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1 Overview  

Pipejacking is a technique used to install underground tunnels, pipelines for gravity 

systems, conduits and culverts.  It is a very well proven method of small diameter 

(typically up to 3m diameter) tunnelling over modest distances (typically less than 

500m, although longer tunnels are possible with specific equipment).   

Appendix 1 includes copy of the UK Health & Safety Executive (HSE), British Tunnelling 

Society and the Pipejacking Association ‘Tunnelling and Pipejacking: Guidance for 

Designers’ tables for design assessment. 

2 Application 

Pipejacking is applicable for installation of gas, water, cable, sewer and surface water 

channels in man-entry diameters up to 3m or more over lengths limited only by the 

ground conditions and by the designed jacking pipe strengths and pipe string design.   

Pipejacking can be undertaken either at level grade, or up to 30 degrees downhill and 

uphill, principally limited by jacking forces, directional control and safety within the 

tunnelling operations (without specialist equipment). 

Pipejacking is suitable for ground conditions from soft but self-supporting soils to rock. 

With open-face systems there may be risk of groundwater entry and loss of face support 

in cohesionless soils under groundwater, so closed-face systems – known as 

microtunnelling, are often preferred in those conditions. 

Pipejacking requires man-entry into the tunnel and all health and safety requirements for 

confined space working must be observed. 

 

Figure 1 shows a schematic of the pipejacking method. 
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3 Benefits 

Pipejacking is a trenchless technique that allows buried pipelines, tunnels and service 

conduits to be installed without the need to excavate large trenches thereby minimising 

disruption to traffic, the environment and local populations. 

4 Technology Description 

Pipejacking is a technique similar to microtunnelling but utilised only at larger, man-entry 

diameters. The ground excavation machine or shield is advanced through the ground 

along a pre-determined route by jacking it forward from a launch shaft using specially 

designed high-strength jacking pipes. Navigation is achieved using specialist systems 

which may be laser targeting for straight drives or more sophisticated for drives with 

included curves. 

The difference between pipejacking and microtunnelling is that pipejacking is normally 

undertaken in pipes/tunnels where man-entry is possible such that the control of the 

excavation shield is achieved from within the shield as opposed to remotely from 

surface. 

On longer drives, there is the option to install intermediate jacking stations at intervals 

along the pipe string between new jacking pipes. This allows shorter lengths of the pipe 

string to be advanced at any one time, reducing the jacking forces necessary to move 

the pipe string forward, thereby reducing the necessary load capacity of the jacking 

pipes and also the thrust capacity of the jacking frame at the launch shaft. 

Pipejacking can be undertaken using closed face or open face tunnelling options with a 

variety of excavation methods or cutter head options, including remote controlled 

excavators operating within the shield itself. 

4.1 Open Face Method 

A variety of open face options are available for pipejacking works.  These include: 

▪ Hand Excavation: excavation of the face by hand with shovels or hand-held 

power tools. Spoil is collected using hand tools or mini excavator diggers for 

loading onto a conveyor or into transport trucks or rail cars. 

▪ Rotating Cutterhead: similar to the closed face option but an open cutterhead 

that does not isolate the face from the tunnel, excavates spoil which is collected 

at the face foot by gathering arm loaders for placement onto a conveyor or into 

spoil transport trucks/railcars for removal to the launch shaft and surface. 

▪ Excavator Arm: a backhoe bucket digs the spoil from the face for loading onto a 

conveyor or into spoil transport trucks/railcars for removal to the launch shaft 

and surface. 
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▪ Roadheader: similar to the excavator arm option but using a roadheader 

attachment to cut the face. 

▪ Advance of the pipejacking shield is controlled by a driver positioned in the shield 

using controls that advance the pipe string from the jacking frame located in the 

launch shaft. 

4.2 Closed Face Method 

This method operates using either a Slurry Face Support and spoil removal medium or 

an Earth Pressure Balance technique (e.g. microtunnelling).  With both systems a 

proportion of excavated spoil is retained in the excavation face cavity.  Slurry 

techniques use a water/bentonite/polymer slurry mix that is pumped through the cutter 

head to remove excavated spoil.  

The pressure maintained at the face gives a degree of face support and the thixotropic 

nature of the slurry can be altered to improve face support characteristics.  The Earth 

Pressure Balance technique keeps excavated spoil under pressure in the cutter head 

cavity to provide the face support necessary with only sufficient spoil being removed 

using an enclosed screw conveyor unit to allow the machine to advance. 

5 Suitability for WCM Conveyor Route 

Woodhouse Colliery requires a conveyor to connect over a straight-line distance of 

2.3km from the main mine site down to the rail loading facility.   

The conveyor specification has been set out in detail in relevant WCM documents, 

including ‘WCM R2V1 FEED Culvert Assessment’.   

The conveyor design sets out the required dimensions for the conveyor, and clearances 

for access around and within the culvert, as shown in Figure 2.  This would apply for the 

whole 2.3km cut and cover culvert, other than the two short zones of pipejacking.   

The design incorporates a 1.0m wide rubber belt conveyor with associated steel frame 

structure incorporating bottom and top roller sets, hung from the ceiling of the box.  The 

conveyor can accommodate variable changes in grade over the length, as well as minor 

off axis alignment changes (left/right) up to 0.5m over any 20m distance. 



6 

 

Figure 2: Cross section showing culvert & conveyor key dimensions 

The minimum dimensions to accommodate the conveyor are a width of 1384mm, and a 

height of approx. 1400mm.  An internal finished circular tunnel diameter of at least 2.4m 

would accommodate the conveyor, services and provide  free space to be able to 

access and maintain the conveyor structure.   

Figure 3 shows the schematic cross-sections of the buried culvert and pipejacking 

respectively. 

 

 

Figure 3: Cross section schematics of culvert and pipejacking tunnel  
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On the basis of the proposed dimensions for the pipejacking tunnel zones, there would 

be only a small difference in the cut and fill material balance compared with the full 

culvert option.  For example: 

▪ For a culvert that is at the largest external dimensions (as per original ES and 

DWG No 869/AC/006) of 5.0m wide and 2.8m high (with a maximum depth 4.3m 

to 4.8m) the cross-sectional area (CSA) of the culvert would be 14m2. 

▪ For a pipejacked tunnel of 3.0m external diameter, with an additional excavation 

annulus of 100mm, the CSA of the tunnel would be 7.5m2. 

▪ For zone 1, the reduction in excess material would be the length of the tunnel 

section and the difference in external CSA.  This would be: 80m x (14 – 7.5) = 

516m3 less material which would be excavated and re-used on the main mine 

site. 

▪ For zone 2, the reduction in excess material would be the length of the tunnel 

section and the difference in external CSA.  This would be: 50m x (14 – 7.5) = 

323m3 less material which would be excavated and re-used on the main mine 

site. 

▪ For clarity, were the whole 2.3km to be constructed using the cut and cover 

culvert technique, this would produce 32,200m3 of material to be re-used on the 

main mine site.  

▪ With the two zones of pipejacked tunnel replacing the cut and cover culvert, the 

total volume of material reduces to 31,361m3.   

▪ The reduction in excess cut and fill material by using the pipejacking method is 

~2.6% of the total original volume. 

 

Figure 4 shows a diagram of the buried conveyor lengths and gradients.   

Each of the sections shown (e.g. A to B) are 500m long.  The proposed zones of 

pipejacking would be located at approx. 1270m from point A (at the main mine site) for 

the first zone of tunnel, and 1715m for the second zone of tunnel. 

The first pipejack (Zone 1) would therefore be located 270m along section C to D in 

Figure 4, and the second pipejack (Zone 2) would be located 215m along section D to E 

(see Figure 5 for a plan view of the proposed locations of the two zones). 
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Figure 4: Conveyor Route Elevations  

The cross section in Figure 4 demonstrates the following: 

▪ Pipejack 1 would have a gradient from the launch shaft (northwest) down to 

reception shaft (in a southeast direction) of 1 in 17.  Thus a slope in degrees of 

3.37 and a slope in percent of 5.88%. 

▪ Pipejack 2 would have a gradient from the launch shaft down to reception shaft 

of 1 in 14.  Thus a slope in degrees of 4.09 and a slope in percent of 7.14%.  

This would mirror the first pipejack in terms of working downhill in the southeast 

direction. 

The grades are very modest and typical for pipejacked tunnels, given that these are 

frequently used for water and other utilities which required specific grades, head drops 

and controls in terms of internal flow regimes.   

Even were there to be localised sections with steeper ground surface level changes, the 

method has significant scope to accommodate any such conditions as per the figure 4 

maximum grades identified (1 in 7 is the highest gradient section, which is 8.1 degrees 

or a slope of 14.3%). 
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Figure 5: Conveyor Route – Pipejacking zones  

6 Alignment 

The zone 1 tunnel length is anticipated to be a maximum of 80m, at a minimum depth of 

2m below surface to the top of the tunnel lining.  The tunnel external invert depth will be 

at least 5.2m, with the concrete pipes being 2.5m internal diameter (ID) and 3.0m 

outside diameter (OD).   

The zone 2 tunnel length is anticipated to be a maximum of 50m, at a minimum depth of 

2m below surface to the top of the tunnel lining.  The tunnel external invert depth will be 

at least 5.2m, with the concrete pipes being 2.5m ID and 3.0m OD.   

7 Ground Conditions 

Various assessments of local geological and geotechnical ground conditions have been 

completed by WCM as part of the wider project design and assessment process. 

In 2018, WCM drilled a series of exploration boreholes in the area adjacent to the 

proposed Zone 2 pipejack tunnel.  The hole location was 97966E, 514314N, 68m 

elevation.  The nearest borehole was entitled WCM05LC and was drilled within 150m of 

the Zone 2 reception shaft location. 

The detailed borehole log lithology sheet, as shown in Table 1, shows the following 

information for the hole, from surface: 

▪ 0 to 2m: Quaternary overlying soil & clay deposits from surface, 2m thick 
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▪ 2m to 8m: St Bees Evaporites (weathered rock) consisting of Shale with 

Anhydrite , 6m thick 

▪ 8m to 11m: Brockram Breccia (poorly sorted conglomerate) rock, 3m thick 

▪ 11m to 22m: Whitehaven Sandstone fine grained rock, 11m thick 

 

Table 1: WCM05LC Borehole Log 

The summary of the local geology indicates that there is a modest depth of cover (a few 

metres) of soil and clay, before reaching bedrock, which demonstrates some 

weathering and weaker rock in the upper 10m, before observing less weathered and 

stronger rock groups.   

8 Hydrogeology 

Borehole WCM05LC observed no water inflows from surface down to full depth of 

101.8m.  There were no observed surface quaternary water flows and the 

establishment of the steel drill down into rock head was completed successfully without 

any water ingress issues.  No aquifers or other water features were encountered 

throughout the drilling of this, and a further two large diameter boreholes were drilled 

within 30m of WCM05LC, showing the same lithology and no observed groundwater 

inflows. 

The diameter of WCM05LC was 318mm down to 37.5m and then 241mm (235mm core 

diameter) down to the end of the borehole.  The boreholes were fully abandoned and 

backfilled with cement grout to 2m below ground surface; a total volume of 4620 litres 

of cement grout was used to fill the borehole.  The total volume of grout is equivalent to 

the borehole void space and indicates that no additional grout was lost into the ground 

around the borehole itself via highly permeable or faulted zones. 

Minor surface water ‘streams’ have been noted in the areas of Zone 1 and Zone 2. 

Given the flexibility of the pipejacking method and ability to implement temporary 

groundwater control measures in terms of temporary diversion and pumping of surface 

water features (where required) and the ability to collect and pump any inflows into the 

shield and pipejack tunnel during construction, this is not considered at the design 

evaluation stage to present any hazard to the successful completion of the pipejacking 

works, and will not give rise to any significant effects on the environment.   
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This flexibility of the method also includes the selection of suitable modern, low emission 

and low noise construction equipment, including electricity generators, pumps and 

cranes/mobile plant.  Ultra-low noise and vibration sheet piling would be used, based 

upon the ‘Giken’ press-in method to ensure no external impacts during installation of the 

temporary shaft walls (any such piles would also be extracted and removed at the end 

of the temporary construction works and the shafts fully backfilled). 

9 Preferred Method for WCM Pipejacking Zones  

On the basis that two zones of pipejacking are proposed, the method to be selected will 

need to consider a series of key parameters, including: 

1 Tunnel diameter (3.0m outer diameter required to provide sufficient internal 

space) 

2 Depth of minimum cover (2.0m minimum to ensure no impact to existing 

woodland and tree roots) 

3 Tunnel lengths (80m and 50m respectively) 

4 Machine type selection (geology, distance, size, hydrogeology) 

5 Final lining design (hydrogeology regime) 

6 Temporary shaft access 

7 Connection to culvert sections 

For these works, based upon the geological and groundwater conditions anticipated, 

and the size and length of tunnel involved, it is considered that an open shield solution 

would be the preferred approach.   

The shield would provide suitable support to the ground and allow mechanical 

excavation of the tunnel face.  Figure 6 shows an equivalent tunnel shield for a finished 

concrete lined tunnel of 2.5m internal diameter (ID) as proposed for these two sections 

to accommodate the conveyor. 

This method allows flexibility in terms of the method of excavation, control of stability 

and alignment and accords with the ‘Tunnelling and Pipejacking: Guidance for 

Designers’ schedule in Appendix 1. 

There would be no requirement to disturb any of the existing woodland for these 

sections of works, and there would be no requirement to close the road during the 

construction works – live 24/7 monitoring of the road will be implemented for the 

duration of the pipejacking works. 
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Figure 6: tunnel shield being lifted into launch shaft 

In this application, the tunnelling shield is pushed forwards via a series of hydraulic rams 

fixed into position within the launch shaft, with the ground excavated by a Brokk type 

excavation machine (Figure 7) within the tunnel shield.   

 

Figure 7: Brokk remote tunnel excavator 

The hydraulic rams act upon the pre-cast concrete rings (Figure 8 shows typical jacking 

pipes), which are progressively inserted behind the machine and ‘shoved’ forwards by 

the rams.  Thus, the tunnel lining is ‘jacked’ forwards as the tunnel face is excavated. 
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Figure 8: Pre-cast concrete jacking pipes 

The pipe sections are pre-fitted with steel jacking alignment rings and with suitable 

gaskets for water-tightness.   

The completed tunnel section, once installed, will be back-grouted to provide long term 

water tightness, together with integrated permeable channels incorporated within the 

jacking pipes themselves, ensure the existing hydrogeological conditions are not 

impacted in terms of water flow, water table or surface water regimes. 

Once the cut and cover culvert work arrives at the shafts, the two units will be 

connected via a cast-in situ concrete structure constructed and poured within the 

bottom of the shafts.   

After completion, the shafts will be stripped and filled with the original excavated 

material, with the beams removed progressively and the sheet piles extracted.  The 

filled shafts will be made good, and the ground returned to original condition.  There will 

be no access or other such surface structures upon completion of the pipejacking and 

trench connection work phases. 

10 Temporary Shafts 

The tunnel is driven from the launch shaft into the reception shaft.   

The launch and reception shafts are temporary construction works.  They are proposed 

to be constructed using driven sheet piles or equivalent temporary retaining methods.  

Sheet piles are installed using a pile driving rig, being interlocking heavy duty steel 

profiles, driven down through soft ground and weak rock into competent bedrock.  A 

series of temporary Waler Beams will be installed to maintain structural integrity and to 

prevent any movement of the sheet piled walls during tunnelling operations.  Figure 9 

shows a typical launch shaft setup. 

The launch shaft would need to be a maximum of 9m long and 6m wide.  Temporary 

concrete thrust walls and tunnel launch ‘eye’ walls will be constructed within the launch 
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shaft.  Access will be via a ladderway, with a crane providing lifting capability for 

equipment and concrete tunnel pipes.  The reception shafts would need to be a 

maximum of 6m long and 6m wide.   

 

Figure 9: tunnel launch shaft (note jacking frame, sled and launch eye) 

 

Figure 10: tunnel shield lowered into launch shaft  
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11 Tunnel Lining 

Pipejacking tunnels are constructed using pre-cast reinforced concrete jacking pipes.  

These are produced by a series of specialist manufacturers in the UK, including (for 

example) FP Mccann, Stanton Bonna etc. 

Jacking pipes are made from dense, durable reinforced concrete. The mix typically 

provides a design chemical class 4 (DC4), with a minimum 28-day characteristic cube 

strength of 50N/mm2.  They are manufactured in accordance with BS EN 1916 and BS 

5911-1 and certified by Quality Assessment under the kitemark scheme and ISO 9001.  

The pipes also feature self-lubricating joint gasket arrangements, watertight gasket 

seals and built-in handling system to suit specific machines and shields. 

 

Table 2 – Example Jacking Pipe Sizes 

Pipes are regularly supplied to a 3.0m external diameter jacking pipes (internal diameter 

circa 2500mm).  These 3.0m diameter, 2.4m long pipes would each weigh approx. 12.5 

tonnes.  Additional design elements can also be incorporated into the jacking pipes 

during their manufacture, for example additional grouting ports, specific joint detailing 

and other measures.   

Once installed, the finished tunnel would be backfilled using suitable grouting materials 

to ensure that any annulus created during tunnelling, between the rock and the liner, is 

filled to prevent any deterioration of the rock around the tunnel and prevent movement 

or water transmission along the tunnel length.  The tunnel would then be fitted out with 

mechanical, electrical and safety systems, as per the example in figure 11. 
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Figure 11: Example of finished tunnel 

To further eliminate any impacts in terms of local groundwater transmission and 

permeability, especially given the overlying existing woodlands, a series of permeable 

channels would be incorporated into the tunnel lining (around the outer face 

circumference of the jacking pipes) to ensure that groundwater is able to pass around 

the tunnel and that there would be no impacts to existing flow regimes or occurrences 

of perched water as a result of the tunnel construction. 
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