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Glossary of Acronyms 

AOD Above Ordnance Datum  
BS British Standard 
DCO Development Consent Order 
DEL Dudgeon Extension Limited 
DEP Dudgeon Offshore Wind Farm Extension Project 
EIA Environmental Impact Assessment 
ES Environmental Statement 
HDD Horizontal Directional Drill 
HVAC High-Voltage Alternating Current 
Km Kilometre 
NG National Grid  
ODP Outline Drainage Plan 
SEL Scira Extension Limited 
SEP Sheringham Shoal Offshore Wind Farm Extension Project 

 

Glossary of Terms 

Dudgeon Offshore Wind Farm 
Extension Project (DEP) 

The Dudgeon Offshore Wind Farm Extension site as 
well as all onshore and offshore infrastructure. 

Onshore export cables The cables which would bring electricity from the 
landfall to the onshore substation. 220 – 230kV. 

Onshore Substation Compound containing electrical equipment to 
enable connection to the National Grid.  

Outline ODP Outline Operational Drainage Plan 
Order limits The area subject to the application for development 

consent, including all permanent and temporary 
works for SEP and DEP. 

Sheringham Shoal Offshore 
Wind Farm Extension Project 
(SEP) 

The Sheringham Shoal Offshore Wind Farm 
Extension onshore and offshore sites including all 
onshore and offshore infrastructure. 

The Applicant Equinor New Energy Limited  
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1 OUTLINE OPERATIONAL DRAINANGE PLAN (ONSHORE SUBSTATION) 

1.1 Background 

 Equinor New Energy Limited (‘the Applicant’) is seeking a Development Consent 
Order (DCO) for the Sheringham Shoal Offshore Wind Farm Extension Project 
(SEP) and Dudgeon Offshore Wind Farm Extension Project (DEP) (hereafter 
collectively referred to as ‘the Project’ or ‘SEP and DEP’).  

 As the owners of SEP and DEP, Scira Extension Limited (SEL) and Dudgeon 
Extension Limited (DEL) are the named undertakers that have the benefit of the 
DCO. References in this document to obligations on, or commitments by, ‘the 
Applicant’ are given on behalf of SEL and DEL as the undertakers of SEP and DEP. 

 The SEP and DEP wind farm sites are located in the southern North Sea, 15.8 
kilometres (km) and 26.5km from the coast respectively at their closest point. SEP 
and DEP will be connected to the shore by offshore export cables to a landfall point 
at Weybourne, on the North Norfolk coast. From there onshore export cables will 
transport power over approximately 60km to a new high voltage alternating current 
(HVAC) onshore substation near the existing Norwich Main substation. The onshore 
substation will be constructed to accommodate the connection of both SEP and DEP 
to the transmission grid. A full project description is given in the Environmental 
Statement (ES), Chapter 4 Project Description (document reference 6.4). 

1.2 Introduction 

 This Outline Operational Drainage Plan (ODP) forms part of a set of documents that 
support the DCO application submitted by the Applicant to the Planning Inspectorate 
for consent to construct and operate the Project. 

 This Outline ODP is provided as part of the DCO application to define the basis of 
design for the operational drainage required at the onshore substation site 
associated with SEP and DEP.  

 A final ODP will be produced prior to construction of SEP and DEP and will be in 
accordance with the content of this Outline ODP and the final design of the Project. 
The ODP is secured by Requirement 17 of the Draft DCO (document reference 3.1), 
which states: 

“In the event of scenario 1 or scenario 2, each of Work Nos. [15A and 15B] 
must not commence until a written plan for drainage during operation of the 
relevant work, has been submitted to and approved by the relevant planning 
authority, following consultation with the relevant sewerage and drainage 
authorities, lead local flood authority and the Environment Agency.  

In the event of scenario 3 or scenario 4, Work No. [15C] must not commence 
until a written plan for drainage during operation of the relevant work, has 
been submitted to and approved by the relevant planning authority, following 
consultation with the relevant sewerage and drainage authorities, lead local 
flood authority and the Environment Agency. 
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Each operational drainage plan must accord with the principles for the 
relevant work set out in the outline operational drainage plan, and must 
include a timetable for implementation. 

Each operational drainage plan must be implemented as approved” 
 This Outline ODP should be read in conjunction with the other following documents: 

• Flood Risk Assessment (Appendix 18.2 to ES Chapter 18 Water Resources 
and Flood Risk (document reference 6.18)); and  

• Onshore Substation Drainage Strategy (Annex 1 to the Flood Risk Assessment 
described above).  

 The Onshore Substation Drainage Strategy identified two viable options to manage 
surface water drainage at the onshore substation site: 
• Attenuation combined with infiltration; and  
• Attenuation with onward connection to foul sewer network.  

 For both options it is has been conservatively assumed that half of the total 
substation platform will be impermeable. An area of 30,500m2 has therefore been 
adopted. Preliminary substation layouts indicate the actual impermeable area will 
be less than 50%. 

 To provide a worst-case the longest potential access road that could be 
accommodated at the site has been adopted. The impermeable surface has been 
taken as the 6.0m wide bitumen bound running surface over the full length of the 
road from where it ties into the existing National Grid (NG) access road, an area of 
4,500m2 has been adopted. 

 The bridleway midway along the access road is the highest elevation. It is 
anticipated water from the access road south of the bridleway will be collected in a 
filter drain running south along the road verge and tie into a catch pit immediately 
upstream of the oil separator. 

 North of the bridleway two options are possible. Option 1 collects water from the 
access road in a filter drain, running north along the road verge, connecting into an 
oil separator before passing under the existing NG access road and connecting into 
the existing NG substation site drainage for discharge through their outfall. 
Alternatively, Option 1 could have an independent outfall, which discharges into the 
same location as NG’s existing outfall but does not require any connection into NG’s 
existing drainage system. 

 NG’s drainage system (or outfall location) would need to accommodate water 
drained from approximately 2,340m2 of access road that runs north of the bridleway. 
As a worst-case scenario, if a 1 in 5 year storm is considered for a 5 minute period 
then the NG system would need to accommodate an additional 78.6 l/s and 23.5m3 
over a 5 minute period. Paved areas under 4,000m2 can be designed using a flat 
rate of rainfall method to BS EN 16933-2. Refer to Appendix C for calculations 
associated with anticipated surface water run off flows/volumes for the section of 
access road north of the bridleway.  



 

Outline Operational Drainage Plan Doc. No. C282-RH-Z-GA-00128 9.20 
Rev. no.1 

 

 

Page 7 of 16  

Classification: Open  Status: Final   
 

 Option 2 collects water from the access road in a filter drain which runs to the south 
towards to the new substation drainage system; to accommodate the changes in 
elevation the drain will need to be laid at a deeper elevation. 

 

1.3 Infiltration 

 Basis of outline design 

 Soakaway testing undertaken in trial pits during the Phase 1 ground investigations 
reported very low permeability rates which suggested an infiltration solution may not 
be possible. 

 To explore the full potential of a drainage solution by infiltration a Geophysical 
survey was undertaken in the substation field and in surrounding fields as shown in 
Figure 1: 

 
Figure 1 – Extent of Geophysical Survey 

Key to Figure 1: Transparent Light Blue Shade = Electromagnetic Survey Area 

White Lines = Electrical Resistivity Survey 

 

 The results of the survey identified a historic river channel that had been infilled with 
granular deposits to a depth of approximately 10m as shown by the brown polygon 
in Figure 2 below: 
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Figure 2 – Area Indicating Granular Deposits (Brown) 

 
 As part of Phase 2 ground investigation (ongoing), the three boreholes BH21-71, 

BH21-72 & BH21-73 shown in Figure 2 had fall head permeability tests installed to 
determine infiltration rates and borehole soakaway tests have been undertaken in 
groundwater monitoring installations. These rates will be used to calculate the 
soakaway storage volumes for the substation platform. 

 The footprint of the substation will be approximately 6.1Ha. Figure 3 below shows 
the footprint. This footprint accommodates a substation orientated either north-south 
or east-west.  



 

Outline Operational Drainage Plan Doc. No. C282-RH-Z-GA-00128 9.20 
Rev. no.1 

 

 

Page 9 of 16  

Classification: Open  Status: Final   
 

 
Figure 3 – Substation Footprint 

 The anticipated volume of water to be managed during 1 in 100 year flood event 
over the substation and access road surface area has been calculated using Tekla® 
Tedds software which is based on BRE Digest 365 and the Wallingford Procedure 
(Volume 4). Rainfall parameters in Tedds are based on those stated in the 
Wallingford Procedure. A 40% allowance for climate change has been allowed and 
a conservative soil infiltration rate has been used of 1x10-4 m/s. Actual permeability 
rates recorded during soakaway tests ranged from 4.84x10-4 m/s to 5.4x10-4m/s. It 
has been assumed 50% of the substation access road and platform surface area is 
impermeable and will accumulate water during the storm event.  

 A soakaway design has been developed and a required storage volume calculated 
to manage surface water from the substation and access road. Please refer to 
Appendix A for the soakaway volume calculation and drawing C282-MU-Z-XD-
00118-01_F02 for the soakaway layout and cross section included in Appendix D.  
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 Description of solution 

 The soakaway solution works by collecting the surface water drainage in a modular 
crate system, buried under the platform. The outfall drainage pipe is connected to 
the inlet of the soakaway crates and water is allowed to accumulate in the voids that 
exist within the crates. At the same time as water accumulates, it is also infiltrated 
into the surrounding ground as all sides of the crates are open. The crates are sized 
to ensure the open voids that exist within them have sufficient volume to 
accommodate the water that will accumulate during a 1 in 100 year storm event 
whilst taking consideration of infiltration rates. Initial sizing of the soakaway volume 
is based on an assumed soil infiltration rate of 1x10-4 m/s however initial results from 
the fall head tests indicate the expected infiltration rate will be higher at a value 
closer to 5x10-4 m/s, which means the soakaway crate volume will be on the 
conservative side. The final report confirming these test results is ongoing. 
Soakaway testing to BRE Digest 365 will be required once the substation platform 
is constructed to confirm the initial results and assumptions used in the design are 
acceptable. 

 Pollution control will be managed by incorporating a class 1 oil separator upstream 
of the soakaway crate inlet. Class one separators are designed to achieve a 
concentration of less than 5mg/l of oil under standard test conditions and are 
suitable for discharging to the environment. Any water collected from car parks, 
access roads and hard standing areas with potential for oil contamination will be 
required to connect into the oil separator before flowing into the soakaway. 

 In a storm event water collected from roof tops may bypass the oil separator and 
connect downstream into the next catch pit before flowing into the soakaway. 

 The platform level is 28.23m Above Ordnance Datum (AOD). The finished ground 
level (formation level) following any earthworks is 475mm lower at 27.775m AOD. It 
is anticipated that the soakaway crates will be buried with a minimum cover of 1.2m 
to platform level to ensure any vehicles/equipment located above do not adversely 
impact the structure.  

 To ensure heavy loads (from transformers etc) are not directly located above the 
soakaway units, they will be positioned adjacent to (and within) the site boundary 
limits where there is higher potential for an access road to be located once the final 
site layout is confirmed. To maintain the required soakaway volume and keep to the 
site boundary limits, the soakaway crates have been positioned on the east and 
west sides of the site. The drainage design within the substation will ensure 50% of 
water collected is routed to the east soakaway and 50% to the west. A single 
soakaway may be possible once substation layouts have been confirmed later in 
the Project.  

 Access will be maintained to all catch pits located upstream of the soakaway to 
ensure any silt/deposits can be removed as part of a maintenance programme. 
Access will be maintained to the oil separator unit so routine maintenance can be 
performed. 

 An indicative layout of the soakaway design and upstream treatment is indicated on 
drawing C282-MU-Z-XD-00118-01_F02. Included in Appendix D. 
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1.4 Connection to Foul Sewer 

 The nearest location to connect to a foul sewer has been identified approximately 
700m south of the substation site. The existing sewer is 150mm diameter and is 
noted as a foul sewer, the invert level of the tie into the existing Anglian Water foul 
sewer is between 22.64m AOD and 22.34m AOD further investigations are required 
to accurately determine the invert level at the tie in location. A gravity solution is 
proposed. 

 The proposed scheme to connect has the attenuation tank located beneath (and 
within) the substation footprint, the outfall exits the attenuation tank in a southerly 
direction existing the substation platform by way of a horizontal directional drill 
(HDD). At the end of the HDD, the pipeline is laid at a fall of approximately 1:120 to 
a manhole / spill chamber parallel to the existing sewer where the water will overspill 
into a new manhole on the existing main. 

 For the purposes of determining the required attenuation volumes, a Greenfield run 
off rate of 15l/s has been adopted. If further discussions determine a run off rate 
lower than 15l/s is required, then the volume of the attenuation tank can be 
increased as there is sufficient area under the platform to accommodate this. 

 A total area of impermeable surface where rainwater can be captured in the 
drainage system has been determined as 35,000m2 (30,500m2 from the substation 
footprint and 4,500m2 from the access road). 

 Calculations have been undertaken using Tekla® Tedds for the 1:100 year storm 
event plus 40% for climate change which indicate 2,610m3 of water needs to be held 
in storage ahead of discharge. Copies of the calculation are included in Appendix 
B. It should be noted that a climate change allowance of plus 20% (as detailed within 
the Flood Risk Assessment (document reference 5.3)) is applicable at this site. 
However, this outline drainage plan has considered plus 40% to build in contingency 
in the outline design.  

 At this stage of the Project the substation design has not progressed to accurately 
determine the amount of impermeable surfaces that will link in to the drainage 
system. At this stage 50% of the total substation area has been assumed to be 
impermeable along with the impermeable surface of the longest access road 
solution. The drainage system has been designed with conservatism considering 
the design is at an early phase. There is scope for the final volume of the attenuation 
tank to modified and confirmed during detailed design should flow rates into Anglian 
Water foul sewer be restricted below 15l/s. 

 Description of solution 

 Surface water from the impermeable areas is collected in the drainage system, the 
captured water is all channelled through a Class 2 oil separator / petrol & diesel 
interceptor before collection in a buried tank which discharges to an Anglian Water 
foul sewer. A plan view of the proposed solution is shown on drawing C282-MU-Z-
XD-00122-01_F02. included in Appendix D. 
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 In a storm event, water will be attenuated in a tank buried within the substation 
footprint. The tank is likely to be comprised of modular buried units sized with 
adequate capacity for the maximum anticipated volumes of storm water. The 
attenuation tank will be connected to the outfall pipeline which is proposed to be 
225mm diameter. 

 The outfall pipeline will run beneath the substation platform to the southernmost 
edge where a HDD will be undertaken to complete the crossing from the substation 
platform, under Hickling lane and the SEP and DEP onshore export cables. At the 
southern end of the crossing the pipeline will be laid in open cut at nominal cover at 
a gradient in the region of 1:120. 

 A new manhole will be constructed offline adjacent to the existing water main 
between existing manhole 7301 and Anglian Water pumping station. The manhole 
will include a wet well, spill chamber and overflow weir to allow water to be 
discharged into a new manhole constructed on the existing Anglian Water combine 
sewer. 

 The discharge rate into the outfall pipeline will be controlled by a flow control unit 
located on the downstream side of the attenuation tank, the unit will ensure that the 
discharge into the pipeline does not exceed the agreed discharge rate. The 
discharge rate is higher than the required self-cleaning flow rate so silt build up in 
the pipeline is not anticipated. 

 Pollution control will be undertaken with a Class 2 oil interceptor located on the 
upstream side of the attenuation tanks ensuring that all water is treated to achieve 
a concentration of less that 100mg/l prior to attenuation and discharge. 

 The proposed substation platform is to be constructed with a finished surface level 
of 28.23m AOD which is approximately 5.5m above the invert level of the existing 
main. Except for the section of outfall pipeline proposed for installation by HDD, all 
pipe will be laid with an approximate fall of 1:120. 

 Long term maintenance requirements include cleaning and desilting of the oil 
separator / petrol & diesel interceptors as required. It is recommended telemetry is 
included in the systems to send a warning when maintenance is required. Lifting of 
the manhole covers and inspection of chambers should be undertaken as part of a 
programmed maintenance schedule, it is anticipated that annual inspections will be 
required. Pipework has been designed to accommodate a self-cleaning velocity 
however de-silting of and wet wells may be periodically required. 
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Appendix A – Soakaway Volume Calculations 
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