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 Executive summary 

1.1.1 The Port of London Authority (PLA) have raised a number of matters relating to 
the depth of the tunnel and the restrictions in the river, with a focus on seeking 
to ensure that the tunnel would be of sufficient depth to accommodate both 
current and future river trade and that the tunnel does not compromise the 
future development of the port or navigation. The Port of Tilbury London Limited 
have supported the position of the PLA.  

1.1.2 It has also been noted by the Applicant and by the PLA that there is an 
inconsistency regarding the minimum amount of cover above the tunnels 
reported in the Application Documents. 

1.1.3 This document provides clarifications on the tunnel depth, the limits of deviation, 
and the layer of cover. It sets out that on a precautionary basis considering the 
existing river depth, the upper limit of deviation, with an allowance for the 
deepening of the navigable channel and a further allowance for the future 
installation of scour protection, there would be a level of cover at the minimum 
point of 0.52 times the tunnel diameter. Note that scour protection is not 
proposed by the Applicant, but has been considered on a precautionary basis 
following discussion with the PLA. 

1.1.4 The report sets out the relevant assessments and confirms that, with a 
minimum level of cover of 0.52 times the tunnel diameter, the road tunnels 
would remain stable and that the environmental assessments remain valid. 

1.1.5 The report provides a further update on article 33 of the draft DCO [REP5-024], 
which sets out the rights to acquire subsoil, and provides an alternative drafting 
relating to the datum used for the River Thames that is being considered to 
address potential uncertainties that could arise from the current drafting. 

  

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
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 Introduction 

2.1 Background 

Signposting relevant parts of the application  

2.1.1 The A122 Lower Thames Crossing (the Project) includes two tunnels under the 
River Thames, which provide for the new road. These tunnels will be 
constructed in accordance with the requirements set out within the draft 
Development Consent Order (DCO) (resubmitted at D3) and the associated 
controls, and restrictions will be placed onto the river in proximity to the tunnel. 
Key elements of the application include (but are not limited to): 

a. The draft DCO [REP5-024]: 

i. article 6(1)(c) relating to limits of deviation 

ii. article 33 relating to the acquisition of subsoil 

iii. article 48 relating to protection of the tunnel area 

iv. Schedule 10 – Land in which only subsoil or new rights in and above 

subsoil and surface may be acquired 

v. Schedule 14 – Protective Provisions, Part 8 – For the Protection of the 

Port of London Authority 

b. River Restrictions Plans [REP1-041] 

c. Tunnel Limits of Deviation Plans [REP4-074] 

d. Statement of Reasons [REP5-028]: 

i. Section 5.4 sets out the tunnel zone of protection and exclusion zone, 

the proposals to acquire the subsoil within which the tunnels would lie 

and the proposals to acquire rights and impose restrictive covenants in 

the area identified as the zone of protection 

ii. Table 3 of Statement of Reasons Annex A sets out the purpose for 

which rights are required, on a plot by plot basis 

e. Book of Reference [REP5-030] 

f. Land Plans (Volume B) (Sheets 1 to 20) [REP5-006]: sheets 15 and 16 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-002568-National%20Highways%20-%20Applicant%E2%80%99s%20submission%20of%20documents%2012.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-003769-National%20Highways%20-%20Other-%202.15%20Tunnel%20Limits%20of%20Deviation%20Plans_v2.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004343-National%20Highways%20-%20Other-%204.1%20Statement%20of%20Reasons_v6.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004348-National%20Highways%20-%20Other-%204.2%20Book%20of%20Reference_v6.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004327-National%20Highways%20-%20Other-%202.2%20Land%20Plans%20Volume%20B%20(sheets%201%20to%2020)_v6.0_clean.pdf
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2.1.2 Under the River Thames, the tunnelling activity is a subsurface activity, with no 
impact on the riverbed, although there may be a need for geotechnical 
investigations to take place prior to the tunnelling. Nevertheless, potential noise 
impacts from the tunnel boring machine on marine life have been considered as 
reported in Environmental Statement (ES) Chapter 9: Marine Biodiversity 
[APP-147] supported by analysis reported in ES Appendix 9.1: Assessment 
of Ground-Borne Noise and Vibration, and Underwater Noise from the Tunnel 
Boring Machine at Marine Receptors [APP-420]. A clarification to the wording 
of this assessment was provided in the ES Addendum [REP5-062]. 

2.1.3 It has been noted by the Applicant and by the Port of London Authority (PLA) 
that there is an inconsistency regarding the minimum amount of cover above 
the tunnels reported in the Application Documents, as follows: 

a. Plate 5.1 of the Statement of Reasons indicates an exclusion zone of 

0.7 times the tunnel diameter, and a zone of protection above this implying 

the tunnel is at some depth greater than 0.7 times the tunnel diameter. 

b. Table 3.15 of ES Chapter 3: Assessment of Reasonable Alternatives 

[APP-141] indicates that the minimum cover to the tunnel under the River 

Thames was reduced to 1.0 times the outer diameter of the tunnel. 

c. The wording of the ES Chapter 9: Marine Biodiversity [APP-147] indicated 

a layer of cover of at least 0.9 times the tunnel diameter, before this was 

amended by the ES Addendum [REP5-062]. 

Matters raised in engagement 

2.1.4 The PLA have raised a number of matters relating to the depth of the tunnel and 
the restrictions in the river, with a focus on seeking to ensure that the tunnel 
would be of sufficient depth to accommodate both current and future river trade 
and that the tunnel does not compromise the future development of the port or 
navigation. The Port of Tilbury London Limited have supported the position of 
the PLA.  

2.1.5 Particular issues raised by the PLA are set out in the Statement of Common 
Ground between National Highways and the Port of London Authority 
[APP-100], including the following: 

a. Item 2.1.12 – Article 6 - Limits of deviation (DCO) 

b. Item 2.1.31 – Compulsory Acquisition powers in favour of 

National Highways 

c. Item 2.1.34 – Route alignment, tunnel depth and tunnel protection zones 

d. Item 2.1.40 – Scour Protection 

e. Item 2.1.41 – Works within the river 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001596-6.1%20Environmental%20Statement%20Chapter%209%20-%20Marine%20Biodiversity.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001438-6.3%20Environmental%20Statement%20Appendix%209.1%20-%20Assessment%20of%20ground-borne%20noise%20and%20vibration,%20and%20underwater%20noise%20from%20the%20tunnel%20boring%20machine%20at%20marine%20receptors.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004405-National%20Highways%20-%20Other-%209.8%20ES%20Addendum_v5.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001589-6.1%20Environmental%20Statement%20Chapter%203%20-%20Assessment%20of%20Reasonable%20Alternatives.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001596-6.1%20Environmental%20Statement%20Chapter%209%20-%20Marine%20Biodiversity.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004405-National%20Highways%20-%20Other-%209.8%20ES%20Addendum_v5.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001273-5.4.1.7%20Statement%20of%20Common%20Ground%20between%20(1)%20National%20Highways%20and%20(2)%20Port%20of%20London%20Authority.pdf
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2.1.6 Further information has been provided by the PLA in their Relevant 
Representation [RR-0862] and their oral and written submissions into 
the Examination. 

2.1.7 A critical matter raised by the PLA has been the potential that they may at some 
point in the future seek to deepen the navigable channel. Such an activity would 
result in a change in the level of the riverbed, and as such there is a level of 
uncertainty over the level of cover over the tunnel during construction and 
operation. The potential for this dredging to take place prior to construction of 
the tunnel has increased as a result of the two year rephase announced in the 
Written Ministerial Statement of 9 March 2023 (UK Parliament, 2023). 

2.1.8 The PLA have raised concerns that the Lower Thames Crossing tunnel, when 
accounting for the restrictions placed on activities around it, would result in an 
increase in the requirements that would have to be met by PLA if they were to 
increase the depth of the navigable channel, and that these requirements could 
be such that it would not be possible to dredge, or that such dredging would 
impact on the ability of the Applicant to deliver the Project: 

a. If the increase in the depth of the navigable channel were to take place after 

construction of the Project: 

i. The PLA are concerned that a deeper navigable channel would reduce 

cover over the tunnel, resulting in instability (flotation) of the tunnel, 

thereby presenting a safety risk that would prevent an increase in 

the depth of the navigable channel. 

ii. The PLA are concerned that if in the future there were to be a need for 

scour protection, the installation of such scour protection would lead to 

a reduction in the depth of the navigable channel. It should be noted 

that the Applicant considers that no such scour protection is needed 

and is not seeking consent for scour protection, but the PLA seek 

reassurance that scour protection could be implemented at some future 

date on a precautionary basis, considering the changeable nature 

of the river. 

b. If the increase in the depth of the navigable channel were to take place 

before construction of the Project: 

i. The PLA seek assurance that the rights over land sought by the 

Applicant remain correct, considering the change in the riverbed level. 

ii. The PLA seek assurance that the assessments of impacts remain valid, 

and that there would not be new or materially different environmental 

effects that would prevent the implementation of the Project. 

iii. The PLA are concerned that a deeper navigable channel would reduce 

cover over the tunnel, resulting in instability (flotation) of the tunnel. 

https://national-infrastructure-consenting.planninginspectorate.gov.uk/projects/TR010032/representations/51139
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2.2 Purpose of this report 

2.2.1 This report has been prepared to address the following concerns: 

a. Address the inconsistencies in the level of cover throughout 

the DCO application 

b. Address the concerns of the PLA 

c. Explain modifications to the drafting of the draft DCO that are being 

considered to address the concerns of the PLA 

2.3 Update at Deadline 6 

2.3.1 The Applicant met with the PLA on 06 October 2023 providing further 
information relating to scour protection, as presented in Annex B, and an update 
to the technical report on Flotation sensitivity check to satisfy future riverbed 
levels, as presented in Annex B.  

2.3.2 The tunnel has been assessed at both the vertical alignment proposed in the 
reference design for DCO, and the upper Limits of Deviation (LOD) being 
sought in the DCO. The case at the upper LOD is the most conservative case; 
the reference design case is a more likely scenario. The results of the 
assessment show that the flotation calculations satisfy the stability criteria for all 
tunnel horizons and riverbed levels considered. The report concluded that there 
is no impediment to the agreed dredging levels being secured. If development 
consent is granted, further detailed plans would be submitted to the PLA in 
connection with the tunnelling works (as per paragraph 99 of Schedule 14 of the 
draft DCO [REP5-024]).  

2.3.3 The Applicant awaits further considerations or comments from the PLA and will 
continue to discuss and refine this issue. 

  

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
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 Depth of the tunnel 

3.1.1 The tunnel reference design is shown on the Tunnel Limits of Deviation 
Plans [REP4-074]. These plans also show the vertical upwards limit (limit of 
deviation (LOD)). 

3.1.2 The depth of the tunnel varies along the cross-section of the river, as both 
the level of the riverbed changes and the tunnel depth changes relative to a 
fixed datum.  

3.1.3 The level of cover over the tunnel is at a minimum on the northern edge of the 
navigable channel as shown in Plate 3.1. 

3.1.4 At this point in the river channel, the level of cover in different scenarios is as 
set out in Table 3.1. These scenarios are each considered in the flotation 
assessment included as Appendix A. 

3.1.5 In the most precautionary scenario (i.e. where the level of cover is at the 
minimum), characterised in Table 3.1 as “Additional section 1”, the tunnel is 
constructed at the highest level allowed by the LOD while the riverbed is at its 
lowest level, allowing both for the lowering of the riverbed level 
to -17.42m above ordnance datum (AOD) by the PLA, and a further temporary 
reduction in level of 1.3m for the installation of scour protection. In this scenario 
the level of cover over the tunnel would be 8.3m, or 0.52 times the tunnel 
diameter (0.52D). 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-003769-National%20Highways%20-%20Other-%202.15%20Tunnel%20Limits%20of%20Deviation%20Plans_v2.0_clean.pdf
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Plate 3.1 Cross-section of river showing reference design, LOD and protection zones 

 

  

Location with 
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level of cover 
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Table 3.1 Levels of cover 

Section Scenario Description Riverbed 
level 

Level of cover 
at minimum 
cover location 

CS1 Reference design The case is the baseline, current alignment and assumed riverbed level. -12.70m AOD 

(-9.6m CD) 

15.9m  

(0.99D) 

CS2 Future 
dredge/future 
riverbed level 

Agreed dredge level, including over dredge -16.12m AOD 

(-13.0m CD) 

12.6m 

(0.79D) 

CS3 Theoretical lowest 

riverbed level 

Dredged level with further riverbed lowering to accommodate 0.5m scour 

protection 
-16.62m AOD 

(-13.5m CD) 

12.1m 

(0.75D) 

CS4 Maximum LOD 
and current 
riverbed level 

Tunnel crown at the highest level permissible (top LOD) and assumed current 

riverbed level. 
-12.70m AOD 

(-9.6m CD) 

13.0m 

(0.81D) 

CS5 Maximum LOD 
and agreed future 
dredge/ future 
riverbed level 

Tunnel crown at the highest level permissible (top LOD) and riverbed at agreed 
dredge level, including over dredge 

-16.12m AOD 

(-13.0m CD) 

9.6m 

(0.6D) 

CS6 Maximum LOD 
and theoretical 
lowest 
riverbed level 

Tunnel crown at the highest level permissible (top LOD) and riverbed at 
dredged level with further riverbed lowering to accommodate 0.5m scour 
protection 

-16.62m AOD 

(-13.5m CD) 

9.1m 

(0.57D) 

Additional 

Section 1  

Maximum LOD 
and theoretical 
lowest 
riverbed level with 
precautionary 
scour protection 

Tunnel crown at the highest level permissible (top LOD) and riverbed at 
dredged level with further riverbed lowering to accommodate 1.3m 
precautionary scour protection 

-17.42m AOD 

(-14.3m CD) 

8.3m 

(0.52D) 
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 Implications on assessments 

The implications of a potential level of cover over the tunnel of 0.52D have been 
considered for each identified area of concern. 

4.1 Flotation 

4.1.1 The risk of flotation of the tunnel has been considered, and it is concluded that 
the tunnel is stable for all scenarios, including the current riverbed level, the 
prospective future riverbed level agreed with the PLA, and for a precautionary 
scenario where additional dredging is required to install scour protection. 

4.1.2 The analysis setting out this assessment is included as Appendix A. 

4.2 Assessment of reasonable alternatives 

4.2.1 Table 3.15 of ES Chapter 3: Assessment of Reasonable Alternatives [APP-141] 
indicates that the minimum cover to the tunnel under the River Thames was 
reduced to 1.0 times the outer diameter of the tunnel. This assessment 
demonstrates alternatives considered, and is unaffected by a different level of 
cover over the tunnel. 

4.2.2 The Applicant does not consider it necessary to amend or update the relevant 
Application Document. 

4.3 Marine biodiversity 

4.3.1 The wording of ES Chapter 9: Marine Biodiversity [APP-147] indicated a layer 
of cover of at least 0.9 times the tunnel diameter, before this was amended by 
the ES Addendum [REP5-062]. 

4.3.2 A review has been completed of the analysis reported in ES Appendix 9.1: 
Assessment of Ground-Borne Noise and Vibration, and Underwater Noise from 
the Tunnel Boring Machine at Marine Receptors [APP-420]. This review 
concluded that a reduction in the level of cover to 0.57D would not result in 
any materially new or materially different impacts and therefore would not 
change the conclusions of the assessment set out in ES Chapter 9: Marine 
Biodiversity [APP-147]. The revised minimum level of 0.52D would not apply, as 
any dredging for scour protection would not take place at the same time as the 
tunnel was being constructed. 

4.3.3 The Applicant considers that the amendment made by the ES Addendum 
[REP5-062] is appropriate to address this matter. 

  

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001589-6.1%20Environmental%20Statement%20Chapter%203%20-%20Assessment%20of%20Reasonable%20Alternatives.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001596-6.1%20Environmental%20Statement%20Chapter%209%20-%20Marine%20Biodiversity.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004405-National%20Highways%20-%20Other-%209.8%20ES%20Addendum_v5.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001438-6.3%20Environmental%20Statement%20Appendix%209.1%20-%20Assessment%20of%20ground-borne%20noise%20and%20vibration,%20and%20underwater%20noise%20from%20the%20tunnel%20boring%20machine%20at%20marine%20receptors.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001596-6.1%20Environmental%20Statement%20Chapter%209%20-%20Marine%20Biodiversity.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004405-National%20Highways%20-%20Other-%209.8%20ES%20Addendum_v5.0_clean.pdf
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 Implications on the draft DCO 

5.1 Current drafting 

5.1.1 Article 33 of the draft DCO [REP5-024] sets out the rights to acquire subsoil. 
Extracts from the drafting are provided below: 

‘Acquisition of subsoil or airspace only 

33.—(1) The undertaker may acquire compulsorily so much of, or such rights in, 
the subsoil of or of the airspace over the land referred to in paragraph (1) of 
article 25 (compulsory acquisition of land) as may be required for any purpose 
for which that land may be acquired under that provision instead of acquiring 
the whole of the land. 

[…] 

(6) References in paragraph (2)(a) to subsoil are references to the subsoil lying 
at and below the depths specified in column (2) of Schedule 10 beneath the 
level of the surface of the land, and references to the remaining subsoil in 
paragraph (2)(b) are references to the part of the subsoil lying above the 
shallowest part of the subsoil acquired under paragraph (2)(a) but below the 
level of the surface of the land. 

(7) For the purposes of paragraph (6) “the level of the surface of the land” 
means— 

(a) in the case of any land on which a building is erected, the level of the  
surface of the ground adjoining the building; 

(b) in the case of a river, dock, canal, navigation, watercourse or other water 
area, the level of the surface of the ground covered by water; or 

(c) in any other case, ground surface level, 

at the time of this Order coming into force.’ 

5.2 Proposed amendments to the draft DCO 

5.2.1 The Applicant acknowledges the position of the PLA, that if the depth of the 
navigable channel were to change prior to the DCO coming into force, there 
would be a resultant impact on the ability to acquire subsoil, and that this could 
lead to the Applicant being unable to acquire subsoil at the level required. 

5.2.2 In addition, the Applicant recognises that as the level of the riverbed varies 
across a land plot, the PLA could consider there could be ambiguity over the 
relevant depth to be considered when determining the acquisition of subsoil. 
For the avoidance of doubt, the Applicant considered the average level of the 
riverbed across the plot as a datum for that plot when determining the depth of 
subsoil set out in Schedule 10, and set the upper level of the subsoil to be 
required at the highest elevation of the upper LOD for the tunnel within that plot. 

5.2.3 In order to provide the PLA with further certainty and assurance, the Applicant is 
currently considering redrafting this aspect of the draft DCO. 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
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5.2.4 The Applicant is reviewing a modification to article 33(7) to fix the datum for 
determining the depth of subsoil under the River Thames as Ordnance Datum 
Newlyn (a change from riverbed level). This amendment allows for better clarity 
over the depth of subsoil to be required, regardless of the variability of the 
riverbed level across the plot, and certainty that any changes to the riverbed 
level in advance of the DCO coming into force will not result in changes to the 
rights to acquire subsoil. 

5.2.5 The proposed redrafted article 33(7) would be as follows: 

‘(7) For the purposes of paragraph (6) and Schedule 10 “the level of the surface 

of the land” means— 

(a) in the case of any land on which a building is erected, the level of the 
surface of the ground adjoining the building; 

(b) in the case of a river (except where paragraph (c) applies), dock, canal, 
navigation, watercourse or other water area, the level of the surface of 
the ground covered by water;  

(c) in the case of plots 15-10, 15-11, 15-12, 16-42, and 16-43, the level of 
Ordnance Datum Newlyn; 

(d) in any other case, ground surface level, 

at the time of this Order coming into force.’ 

5.2.6 The Applicant is currently engaging with the PLA on this drafting, as well as 
other parties identified in the Book of Reference [REP5-030] that have interests 
on the relevant plots. 

5.2.7 As a consequence of this amendment, the Applicant will need to update 
column 2 of Schedule 10 of the draft DCO to reflect the change in datum, with 
respect to plots 15-10, 15-11, 15-12, 16-42, and 16-43. 

5.3 Other provisions of the draft DCO 

5.3.1 Paragraph 99(1) of Schedule 14 (the Protective Provisions for the PLA) 
contains a requirement for the tunnels to be constructed and operated in 
accordance with the depths agreed with the PLA. These depths take 
precedence over the LOD, and must always be adhered to. Prior to the 
commencement of the tunnelling works, the PLA’s protective provisions would 
require a submission of details confirming this design requirement is met. 
The PLA also has a robust set of protective provisions which requires approvals 
in connection with “specified works” which is defined as: 

‘any part of the authorised development (which for this purpose includes the 
removal of any part of the authorised development), which— 

(a) is, may be, or takes place in, on, under or over the surface of land below 
the level of mean high water forming part of the river Thames; or 

(b) may affect the river Thames or any function of the PLA’ 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004348-National%20Highways%20-%20Other-%204.2%20Book%20of%20Reference_v6.0_clean.pdf
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5.3.2 The PLA, at Deadline 1, requested a modification to the Tunnel Limits of 
Deviation Plans [REP4-074]. The Applicant does not consider this necessary 
given the LOD take effect subject to the agreed depths, and the flexibility 
(which could be met without affecting those depths) is required. In particular, the 
Applicant notes that there may be changes to construction methodology or 
design which would enable the utilisation of the LOD without affecting the 
agreed and legally binding tunnelling depths. 

  

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-003769-National%20Highways%20-%20Other-%202.15%20Tunnel%20Limits%20of%20Deviation%20Plans_v2.0_clean.pdf
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 Implications on Statement of Reasons 

6.1 Basis of the protection zone 

6.1.1 Section 5.4 of the Statement of Reasons [REP5-028] sets out the basis for the 
development of the protection zones set out in the River Restrictions Plan 
[REP1-041]. The basis is illustrated by Plate 6.1, which is reproduced below. 

Plate 6.1 Illustrative cross-section showing the zone of protection 

and exclusion zone 

 

6.1.2 The Applicant acknowledges that at certain points along the tunnel profile, 
notably the point with minimum level of cover identified in Plate 3.1, the level of 
cover will be less than the 0.7D set out as the basis for the first protection zone 
(the exclusion zone) and that in certain locations, in the event that the riverbed 
is lowered, there may not be a second protection zone. The Applicant is 
satisfied that, considering the flotation analysis referenced in Section 4.1, and 
the nature of the geology in this location, that the protections and controls set 
out in the River Restrictions Plan [REP1-041] are robust and sufficient. 

6.1.3 As the plate within the Statement of Reasons is illustrative and does not define 
the requirements, which are set out in the draft DCO [REP5-024] and secured 
documents, it is not considered necessary to update this document. 

  

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004343-National%20Highways%20-%20Other-%204.1%20Statement%20of%20Reasons_v6.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-002568-National%20Highways%20-%20Applicant%E2%80%99s%20submission%20of%20documents%2012.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-002568-National%20Highways%20-%20Applicant%E2%80%99s%20submission%20of%20documents%2012.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
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Glossary 

Term Abbreviation Explanation 

A122  

The new A122 trunk road to be constructed as part of the 
Lower Thames Crossing project, including links, as defined 
in Part 2, Schedule 5 (Classification of Roads) in the draft 
DCO (Application Document 3.1) 

A122 Lower Thames 
Crossing 

Project 
A proposed new crossing of the Thames Estuary linking the 
county of Kent with the county of Essex, at or east of the 
existing Dartford Crossing. 

Above ordnance 
datum 

AOD 
Vertical datum used by the Ordnance Survey as the basis 
for deriving altitudes on maps. 

Application 
Document 

 
In the context of the Project, a document submitted to the 
Planning Inspectorate as part of the application for 
development consent. 

Chart Datum CD 

Chart Datum is unique to each location and is usually set to 
be close to the lowest astronomical tide level that can occur 
under normal meteorological conditions. The Tilbury Chart 
Datum is -3.12 mAOD 

Construction  

Activity on and/or offsite required to implement the Project. 
The construction phase is considered to commence with the 
first activity on site (e.g. creation of site access), and ends 
with demobilisation. 

Development 
Consent Order 

DCO 
Means of obtaining permission for developments 
categorised as Nationally Significant Infrastructure Projects 
(NSIP) under the Planning Act 2008. 

Development 
Consent Order 
application 

DCO 
application 

The Project Application Documents, collectively known as 
the ‘DCO application’. 

Dn50  
Dn50 is the nominal stone diameter for the median 
armourstone size for grading (m). 

Environmental 
Statement  

ES 

A document produced to support an application for 
development consent that is subject to Environmental 
Impact Assessment (EIA), which sets out the likely impacts 
on the environment arising from the proposed development. 

Limits of deviation LOD 

The tolerances, both laterally and vertically, that any parts of 
the Project can be constructed from the lines and situations 
shown on the Works Plans (Application Document 2.6) and 
the levels shown on the Engineering Section Drawings 
(Application Document 2.9). 

National Highways  
A UK government-owned company with responsibility for 
managing the motorways and major roads in England. 
Formerly known as Highways England. 

metres Above 
Ordnance Datum 

mAOD 

The Ordnance Datum is the basis for all the land heights that 
appear on Ordnance Survey maps. It is essentially the mean 
sea level at Newlyn in Cornwall, and is sometimes called 
Ordnance Datum Newlyn (ODN). 

Operation  
Describes the operational phase of a completed 
development and is considered to commence at the end of 
the construction phase, after demobilisation.  

Ordnance datum  

A standardised point representing average (mean) sea level, 
used by the Ordnance Survey as the basis for measurement 
of height (altitude) on UK maps, reported as metres ‘Above 
Ordnance Datum’ 
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Term Abbreviation Explanation 

Port of London 
Authority 

PLA 

A self-funding public trust established by The Port of London 
Act 1908 to govern the Port of London. Its responsibility 
extends over the Tideway of the River Thames and its 
continuation (the Kent/Essex strait). It maintains and 
supervises navigation, and protects the river's environment. 

Project road  

The new A122 trunk road, the improved A2 trunk road, and 
the improved M25 and M2 special roads, as defined in Parts 
1 and 2, Schedule 5 (Classification of Roads) in the draft 
DCO (Application Document 3.1). 

Project route  
The horizontal and vertical alignment taken by the Project 
road. 

South Portal  

The South Portal of the Project (southern tunnel entrance) 
would be located to the south-east of the village of Chalk. 
Emergency access and vehicle turn-around facilities would 
be provided at the tunnel portal. The tunnel portal structures 
would accommodate service buildings for control operations, 
mechanical and electrical equipment, drainage and 
maintenance operations. 

The tunnel  

Proposed 4.25km (2.5 miles) road tunnel beneath the River 
Thames, comprising two bores, one for northbound traffic 
and one for southbound traffic. Cross-passages connecting 
each bore would be provided for emergency incident 
response and tunnel user evacuation. Tunnel portal 
structures would accommodate service buildings for control 
operations, mechanical and electrical equipment, drainage 
and maintenance operations. Emergency access and 
vehicle turn-around facilities would also be provided at the 
tunnel portals. 

Tunnel Diameter D 
The external diameter of one of the road tunnels, including 
the concrete segments. 
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Appendix A - Flotation sensitivity check to satisfy future 
riverbed levels 

A.1 Executive Summary 

A.1.1 As part of the discussions with the Port of London Authority (PLA), a flotation 

sensitivity analysis for the main tunnels was carried out on the future provisions 

with the reference design. Paragraph 99(1) of the Protective Provisions for the 

benefit of the PLA (in Schedule 14 of the draft Development Consent Order 

(DCO) [REP5-024]) secures future dredging by the PLA to the potential future 

dredge level of -12.5m chart datum (CD) (-15.62m above ordnance datum 

(AOD)) plus the additional allowance for 0.5m over-dredging, which would give 

a potential future riverbed level of -13.0m CD. The dredging has been agreed 

across a 475m navigational channel of the River Thames (see the River 

Restrictions Plan [REP1-041]). These depths take precedence over the limits 

of deviation (LOD) for the tunnels (as shown in the Tunnel Limits of Deviation 

Plans [REP4-074]) as per article 6 of the draft DCO.  

A.1.2 Sensitivity analyses have been undertaken to assess the stability of a single 

tunnel bore due to possible flotation at the shallowest level, which is on the 

northern boundary of the navigational channel adjacent to Diver Shoal 

(see Annex A). The tunnel has been assessed at both the vertical alignment 

proposed in the reference design for the DCO and the upper LOD being sought 

in the DCO. These two tunnel levels were investigated for various riverbed 

level scenarios: 

a. current riverbed level 

b. agreed dredge level (-16.12m AOD (-13m CD)) 

c. agreed dredge level with provision for scour protection -16.62m AOD 

(-13.5m CD) (if scour protection was needed, 0.5m thick and dredging to 

allow its insertion). Note: National Highways does not propose scour 

protection and does not consider it is necessary, but the analysis has been 

undertaken to provide comfort that the design of the tunnel, within the 

agreed dredging levels, is feasible.  

A.1.3 Each scenario is based on the current tunnel alignment (reference design) as 

well as the upper LOD. The analysis is intended to demonstrate that the range 

of potential tunnel alignments under consideration are satisfactory.  

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-002568-National%20Highways%20-%20Applicant%E2%80%99s%20submission%20of%20documents%2012.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-003769-National%20Highways%20-%20Other-%202.15%20Tunnel%20Limits%20of%20Deviation%20Plans_v2.0_clean.pdf
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A.1.4 The tunnel below the River Thames is situated in Chalk, which has appropriate 

shear strength, so this flotation analysis considers some shear strength within 

the soil. The flotation calculations satisfy the stability criteria for all tunnel 

horizons and riverbed levels. This analysis shows there is no impediment to 

the agreed dredging levels being secured. If development consent is granted, 

detailed plans would be submitted to the PLA in connection with the tunnelling 

works (as per paragraph 98 of Schedule 14 of the draft DCO [REP5-024]). 

A.2 Introduction 

A.2.1 Since the completion of the reference design, the Statement of Common 

Ground with the Port of London Authority (PLA) [APP-100] has been 

progressed. National Highways has agreed with the PLA the limits of the 

navigational channel (75m to the north and 100m to the south) and the right for 

the PLA to dredge to -12.5m chart datum (CD) (-15.62m AOD). In addition, an 

allowance for another 0.5m of over-dredging is contained in article 99(1) of 

Schedule 14 to the draft DCO [REP5-024] and reflected in the River 

Restrictions Plan [REP1-041]. 

A.2.2 Out of these discussions with PLA, it was considered necessary by the PLA to 

undertake sensitivity analyses to assess the depth to which the riverbed could 

be lowered and not require scour protection or ballasting. PLA are concerned 

that post-dredging of the navigational channel and any further natural 

deepening of the river that might occur, may need additional scour protection to 

protect the tunnels and this might in turn reduce the available depth for the 

navigational channel. 

A.2.3 Sensitivity checks have been carried out on a single tunnel to assess the 

current vertical and horizontal alignment and the tunnel limits of deviation 

(LOD) against a future riverbed level of -13m CD (-12.5m dredge plus 0.5m 

over-dredge allowance). A likely thickness of scour protection was also 

calculated and an additional depth allowed for the installation of such protection 

without impeding the navigational channel. 

A.2.4 The scour protection assessment considered previous analysis on the 

current riverbed stability of the River Thames carried out by National Highways. 

This analysis had concluded that the riverbed was stable with very little shift in 

depth. Despite this conclusion, a precautionary sensitivity analysis has also 

been carried out in relation to a theoretical scour protection by taking the 

dredged depth of the river and river flow rates from the Tilbury2 DCO 

application (Port of Tilbury London Limited , 2017) and calculating the required 

particle size of scour protection and the required thickness. This was calculated 

to be 0.5m thick with a Dn50 grading of 0.034m. 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001273-5.4.1.7%20Statement%20of%20Common%20Ground%20between%20(1)%20National%20Highways%20and%20(2)%20Port%20of%20London%20Authority.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-002568-National%20Highways%20-%20Applicant%E2%80%99s%20submission%20of%20documents%2012.pdf
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A.2.5 The LOD have been included in the DCO to allow flexibility to optimise the 

detailed design and to allow for construction tolerances. This enables the 

detailed designer to ensure that the safest, most sustainable, and lowest carbon 

solution can be delivered. Considerations during detailed design will include 

both the construction and the long-term operation of the asset, which is 

designed with a 120-year design life. The detailed design will also consider 

how the vertical alignment would influence vehicle braking (risk of fire, brake 

failure), the amount of climbing on exiting (reducing fuel and air quality impacts), 

and also construction considerations such as minimising the requirements 

for hyperbaric working. In addition to these factors, any solution would also 

be required to comply with all aspects of the DCO, including the agreed 

dredging levels. 

A.2.6 The PLA continues to request a modification to the Tunnel Limits of Deviation 

Plans [REP4-074]. The Applicant does not consider this necessary given the 

LOD take effect subject to the agreed depths, and the flexibility (which could be 

met without affecting those depths) is required. In particular, the Applicant notes 

that there may be changes to construction methodology or design which would 

enable the utilisation of the LOD without affecting the agreed and legally binding 

tunnelling depths. This protection is further reinforced by the Protective 

Provisions for the PLA in Schedule 14 to the draft DCO [REP5-024], which 

require the PLA’s approval in writing before the undertaker can begin 

construction of any specified work. 

A.3 Flotation assessment 

Analysis 

A.3.1 The flotation check was carried out at one section at the northern edge of the 

navigational channel LOD near the toe of Diver Shoal, see Plate A.1 (extract) 

and Annex A (full drawing section). This location was selected as it is where 

flotation risk is likely to be the greatest. The analysis is therefore necessarily 

based on a reasonable worst-case scenario. Three riverbed levels were used 

for the assessment. Six tunnel cross-sections were analysed and are detailed  

in Table A.1. 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-003769-National%20Highways%20-%20Other-%202.15%20Tunnel%20Limits%20of%20Deviation%20Plans_v2.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
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Plate A.1 Assessed tunnel section 

 

Table A.1 Analysis sections considered for flotation assessment 

Analysis 
Section No. 

Section Riverbed level Description 

CS1 Reference design -12.70m AOD 

(-9.6m CD) 

The case is the baseline, current 
alignment and assumed riverbed 
level. 

CS2 Reference design and 
agreed future 
dredge/future riverbed 
level 

-16.12m AOD 

(-13.0m CD) 

Agreed dredge level, including over 
dredge 

CS3 Reference design and 
theoretical lowest 
riverbed level 

-16.62m AOD 

(-13.5m CD) 

Dredged level with further riverbed 
lowering that requires scour 
protection 

CS4 Maximum upward LOD 
and current riverbed 
level 

-12.70m AOD 

(-9.6m CD) 

Tunnel crown at the highest level 
permissible (upward LOD) and 
assumed current riverbed level. 

CS5 Maximum upward LOD 
and agreed future 
dredge/future riverbed 
level 

-16.12m AOD 

(-13.0m CD) 

Tunnel crown at the highest level 
permissible (upward LOD) and 
riverbed at agreed dredge level, 
including over dredge 

CS6 Maximum upward LOD 
and theoretical lowest 
riverbed level 

-16.62m AOD 

(-13.5m CD) 

Tunnel crown at the highest level 
permissible (upward LOD) and 
riverbed at dredged level with 
further riverbed lowering that 
requires scour protection 
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A.3.2 For the analyses, lower bound values for the soil properties were used from the 

Project boreholes in the region of the analysed section. The selection of lower 

bound values has provided a conservative basis for the design at this stage of 

the Project and optimisation could occur at detailed design using median 

values. The analysis is therefore a reasonable worst-case scenario, and which 

may be refined in detailed design.  

A.3.3 The tunnel and ground levels (for the riverbed) are shown below in Table A.2. 

Table A.2 Section levels 

A.3.4 For CS3, a high-level study was undertaken to determine the likely required 

thickness for scour protection, if required. This used the river channel flow 

speeds from the Tilbury2 DCO application (Port of Tilbury London Limited, 

2017) and calculating the required particle size of scour protection and the 

required thickness. This was calculated to be 0.5m thick with a Dn50 grading 

of 0.034m. 

A.4 Methodology 

A.4.1 Table A.1 and Plate A.2 above outline the various analysis sections considered. 

Within each analysis section, the following assessments were undertaken. 

A.4.2 The tunnel was checked for flotation using Design Codes & Standards BS 

EN 1997-1:2004+A1:2013 Eurocode 7 Geotechnical design (British Standards 

Institution, 2013) and NA+A2:2022 to BS EN 1997-1:2004+A1:2013 UK 

National Annex to Eurocode 7 (British Standards Institution, 2022). 

A.4.3 Various design cases can be applied when assessing the stability of a tunnel 

due to flotation. This analysis has considered the following design case of 

allowing for shear resistance in the soil column above the tunnel axis. 

The design case for no shear was not considered when assessing the tunnels 

resistance to flotation, because the tunnel’s vertical alignment would place it in 

Chalk below the river. Therefore, discussion regarding compliance to a no shear 

design case can be considered too conservative. 

Analysis 
Section No. 

Cover (m) Ratio of 
cover to 
diameter 

Riverbed 
level 
(m AOD) 

Tunnel Axis 
(m AOD) 

Groundwater 
level 
(m AOD) 

CS1 15.9 0.99D -12.70 -36.7 6.83 

CS2 12.6 0.79D -16.12 -36.7 6.83 

CS3 12.1 0.75D -16.62 -36.7 6.83 

CS4 13.0 0.81D -12.70 -33.7 6.83 

CS5 9.6 0.60D -16.12 -33.7 6.83 

CS6 9.1 0.57D -16.62 -33.7 6.83 
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A.4.4 In addition to the stabilising soil forces of the soil column and tunnel lining, full 

shear along the vertical boundary is taken into account in the design case. 

The average level of shear resistance along the vertical planes was taken as a 

conservative value for the geology above the tunnel axis. The case also 

considers either the effects of EC7 material partial factors in calculating the 

resistance or a favourable partial factor on the effect of the resistance using 

unfactored parameters. 

Plate A.2 Shear design case 

 

A.4.5 The flotation assessment also considered the temporary construction stage 

(i.e., no internal structure). Due to the river setting and the water level being 

above that of the soil surface, the effect of water level is not critical; however, 

for simplicity, the long-term flood level (6.83m AOD, 1 in 1,000-year return 

period) was used. 

A.4.6 Due to the assessment looking at potential future scenarios that may affect the 

stability of the tunnel, only the worst loading cases within the tunnel have been 

assessed without the benefit of accidental load factors. Again, this shows how 

this analysis represents a worst-case scenario. Any future changes in riverbed 

depth are likely to occur after construction, where there would be an additional 

benefit from the internal structural elements (circa 250-350kN/m), road 

surfacing and MEICA installed in the tunnel. However, in the tunnel’s lifespan, 

a complete retrofit may be required, and understanding if this would be possible 

without the need for mitigation methods is useful to provide full flexibility for the 

tunnel operator. 

A.4.7 The calculations are carried out following BS EN 1997-1 (British Standards 

Institution, 2013).  
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A.5 Results 

A.5.1 The analysis has been undertaken to see the sensitivity of the tunnels 

to riverbed and tunnel level when utilising lower bound (conservative) soil 

properties. Table A.3 shows the flotation results for each analysed section 

when considering an allowance for shear in the soil column above the tunnel 

(this is reasonable on the basis that a ‘no shear’ protection is infeasible given 

the presence of Chalk in the river). At detailed design, the parameters can be 

optimised, but even utilising these conservative assumptions, the results show 

the tunnels ‘passing’ in all scenarios.  

Table A.3 Flotation results 

Analysis Section No. Results 

CS1 Pass 

CS2 Pass 

CS3 Pass 

CS4 Pass 

CS5 Pass 

CS6 Pass 

A.6 Discussion 

A.6.1 Resistance against flotation passes for all three riverbed levels when shear is 

accounted for in resisting uplift, for both the tunnel reference design and the 

upper LOD alignments. 

A.6.2 When checking the tunnel alignment using the Project’s maximum LOD with the 

three riverbed levels, the resistance against flotation is unsurprisingly lower. 

For cases where shear is allowed for, the scenario passes. 

A.6.3 For all load cases, the lower bound value for bulk unit weight was considered, 

and permanent load factors were used. These assessments are therefore 

considered conservative, with the addition that no internal structural weight was 

considered for any of the load cases. For all scenarios, but particularly the 

dredged navigational channel (CS2) scenario and additional riverbed lowering 

(CS3), the inclusion of 250kPa for the internal structure based on the reference 

design would provide a significant increase beneficial loading to 

prevent flotation. 

A.6.4 Given the time spans of construction in relation to when a future deeper channel 

might be dredged, it can be assumed that for CS2, CS3, CS5 and CS6 the 

internal structures could be utilised as a beneficial load at detailed design. 

This will require confirmation at the detailed design stage and prior to 

construction through consultation with the PLA as the baseline may change. 
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A.6.5 Additionally, it should be noted that for the riverbed to lower to the level in 

CS3 and CS6 (-16.62m AOD) it would require the erosion of the River Terrace 

Deposits at the point of lowest tunnel cover (Chalk elsewhere). Given the 

current flow rates of the river and stability of the Alluvium deposits, this 

would be considered unlikely to occur and, hence, levels used for CS3 and CS6 

are conservative. 

A.7 Conclusion 

A.7.1 From the assessment above it can be concluded that, based on the reference 

design tunnel alignment, the stability of the tunnel can be satisfied for both the 

agreed future dredge levels, and there is adequate cover to allow for scour 

protection without impacting the future dredge levels across the width of the 

navigational channel.  

A.7.2 The assessment also demonstrates, with conservative assumptions, that valid 

design solutions exist within the full range of the LODs in the draft DCO 

[REP5-024]. The proposed final alignment will be within the range of the 

LODs and will require thorough analysis at the detailed design stage to confirm 

that it can be safely constructed and maintained and does not contradict the 

requirements of paragraph 99(1) in Part 8 of Schedule 14 of the draft 

DCO [REP5-024]. 

 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-004339-National%20Highways%20-%20Other-%203.1%20dDCO_v7.0_clean.pdf
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Appendix B - Flotation report update: scour protection 
allowance 

B.1 Introduction 

Following on from Deadline 4 and the Tunnels Issue Specific Hearing (ISH5) comments 

and queries from the Port of London Authority (PLA), the Applicant has taken 

onboard the specific comments regarding the Flotation sensitivity check  at 

Appendix A of this document .  relating to the thickness and particle sizing of 

any potential scour protection.  

Update 

The PLA raised concerns over the allowed thickness for future scour protection and the 

grading size of the stone suggested as an option. The concern was around 

whether it would be stable with the action of large vessel propellor forces acting 

on it as they passed over. The Applicant has undertaken the additional work, 

even though it believes that, given the resulting geology and the current stability 

of the riverbed, future scour protection will not be required for erosion by natural 

means or the action of large vessel propellors. 

As set out in Annex B, the Applicant has undertaken a conservative assessment on the 

potential thickness of scour protection using the data from a 330m-long vessel 

with a 14m draught. The size and navigating speed match those suggested by 

the PLA through specific correspondence. Conservative values were used for 

both the ship speed and tidal speed to ensure that there is future flexibility in 

any proposed scour protection. The solution assessed a rock-based method of 

protecting the riverbed; other matting-based methods could be used and would 

reduce the required thickness.  

The analysis calculated a 0.8m thick layer of rock protection using 60-300kg rocks (DN50= 

0.41m). Additionally, a 0.5m filter layer was also included, again, this has the 

possibility of being omitted in the future, based on the underlying geology, or 

utilising a weighted geotextile matting to avoid upwards movement of fines 

under the rock layer. The new thickness taken forward for the reduced cover in 

the flotation note was 1.3m. It is believed that, if required, the original thickness 

of 0.5m could be achieved if a detailed design was necessary. 

For the flotation calculations, case CS6 was modified to reflect the changes (and renamed 

to “Additional section 1”), and re-run with the new potential riverbed level of -

17.42m AOD. The tunnel still passed under the flotation criteria. This addresses 

the PLA's concern regarding the thickness of the scour protection and the 

stability of the tunnel due to flotation, even when the maximum Limits of 

Deviation are utilised.
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Annex A Tunnel profile and geological section 
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1 Scope and key result 

This Technical Note (TN) presents a high-level estimation of the thickness of a 

protection solution against potential scour from the propellers of sailing vessels in 

the River Thames over a stretch of the Lower Thames Crossing (LTC) tunnel 

crossing, see Figure 1-1. The top of the scour protection is considered to be in line 

at the riverbed level as shown by the red line in Figure 1-1 across the LTC stretch at 

the navigational channel. This red line is at an elevation -12.5mCD. 

  

Figure 1-1  LTC crossing – main profile 

The estimation below considers a conventional scour protection consisting of rocks.  

There are other scour protection options which require a smaller dredging depth 

than rock (see below, as extracted from PIANC 180, 2015); however, the design of 

these is less reliable as methodologies are not standardized. These are hereby listed 

but not considered.  

 

› Rock grouted with liquid asphalt  

› Rock grouted with hydro concrete 

› Concrete block mattresses 
› Concrete slabs 

› Concrete mattresses 

› Fibrous open stone asphalt mattresses 
› Geosynthetics and geosystems 

› Soft soil improvement 

 

At this stage and for the purpose of this Technical Note, our estimations have been 

carried out at a high-level; they are based on wide assumptions, particularly with 

respect to the vessels’ characteristics and the sailing speed. The information which 
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forms the basis of the calculations is presented in Section 2 of this Technical Note. 

The calculations refer to the sizing of the rocks that could withstand the estimated 

velocities from the action of the sailing vessels’ propellers and/or a current flow 

velocity along the river. No assessment of other impacts, future scenarios and/or 

the potential seabed lowering for other reasons are included in this assessment. 

Section 3 presents the results and Section 4 the recommended thickness of the rock 

layer which should be considered as part of the checks in respect to the tunnel 

stability. Based on this approach, the results show that a potential scour protection 

solution should be 1.3m thick; it would consist of a double armour layer of rocks 60-

300kg, 0.8m thick, and a granular filter layer, 0.5m thick (see Section 4). The latter 

could be disregarded in cases where the chalk layer is compact (i.e. not granular 

rock but solid rock).  This case has been assumed at this stage as worst case with 

the view that thinner scour protection measures could be considered in the future or 

optimised based on further data on potential propellor speeds along with other 

parameters. 

Should scour protection be required in the future, design studies, potentially 

including numerical or physical modelling, would be required, together with the 

collection of more data on the design vessel(s) and flow conditions. 

2 Basis 

2.1 Vertical datum 

All elevations are related to CD, this coinciding with LAT. Tidal levels are shown 

Table 2-1. 

Table 2-1  Tidal levels valid for LTC crossing. Ref 

 

2.2 Geology and navigation channel 

Figure 1-1 provides a long section of the tunnel alignment under the River Thames. 

It includes the reference design alignment, Limits of Deviation (LoD), geology and 

the future riverbed dredged level, as agreed with the PLA. The future navigation 
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channel has been agreed so it can be dredged down to a level of -12.5m CD. Most 

of the bed material within the possible future navigation channel consists of 

weathered chalk, except for a small portion to the northern edge of the navigational 

channel directly south of Divers Shaol (and at the boundary of the navigation 

channel) where the chalk formation dips down, and terraced deposits/alluvium 

ground may be exposed to propeller wash.  

2.3 Densities 

Density of rock is taken as 2650 kg/m³. Density of water has been assumed as 

1020 kg/m³ based on readings published by the Port of London Authority for the 

Gravesend Reach (River Density Readings (pla.co.uk)). 

2.4 Thames River currents 

No information about current flows in the river has been provided. For the purpose 

of this scour protection exercise, current flow velocities 2 knots, 4 knots and 6 knots 

are tested and it is assumed that such a current velocity can flow during both ebb 

and neap tides.  

2.5 Selected design vessel 

We selected a suitable vessel considered as part of the Preliminary Navigation 

Assessment undertaken as part of the LTC DCO submission TR010032-001502-7.15 

Preliminary Navigational Risk Assessment (available at: TR010032-001502-7.15 

Preliminary Navigational Risk Assessment.pdf (planninginspectorate.gov.uk) and the following 

vessels were selected for the assessment: 

› Cap Sans class vessel (container ship) with a DWT 124,435, 333m length, 

48m beam and 14m draft – although this transit will be tidally restricted. 

› MSC Florentina (container ship) - DWT 85,832, 300m length, 40m beam, 9m 

draft (based on current transit information) 

› Yeoman Bridge (bulk carrier) - DWT 96,772, 250m length, 38m beam, 8.4m 

draft (based on current transit information) 

 

Of the above, the Cap Sans container vessel is governing, given that it’s the largest 

vessel of the three and has the deepest draft. Information about propeller power, 

main diameter size and relation between power and speed have not been provided. 

Based on COWI's database, the HMM Promise Container vessel is very similar to the 

Cap Sands and thus will be used as reference for obtaining the missing information 

(see below). 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001502-7.15%20Preliminary%20Navigational%20Risk%20Assessment.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010032/TR010032-001502-7.15%20Preliminary%20Navigational%20Risk%20Assessment.pdf
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In summary, the design ship considered for the propeller scour calculations has the 

following characteristics: 

› Vessel Type = Container vessel  

› DWT (deadweight tonnage) = 11,000 TEU 

› LOA (length overall) = 333 m  
› Beam = 48 m  

› Max. allowed draft at full load = 14 m  

› Power = 43,000 kW 
› Propeller diameters = 9.7m 

› Number of propellers = 1 

› Rudder = present 
› Maximum design speed = 22 knots 

 

The design assumptions for ship size and transiting speed were confirmed through 

email correspondence with the PLA 03/10/23. 

3 Propellers’ scour assessment  

3.1 Methodology 

The method used for the assessment of the propeller jet is based on the PIANC 180. 

The centreline velocity is calculated from: 

𝑉𝑜 = 𝑐 (
%𝑃𝑑

𝜌𝑤𝐷𝑝
2

)

1
3⁄

 

where Vo is centreline velocity 

  Pd  is the engine power  

             %    is the percentage of the engine power applied 

  Dp is the propeller diameter 

  c = 1.48 for a non-ducted propeller   

The percentage of power applied depends on the speed, see section 3.2. 

For flow along the axis this is:  
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› 𝑉𝑎𝑥𝑖𝑠 =  𝑉0   in the zone of flow establishment, 
𝑥

𝐷𝑝
 < 2.6 

› Vaxis  =  2.6 V0 (
𝑥

𝐷𝑝
)

ˉ1

  in the zone of free jet propagation, 2.6 < 
𝑥

𝐷𝑝
 

› Vaxis  =  AV0 (
𝑥

𝐷𝑝
)

−𝑎

  in the zone of restricted jet propagation 

Where, x is the horizontal distance from the main propeller along the centreline; A 

and a are calculated as follows: 

› 𝐴 = 1.88 𝑒𝑥𝑝 (−0.061 
ℎ𝑝

𝐷𝑝
)  propeller with a central rudder 

› 𝐴 =  1.88 𝑒𝑥𝑝 (−0.092 
ℎ𝑝

𝐷𝑝
)  propeller without a central rudder 

› a=0.6 for jets restricted by the sea/riverbed 

› a=0.3 for in case of a nearby lateral quay wall 

where hp is the distance of the propeller axis from the seabed. 

 

Figure 3-1  Velocity distribution behind main propeller (PIANC 180). 
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The flow distribution of the jet along the water column can be estimated as follows: 

V(x, r)  =  Vaxis 𝑒𝑥𝑝 (
−22.2 𝑟2

𝑥2
) 

where V(x,r) is the velocity at location (x, r); r is the radial distance to the propeller 

axis. The flow axis is deflected downwards by 12° due to the presence of a rudder. 

For a sailing vessel (Vs≠0), the velocity at the riverbed needs to consider the speed 

of the vessel (VA). We adopt the following (BAW 2010): 

 

There is currently no methodology in the PIANC 180 for how to consider for 

opposing currents in the calculation of the final velocity on the riverbed. For the 

present assessment it will be considered that the effect of the opposing current is to 

reduce the speed of the vessel (the VA) and thus increase the Vo in the equation 

above. 

The calculation of the stable rocks’ size for the scour protection is based on the 

German stability approach stated in the PIANC 180, where the critical velocity of a 

rock on the seabed is calculated based on the below: 

𝑣 = 𝐵𝑐𝑟𝑖𝑡√𝐷85. 𝑔. ∆ 

where: 

𝐵𝑐𝑟𝑖𝑡   is a coefficient set to 1.6  

Δ is the relative buoyancy calculated as (
𝜌𝑟

𝜌𝑠𝑤
− 1) 

𝐷85    is the rock particles’ size for which 85% by weight of particles are smaller. 

3.2 Propellers’ power 

The PIANC 180, 2015 gives examples of propeller power % usage depending on the 

ship operations, see Table 3-1.  
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Table 3-1  Propeller power as a function of vessel operations  

 

Thus, for instance, at full speed ahead a vessel will typically use about 50-75% of 

their power with this lowering to 30% or less during manoeuvring. 

A vessel of the size we have considered herein is expected to be able to have speed 

up to about 22 knots. A 12 knots speed is thus quite low, less than 50% of the 

design speed. 

The speed (V) - power (P) relationship of a sailing ship can be approximated with P 

≈ V. The relation is based on the still water resistance, dependent on the water 

density ρw, the wetted surface area Sw, and the total resistance coefficient Ct. The 

exponent  on the velocity is typically 3.  

 

A study by H. Berthelsen, Ulrik D. Nielsen, 2021 would show that depending on the 

vessel type, the factor  can be lower and that the exponent is also a function of the 

vessel speed.  For the present assessment, the exponent of 2 will conservatively be 

used, thus for example at 12 knots the propeller power usage is 30%. 

3.3 Rock protection 

The rock protection is to be placed in two layers. It is anticipated that a filter layer 

would be required between the rock layer and the underlying bed material should 

this be granular. A filter is considered for the estimation of the total thickness of the 

potential scour protection layer.  

The following rock classes have considered for the propeller scour protection: 
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› 200-500kg 

› 60-300kg 

› 40-200kg 

› 10-60kg 

› 5-40kg 

 

Except for the 200-500kg, all other rock gradings are "standard grading” according 

to the EN-13383-1. Grading requirements for standard armour rocks are presented 

in Table 3-2. For the definition of ELL, NLL, NUL and EUL for Non-Standard gradings, 

reference is made to the CIRIA Rock Manual. 

Table 3-2  Rock gradings for standard rock sizes 

 

The propeller scour formula by PIANC 180 uses the W85 (see Section 3.1) to identify 

the required rock size, this being the mass for which 85% of the rock material is 

lighter. Based on the CIRIA, The Rock Manual, W% can be calculated using the Rossin-

Rammler formula. Values for the W85min considered for the propeller scour calculations 

are shown in Table 3-3. 

Table 3-3  W85 _min. used in propeller scour calculations. Corresponding Dn50 (average) is also 

shown  

Rock Class W85 (kg)_min. Dn50 (m) 

200-500kg 381 0.51 

60-300kg 233 0.41 

40-200kg 158 0.36 

10-60kg 44 0.24 

5-40kg 25 0.22 

 

3.4 Tested scenarios 

Calculations are based on the most recent guidance including PIANC 180.  
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The following scenarios have been assumed: 

› Vessel speed 8 knots, 10 knots, 12 knots and 16knots. It is noted here that a 

speed of 8 knots or 10 knots is considered a sensible assumption from marine 

traffic perspective and considering we would expect vessels to slow down 
when going into Tilbury. However, PLA will need to assist with actual design 

criteria. Greater speeds, as for instance 16 knots, are not considered realistic 

but have been added to show the impact on the scour protection sizing. 

› No current flow in the river or opposing current flows with velocities of 2 

knots, 4 knots and 6 knots. It is noted that current velocities of 2 and 4 knots 

are considered more sensible values, but PLA would need to assist with design 

flow conditions.  

› Bed elevation -12.5mCD  

 

A scenario with the vessel stopped over the tunnel and starting up engines is 

considered as an accidental scenario and thus ignored in the present estimations.   

3.5 Results  

For each scenario, the minimum required water level required was calculated for 

each of the 5 rock classes in Table 3-3. The water level includes the squat of the 

vessel, which depends on the speed and thus the ship propeller power. A dynamic 

underkeel clearance is calculated when the vessel is moving and thus includes for 

squat (squat is calculated for a blockage coefficient 0.7 based on Barrass method). 

The dynamic underkeel clearence is limited by a minimum of 0.7 m. 

Results for each vessel’s speed are presented in  Figure 3-2, Figure 3-3, Figure 3-4 

and Figure 3-5. These graphs can be used to determine the "window of opportunity" 

for safe passage of the particular vessel selected in this study at a given water level, 

current speed and rock size selected for the scour protection at bed level.  It is 

noted that an opposing current results in increased velocities on the seabed; 

therefore this is a conservative approach.  

As an example, consider the design vessel is sailing at a speed of 10 knots in Figure 

3-3 and the opposing current is 2 knots. If the scour protection consists of 60-300kg 

rock grading, the minimum water level that needs to be present at the time of 

passage is +3.7m (in Figure 3-3 dark blue dashed line). If the water level is below 

that, then the 60-300kg rock will not be stable. If the current is 4 knots instead, 

then the minimum water level increases to +4.2m based on Figure 3-3 (orange 

dashed area). It should be noted that the current speed will vary throughout a tidal 

window, thus calculations of the window of navigation shall consider both water 

levels and associated current velocities. 
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For a more extreme vessel speed of 16 knots, it can be seen in Figure 3-5 that the 

five rock sizes considered are only adequate for a water depth near to mean high 

water. The current speed is likely to be low when near high tide which means the 

higher current speeds could be shown to not coincide with the water levels. Despite 

this it can be seen in Figure 3-5 that the period in which the vessel can safely pass 

without compromising the scour protection would be highly restricted for such a 

high vessel speed. 

 

Figure 3-2 Water levels calculated for different rock classes for a vessel sailing at a SWT=8 

knots and four opposing current speeds (0, 2, 4 and 6 knots). 
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Figure 3-3  Water levels calculated for different rock classes for a vessel sailing at a SWT=10 

knots and four opposing current speeds (0, 2, 4 and 6 knots). 

  

Figure 3-4 Water levels calculated for different rock classes for a vessel sailing at SWT=12 

knots and four opposing current speeds (0, 2, 4 and 6 knots). 
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Figure 3-5 Water levels calculated for different rock classes for a vessel sailing at SWT=16 

knots and four opposing current speeds (0, 2, 4 and 6 knots). 

4 Conclusions 

Wide assumptions have been made regarding the vessels’ characteristics such as 

speed and propeller(s) and power usage as well as the presence of opposing 

currents in the river, given the uncertainty in the type of vessels potentially using 

the channel in the future.  

Our estimations consider a conventional scour protection type consisting of rocks ie. 

a solution that requires some dredging for the accommodation of the rock layers. 

The results for our tested scenarios showed that a scour protection solution could be 

1.3m thick in total; it would consist of (from top to bottom): 

› a double armour layer of rocks 60-300kg, 0.8m thick. 

› a granular filter layer, 0.5m thick (assuming that the material on top of which 

it's placed is also granular).  

Rocks of that size, 60-300kg, can withstand the propellers’ velocity from the 

considered vessel with a sailing speed 8knots at a minimum water level +2.8mCD 

and assuming an opposing current of 2knots (see Figure 3-2). It is estimated stable 

for increased vessel’s sailing speed (10, 12, 16knots) but at higher water levels (see 

Figures 3-3 to 3-5).   
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This is a high-level estimation of the required rock size and specific design 

conditions and criteria should be set up, together with further studies, should the 

concept be brought up to further design stages.  

There are other scour protection options which require a smaller dredging depth 

(see below, as extracted from PIANC 180); however, these are not conventional and 

their performance should be further investigated. These are not considered herein.  

 

› Rock grouted with liquid asphalt  

› Rock grouted with hydro concrete 

› Concrete block mattresses 

› Concrete slabs 

› Concrete mattresses 

› Fibrous open stone asphalt mattresses 

› Geosynthetics and geosystems 

› Soft soil improvement 

With respect to the existing geology, it is noted the existing riverbed is chalk (which 

is rock). Scour in rock is a slow process, especially when it's not constant. The 

navigation channel is around 475m wide. It is thus unlikely that the vessel will be 

passing over the same trajectory. Also, given that the vessel is moving, the duration 

of the propeller jet over the same location is in the order of seconds. Finally, the 

number of times that the design vessel will pass within the navigation channel at 

low water is limited by the water depth present before and after the LTC crossing. It 

is not known if the -12.5mCD minimum dredging level applies to a wide stretch 

along the river, from the sea to the mooring location or only to the tunnel. 

 

In conclusion, the estimated thickness of 1.3m is considered as an upper estimate 

required to install scour protection on the basis that if required then a thinner 

solution could be considered by using a different system or the assumed parameters 

are considered further to optimise the loadings through data or model testing.  Also, 

part of the channel when exposed at the depths where scour protection required will 

be chalk and therefore more stable than part of the channel will not require any 

further protection over the part of the channel where LTC crosses under the River 

Thames. 
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