of water,compact, cure 

and protect as appropriate. 

., Lafarge cement cannot be held responsible where workmanship 

has not been carried out in accordance with good practice. 

., Slightvariations in colour may occur due to variationsinthe 

raw materials. 

., Contact between cement powder and body fluids (e.g. 

eyefluids) may cause irritation, dermatitis or burns. Cement 

is classified as an irritant under the Chemicals (Hazard 

Information and Packaging) Regulations. Please refer to 

the product safety data sheet for full information. 

., Qual ty informationis available on request or on the website; 

www.largecement.co.uk 

 

 

CUSTOMER SUPPORT 
 

., Shouldyou require information for this or any other product 

within the Lafarge range, please contact our Customer Support 

mailto:emailcementsales@aggregate.com
mailto:emailcement.technical@aggregate.com
http://www.largecement.co.uk/
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SAFETY DATA SHEET Jrne 2015 

EN 197-1 
COMMON CEMENTS - CAULDON 

 

 
1. IDENTIFICATION OF THE SUBSTANCE/MIXTURE AND OF THE 

COMPANY/UNDERTAKING 

 
 

 

Product identification: 

An odourless white to grey powder which when water is 

added becomes a binder for construction applications. 

 

Substance Portland cement clinker 

EINECS 266-043-4 CAS 65997-15-1 

 
Trade Name(s): 

Portland Cement 

Rapid Hardening Portland Cement 

Portland Limestone Cement 

White Portland Cement 

Portland Fly ash Cement 

Endure SR Cement 

General Purpose Cement 

General Purpose + Cement 

Rapid Set Cement 

Super White Cement 

Sulphate Resistant Cement 

CPB25 

Identified uses of the substance or mixture 

Common cements are used in industrial installations to 

manufacture/ formulate hydraulic binders for building and 

construction work, such as ready-mixed concrete, mortars, 

renders and grouts, as wellas precast concrete. 

 

Company Identification 

Lafarge Cement Ltd 

C/O Aggregate Industries, 

Bardon Hill, 

Coalville, 

Leicestershire, 

LE67 1TL 

 

Emergency Contact Details 

Telephone :01530 510066 

(Mon. to Fri. 8 am to 5 pm) ask for H&S Team 

Email:health.safety.team@aggregate.com 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Si1f+   ' j l  1,n+'I.     v+ , Tl         ,,ll\''l Nr /!( r  ' 1 1::1 A member of 

"' nr  " " ""J""' 1 Ee  N    1 "  '"' 1f1EAH '   """ 11 AGGREGATE LafargeHolcim 
INDUSTR IES 

mailto:health.safety.team@aggregate.com
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2. HAZARDS IDENTIFICATION 

 

 

 

Classification of the substance or mixture 

Classification according to Regulation EC 1272/2008: 

 
 

   
 

Skin  Irritation 2 H315: Causes skin irritation 

 
Serious eye damage I eye irritation H318: Causes serious eye damage 

 
Skin Sensitisation H317: May cause an allergic skin reaction 

 

Specific target organ toxicity single 

exposure respiratory tract irritation 

3 H335: May cause respiratory irritation 

 

Label elements 

According to Regulation (EC) No 1272/2008 (CLP) 
 

 
Corrosive  Health 

Hazard 

 

Signal Word: Danger 

Warning - Contain Portland cement clinker 

P261+P304+P340+P312: Avoid breathing dust/fume/gas/ 

mist/vapours/spray. IF INHALED: Remove victim to fresh air 

and keep at rest in a position comfortable for breathing. Call a 

doctor/physician if you feel unwell. 

P501 Dispose of contents/container to: Harden by application 

of water and dispose of as concrete waste. 

 

Supplemental information 

Skin contact with wet cement,fresh concrete or mortar may 

cause irritation, dermatitis  or  burns. 

 

Hazard statements: 

H318 Causes serious eye damage. 

H315 Causes skin irritation. 

H317 May cause an allergic skin reaction. 

H335 May cause respiratory irritation. 

 
Precautionary statements: 

P102 Keep out of reach of children. 
 

P280 Wear protective gloves/protective clothing/eye 

protection/face    protection. 

P305+P351+P338+P310: IF IN EYES:Rinse cautiously with 

water for several minutes. Remove contact lenses, if present 

and easy to do. Continue rinsing. Immediately calla 

doctor/physician. 

P302+P352+P333+P313: IF ON SKIN:Wash with plenty of 

soap and water. If skin irritation or rash occurs: Get medical 

advice/attention. 

 

May cause damage to products made of aluminium or other 

non-noble metals. 

 

Other Hazards 

Cement does not meet the criteria for PBT or vPvB in 

accordance with Annex XIII of REACH (Regulation (EC) No 

1907/2006). 

 

When cement reacts with water, for instance when making 

concrete or mortar, or when the cement becomes damp, a 

strong alkaline solution is produced. Due to the high alkalinity, 

wet cement may provoke skin and eye irritation. 

 

Cement is either naturally low in soluble chromium VI or 

reducing agents have been added to controlthe levels of 

sensitising soluble chromium (VI) to below 2 ppm (0.0002%) of 

the total dry weight of the cement ready for use according to 

legislation specified under Section 15. 

Hazard statements Hazard category Hazard class 
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3. COMPOSITION/INFORMATION  ON  INGREDIENTS 

 
 

Mixtures 

Common cements contain varying quantities of Portland cement clinker,fly ash, blast furnace slag, gypsum, natural pozzolans, 

burnt shale, silica fume and limestone. 

 

  

CN3 No 

EC No 

Index No 

Classification 

Concentration 

65997-15-1 

 
266-043-4 

 
[-] 

H315,H317,H318,H335 

5-100% 

 

Contains less than 1% crystalline silica. 

For the fulltext of the H-Statements mentioned in this Section, see Section 16. 
 
 

 

4. FIRST AID MEASURES 
 

 

 

First aid workers should avoid contact with wet cement or 

mixtures containing wet cement. 

 

Description of first aid measures 

Inhalation 

Remove to fresh air and allow personto rest in comfortable 

position for breathing. Dust in throat and nasal passages 

should clear spontaneously. Obtain medicalattention 

if irritation persists of or later develops or if discomfort, 

coughing or other symptoms persist. 

 

Skin contact 

For dry cement - Remove any contaminated clothing and 

rinse the affected skin area with plenty of water. 

For wet cement - Remove any contaminated andwash the 

affected skin area with soap/cleanser and rinse with plenty of 

water. 

Contaminated clothing, footwear,watches etc should be 

cleaned before re-using them. 

Seek medicalattention in all cases of skin irritation (redness, 

rash, blistering) or burns. 

 

Eye contact 

Do not rub eyes, as the materialis abrasive and may 

scratch the surface of the eye. Immediately and thoroughly 

irrigate/rinse with plenty of clean tap water for at least 20 

minutes, remove contact lenses and continue to rinse. DO 

NOT USE EYEWASH SOLUTION. Seek medical attention if 

irritation persists. 

Ingestion 

If material enters the mouth, do not induce vomiting. 

Give plenty of water to drink. Seek medicalattention if 

feeling unwell. 

Portland Cement Clinker 
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Most important symptoms and effects, 

both acute and delayed 

 

Eyes 

Common cements contain varying quantities of Portland 

cement clinker, fly ash, blast furnace slag, gypsum, natural 

pozzolans, burnt shale, silica fume and limestone. 

 

Skin 

Cement may have an irritating effect on moist skin (due to 

sweat or humidity) after prolonged contact or may cause 

contact dermatitis after repeated contact. 

Prolonged skin contact with wet cement or wet concrete 

may cause serious burns because they develop without pain 

being felt (for example when kneeling in wet concrete even 

when wearing trousers). 

 

Inhalation 

May cause respiratory irritation. Repeated inhalation of dust 

of Common cements over a long period of time increases the 

risk of developing lung diseases. 

 
 
 

5. FIREFIGHTING MEASURES 

Medical conditions aggravated by exposure 

Inhaling cement dust may aggravate existing respiratory 

system disease(s) and/or medical conditions such as 

emphysema or asthma and/or existing skin and/or eye 

conditions. 

 

Indication of any immediate medical attention and 

special treatment needed 

When contacting a doctor/physician, take this SDS or the 

product label wrth you. 

IF IN EYES:Contact a specialist of occupational medicine or 

an eye specialist, preferably an ophthalmologist. 

 
 

 

Suitable/Unsuitable extinguishing media 

Material is not flammable or combustible. Use media suitable 

for other any other materials present that may be involved in 

a fire. There is no unsuitable fire extinguishing media. 

A direct water jet may spread a fire. 

 
Special hazards arising in a fire 

None, cements are non-combustible and non-explosive and 

willnot facilitate or sustain the combustion of other materials. 

 

Special Advice for fire fighters 

None, general measures to fight fires are applicable. 



SAFETY DATA SHEET 

EN 197-1 COMMON CEMENTS - CAULDON 5 

 

 

 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

 
 
 

6. ACCIDENTAL RELEASE MEASURES 

 
 

 

Personalprecautions, protective equipment and 

emergency procedures 

Avoid breathing dusts and excessive physical contamination. 

Follow exposure controls such as protective equipment and 

environmental exposure controls as described under section 

8 and follow advice for safe handling and storage under 

section 7. 

 

Environmental precautions 

Entry into watercourses such as drainage system and bodies 

of water should be avoided so far as is possible. 

 

Methods and materials for containment and 

cleaning up 

 

Collect the spillage in a dry state if possible. 

 
Dry cement 

Use cleanup methods suchas vacuum clean-up or vacuum 

extraction (Industrial portable units, equipped with high 

efficiency air filters (EPA and HEPA filters, EN 1822-1:2009) 

or equivalent technique) that does not cause airborne 

dispersion. Never use compressed air. 

 

Alternatively, wipe-up the dust by mopping, wet brushing or 

by using water sprays or hoses (fine mist to avoid that the 

dust becomes airborne) and remove slurry. If not possible, 

remove by slurrying wrth water (see wet cement). 

 

 

7. HANDLING AND STORAGE 
 
 

Precautions for safe handling 

The "Good practice guides" which contain advice on safe 

handling practices can befound from: 

http://www.nepsi.eu/good-practiceguide.aspx. 

 
These good practices have been adopted under the Social 

Dialogue "Agreement on Workers ' Health Protection through 

the Good Handling and Use of Crystalline Silica and Products 

Containing it by Employee and Employer European sectoral 

associations, among which CEMBUREAU. 

When wet cleaning or vac uum cleaning is not possible 

and only dry cleaning with brushes can be done, ensure 

that the workers wear the appropriate personalprotective 

equipment and prevent dust from spreading. Avoid inhalation 

of cement and contact with skin. Place spilled materials 

into a container. Solidify before disposalas described under 

Section 13. 

Wet cement 

Clean up wet cement and place in a container. Allow material 

to dry and solidify before disposalas described under 

Section 13. 

http://www.nepsi.eu/good-practi
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• Follow recommendations for exposure control under 

section 8. 

•To clean up cement follow accidental release measures 

under section 6. 

 
• Bags should be stacked in a stable manner. 

 
• Do not use aluminium containers for the storage or 

transport of wet cement containing mixtures due to 

incompatibility of the materials. 

 

• Do not sweep, use vacuum clean upor extraction 

which do not cause airborne dispersion. 

 

•Avoid release to the environment. Spillages or 

uncontrolled discharges must be alerted to the 

appropriate regulatory body. 

 

• Do not eat, drink or smoke when using or storing 

cement products. 

 

•In dusty environments wear a dust mask and 

protective goggles. 

 

• Use protective gloves to avoid skin contact. 

 
Precautions for Safe Storage 

• Bulk cement should be stored in silos that are waterproof, 

dry (Le.with internalcondensat ion minimised), clean and 

protected from contamination. 

 

•To prevent engulfment or suffocat ion, do not enter a 

confined space, such as a silo, bin, bulk truck, or other 

storage container or vesselthat stores or contains cement 

without taking the proper security measures. Cement can 

build-up or adhere to the walls of a confined space. The 

cement can release, collapse or fall unexpectedly. 

• Packed products should be stored in unopened bags clear 

of the ground in cool, dry conditions and protected from 

excessive draught in order to avoid degradation of quality. 

 

Control of soluble Cr (VI) 

• For cements treated with a Cr (VI) reducing agent 

according to the regulations given in Section 15, the 

effectiveness of the reducing agent diminishes with time. 

Therefore, cement bags and/or delivery documents 

willcontain information on the packaging date, the 

storage conditions andthe storage period appropriate 

to maintaining the activity of the reducing agent and 

to keeping the content of soluble chromium VI below 

0.0002 % of the total dry weight of the cement ready 

for use, according to EN 196-10. They willalso indicate 

the appropriate storage conditions for maintaining the 

effectiveness of the reducing agent. 



SAFETY DATA SHEET 

EN 197-1 COMMON CEMENTS - CAULDON 7 

............................................................................................................................................................................... 
··············································································································································································· 

 

 

 

8. EXPOSURE CONTROLS/PERSONAL PROTECTION 

 
 

Controlparameters 

 
Components with workplace exposure limits (WELs) 

 
For Portland Cements a workplace exposure limit (EH40) has been set at: 

 
  

 

Total lnhalable Dust 

Respirable Dust 

10mg/rn3 

4mg/m3
 

It is recommended that occupational monitoring be completed to determine exposure. 

 
Exposure controls 

 
Appropriate engineering controls 

Measures to reduce generation of dust and to avoid dust 

propagating in the environment such as de-dusting, exhaust 

ventilation and dry cleanup methods which do not cause 

airborne dispersion. 

 

Individual Protection Measures such as personal 

protective equipment 

 

General 

During work avoid kneeling in fresh mortar or concrete 

wherever possible.If kneeling is absolutely necessary then 

appropriate waterproof personal protective equipment must 

be worn. 

Do not eat, drink or smoke when working with cement to 

avoid contact with skinor mouth. 

Before starting to work with cement, apply a barrier cream 

and reapply it at regular intervals. 

Immediately after working with cement or cement-containing 

materials, workers should wash or shower or use skin 

moisturisers. 

Remove contaminated clothing, footwear, watches, etc. and 

clean thoroughly before re-using them. 

 

Eye/face Protection 

Eye Protection in the form of safety glasses and/or goggles 

according EN166 is required. 

Hand Protection 

Handle with gloves. Recommend use of watertight, 

wear-and alkali-resistant protective gloves (eg nitrile soaked 

cotton gloves with CE marking) internally lined with cotton. 

Use skin care products (eg barrier creams) as appropriate. 

For the gloves, respect the maximum wearing time to avoid 

skin problems. Gloves should be removed and hands 

thoroughly washed before handling or eating any food or drink. 
 

Skin Protection 

Overalls I Impervious clothing, selected according to the 

workplace conditions. Particular care should betaken to 

ensure that wet cement does not enter the boots. In some 

circumstances, such as when laying concrete or screed, 

waterproof trousers or kneepads are necessary. 

Respiratory Protection 

Suitable dust masks should be worn in enclosed spaces 

where adequate ventilation is not provided. 

The type of respiratory protection should be adapted to the 

dust leveland conform to the relevant EN standard, (e.g. EN 

149, EN 140, EN14387, EN 1827) or national standard. 

The type, fit and comfort as wellas the duration of the 

activrty should also be considered when choosing RPE. 

The effectiveness of RPE relies on the individual's 

competence and therefore a suitable policy for a respiratory 

protective device use including training & face fit testing of 

the workers should be in place. 

WEL (8Hr TWA) Component 
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Environmental exposure controls 

Air 

Environmental emission of cement particles into air has to be 

in accordance with local environmentalregulations and the 

best available technology (BAT). 

 

Water 

Do not wash cement into drainage system such as the public 

sewer or storm drains. Excessive cement build up may 

lead to high alkaline pH levels. Above pH 9 damage to the 

environment is possible. 

 

Soil and terrestrial environment 

No special controlmeasures are necessary. 
 
 

 

9. PHYSICAL AND CHEMICAL PROPERTIES 

 
 

Physical and chemical properties are as follows: 

 

 
 

Appearance Fine free flowing white or grey powder,typically 5-30µm in 

particle size 

 

Odour None 

pH 11 -13.5 

 
Boiling Point I Range Not Applicable 

 

Melting Point I Range 1250"C 

 
Flash Point Not Applicable 

 
Flammability Not Applicable 

 
Auto Flammability Non-combustible solid 

 
Explosive Properties Not Applicable 

 
Oxidizing Properties Not Applicable 

 
Vapour Pressure Not Applicable 

 
Relative Density 2.75-3.20 

 
Water Solubility Slight (0.15 to 1.5g/ 

 
Fat Solubility Not Determined 

Property 
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10. STABILITY AND REACTIVITY 

 
 

 

Reactivity 

When mixed with water, cements will harden through a 

exothermic reaction into a stable mass that is not reactive 

in normal environments. This hardening/setting reaction 

is where cement reacts with water to form silicates and 

calcium hydroxide. 

 

Chemical stability 

Dry cements are stable as long as they are stored 

appropriately. Contact with incompatible materials should 

be avoided. 

Cement is alkaline and will react with acids, ammonium salts 

and aluminium and non-noble metals. Cement dissoives in 

hydrofluoric acid to produce corrosive silicon tetrafluoride 

gas. Silicates in cement react with poweriul oxidizers such 

as fluorine, boron trifluoride, chlorine trifluoride, manganese 

trifluoride and oxygen difluoride. 

 

 

11. TOXICOLOGICAL INFORMATION 
 

11.1  INFORMATION ON TOXICOLOGICAL EFFECTS 

Conditions to avoid 

Humid condrtions may cause lump formation and loss of 

product  quality. 

Incompatible materials 

Acids,ammonium salts aluminium or other non-noble metals. 

Uncontrolled use of aluminium powder in wet cement should 

beavoided as hydrogen is produced. 

 

Hazardous decomposition products 

None. 

 
 

 

Acute toxicity - dermal I inhalation I oral 

Based on available data the classification criteria are not met. 

 
Skin corrosion/irritation 

Classified as Category 2 
 

Cement in contact with wet skin may cause thickening, 

cracking or fissuring of the skin. Prolonged contact in 

combination with abrasion may cause severe burns. 

 

Eye Damage 

Classified as Category 1 
 

Portland cement clinker caused a mixed picture of corneal 

effects and the calculated irritation index was 128. 

Direct contact with cement may cause corneal damage 

by mechanical stress, immediate or delayed irritation or 

inflammation. Direct contact by larger amounts of dry cement 

or splashes of wet cement may cause effects ranging from 

moderate eye irritation (e.g. conjunctivitis or blepharitis) to 

chemicalburns and blindness 

Skin sensitisation 

Classified as Category 1B 
 

Some individuals may develop eczema upon exposure to 

wet cement dust, caused either the high pH which induces 

irritant contact dermatitis after prolonged contact, or by an 

immunologicalreaction to soluble Cr (VI) which elicits allergic 

contact dermatitis. 

The response may appear in a variety of forms ranging from 

a mild rash to severe dermatitis and is a combination of the 

two above mentioned mechanisms. 

If the cement contains a soluble Cr (VI) reducing agent and 

as long as the mentioned period of effectiveness of the 

chromate reduction is not exceeded,a sensitising effect is 

not expected. 
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Respiratory sensitisation 

Based on available data the classification criteria are not met. 

 
Germ cell mutagenicity 

Based on available data the classification criteria are not met. 

 
Carcinogenicity 

No casual association has been established between 

Portland cement and cancer. Epidemiological studies do not 

support the designation of Portland cement as a suspected 

human carcinogen. Portland cement is not classifiable as a 

human carcinogen. Based on available data the classificat ion 

criteria are not met. 

 

Reproductive Toxicity 

Based on available data the classification criteria are not met. 

Specific target organ toxicity (STOT) - single exposure 

Classified as Category 3 

Cement dust may irrrtate the throat and respiratory tract. 

Coughing. sneezing. and shortness of breath may occur 

following exposures in excess of occupationalexposure limits. 

 
 
 

12. ECOLOGICAL INFORMATION 

 
Overall,the pattern of evidence clearly indicates that 

occupational exposure to cement dust has produced deficrts 

in respiratory function. However, evidence available at the 

present time is insufficient to establish with any confidence 

the dose-response relationship for these effects. 

 

Specific target organ toxicity (STOT) 

- repeated exposure 

There is a indication of Chronic Obstructive Pulmonary 

Disease (COPD). The effects are acute and due to high 

exposures. No chronic effects or effects at low concentration 

have been observed. Based on available data the 

classification criteria are not met. 

 
 

 

Environmental Assessment 

Apart from skin sensitisation, Portland cement and common 

cement have the same toxicologicaland eco- toxicological 

properties. 

 

Ecotoxicity 

Not expected to be toxic to aquatic organisms. 
 

The product is not hazardous to the environment. 

Ecotoxicologicaltests with Portland cement on 

Daphnia magna and Selenastrum coli have shown little 

toxicological impact. 

Therefore LC50 and EC50 values could not be determined. 

There is no indication of sediment phase toxicity. 

The addition of large amounts of cement to water may, 

however, cause a rise in pH and may,therefore, be toxic to 

aquatic life under certain circumstances. 

Mobility 

Not relevant. After hardening, cement presents no toxicity risks. 

 
Persistence and Degradability 

Not relevant. After hardening, cement presents no toxicity risks. 

 
Bioaccumulative  potential 

Not relevant. After hardening. cement presents no toxicity risks. 

 
Results of PBT and vPvB assessment 

Not relevant. After hardening, cement presents no toxicity risks. 



SAFETY DATA SHEET 

EN 197-1 COMMON CEMENTS - CAULDON 11 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

 

 

 

 

13. DISPOSAL CONSIDERATIONS 

 
 

 

Waste treatment methods 

 
Product 

Do not dispose of into sewage systems or surface waters. 

 
Product - cement that has exceeded its shelf life 

When demonstrated that it contains more than 0.0002% 

soluble Cr (VI)): shall not be used/sold other than for use in 

controlled closed and totally automated processes or should 

be recycled or disposed of according to local legislation or 

treated again with a reducing agent. 

 

Product - unused residue or dry spillage 

Clean up in dry unused residue or dry spillage in accordance 

with section 6. Mark the containers. Possibly reuse 

depending upon shelf life considerations and the requirement 

to avoid dust exposure. In case of disposal, harden with 

water and dispose according to "Product - after addition of 

water, hardened" 

 
 

 

14 . TRANSPORT INFORMATION 

Product - slurries 

Allow to harden, avoid entry in sewage and drainage systems 

or into bodies of water (e.g. streams) and dispose of as 

explained below under "Product - after addition of water, 

hardened". 

 

Product - after addition of water, hardened 

Dispose of according to the local legislation. Avoid entry into 

the sewage water system. Dispose of the hardened product 

as concrete waste . Due to the inertisation, concrete waste is 

not a dangerous waste. 

 

Contaminated packaging 

Completely empty the packaging and process it according to 

local  legislation. 

 
 

 

Cement is not covered by the international regulation on 

the transport of dangerous goods (IMDG, IATA.ADR/RID), 

therefore no classification is required. 

 

No special precautions are needed apart from those 

mentioned under Section 8. 

 

UN number 

Not relevant 

 
UN proper shipping name 

Not relevant 

 
Transport hazard class(es) 

Not relevant 

 
Packing group 

Not relevant 

Environmental hazards 

Not relevant 

 
Special precautions for user 

Not relevant 

 
Transport in bulk according to Annex II of 

MARPOL73/78 and the IBC Code 

Not relevant 
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15. REGULATORY INFORMATION 

 
 

 

Classification: Corrosive, Health Hazard 

 
Text of H-code(s) and P-codes(s) 

mentioned in Section 3 

 

Hazard statements: 

H318 Causes serious eye damage. 

H315 Causes skin irritation. 

H317 May cause an allergic skin reaction. 

H335 May cause respiratory irritation. 

Precautionary  statements: 

P102 Keep out of reach of children. 

P280 Wear protective gloves/protective clothing/eye 

protection/face protection. 

P305+P351+P338+P310: IF IN EYES:Rinse cautiously with 

water for several minutes. Remove contact lenses, if present 

and easy to do. Continue rinsing. 

Immediately call a doctor/physician. 
 

P302+P352+P333+P313: IF ON SKIN:Wash with plenty of 

soap and water. If skin irritation or rash occurs: Get medical 

advice/attention. 

P261+P304+P340+P312: Avoid breathing dust/fume/gas/ 

mist/vapours/spray. IF INHALED:Remove victim to fresh air 

and keep at rest in a position comfortable for breathing. 

Calla doctor/physician if you feel unwell. 
 

P501 Dispose of contents/container to: Harden by 

application of water and dispose of as concrete waste. 

 

 

16. OTHER INFORMATION 

Safety, health and environmental regulations/ 

legislation specific for the substance or mixture 

EU regulatory information 

Cement is a mixture according to REACH and is not subject 

to registration. Cement clinker is exempt from registration 

(Art 2.7 (b) and Annex V.10 of REACH). The marketing and 

use of cement is subject to a restriction on the content of 

soluble Cr (VI) (REACH Annex XVIIpoint 47 Chromium VI 

compounds). 

 

National regulatory information 

CONIAC Health Hazard Information Sheet No. 26 (CEMENT) 

Health and Safety at Work etc Act 1974 

Controlof Substances Hazardous to Health (Regulations) 

PORTI.AND CEMENT DUST - criteria document for an 

occupational exposure limit. June 1994 (ISBN 07176-0763 -1) 

HSE Guidance Notes EH26 (Occupational Skin Diseases - 

Health and Safety Precautions) 

HSE Guidance Note EH40 (Workplace Exposure Limits) 

Any authorised manualon First Aid by St. John's/St. 

Andrew's/Red Cross 

ManualHandling Operations Regulations 

Environmental Protection Act 

Chemical Safety Assessment 

No chemical safety assessment has been carried out for this 

mixture by the supplier. 

 
 

 

Training and Advice 

In addition to health, safety and environmental training 

programs for their workers, companies must ensure that 

workers read, understand and apply the requirements of 

this sos. 

Recommended restrictions on use 

Use in accordance with manufacturer's technical instructions. 

No chemical safety assessment has been carried out for this 

mixture by the supplier. As Portland cement clinker has not 

undergone an ECHA Registration a Chemicalsafety report 

has not been compiled. Therefore, no use descriptors and 

categories have been identified. 

 

Further Information 

Contact the Aggregate Industries Health & Safety Team. 
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Key Data used to compile data sheet 

(1) Portland Cement Dust - Hazard assessment document 

EH75/7, UK Health and Safety Executive, 2006. 

Available from: http://www.hse.gov.uk/pubns/web/ 

portlandcement.pdf. 

(2) Observations on the effects of skin irrrtation caused by 

cement,Kietzman et al, Dermatosen, 47, 5, 184-189 (1999). 

(3) European Comm1Ssion's Scientific Committee on 

Toxicology, Ecotoxicology and the Environment (SCTEE) 

opinion of the risksto health from Cr (VI} in cement (European 

Commission,  2002).http://ec.europa.eu/health/arch  ive/ph_ 

risk/committees/sct/documents/out158 ..en.pdf. 

(4) Epidemiological assessment of the occurrence of allergic 

dermatrtis1n workers 1n the construction industry related to 

the content of Cr(VI) 1n cement, NIOH, Page 11, 2003. 

(5) U.S. EPA. Short-term Methods for Estimating the Chron1C 

Toxicityof Effluents and Receiving Waters to Freshwater 

Organisms, 3rded. EPA/60Q/7 -91/002, Environmental 

Monitoring and Support Laboratory, U.S. EPA, Cincinnati, OH 

(1994a} and 4th ed. EPA-821-R-02-013, US EPA, office of 

water, Washington D.C. (2002). 

(6) U.S. EPA, Methods for Measuring the Acute Toxicity of 

Effluentsand Receiving Waters to Freshwater and Marine 

Organisms, 4th ed. EPA/600/4-90/027F, Environmental 

Monitonng and Support Laboratory, U.S. EPA, Cincinnati, 

OH (1993) and 5th ed. EPA-821-R-02-012, US EPA, office of 

water, Washington D.C. (2002). 

(7) Environmental Impact of Construction and Repair 

Materials on Surface and Ground Waters. Summary of 

Methodology,Laboratory Results, and Model Development. 

NCHRP report 448, National Academy Press, Washington, 

D.C., 2001. 

(8) Final report Sediment Phase Toxicity Test Results with 

Corophiumvolutator for Portland clinker prepared for Norcem 

A.S. by AnalyCenEcotox  AS, 2007. 

 

 
(9) TNO report V8801/02, An acute (4-hour) inhalation 

toxicity studyw1th Portland Cement Clinker CLP/GHS 

03-2010-fine in rats, August 2010. 

(10) TNO report V8815/09, Evaluat10n of eye irritation 

potential ofcement clinker G in vitro using the isolated 

chicken eye test, April 2010. 

(11) TNO report V8815/10, Evaluat10n of eye irritation 

potential of cement clinker W in vitro using the isolated 

chicken eye test, April 2010. 

(12) Investigation of the cytotoxic and proinflammatory 

effects ofcement dusts in rat alveolar macrophages, Van 

Berlo et al, Chem.Res. Toxicol., 2009 Sept; 22(9):1548-58. 

(13) Cytotoxic1ty and genotox1c1ty of cement dusts in A549 

human epithelial lung cells in vitro; Gminski et al, Abstract 

DGPT conference Mainz, 2008. 

(14) Comments on a recommendabon from the American 

Conference of governmental industrial Hygienists to change 

the threshold limitvalue for Portland cement, Patrick A. 

Hessel and John F. Gamble, EpiLung Consulting, June 2008. 

(15) Prospective monitoring of exposure and lung function 

amongcement  workers, Interim report of the study after the 

data collection of Phase 1-11 2006-2010, Hilde Noto, Helge 

Kjuus, MantSkogstad andKarl-Christ1an Nordby, National 

Institute of Occupational Health.Oslo, Norway, March 2010. 

(16) MEASE, Metals est1mat1on and assessment of 

substance exposure,EBRC  Consulting GmbH for 

Eurometaux,      http://www.ebrc.de/ebrc/ebrc-mease.php. 

(17) Occurrence of allergic contact dermatrt1s caused 

by chromium 1ncement. A review of epidemiological 

investigations, KAre Lenvik,Helge Kjuus, NIOH, Oslo, 

December 2011. 

 
 
 
 
 
 

 
The information in this Safety Data Sheet should be provided to all who will use, handle, store, transport or otherwise be exposed to this prodlct. The 1nfonnat100 

hereon represents the best 1nformatkln currently available at the Rev1s100 Date. However,no warranty is expressed or 1mphed with respect to such informatlOO aid its 

use. Users should mal<e their own 1nves119ations to determine the suitability of the nformatlOO for their partlCular purposes and against all applicable leg1slat100. 

http://www.hse.gov.uk/pubns/web/
http://ec.europa.eu/health/arch
http://www.ebrc.de/ebrc/ebrc-mease.php
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Chiltern Tunnel and Cross Passages 
 

 
Receptors: Watercourses: River Misbourne. 

Groundwater: Public Water Supplies (PWS) and Private Water Supplies; Principal Bedrock Aquifer and 

Drinking Water Protected Area; Secondary A Bedrock Aquifer. 

Water body 

ID: 

GB106039029830 – Misbourne. WFD Status: Moderate Status (2019) (not heavily modified). 

GB40601G601200 - Mid-Chilterns 

Chalk. 

Poor Status (2019). 

Upstream 

NGR: 

Misbourne WFD water body – 

SP86493 05862. 

Downstream 

NGR: 

Misbourne WFD water body – TQ05116 86158. 

Length of 

realignment 

(as 

appropriate): 

No channel realignments included 

within this element of Section C1. 

Proposed 

Crossing NGR: 

Passes under: 

 River Misbourne at two locations: SU99166 

93668 and SU93811 98304. 

 
 Shardeloes Lake: SU93973 98167. 

 
 Two ponds (directly above the alignment): 

one located north of Chalfont Common 

(TQ00917 92602) and one west of 

Amersham (SU94782 97266). 

 
Element passes through the Mid-Chilterns Chalk 

WFD water body from TQ02189 91492 to 

SP90639 01847. 

Description of impact of scheme element on watercourse (both temporary and permanent effects): 

Summary of Scheme Element 

The Chiltern Tunnel consists of a twin bore tunnel with external diameters of 10.3m and will extend for approximately 

16km.  Forty cross passages, required to provide a means of escape from one tunnel to the other in the event of an 

incident, will be constructed along the length of the tunnel.  The following summarises the key components of the scheme 

element: 

• The tunnels will be constructed simultaneously by means of two Tunnel Boring Machines (TBMs) and will be 

progressed from the South Portal to the North Portal. 

• The type of TBM has been specifically selected as it will have a reduced effect on groundwater level and quality in 

comparison to other types of TBM that could have been utilised.  It will not result in dewatering of the aquifer. 

• The tunnel has been designed to restrict groundwater leakage to an insignificant amount (in water body terms). 

• The tunnel will pass underneath the River Misbourne twice, once north east of Chalfont St Giles and once west of 

Amersham, and under two ponds.  The tunnel will be c.18m below the channel and ponds. 

• Within the Mid-Chiltern Chalk WFD water body, the tunnel passes through several chalk formations and subgroups. 

The Chalk is classified as a Principal aquifer. 

• All cuttings from the TBMs will be pumped as a slurry to the Main Compound at the South Portal for treatment in a 

bespoke slurry treatment plant. 

• The Cross Passage excavation is likely to be constructed using relatively light plant through the sidewall of one of 

the tunnels. The cross passages constructed below the water table will (where necessary) include pre-grouting of 

the ground to limit groundwater inflow during construction. 

• The boring of the tunnels and cutting of cross passages will take about 3 years in total, however, during that time 

the potential effects will move as the TBMs progress along their 16km route.  Although the duration of tunnelling is 

3 years, the TBMs will only be in the vicinity of an individual sensitive receptor for a much shorter period, possibly 
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less than 1 year.  There will be overlaps in the time period with shaft construction when the shaft and tunnel could 

affect the same receptor (e.g. construction of Amersham vent shaft following tunnelling first by TBM1 and a few 

weeks later by TBM2), however, these periods are never likely to be more than 2 years such that any effects are 

temporary in nature. 

 

Potential Effects 

Surface Water: 

Baseflow primarily occurs in the upper reach of the Misbourne, with the middle reaches between Shardeloes Lake and 

Chalfont St Peter typically losing water to the underlying aquifer.  The northern crossing is, therefore, the area most at risk 

of experiencing reductions in baseflow as a result of tunnel construction.  Baseflow in the vicinity of the northern crossing 

may be slightly altered but as baseflow occurs over such a long distance it is likely to have an insignificant effect on river 

flow.  The risks of tunnel construction reducing baseflow to the River Misbourne are therefore considered to be low. 

 

At the northern crossing the tunnel will be about 18m below the River Misbourne.  Tunnel construction is expected to 

advance at an average rate of approximately 15m per day which means that the TBM will likely be in the Misbourne valley 

in the order of about 10 to 15 days. Any turbidity effects that do reach the river will therefore be short lived.  Flow  

volumes in the River Misbourne are likely to be much greater than the volume of baseflow entering the river in the vicinity 

of the northern crossing and so any turbidity in the baseflow waters will also be diluted significantly within the river itself. 

In addition, the River Misbourne will have a background level of turbidity which will increase after local rainfall events and 

certain agricultural practices such as ploughing fields.  This is likely to be of a higher magnitude than any potential 

turbidity generated during tunnelling.  The potential short term effects generated by tunnel construction are therefore 

considered to pose a very low risk to the River Misbourne. 

 

Given the relatively limited extent of the section of the tunnel beneath the river crossings when compared to the total 

length of the river, the depth of the tunnel at these locations (c.18m below the River Misbourne) and the presence of 

superficial deposits beneath the river bed, with weathered chalk below this,, it is considered unlikely that tunnelling 

activity will have a significant effect on flows in the River Misbourne. No impact is anticipated at the WFD water body 

scale. 

 

The potential risk to the two ponds and Shardeloes Lake have also been assessed and are considered to be low, with the 

features being artificial and unlikely to be directly linked to groundwater. The tunnel is also located over 20m below the 

features. 

 

Monitoring of river flows and water quality within the River Misbourne will be undertaken as part of the ongoing 

monitoring requirement to meet the WFD technical standard. 

 

Groundwater: 

There is the potential for the tunnel and cross passages to affect groundwater quality via a number of activities (outlined 

below).  Where practicable the design and working methods have been selected to limit the potential effect.  These 

potential effects are all associated with construction and so have a limited duration of about 3 years total, but with effects 

on individual receptors being less than 2 years.  Works on each of the cross passages that could potentially affect 

groundwater would take approximately 2 months. No permanent effects on groundwater quality associated with the 

operation of the railway have been identified. 

 

At XXXX and XXXX PWS, as well as the private abstraction 28/39/28/0109, there is a potential risk from chalk turbidity 

generated during tunnelling activities and mitigation is therefore being implemented (or would be implemented in the 

case of the private abstraction).  The proposed mitigation at the PWSs is through turbidity treatment, which would 

reduce these effects.  Affinity Water has had an appropriate treatment solution installed.  A temporary alternative supply 

will be provided at the private abstraction if deemed necessary during the period of the tunnelling. 

 

There is a risk that migration of bentonite, cement grout (e.g. from the tunnel boring beneath the M25, tunnel annular 

space or from ground improvement at the cross passages) could impact water quality, although grout viscosity and rapid 

gelling time would limit potential migration within the aquifer, provided that grout is not released into rapidly flowing, 
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turbulent water.  That is unlikely to be the case in the majority of the Chalk aquifer as although rapid flow paths are 

known, and can contain significant flowing water, they are not ubiquitous, particularly below the interfluves where much  

of the tunnelling would take place.  Bentonite would only be used where the tunnel crosses under the M25 and this 

section is above the water table and bentonite is highly unlikely to migrate in groundwater as it gels when undisturbed. 

The risk of cement grout migration can be mitigated to a degree by careful use and, ensuring that quick (less than 6 

hours) setting material is used and where necessary the cement grout is thickened to reduce its potential to flow.  There is 

limited potential for migration if the materials are appropriately managed with maximum take volumes established to 

control the injection of materials and those that are pumped underground are quick setting.  There is of course the risk 

that cementitious materials are unknowingly pumped into fissures, but with a high level of monitoring this potential can 

be reduced. 

 

Drilling slurry is generated at the TBM cutting face due to the mixing of rock cuttings and water which is required to 

effectively remove cuttings from the face.  The slurry is comprised of water and suspended rock material (dominantly 

chalk and flint) that could induce elevated turbidity in groundwater.  The vast majority of the slurry is removed from the 

cutting face through the TBM and is pumped back to the surface for treatment.  However, there is a risk that some slurry 

will be lost, especially where large fissures/solutionally enlarged voids are encountered.  This will be mitigated by 

installation of turbidity treatment plants at the PWS. 

 

The potential effects to groundwater flow paths during construction of the tunnel will be limited to very local, minor 

changes in groundwater level as a result of fluctuations in pressure at the cutting face of the TBM.  The pressure at the 

cutting face will be about 0.1bar or more, which is equivalent to 1m head of water.  This would not be sufficient to cause a 

significant change in flow direction or the total flow to the Affinity Water abstractions, particularly as the location of the 

head change will be continuously moving as the TBMs progress.  It is therefore not considered to lead to significant or 

permanent effects. 

 

The blocking of fissures by grouting for the cross passages could result in local changes in flow direction and hydraulic 

head around the cross passages, but in a well fractured aquifer such as the chalk the water will move through fractures 

around the outside of the grouted area.  As the majority of the tunnel is at depth, dominantly below interfluve areas, any 

changes in hydraulic head caused by grouting are extremely unlikely to result in groundwater breakout at the surface. 

 

During operation, impacts from the tunnel could take the form of local changes to flow routes due to obstruction of 

preferential flow paths from the presence of the tunnels and cross passages, and/or a reduction in flow through the 

aquifer due to a reduction in the cross-sectional area of the aquifer available to groundwater flow.  These changes are 

likely to be localised around the tunnels, and as with the cross passages, are unlikely to result in new breakouts of 

groundwater at the surface. Tunnel and cross passage design will ensure that leakage rates into the tunnel will be low and 

will not have any effect on groundwater levels in the long term. 

 

Monitoring of river flows and water quality within the River Misbourne will be required to check if any significant impacts 

are experienced as a result of construction activities.  If there is a significant negative affect, then localised stream lining 

may be necessary, but the need for that is not anticipated based on information gathered to date.  It is also possible that 

there may be a beneficial effect with slightly more groundwater entering the River Misbourne at the two tunnel crossing 

points.  This could improve the status of the quality elements of the Misbourne. 

 

The total plan area of the tunnel (0.3 km2) is significantly smaller than the catchment of the Mid-Chilterns Chalk WFD 

water body (730km2).  Assuming an average active aquifer saturated thickness of 30m, the tunnel is approximately 0.01% 

by volume of the water body. 

 

There is not anticipated to be a significant effect at a WFD water body scale on the quality elements of the Mid-Chilterns 

Chalk WFD water body. Potential quality impacts are not anticipated to be permanent, with primary impacts identified 

during construction which would last less than three years. The impacts would also be localised around the tunnel and 

cross passages. 
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Due to the temporary and localised nature of the potential effects on the Mid-Chilterns Chalk WFD water body, and the 

agreed mitigation to be installed at the Affinity Water PWS, the effect on the Drinking Water Protected Area and water 

quality elements have been assessed as Yellow. 

 

There are no GWDTEs located within the footprint of the Chiltern Tunnel and Cross Passages, and therefore there is not 

considered to be any impact on this WFD quality element. 

Screening assessment 

risk level 

The following provides an overview of the screening assessment risk levels for the two WFD 

water bodies based on the information outlined above. 

WFD Water Body Quality Element Potential Effect 

Misbourne Overall status Green 

Diatoms Green 

Macrophytes Green 

Macroinvertebrates Green 

Fish Green 

Physico-chemical Green 

Hydromorphological Green 

Mid-Chilterns Chalk Overall status Green 

Quantitative - Saline intrusion Green 

Quantitative - Surface water Green 

Quantitative - Groundwater dependant 

terrestrial ecosystems 

Green 

Quantitative - Water balance Green 

Qualitative - Saline intrusion Green 

Qualitative - Surface water Green 

Qualitative - Groundwater dependant 

terrestrial ecosystems 

Green 

Qualitative – Drinking water protected area Yellow 

Qualitative – General quality Yellow 

Has Article 4.7 

derogation been 

prepared? (Yes/No) 

This assessment has been updated from the 2017 assessment and has considered the 

potential impacts and concluded that for each Scheme element in Section C1, taking into 

account construction timescales, there are not anticipated to be any significant permanent 

impacts at a WFD water body scale.  This assumes all mitigation is implemented, and the 

monitoring specified in the Monitoring Position Statement is carried out.  Therefore, no 

Article 4.7 derogation is required for Section C1 of the scheme. 

 

The potential impacts have been considered cumulatively across the Section C1 scheme in 

an updated WFD Assessment (1MC05-ALJ-EV-REP-C001-600115). 

If Yes, what were the 

reasons for anticipated 

non-compliance? 

Not applicable as Section C1 is considered compliant with the WFD legislation. 

 

 
Design evolution Details 

Survey data / Date Describe how the data have been used within the 

design process. If not, describe why not. 

Surface water baseline data  June 

2019 

Geomorphological reconnaissance survey undertaken 

along the River Misbourne.  This has been used to inform 

assessment of potential impacts on the watercourse. 

Groundwater baseline data  Dec 

2020 

Groundwater monitoring boreholes already in place 

providing information for the groundwater baseline.  Water 

level and quality information has also been collected by the 
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Design evolution Details 

Survey data / Date Describe how the data have been used within the 

design process. If not, describe why not. 

   Environment Agency and Affinity Water for NEP and this 

provides additional baseline data. 

Ecological survey data  June 

2019 

Macrophyte surveys have been undertaken on the River 

Misbourne.  Ongoing monitoring is proposed and is 

outlined in the Flood Risk and Water Resources Monitoring 

Plan (1MC05-ALJ-EV-NOT-C001-600013). 

WFD screening data  June 

2019 

An updated assessment undertaken by Atkins (2017) has 

been used to inform this compliance note, monitoring 

proposals and ongoing design development. 

Additional data  N/A N/A. 

 

 
Technical standard / Date Describe how each of the following Technical 

Standards, if applicable, have been considered during 

the design process. If not, describe why not. 

Cross Drainage (HS2-HS2-DR-STD- 

000-000001) 

 N/A There would be no requirement for above ground physical 

crossings of any watercourses within the Chiltern Tunnel 

scheme element. 

Ecology (HS2-HS2-EV-STD-000- 

000017) 

 N/A There would be no interaction with ecological receptors as 

part of the Chiltern Tunnel construction or operation. 

Flood Risk (HS2-HS2-EV-STD-000- 

000011) 

 June 

2019 

As this element of the scheme (excluding the shaft sites) is 

wholly within tunnel, there is no risk of flooding to the 

tunnel from fluvial sources. Similarly, tunnel walls will be 

sealed to prevent risk of flooding due to groundwater. 

An Executive Summary format Flood Risk Assessment 

update has been completed highlighting any changes to 

the Reference Design in the Environmental Statement of 

flood risk relevance, confirming that the design changes 

have not resulted in any increase in flood risk. 

 

The Code of Construction Practice indicates methods 

required during construction to reduce flood risk to 

acceptable levels. These requirements would be carried 

through into the detailed Method Statements developed 

by the Contractor. 

Fluvial Hydraulic Modelling (HS2-HS2- 

EV-STD-000-000013) 

 N/A No fluvial hydraulic modelling has been undertaken for the 

Chiltern Tunnel. 

Groundwater Protection (HS2-HS2- 

EV-STD-000-000010) 

 June 

2019 

The potential impacts of the Chiltern Tunnel have been 

assessed in line with those outlined in the Technical 

Standard.  A hydrogeology report (document no: 1MC05- 

ALJ-EV-NOT-CS02_CL04-400048) and risk assessment 

(1MC05-ALJ-EV-REP-CS02_CL04-000142) have been 

provided to summarise the potential impacts and establish 

mitigation requirements. 

Highway and Access Drainage (HS2- 

HS2-DR-STD-000-000002) 

 N/A Not applicable. 

HS2 Building and Facility Drainage 

(HS2-HS2-DR-STD-000-000004) 

 N/A Not applicable. 
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Technical standard / Date Describe how each of the following Technical 

Standards, if applicable, have been considered during 

the design process. If not, describe why not. 

Railway Drainage (HS2-HS2-DR-STD- 

000-000003) 

 June 

2019 

Railway drainage would be required along the length of 

the Chiltern Tunnel.  This is currently being designed and 

will account for the guidance and requirements of the 

Technical Standard. 

Watercourse Diversions and 

Realignments (HS2-HS2-EV-STD-000- 

000014) 

 N/A There would be no requirement for watercourse diversions 

or realignments within the Chiltern Tunnel scheme 

element. 

Water Framework Directive 

Compliance Process (HS2-HS2-EV- 

STD-000-000012) 

 June 

2019 

This WFD compliance form has been completed in line with 

the requirements outlined in the Technical Standard.  An 

updated WFD compliance assessment has been completed 

for Section C1 (1MC05-ALJ-EV-REP-C001-600115). 

Water Resources (HS2-HS2-EV-STD- 

000-000016) 

 June 

2019 

The consumption, sources and discharge of water has been 

considered as part of the design.  The requirements for 

BREEAM with regards to water efficiency have also been 

considered in line with the Technical Standard 

requirements. 

Water Resources and Flood Risk 

Consenting (HS2-HS2-EV-STD-000- 

000015) 

 June 

2019 

This WFD compliance form will support the consenting 

process for the Chiltern Tunnel temporary and permanent 

works.  Consents would be completed using the form 

provided in HS2-HS2-EV-TEM-000-000023, including this 

form will provide supporting evidence for agreement with 

the Environment Agency and HS2. 

Water Resources and Flood Risk 

Monitoring Technical Standard (HS2- 

HS2-EV-STD-000-000029) 

 June 

2019 

A Water Resources Monitoring Plan (document no.: 

1MC05-ALJ-EV-NOT-C001-600013 has been completed 

and forms part of the wider monitoring position statement 

(document no.:  1MC05-ALJ-EV-NOT-C001-600011). 

 

 
Mitigation and enhancement Describe how each of the following have been considered. 

Elimination of impact by re-design The re-design for the Chiltern Tunnel scheme element has led to a number of 

the potential impacts being reduced.  The mitigation measures have included: 

- The type of TBM has been selected specifically to reduce the potential 

effects on the groundwater environment. 

- Altering the vertical alignment of the tunnel. 

- Not using bentonite within the tunnel cutting process except above the 

water table at the M25 crossing. 

- Incorporation of treatment at public water supply abstractions. 

Mitigation of impact Mitigation has been outlined above for the Chiltern Tunnel to reduce potential 

impacts on groundwater, PWSs and private abstractions.  This includes 

appropriate treatment solutions at the public supplies, recommendations for 

construction methods and ongoing monitoring.  A Code of Construction Practice 

will be implemented during construction to manage risks from pollution and 

construction activities. 

Achievement of improvements and/or 

enhancements 

None identified for this scheme element. 
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Additional evidence / Date Describe the evidence (e.g. email, assessment) attached 

for each of the following. 

No deterioration  June 

2019 

The activities are not considered to lead to any 

deterioration in the WFD surface water bodies.  However, 

there is the potential for the deterioration of one quality 

element within the Mid-Chilterns Chalk WFD water body as 

a result of construction activities for the Chiltern Tunnel. 

Is Article 4.7 derogation still required?  June 

2019 

No Article 4.7 derogation is required as Section C1 is 

considered compliant with the WFD legislation. 

Approval from HS2 Ltd. - - To be obtained. 

Consent from relevant authority (e.g. 

Environment Agency, LLFA, IDB) 

- - To be obtained. 

Design drawings  June 

2019 

Drawings have been provided as part of the IDC. 

 


