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Acronym Meaning 

EIAR Environmental Impact Assessment Report 

EPB Earth Pressure Balance 

MM-TBM Multi-Mode Tunnel Boring Machine  

MPV Multi-Purpose Vehicle  

TBM Tunnel Boring Machine 
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1. Introduction 

The proposed Project alignment through Dublin Airport and the City is achieved through two bored tunnel sections. 

It is proposed to construct two single-bore tunnels using a Tunnel Boring Machine (TBM). The tunnel alignments, 

associated construction areas and operation of the TBM are described in Appendix 5.13A of this EIAR. This 

Appendix describes the various chemicals (consumables) used in the operation of a TBM that are either left in the 

ground or removed with the spoil. 

It does not cover consumables in the form of pre-cast concrete segments, packers, dowels or gaskets, electrical 

power, water for cooling or compressed air, or any grouting that may be required to launch or recover a TBM. 
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2. TBM Consumables  

TBM consumables typically comprise the following: 

• Annulus grouting; 

• Spoil conditioning additives for Earth Pressure Balance (EPB) TBM or a Multi-Mode TBM (MM-TBM) in 

EPB mode;  

• Main bearing grease;  

• Main bearing labyrinth seal grease;  

• Tail seal grease;  

• Bentonite slurry for a slurry TBM or slurry mode on a MM-TBM; and 

• High density slurry in high density mode on MM-TBM. 

The materials are manufactured by various suppliers with examples given in  Table 2.1 below. Material Safety 

Data Sheets are provided in Appendix A. Usage rates stated in Table 2.1 are typical but will vary with ground 

conditions and will be adjusted to suit.  

Table 2.1: Consumables and Typical Usage Rates 

Consumable Product Purpose of product 
Usage rate (per metre of 
tunnel) 

Manufacturer 

Annulus grout, 
Part A 

Cement and 
water 

A mix of water, cement, powdered 
limestone and additives to produce 
a void filler which when cured 
forms a solid mortar-like material. 

7m3 – 9m3 depending on TBM 
design 

More than one, see 
below. 

Annulus grout 
cement 

Ordinary 
Portland 
Cement 

Cementitious part of the grout to 
produce a mortar-like solid 

200kg – 350kg per cubic metre 
of grout. 

1,400kg if 200kg at 7m3 of grout 

Tarmac 

Annulus grout 
Limestone powder 

Ground 
limestone 

A cement replacement material 
used to reduce the amount of 
cement. Other products such as 
pulverised fuel ash (PFA) or 
ground granulated blast furnace 
slag (GGBS) can also be used. 

800 – 1,200kg per m3 of grout 

5,600kg if 800kg at 7m3 per 
metre of tunnel 

Various 

Annulus grout TamCem HCA 
Additive that extends the workable 
life of the grout and reduces water 
usage. 

4 – 6 litres per m3 

28 litres if four litres at 7m3 per 
metre of tunnel 

Normet 

Annulus grout 
accelerator, Part B 

TamShot 10SS 
Accelerator added to the grout at 
point of injection to make the grout 
set quickly. 

2 – 4% by weight of cement. For 
200kg of cement, 4kg of 
TamShot at 2% 

28kg if 200kg cement at 7m3 

Normet 

Spoil conditioning 
MasterRoc SLF 
30 

A foaming agent added to the spoil 
in the cutter head to reduce friction 
and helps create a pressure plug 
in the screw conveyor. 

100 – 150 litres  BASF 
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Consumable Product Purpose of product 
Usage rate (per metre of 
tunnel) 

Manufacturer 

Main bearing 
grease 

TamGrease 
BL11 

Main bearing lubrication grease 2kg – 3kg Normet 

Labyrinth seal 
grease 

TamGrease BS1 

Grease that fills the bearing seal 
under pressure to prevent debris 
entering the bearing’s moving 
parts. 

2.5kg – 3.5kg Normet 

Tail seal grease  
TamSeal TG12 
& TG11 

Pumped into the wire brush seals 
to create an impermeable seal at 
the back to the machine 
preventing water ingress. 

35kg – 40kg Normet 

Bentonite Bentonite 

Reduces wear in the cutter head 
and in pumps. In certain cases, 
helps maintain pressure in the 
head. Added to the slurry but in 
variable rates depending on 
ground conditions. 

15kg of which 10% remain or is 
lost in the ground, 1.5kg 

Tarmac 

2.1 Annulus Grouting 

The cut diameter of the tunnel is larger than the outside diameter of the tunnel lining by approximately 120mm in 

radius. This gap allows the lining to accommodate any curves along the alignment and allows the lining to be built 

in the form of segmental rings, inside the TBM. 

As the TBM pushes forward, this gap must be filled as soon as possible to prevent settlement and to support the 

ring as it leaves the tail can of the machine. This process is called annulus grouting and is performed by pumping 

a grout material into the annulus as the machine moves forward. This operation is interlocked with the TBM shove 

rams so the machine cannot mine forward without grout being pumped into the annulus. 

The grout consists of water and ordinary Portland cement, mixed together to produce a flowable grout material. 

Additional additives are used to stabilise the grout and prolong the working time. Once set, the grout compressive 

strength is in the region of 5 to 10MPa. 

The grout is pumped through pipes built into the tail skin of the machine, see Diagram 2.1 and Diagram 2.2. An 

accelerator is added to the grout just before the end of the tail can. This is called two-part grouting, Part A the 

grout, and Part B the accelerator. The accelerator makes the grout gel quickly to provide support to the tunnel ring 

and prevent it from settling. 
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Diagram 2.1: TBM Tail Can with Built-in Grout Tubes 

To prevent a blockage in the grout pipe with accelerated grout, the pumping of the accelerator stops before the 

end of the advance to allow the Part A grout to flush the pipe out. The unaccelerated grout can be designed to 

have a workable life of several hours. During any planned stoppage, the grout pipe is jet-washed clean with water. 

Grout is mixed on the surface in a batching plant and pumped to a holding tank. From here it is pumped to the 

tunnel and into a grout car on a tunnel multi-purpose vehicle (MPV), see Diagram 2.3. The grout car is delivered 

to the TBM where it is offloaded at a designated location on the backup gantries and lifted clear to allow other 

MPV movements. The grout car is connected to the grout pumping system ready for the next advance. The size 

of the car must be sufficient to allow for a full advance, including an extended advance to expose tail seal brushes 

for repair, see Section 2.4. Flap seals at the rear of the tail can prevent the grout from flowing over the machine 

and into the head, see Diagram 2.9. No grout is lost to the ground, all remains in the annulus between the cut 

ground and the outside diameter of the tunnel lining. 
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Diagram 2.2: Detail View of Grout Tube 

2.2 Spoil Conditioning 

Spoil conditioning additives are used when the TBM is in closed or EPB mode to make the cut ground more 

consistent and easier to handle. There is also a reduction in the friction in the cutterhead, leading to a reduction 

in tool wear and cutter head torque, reducing the power required to turn the cutter head. In addition, additives can 

help by allowing the spoil to form a pressure plug in the screw conveyor which is fundamental to the operation of 

an EPB TBM and its ability to maintain face pressure. They generally consist of a liquid foam agent that is mixed 

with water in foam generators on the backup gantries to produce a thick shaving-like foam that can be injected 

into the chamber in front of the bulkhead. In addition to the foam, polymers can be added to reduce the clogging 

(stickiness) of clay. These are often supplied pre-mixed with the detergent but can be injected separately. Injection 

ports can be on the bulkhead, on the front face of the cutter head itself and on the mixing arms behind the cutter 

head. The latter two are restricted in number by having to pass through the rotary coupling which also carries 

electrical cables for tool wear indicators and pressure sensors, plus hydraulic pipes if an adjustable copy cutter is 

used. Injection ports can also be used on the screw conveyor to reduce wear and torque if required. 

The foam has a life of a few hours to a few days and breaks down in the spoil pile. There are many different brands 

of soil conditioning foam agent. All brands are biodegradable with no harmful residual chemicals. 

Grout tube built into tail 

can 

Accelerator injection 

point 
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The material is delivered to site on normal road lorries in Intermediate Bulk Containers (IBCs) and off-loaded by 

fork-lift or crane. Storage areas are bunded and covered to prevent a buildup of rainwater in the bund. Heating 

will be required to maintain the correct temperate range in cold weather. Loaded onto the tunnel transport MPV, 

they are delivered to the TBM and offloaded by a hoist or winch and stored in a purpose-made area. The delivery 

pipes are connected to the IBC and the foam is ready for use. Empty IBCs are brought out on the same MPV and 

are usually collected by the manufacturer for re-use. 

 

Diagram 2.3: Tunnel MPV 

2.3 Main Bearing Grease 

The main bearing on a TBM is a complex structure and operates a constant loss lubrication and sealing system. 

Two different types of grease are continually pumped into the bearing from drums positioned on the backup 

gantries. Pipes carrying the grease run from the pumps to the bulkhead and into the bearing. 

One grease provides the lubrication for the bearing and the other fills the labyrinth seal and prevents spoil from 

getting into the roller bearings. Both greases are ‘lost’ in the spoil and removed with the arisings and both are 

biodegradable. Under constant positive pressure, the greases are injected into the bearing, which prevents the 

pressurised slurry (spoil) in the mixing chamber from getting into the bearing. 

The grease drums come in a variety of sizes to suit the TBM and method of handling but usually in 205-litre drums. 

They are delivered to the TBM and offloaded using a purpose-made hoist for drum handling. The drums are placed 

in position at the pumps and connected. By using additional hoists, it is possible to put the drums in position with 

no manual handling. Empty drums are returned by the same means and taken to the surface for disposal.  

Bearing-grease drums go back to the manufacturer, who recovers any residual quantity left inside, cleans the 

drum, checks its shape, and refills it for reuse.  
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Diagram 2.4: Main Bearing and Labyrinth Grease on a TBM 

 

Diagram 2.5: TBM Main Bearing 
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2.4 Tail Seal Grease 

The third grease used in bulk on a TBM is tail seal grease. This is a thick paste-like material that is continuously 

pumped into the tail seal brushes located in rows in the tail can. These are wire brushes welded or bolted in place 

to form a complete circle around the inside of the tail can, usually in three or four rows. The grease and wire 

brushes provide the seal at the rear of the TBM, preventing water and the annulus grout from getting into the tail 

can. Flap seals rubbing on the cut ground on the outside of the TBM prevent the grout from running over the TBM 

shield. 

 

Diagram 2.6: Tail Seal Grease 

Tail seal grease comes in two grades, hand pack and pumpable. The hand pack grease is thicker and used to fill 

the wire brushes of the tail seal prior to launching of the TBM. It is applied using a powerful pump and injector tool 

to reach the base of the wire brushes. The pumpable grease is used as the TBM advances in the same fashion 

as the main bearing grease. The material comes in 205-litre drums and is handled the same way as the main 

bearing grease. The tail seal grease does not come into contact with the ground when the TBM is mining. As the 

TBM pushes forward, the tunnel rings are exposed at the end of the tail can but are immediately covered by the 

annulus grout.  

Tail seal grease drums go back to the manufacturer who recovers any residual quantity left inside, cleans the 

drum, checks its shape, and refills it for reuse. 
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Diagram 2.7: Single Tail Seal Brush with Hand Packing Injector Tool 

 

 

Diagram 2.8: Two Rows of Tail Seal Brushes 



Environmental Impact Assessment Report Volume 5 
Appendix 5.14 - TBM Consumables 

 
 

ML1-JAI-CNP-ROUT_XX-RP-X-00044 10 

 

Diagram 2.9: Tail Seal Grease on the Outside of a Tunnel Ring 

2.5 Bentonite 

On a slurry or MM-TBM, a slurry of excavated material and water is formed in the head of the TBM. This slurry is 

used as a transport medium to remove spoil from the TBM. Bentonite can be added to this slurry to help in reducing 

wear in the cutting head and slurry pumps but is not always needed. A bentonite slurry will be used to launch the 

machine before any ground is mined. The slurry is generally bulk manufactured on the surface in a slurry plant 

and pumped to the TBM. 

Bentonite is blended from naturally occurring materials and is non-hazardous. A material data sheet is provided 

in Appendix A. It is typically supplied in powder form and mixed with water.  

Bentonite can also be added to the slurry to help form a cake over the cut ground to maintain face pressure in 

certain ground conditions such as loose or fractured ground and in sandy clays. 

Polymers are often added to the slurry to prevent the mix flowing to the ground under the pressure inside the 

head, and to help prevent the mix sticking to metal surfaces. As with the slurry itself, very little is left in the ground 

as it is continuously re-cycled and mixed with fresh slurry as the tunnel and pipelines are extended.  

High density slurry contains a higher amount of bentonite to deal with high water pressure and/or poor ground. 

Bentonite slurry can also be used in smaller quantity for injecting around the TBM shield during long stoppages to 

help prevent ground closure, and into the cutter head in certain ground conditions when in EPB mode. The material 

will be batched on the surface and delivered to the TBM in a purpose-made tank which will be offloaded in a 

dedicated location and connected to the pumps for placing. 
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Slurry will be pumped back to the surface to a treatment plant that separates the excavated material from the 

bentonite. The treatment process separates the excavated material by size and a number of stockpiles are 

produced before removal from the site. The screening technology includes hydro-vacuum cyclones, vertical 

separators and centrifuges to ensure that fine particles are removed. The separated bentonite slurry is held in 

storage tanks and then pumped back down to the TBM for re-use.  

On completion of all tunnelling works, the bentonite slurry will be disposed of to a designated waste disposal site. 

During tunnelling, spent bentonite that is no longer suitable for reuse will also need to be disposed of on occasions. 

Transport of the bentonite slurry will be by road tanker. Under Irish regulations it is classified as a non–hazardous 

waste. It will not be possible to reuse, recycle or recover this waste further and disposal to a licenced landfill may 

be required.  

Detailed description on resource and waste management and potentially suitable destinations for spoil and 

bentonite slurry transported by road are discussed in Chapter 24 (Resource & Waste Management) and in the 

Excavated Materials Management Strategy (Appendix A24.1) of this EIAR. 
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Appendix A.  Material Data Sheets 
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