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Glossary 
 

Term  Definition 

Annual Exceedance Probability 

The probability, expressed as a percentage, of a flood event occurring in any year. A 

large flood which may be calculated to have a 1% chance of occurring in any one year 

is described as 1% AEP 

Controlled Waters 
Freshwater bodies, of which the flow of and discharge to is regulated by the Environment 

Agency (in England). This includes almost all rivers, streams, ponds, lakes and canals 

Flood Risk 
Determined by the frequency or likelihood of a flood event happening, and the 

consequences of the flood if it did occur 

Flood Zones 
These zones signify the probability of river or sea flooding in a particular area. The 

probability values ignore the presence of any flooding or sea defences 

Fluvial Flooding Occurs when a river overtops and overflows as a result of sustained or intense rainfall. 

Infiltration The process in which water at the ground surface enters the soil in the subsurface 

LiDAR 
LiDAR - Light Detection and Ranging - is a remote sensing method used to examine the 

surface of the Earth 

Main River 

Usually larger rivers and streams that are designated as a‘main river’ on the 

Environment Agency’s Main River Map. The Environment Agency carry out maintenance, 

improvement and construction work on these main rivers to manage flood risk 

Ordinary Watercourse 

These include watercourses such as rivers, brooks, becks, ditches, streams and culverts. 

The Lead Local Flood Authority or the Internal Drainage Board are responsible for flood 

risk and flood defence works on these watercourses 

Pluvial Flooding 

Also known as surface water flooding, this type of flooding occurs when there is intense 

rainfall which saturates the ground and drainage systems, resulting in excess water 

cannot be absorbed 

QBAR A return period of approximately 1:2.3 years 

Runoff 

The excess water that land cannot absorb, which flows over the surface or via through 

flow into rivers and streams, for example. Runoff can be produced from both natural 

processes and human activity 

Sequential Test  
A test is carried out to ensure development is sited on land that has the lowest risk of 

flooding within the Local Council area 

Source Protection Zone 1 – Inner 

Zone 

This zone is 50 day travel time of pollutant to source with a 50 metres default minimum 

radius 

Source Protection Zone 2 – 

Outer Zone 

This zone is 400 day travel time of pollutant to source. This has a 250 or 500 metres 

minimum radius around the source depending on the amount of water taken 

Source Protection Zone 3 – 

Total Catchment 

This is the area around a supply source within which all the groundwater ends up at the 

abstraction point. This is the point from where the water is taken. This could extend some 

distance from the source point 

Watercourse 
This includes all rivers, streams, ditches, drains, culverts, dikes, etc. through which water 

flows 
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Acronyms 
 

Acronym Definition 

AOD Above Ordnance Datum 

BS British Standard 

CFMP Catchment Flood Management Plan 

Defra Department for Environment, Food and Rural Affairs 

DCO Development Consent Order 

EA Environment Agency 

EBI Energy Balancing Infrastructure 

ES Environmental Statement 

FRA Flood Risk Assessment 

LLFA Lead Local Flood Authority 

NPPF National Planning Policy Framework 

ONCS Onshore Converter Substation 

PFRA Preliminary Flood Risk Assessment 

PPG Planning Practice Guidance 

SFRA Strategic Flood Risk Assessment 

SPZ Source Protection Zone 

SuDS Sustainable Drainage Systems 

WFD Water Framework Directive 
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1 Introduction 

1.1 Background 

1.1.1.1 Orsted Iceni ESS (UK) Limited (hereafter ‘the Applicant’) is proposing to develop Energy Balancing 

Infrastructure (EBI). The EBI will be located on land to the east of Main Road (B1113) and south of the 

A47, Swardeston, Norfolk and will comprise energy storage technology. 

1.2 Purpose of this report 

1.2.1.1 This document comprises the Flood Risk Assessment (FRA) for the proposed development. 

1.2.1.2 The FRA has been prepared in accordance with the National Planning Policy Framework (NPPF) (Ministry 

of Housing, Communities and Local Government 2021) and its accompanying Planning Practice 

Guidance (PPG) (Ministry of Housing, Communities and Local Government 2021), the Interim Code of 

Practice for Sustainable Drainage (Department of Food, Environment and Rural Affairs (Defra), 2004), 

British Standard (BS) 8533-2017 Assessing and Managing Flood Risk in Development Code of Practice 

(BS, 2017), BS 8582:2013 Code of practice for surface water management for development sites (BS, 

2013) and the non-statutory technical standards for sustainable drainage systems (Defra, 2015). 

1.2.1.3 The NPPF sets out the criteria for development and flood risk by stating that inappropriate development 

in areas at risk of flooding should be avoided by directing development away from areas at highest risk, 

but where development is necessary, making it safe without increasing flood risk elsewhere.  

1.2.1.4 The key definitions within the PPG are: 

• “Flood risk” is a combination of the probability and the potential consequences of flooding from 

all sources – including from rivers and the sea, directly from rainfall on the ground surface and 

rising groundwater, overwhelmed sewers and drainage systems, and from reservoirs, canals and 

lakes and other artificial sources; and 

• “Areas at risk of flooding” means areas at risk from all sources of flooding. For fluvial (river) and sea 

flooding, this is principally land within Flood Zones 2 and 3. It can also include an area within Flood 

Zone 1 which the Environment Agency (EA) has notified the local planning authority as having 

critical drainage problems. 

1.2.1.5 For this site, the key aspects that require consideration are: 

• The EA’s indicative flood zone map shows that the site is located within Flood Zone 1 (see Figure 

3); 

• The site area exceeds 1 hectare (ha) therefore surface water drainage must be considered, and 

sustainable drainage systems (SuDS) incorporated where possible; 

• The previous work undertaken on the onshore components of the Hornsea Project Three Offshore 

Wind Farm (hereafter ‘Hornsea Three’) includes an initial FRA (Ørsted, 2018) for the same site as 

the proposed development. This sets out the principles and basis for the drainage strategy/ FRA 

for the proposed development. 

1.2.2 Scope 

1.2.2.1 A key element of the planning application and design process for the proposed development is to 

prepare a FRA to establish the flood risk and to propose suitable mitigation, if required, to reduce the 

risk to a more acceptable level. 

1.2.2.2 The scope of work relating to a FRA is based on the guidance provided in Section 14 of the NPPF (2021) 

and its accompanying PPG.  

1.2.2.3 A site-specific FRA must demonstrate that the development will be safe for its lifetime, taking account 

of the vulnerability of its users without increasing flood risk elsewhere, and where possible, will reduce 

flood risk overall. The scope of this FRA therefore comprises the following elements: 

• To review plans, planning information and other studies to determine existing site conditions; 

• To obtain information on the hydrology and hydrological regime in and around the site; 
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• To determine the extent of new flooding provision and the influence on the site; 

• To assess the impact on the site from climate change effects and anticipated increases in rainfall 

over a 25-year period for energy production/storage uses; 

• To review site surface water drainage based on the proposed layout and, if necessary, to 

determine the extent of infrastructure required; and 

• To prepare a report including calculations and summaries of the source information and elements 

reviewed. 

1.2.2.4 Reliance has been placed on factual and anecdotal data obtained from the sources identified in Table 

1, Table 2 and Table 3. New information, revised practices or changes in legislation may necessitate the 

re-interpretation of the report, in whole or in part. 

1.2.2.5 Key findings are referred to in the relevant part of Section 5 and full details are contained in the relevant 

documents submitted as part of the DCO. 

1.3 Legislation, policy and guidance 

1.3.1.1 Table 1 below outlines the relevant national policy and legislation applicable to the proposed 

development. 

 

Table 1: National policy. 

Policy document Key relevant provisions 

National Planning Policy 

Framework (2021) 

The aims of planning policy on development and flood risk are to ensure that flood risk 

is taken into account at all stages in the planning process to avoid inappropriate 

development in areas at risk of flooding, and to direct development away from areas 

at highest risk. 

Planning Practice Guidance 

(2014) 

The NPPF is supported by an online PPG, which provides additional guidance on flood 

risk. 

Flood and Water Management 

Act 2010  

The Flood and Water Management Act aims to implement the findings of the 2007 Pitt 

Review and co-ordinate control of drainage and flood issues. 

Water Resources Act 1991   Section 24 – The EA is empowered under this Act to maintain and improve the quality 

of ‘controlled’ waters. 

Water Framework Directive 

(2000)   

The Water Framework Directive (WFD) required all inland and coastal waters to reach 

‘good’ chemical and biological status by 2015. Flood risk management is unlikely to 

have a significant impact on chemical water quality except where maintenance works 

disturb sediment (such as de-silting) or where pollutants are mobilised from 

contaminated land by floodwaters. 

 

1.3.1.2 Table 2 and Table 3 below outlines the relevant local policy, legislation and guidance applicable to the 

proposed development, with a focus on the local Norwich/Norfolk area. 

 

Table 2: Local policy. 

Policy document Key relevant provisions 

Norfolk County Council: 

Norfolk Local Flood Risk 

Management Strategy: 

Final Draft  

31 July 2015 

Version 13.1 

The Local Flood Risk Management Strategy aims to inform all groups and individuals who 

may have an interest in, or an ability to influence or manage flood risk, including 

householders, businesses, landowners, developers and risk authorities. 

Norfolk County Council: 

Lead Local Flood Authority: 

Lead Local Flood Authorities (LLFAs) are unitary local authorities and County Councils who 

are responsible for managing flooding from surface water, groundwater and ordinary 

watercourses. They were conferred this status by the Flood and Water Management Act 
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Policy document Key relevant provisions 

Statutory Consultee for 

Planning: 

Guidance Document 

Version 5.1, October 2021 

2010 and are required to deliver a strategy for local flood risk management in their areas, 

to investigate flooding and to maintain a register of flood risk assets. For Norfolk County 

Council this role is fulfilled by the authority's Flood and Water Management Team. 

 

The policy states: 

 

The Drainage Strategy should demonstrate how SuDS options have been considered with 

reference to the SuDS management train and hierarchy. Justification and evidence of how it 

will be achieved should be provided to document the chosen method(s) of surface water 

disposal [9.1.4]. 

 

Three key criteria should be met to protect the public from flooding, both on site and in 

downstream areas. These are:  

 

1) Protection against flooding from watercourses;.  

2) Protection against flooding from the drainage system; and.  

3) Protection against flooding from overland flows (from sources within or external to the 

site).[10.1.8] 

 

If infiltration cannot be undertaken or infiltration results are proven to be unfavourable 

(worse than 1 x 10-6 m/s or 0.036m/hr), we would expect to see in principal agreements for 

an alternative solution for the next available discharge location in the hierarchy. If this is 

connection to a watercourse within the site boundary this should be shown on a plan. If this 

is connection to a watercourse within the site boundary this should be shown on a plan, 

however, if there is a need to cross third-party land, an in principal agreement from a 

landowner to connect across land to a surface watercourse should be provided. [11.7] 

 

To protect ground water from pollution, any infiltration structure must be shown to be able 

to be constructed 1.2 m above the anticipated seasonally high groundwater level. [12.6] 

 

Consideration should be given to sub-catchments which may exist on the site. Calculations 

for greenfield runoff rates for individual watercourses should be based on the proposed area 

of impermeable land within its sub-catchment [14.5]. It may be possible to divert water to a 

different sub-catchment only if the greenfield runoff rate for that watercourse is not 

exceeded. [14.6] 

 

It is unlikely we would accept a proposed runoff rate that is greater than the greenfield 

equivalent (100%, 3.33% and 1% annual probability event or QBAR) without a robust 

assessment that the flood risk is not increased elsewhere. This would include any proposed 

design suggesting a discharge of 5 l/s to avoid blockage where there are lower calculated 

greenfield runoff rates. Where discharge of surface water should be discharged to ground 

but cannot due to constraints such as contaminated land or seasonally high groundwater 

levels, greenfield runoff rates would likely produce a low value due to the soil type. The LLFA 

will consider proposals on a site by site basis in the case of discharges that should go to ground 

and agree a rate between 1 to 2l/s/ha based on site-specific issues (as in Section 3.3.2 of CIRIA 

SuDS Manual (C753)). [14.10] 
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1.4 Area guidance 

Table 3: Area guidance documents. 

Policy document Key Provisions 

Strategic Flood Risk 

Assessment (SFRA): 

Greater Norwich Area 

Strategic Flood Risk 

Assessment 

Nov 2017  

The principle aim of the SFRA was to map all forms of flood risk in order to provide an 

evidence base to locate new development. It also aims to provide appropriate policies for 

the management of flood risk, and identify the level of detail required for site-specific FRAs. 

The SFRA contains information and maps detailing flood sources and risks. Information 

relevant to the site is detailed in Section 5 of this report. 

Preliminary Flood Risk 

Assessment (PFRA): 

Norfolk County Council’s  

Preliminary Flood Risk 

Assessment Report 

July 2011 

PFRAs are produced by LLFAs in England and Wales. A PFRA is the first part of the planning 

cycle for flood risk management as set out in the Flood Risk Regulations (2009), which 

implement the requirements of the European (EU) Floods Directive (2007). The EU Floods 

Directive aims to provide a consistent approach to managing flooding across Europe. 

The PFRA is organised by the River Basin District and produced by the LLFA. The PFRA 

considers local sources of flooding that the LLFA is responsible for: ordinary watercourses, 

surface water, groundwater and sewers where flooding is wholly or partially caused by 

rainwater or other precipitation entering or affecting the system. Information is gathered 

from existing sources on past floods and flood models to identify Flood Risk Areas. As part 

of the site is located within South Norfolk’s remit, the Council’s PFRA has been considered 

and information relevant to this report has been included within Section 7 of this report. 

CFMP: 

Broadlands Rivers Catchment 

Flood Management Plan 2009 

Catchment Flood Management Plans (CFMP) give an overview of the flood risk from inland 

sources across each river catchment and recommend ways of managing those risks now 

and over the next 50 - 100 years. The EA is responsible for producing CFMPs. 

 

The site is considered to lie within the Norwich catchment area. The policies applicable to 

these areas are Policy Option 5 which states: “Areas of moderate to high flood risk where 

we can generally take further action to reduce flood risk.” 

2 Methodology and source data 

2.1.1.1 A desk study has been undertaken to identify the existing hydrological features and assess any potential 

effects caused to or by the proposed development during its lifetime. The flood risk and hydrology has 

been assessed in terms of the natural drainage patterns, base flows and volumes and runoff rates. Data 

has been collated from the following sources: 

• EA flood maps and data; 

• Scheme proposals and design parameters; 

• Hornsea Three DCO documents 

• Ordnance Survey mapping;  

• Site walkover survey; 

• Aerial mapping and photography; 

• Available utility/drainage reports; 

• Relevant sewer records; 

• Envirocheck reports (if applicable); 

• British Geological Society geology maps and borehole records; 

• SFRAs; and 

• PFRAs. 

2.1.1.2 The study area covered by this FRA includes the assessment of the hydrological environment within the 

site boundary and extends approximately 500 m from this boundary. 
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3 Site and development description 

3.1 Location 

3.1.1.1 The site currently consists of agricultural fields surrounded by hedgerows. The A47 sits adjacent to the 

northern boundary of the site, and Main Road (B1113) sits adjacent to the western boundary of the site. 

Agricultural fields are located to the south and east of the site. The site location is shown in Figure 1. 

3.2 Planning background 

3.2.1.1 Whilst separate planning permission is being sought for the proposed development, it is located within 

the Hornsea Three Onshore Converter Station (ONCS) as consented by the Hornsea Project Three 

Offshore Wind Farm (hereafter ‘Hornsea Three’) Development Consent Order in December 2020. The 

EBI is proposed to be located entirely within the permanent area delineated and already consented for 

the Hornsea Three ONCS. The adjacent land uses are summarised in Table 4. 

 

Table 4: Site setting. 

Direction Characteristic 

North  Bounded by the A47, with further agricultural fields beyond. 

East Bounded by agricultural fields with a short section of paved track aligned north south. Further east lies 

the Mangreen Sand and Gravel Quarry operated by Tarmac. 

South To the south of the site lie agricultural fields and Mangreen Lane, with further agricultural fields beyond. 

West Bounded by B1113 (Main Road) with agricultural fields and Norwich Sports Ground beyond. 

 

3.3 Proposed development 

3.3.1.1 The final choice of EBI technology is anticipated to be in the form of lithium-ion battery storage. The 

proposed development will form up to two areas (depending on final design selection) of modular or 

containerised structures in the north and south of the site boundary.  

3.3.1.2 It is proposed that the total EBI compound footprint will have up to a maximum infrastructure area of 

32,000 m2 (3.2 ha), split into up to two areas. The total area included in the final planning application is 

higher to include area for construction activities, the area within the site boundary is approximately 

14 ha. 

4 Baseline 

4.1 Land use and topography 

4.1.1.1 LiDAR data from the area has been reviewed with respect to the development (Figure 2). The data 

shows a general north westerly fall across the site, with levels in the south-eastern corner of the EBI 

boundary at 40 m above Ordinance Datum (AOD) falling to approximately 28 m AOD at the north-

western most boundary. The site is currently 100% permeable. 

4.2 Hydrology 

4.2.1.1 The closest mapped watercourse to the site is a short section of ditch to the west of Main Road (B1113), 

250 m to the north of the site. 

4.2.1.2 The closest EA Main River is a south – north aligned tributary of the River Aire, located approximately 1 

km to the west of the site. 

4.2.1.3 A ‘deep drain’ is present in the northern extent of the site and runs parallel to the A47. The drain is 

believed to intercept overland flow from the site, directing it to a sub-surface ditch which runs beneath 

the A47 and to the north. The drain in this area is in the form of a backfilled trench, backfilled to the 

surface with coarse stone. 

4.2.1.4 There are a number of ponds located beyond the site boundaries, and evidence of a dry basin along the 

western boundary of the site. 
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4.3 Geology 

4.3.1.1 According to British Geological Surveying mapping, the underlying geology on the site can be described 

as the following: 

• Superficial Geology: Lowestoft Formation - Diamicton. Superficial Deposits formed up to 2 million 

years ago in the Quaternary Period. Local environment previously dominated by ice age 

conditions; and 

• Bedrock Geology: Lewes Nodular Chalk Formation, Seaford Chalk Formation, Newhaven Chalk 

Formation, Culver Chalk Formation And Portsdown Chalk Formation (undifferentiated) - Chalk.  

4.3.1.2 Borehole records from the British Geological Survey were searched to provide further information 

regarding the recorded geology in the area. A number of boreholes are located within the vicinity of the 

site. Borehole TG20SW14 located adjacent to the south-east corner of the application site records 

boulder clay to a depth of 17.2 m below ground level. The borehole notes interspersed flint pebbles in 

the upper strata with chalk and occasional sandy lenses in the lower strata. Boreholes TG20SW86 and 

TG20SW88 (in the vicinity of the A47 to the north of the site) note similar underlying geology of Boulder 

Clay with occasional gravel and sand lenses overlying further stiff clays to the end of the records. 

4.4 Hydrogeology 

4.4.1.1 Hydrogeological information was obtained from the government’s online Magic Maps service1. The site 

is underlain by a secondary ‘undifferentiated’ (drift) across the site, overlying principal aquifer within 

bedrock. Principal aquifers are described as layers of rock or drift deposits that have high intergranular 

and/or fracture permeability - meaning they usually provide a high level of water storage. They may 

support water supply and/or river base flow on a strategic scale. 

4.4.1.2 According to the government’s online Magic Map the site is located within a Groundwater Source 

Protection Zone (SPZ) III (Total Catchment). SPZs II and I are located in close proximity to the site, to the 

east. 

5 Sources of flood risk 

5.1 Criteria 

5.1.1.1 In accordance with the NPPF and advice from the EA, a prediction of the flood sources and levels is 

required, incorporating the predicted effects of climate change from the present for the design life of 

the development. For the purpose of this assessment, this is assumed to be 35 years. 

5.1.1.2 Climate change guidance (2021) indicate that increased allowances in peak river flow and rainfall 

intensity should be incorporated within any assessment. The appropriate allowance for peak river flow 

is based on the site’s location in the country, the lifetime of development, the relevant flood zone and 

the vulnerability of the proposed end use. 

5.1.1.3 The flood risk elements that need to be considered for any site are defined in BS 8533 as the “Forms of 

Flooding” and are listed as: 

• Flooding from rivers (fluvial flood risk); 

• Flooding from the sea (tidal flood risk); 

• Flooding from the land; 

• Flooding from groundwater; 

• Flooding from sewers (sewer and drain exceedance, pumping station failure etc); and 

• Flooding from reservoirs, canals and other artificial structures. 

5.1.1.4 The following section reviews each of these in respect of the subject site. 

 
1 Defra Magic Map: https://magic.defra.gov.uk/MagicMap.aspx  

https://magic.defra.gov.uk/MagicMap.aspx
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5.2 Flooding from rivers (fluvial flood risk) 

5.2.1 Main Rivers 

5.2.1.1 The EA Flood Zone mapping study2 was used to assess the flood risk at the site. 

5.2.1.2 The latest EA published flood zone map (Figure 3), taking into account the presence of flood defences, 

shows the site to be located in Flood Zone 1 (representing between a greater than a 1 in 1,000 annual 

probability of river flooding). 

5.2.1.3 In accordance with the EA definitions, the flood risk to the site is classed as very low.  

5.2.2 Ordinary watercourses 

5.2.2.1 There are no ordinary watercourses within the study area which would impact upon the development.   

5.2.3 Climate change 

5.2.3.1 Due to the location in Flood Zone 1, climate change is likely to have a negligible impact on flooding. 

5.3 Flooding from the sea (tidal flood risk) 

5.3.1.1 The site is not considered to be at risk from tidal flooding due to its inland location. The flood risk from 

this source is considered negligible. 

5.3.2 Climate change 

5.3.2.1 Climate change is not considered to result in an increased risk of tidal flooding to the site.  

5.4 Flooding from surface water (overland pluvial flood risk) 

5.4.1.1 If intense rain is unable to soak into the ground or be carried through manmade drainage systems, for a 

variety of reasons, it can run-off over the surface causing localised floods before reaching a river or other 

watercourse. 

5.4.1.2 Generally, where there is impermeable surfacing, or where the ground infiltration capacity is exceeded, 

surface water runoff can occur. Excess surface water flows from the site are believed to drain naturally 

via overland flow or through infiltration. 

5.4.1.3 The existing ground levels suggest that surface water runoff across the majority of the site will be 

flowing northerly towards a French drain to the south of the A47. The EA’s surface water flood map 

(Figure 4) shows the site to be at very low risk, with a linear area of potential low risk shown to cross a 

section of the site. A small area of high risk is located within the western boundary of the site, though 

this is associated with the location of an isolated depression/dry pond.   

5.4.1.4 The scheme will incorporate a suitable surface water drainage system for the development and will 

ensure that any runoff generated from the development will be controlled and managed in a suitable 

manner. The surface water drainage strategy will be developed in line with ongoing survey work to 

establish the principles of the strategy. 

5.4.1.5 The risk of surface water flooding at the site is considered to be range from low to very low. 

5.4.2  Climate change  

5.4.2.1 Surface water flooding is likely to increase as a result of climate change in a similar ratio to fluvial 

flooding. Increased intensity and frequency of precipitation is likely to lead to reduced infiltration and 

increased overland flow. Climate change guidance for rainfall intensity has recently been updated by 

the EA in July 2021. Revised allowances for climate change will be included in any future drainage 

strategy (see Section 7). 

 
2 EA Flood Zone Map:  https://flood-map-for-planning.service.gov.uk 

https://flood-map-for-planning.service.gov.uk/
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5.5 Flooding from groundwater 

5.5.1.1 Groundwater flooding tends to occur after much longer periods of sustained high rainfall. Higher rainfall 

means more water will infiltrate into the ground and cause the water table to rise above normal levels. 

Groundwater tends to flow from areas where the ground level is high, to areas where the ground level 

is low. In low-lying areas the water table is usually at shallower depths anyway, but during very wet 

periods, with all the additional groundwater flowing towards these areas, the water table can rise up to 

the surface causing groundwater flooding.  

5.5.1.2 According to the SFRA, the site is predominantly located in an area shown to be at a low potential risk 

of groundwater flooding.   

5.5.1.3 Most borehole records in the vicinity of the site are noted as being dry. Borehole TG20SW86 noted a 

groundwater level of 2.85 meters below ground level (borehole recorded 1982). 

5.5.1.4 It is likely that the upper clayey stratigraphy of the local geology would limit groundwater emergence 

at the surface, however perched groundwater may be encountered within the occasional sandy lenses 

recorded in the local boreholes. 

5.5.1.5 From the above and due to the sporadic nature of groundwater flooding, the design of the development 

and the possibility of groundwater emergence at the site, it is unlikely that groundwater flooding would 

affect the development. However, dewatering of deeper excavations maybe required during the 

construction phase.  

5.5.1.6 The resultant groundwater flood risk is considered to be low. 

5.5.2 Climate change 

5.5.2.1 Climate change could increase the risk of groundwater flooding as a result of increased precipitation 

filtering into the groundwater body. If winter rainfall becomes more frequent and heavier, groundwater 

levels may increase. Higher winter recharge may, however, be balanced by lower recharge during the 

predicted hotter and drier summers. This is less likely to cause a significant change to flood risk than 

from other sources since groundwater flow is not as confined. It is probable that any locally perched 

aquifers may be more affected, but these are likely to be isolated. The change in flood risk is likely to be 

low. 

5.6 Flooding from sewers 

5.6.1.1 Flooding from artificial drainage systems occur when flow entering a system, such as an urban storm 

water drainage system, exceeds its conveyance capacity; the system cannot discharge due to a high 

water level in the receiving watercourse or becomes blocked. A sewer flood is often caused by surface 

water drains discharging into the combined sewer systems; sewer capacity is exceeded in large rainfall 

events causing the backing up of floodwaters within properties or discharging through manholes.  

5.6.1.2 Most adopted surface water drainage networks are designed to the criteria set out in Sewers for 

Adoption (WRC 2020). One of the design parameters is that sewer systems be designed such that no 

flooding of any part of the site occurs in a 1 in 30 year rainfall event. By definition, a 1 in 100 year event 

would exceed the capacity of the surrounding sewer network as well as any proposed drainage. 

5.6.1.3 When exceeded, any surcharged pipe work could lead to flooding from backed up manholes and gully 

connections. This could lead to immediate flooding within highways surrounding the site.  

5.6.1.4 The information provided in the Hornsea Three Environmental Statement (ES) (Ørsted, 2018) (Volume 6, 

Annex 2.1) notes that due to the location and the nature of the site that it is highly likely there are no 

sewers located beneath the site location, and as such there is a low risk of flooding from this source. 

5.6.1.5 Development has the potential to cause an increase in impermeable area, an associated increase in 

surface water runoff rates and volumes, and a consequent potential increase in downstream flood risk 

due to overloading of sewers, watercourses, culverts and other drainage infrastructure.  

5.6.1.6 To ensure that sewer and surface water flooding is not exacerbated, surface water must be considered 

within the design of the site. This ensures that any additional surface water and overland flows are 
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managed correctly, to minimise flood risk to the site and the surrounding area. The proposed surface 

water network on the site should be designed to ensure exceedance of the network has been 

considered. 

5.6.1.7 The resultant sewer flood risk is considered to be low. 

5.6.2 Climate change 

5.6.2.1 The impact of climate change is likely to be negative regarding flooding from sewers. Increased rainfall 

and more frequent flooding may put existing sewer and drainage systems under additional pressure 

resulting in the potential for more frequent surcharging and potential flooding. This would increase the 

frequency of local sewer flooding but will not impact the site. 

5.7 Other sources of flooding 

5.7.1 Reservoirs 

5.7.1.1 Flood events can occur from a sudden release of large volumes of water from reservoirs, canals and 

artificial structures.  

5.7.1.2 Reservoir flooding is also extremely unlikely. There has been no loss of life in the UK from reservoir 

flooding since 1925. Since then, reservoir safety legislation has been introduced to ensure reservoirs are 

maintained.  

5.7.1.3 The EA reservoir flood map3 (reproduced as Figure 5) shows the largest area that might be flooded if a 

reservoir were to fail and release the water it holds. Since this is a prediction of a worst-case scenario, it 

is unlikely that any actual flood would be this large. According to the EA reservoir flood map data the 

site is not shown to be at risk from this source. 

5.7.1.4 The resultant flood risk to the proposed development is considered to be very low. 

5.7.2 Climate change 

5.7.2.1 Reservoirs can be managed over time, by controlling the inflow and outflow of water.  

5.7.2.2 Therefore there is the capacity to control the effects of climate change. Increased rainfall has the 

potential to increase base flow, but this should be minimal. It is unlikely that there will be a substantial 

change to the risk of flooding for this site.  

5.7.3 Canals 

5.7.3.1 There are no Canal and Rivers Trust assets located within the vicinity of the site. The risk from this source 

is considered negligible. 

5.7.4 Blockages of artificial drainage systems 

5.7.4.1 There is a possibility that flooding may result due to culverts and/or sewers being blocked by debris or 

structural failure. This can cause water to backup and result in localised flooding, as well as placing 

areas with lower ground levels at risk. 

5.7.4.2 As noted, previous site information contained within the Hornsea Three FRA (Ørsted, 2018) and a site 

visit has confirmed a deep drain is located along the northern boundary of the site which intercepts flow 

from the site prior to the A47. The drain feeds into a wider drainage network off site and is considered 

to be the primary choice for the surface water drainage from the site. 

5.7.4.3 As the French drain/wider drainage network are located at the lowest sections of the site or off site, the 

risk of flooding from artificial drainage systems is considered to be very low. 

5.7.4.4 Climate change is unlikely to affect the flooding risk to the site from such blockages. 

 
3 Environment Agency Reservoir Flood Map: https://check-long-term-flood-risk.service.gov.uk/map 

https://check-long-term-flood-risk.service.gov.uk/map
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5.7.5 Historic flooding 

5.7.5.1 There are no known recorded incidents of flooding at the proposed development site. 

6 Flood mitigation measures 

6.1 Overview 

6.1.1.1 The site is shown to lie within Flood Zone 1. To facilitate the development of the site a surface water 

drainage network will been designed following further investigations which will provide additional 

information to inform the principles of the surface water drainage strategy.  

6.2 Overland flood flow 

6.2.1.1 No further overland flow control measures are proposed as all surface water runoff up to the 1 in 100 

year climate change storm will be stored on-site and discharged to the nearby watercourses. Surface 

flows may be generated due to drainage capacity exceedance, which can be conveyed into the SuDS 

features via surface flows along the new roads. 

6.3 Finished floor levels 

6.3.1.1 As the site is shown to lie within Flood Zone 1, there is no flooding driver determining the finished floor 

levels of the site. As such, finished floor levels or sensitive equipment (where practicable) should be set 

200 mm above the existing ground levels. 

6.4 Flood compensation 

6.4.1.1 The developable area of the site is shown to be outside the 1 in 100 year climate change floodplain, 

therefore floodplain compensatory measures are not deemed necessary for these areas.  

6.5 Safe access/egress 

6.5.1.1 Due to the location in Flood Zone 1, safe access and egress up to the 1 in 1,000 year event are freely 

available from the site. 

7 Planning context 

7.1 Application of planning policy 

7.1.1.1 Section 14 of the NPPF includes measures specifically dealing with development planning and flood risk 

using a sequential characterisation of risk based on planning zones and the EA flood map. The main 

study requirement is to identify the flood zones and vulnerability classification relevant to the proposed 

development, based on an assessment of current and future conditions. 

7.2 Land use vulnerability 

7.2.1.1 The PPG includes a list of appropriate land uses in each flood zone dependent on vulnerability to 

flooding. In applying the sequential test, reference is made to Table 5 below, reproduced from Table 3 

of the PPG.  

Table 5: Flood risk vulnerability and flood zone ‘compatibility’. 

Flood risk 

vulnerability 

classifications 

Essential 

infrastructure 

Water 

compatible 

Highly 

vulnerable 

More vulnerable Less vulnerable 

Flood 

Zone 

Zone 1 Appropriate Appropriate Appropriate Appropriate Appropriate 

Zone 2 Appropriate Appropriate Exception Test 

Required 

Appropriate Appropriate 

Zone 3a Exception Test 

Required 

Appropriate Should not be 

permitted 

Exception Test 

Required 

Appropriate 
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Flood risk 

vulnerability 

classifications 

Essential 

infrastructure 

Water 

compatible 

Highly 

vulnerable 

More vulnerable Less vulnerable 

Zone 3b 

functional 

floodplain 

Exception Test 

Required 

Appropriate Should not be 

permitted 

Should not be 

permitted 

Should not be 

permitted 

 

7.2.1.2 With reference to Table 2 of the PPG which determines a land use classification, the proposed 

development, based on its energy production use, is classed as ‘Essential Infrastructure’. This 

classification of development is appropriate for areas within Flood Zone 1 and 2. As the proposed 

developable area is located wholly within Flood Zone 1, the sequential test is deemed to have been 

passed. 

7.3 Sequential and exception test 

7.3.1.1 The sequential test is required to assess flood risk and the PPG recommends that the test be applied at 

all stages of the planning process to direct new development to areas with the lowest probability of 

flooding (Flood Zone 1). As the developable area of the site is located within Flood Zone 1 it passes the 

sequential test and thus the exception test will not be required. 

8 Surface water drainage assessment 

8.1 Hornsea Three ONCS and EBI preliminary drainage information 

8.1.1.1 A proposed drainage strategy was provided as part of the Hornsea Three ES (Volume 6, Annex 2.1 – 

Onshore Infrastructure Flood Risk Assessments (Ørsted, 2018)). 

8.1.1.2 The assessment notes the following with respect to the drainage strategy for the Hornsea Three ONCS 

which includes the proposed area of the EBI: 

“Based on information provided from the onshore HVDC converter/HVAC substation area, there 

are local ditches at the edges of the proposed onshore HVDC converter/HVAC substation area. A 

deep drain, with depth of up to 1 m, runs along the northern boundary of the development area, 

separating the onshore HVDC converter/HVAC substation area from the A47 dual carriageway. 

It is believed that the drain is used to intercept overland surface water runoff generated on 

onshore HVDC converter/HVAC substation area from overflowing offsite, into the A47.”  

On this basis, the possibility to discharge surface water runoff generated from the onshore HVDC 

converter/HVAC substation area to the deep drain will be considered.’; 

‘The proposed surface water drainage design parameters are as follows:  

• The proposed drainage system is to be designed so that no flooding will occur during a 1 in 

100 year rainfall event + 40% climate change will effect in any part of the onshore HVDC 

converter/HVAC substation area;  

• Surface water runoff generated by the proposed development is to discharge into the existing 

drain running along the onshore HVDC converter/HVAC substation area’s northern boundary;  

• The discharge rate into the existing drain to be limited to Qbar; and  

• Surface water runoff generated on areas where there is a possibility of contaminants will be 

treated prior to discharge.’ and 

• ‘Surface water runoff will eventually discharge into the deep drain running through the 

onshore HVDC converter/HVAC substation area’s northern boundary. The discharge rate will 

be limited to Qbar 1 in 1 year of 15 l/s. In order to achieve this, discharge rate from the 

southern and northern catchment will be limited to 7.5 l/s each. Due to the depth of the 

proposed Geocellular Storage Crates, pumps would be utilised to limit the discharge rates.” 

8.1.1.3 The mapped proposals are shown in Appendix B.1 of the Hornsea Three ES (Volume 6, Annex 2.1 – 

Onshore Infrastructure Flood Risk Assessments (Ørsted, 2018). 
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8.1.1.4 Further to the proposed drainage strategy report produced for the Hornsea Three ONCS, a drainage 

strategy report and plan for the EBI plant has been produced by WSP (2022). The content of these 

documents is summarised for the purpose of the planning application in the drainage technical (Ørsted, 

2022), which forms part of the planning application submission. 

8.1.1.5 The strategy provided includes the drainage layout internal to the EBI plant and provides the external 

drainage to combine with the wider Hornsea Three ONCS drainage network. 

8.1.1.6 The drainage strategy notes the following for the EBI area(s): 

“The drainage layout internal to the EBI Stations is defined on WSP’s drawing: Enlarged Site Plans, 

EBI Stations, Planning Application Drawing 07333810. This identifies that EBI Stations A will have 

‘Oil containment drainage’ from the 400kV transformer to a dump-tank, after which it will be 

combined with ‘oily water drainage’ from skidways and refill areas before being passed through a 

Class 1 full retention oil separator. Downstream of the separator, treated water will be combined 

with roof runoff from the 33kV Switchgear Building and conveyed beyond the EBI Stations A. The 

EBI Stations Drainage Strategy Drawing 07333817 does not illustrate the oily water drainage but is 

covered by a note on the requirement subject to confirmation in detailed design. EBI Stations A is also 

shown to contain a bunded washdown area to be drained to a local tank, subject to detailed design.  

EBI Stations B internal drainage is shown to only collect roof runoff from the 33kV Switchgear 

Building and does not include oil containment, oily water drainage nor a dump tank or oil separator. 

EBI Stations B is also shown to contain a bunded washdown area to be drained to a local tank, subject 

to detailed design.  

The Planning Application Drawing 07333810 anticipated that direct rainfall to the EBI Stations 

would infiltrate through to groundwater, however this may not be feasible due to insitu permeability 

and/or water quality requirements that are subject to consultation. As such, the EBI Stations 

Drainage Strategy Drawing 07333817 illustrates that this water will be collected and conveyed by 

perforated pipes for attenuation and discharge. Attenuated water also includes runoff into the site 

from the surrounding embankments or landscape that will be collected and conveyed by the site 

network.  

In order to minimise the collection of surface water from offsite, it is proposed that surface water 

runoff bunds should be implemented adjacent cut slopes. Existing topography provided by 

Environment Agency LIDAR data illustrates that the landscape slopes perpendicular to the site’s east 

and southern boundaries. As such, the bunds will be helping to maintain existing overland flow routes 

and preventing surface water from being inadvertently directed into the site by the cut slopes.  

It is also anticipated that a geotechnical cut-slope drain will be required to collect any seepages and 

aid in stability of the cut-slopes. This drain will be confirmed as part of detailed design by 

geotechnical specialists. The surface water runoff bund will ensure that no excess surface water 

enters the cut-slope drain and therefore minimises collection of water from the wider landscape. 

Attenuation of surface water is intended to be provided by a mixture of attenuation tanks 

(potentially outside the EBI station boundary but still within the overall application red line boundary) 

and within the gravel of the substation platform. The strategy also assumes that surface drainage 

from the access roads within the EBI station sites will be designed to drain away from the batteries 

areas (with the batteries areas protected from surface drainage flow from the adjacent road by a 

raised by a raised kerb at the road edge) and into the areas where attenuation is provided within the 

stone fill platform.” 

8.2 Drainage strategy principles 

8.2.1.1 The site area is in excess of 1 ha in size, as such planning policy requires such development to focus on 

the management of surface water runoff. This section discusses the potential quantitative effects of the 

development on both the risk of surface water flooding on-site and elsewhere within the catchment. It 

also addresses the type of potential SuDS features that could be incorporated as part of the masterplan. 
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8.2.1.2 In accordance with the Defra Non-Statutory Technical Standards (Defra, 2015), the surface water 

drainage strategy should seek to implement a SuDS hierarchy that aspires to restrict post development 

surface water runoff rates to greenfield rates.  

8.2.1.3 In addition, Building Regulations Part H4 requires that the first choice of surface water disposal should 

be to discharge to an adequate soakaway or infiltration system, where practicable. If this is not 

reasonably practicable then discharge should be to a watercourse, the least favourable option being to 

a sewer (surface water before combined). Infiltration techniques should therefore be applied wherever 

they are appropriate. 

8.3 Offsite discharge options 

8.3.1 Infiltration 

8.3.1.1 Infiltration should be considered as the primary option to discharge surface water from the developed 

site. The effectiveness of infiltration is completely dependent on the physical conditions at the site. 

Potential obstacles include: 

• Local variations in permeability preventing infiltration - From the information provided within the 

Hornsea Three ES (Volume 6, Annex 2.1 – Onshore Infrastructure Flood Risk Assessments (Ørsted, 

2018)), it is understood that the local geology may inhibit infiltration, though lenses of sands and 

gravels may be located within the vicinity of the site; 

• Shallow groundwater table - For infiltration drainage devices, Building Regulation Part H states 

that these “should not be built in ground where the water table reaches the bottom of the device 

at any time of the year”; and 

• SPZ - As discussed in Section 4.4, the site is located within a Groundwater SPZ III – Total 

Catchment. 

8.3.1.2 Preliminary site investigation data suggests that infiltration is not expected to be a viable solution for 

surface water drainage and hence the drainage strategy is based on attenuated discharge to a 

watercourse. 

8.3.2 Discharge to watercourse 

8.3.2.1 Discharge to an open watercourse is considered feasible as a ditch has been noted in a wider area 

walkover (undertaken on the 2/3 March 2022) in the land to the west of the Main Road (and the site) 

located within the wider land ownership. The ditch flows in a northerly direction before entering a 

culvert at a headwall.  The onwards route is currently unknown though is being investigated. 

8.3.3 Discharge to surface water sewer 

8.3.3.1 Discharge to a public surface water sewer is not considered feasible due to their absence in the 

immediate vicinity of the site. 

8.3.4 Discharge to ‘deep drain’  

8.3.4.1 As noted in Appendix B of the Hornsea Three ES (Volume 6, Annex 2.1 – Onshore Infrastructure Flood 

Risk Assessments (Ørsted, 2018), the deep drain to the north of the Hornsea Three ONCS is the most 

suitable point to discharge surface water from the site. This solution was reinforced following a site visit 

and follow up consultation which confirms that the drain connects to a wider surface water drainage 

network. The onwards route is currently uncertain but is believed to be to the north or west with 

eventual discharge to Intwood Stream or Mill Stream. 

8.4 Proposed drainage strategy 

8.4.1.1 The features outlined in the outline and preliminary drainage strategies will be developed through the 

associated detailed design of the drainage network. The drainage strategy report (WSP, 2022) notes 

that: 

 
4 HM Government (2010 with 2013 amendments), ‘The Building Regulations 2010: Approved Document H - Drainage and Waste Disposal (2002 
Edition incorporating 2010 amendments)’ 
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“The previous drainage strategy document, upon which this document relies, proposes that 

surface water discharge from each EBI Station is combined and attenuated prior to discharge 

from the entire site at a rate of 15L/s. This attenuation for the overall site will be subject to 

detailed design to complement attenuation for the stated 97.1L/s discharge from each EBI 

Stations.  

It is assumed that attenuation for each Stations is to include capacity for 40% climate change, 

which is a typical regulatory requirement.  

MicroDrainage Quick Storage Estimates using FSR data has been utilised to estimate the 

attenuation volume required for a 1:100 year event + 40% climate change, discharging at 97.1L/s 

from EBI Stations A with a development area of 1.64Ha and the EBI Stations B area of 2.05Ha. 

It is proposed that surface water attenuation be provided by a combination of underground 

attenuation tanks and within the Stations platform. There may be the requirement for a low 

permeability barrier to prevent surface water runoff or seepages through the cut slope of the 

platform, or as a water quality requirement if infiltration to groundwater is not allowed. However, 

this will be determined as part of detailed design subject to consultation with appropriate 

regulators.” 

9 Conclusions and recommendations 

9.1.1.1 This FRA complies with the NPPF and the PPG and demonstrates that flood risk from all sources has 

been considered in the proposed development. It is also consistent with the Local Planning Authority 

requirements with regard to flood risk. 

9.1.1.2 The site lies in an area designated by the EA as Flood Zone 1, outlined to have a chance of flooding of 

less than 1 in 1,000 (<0.1%) in any year.   

9.1.1.3 NPPF sets out a sequential test, which states that preference should be given to development located 

within Flood Zone 1. This FRA demonstrates that the requirements of the sequential tests have been 

met, with the developable area of the site located within Flood Zone 1 and the ‘Essential Infrastructure’ 

classification of the development. 

9.1.1.4 This FRA has considered multiple sources of flooding and concluded the following in Table 6. 

 

Table 6: Flood risk summary. 

Source Level of risk  Mitigation 

Fluvial Very Low The site is located in Flood Zone 1.  As a result, fluvial flood risk is considered very low.  

Tidal Very Low The site is sufficiently far inland to not be impacted by the tidal range of the watercourses. 

Surface 

water 

Very Low – 

High 

The site is shown to typically be at very low risk with a small linear area of potential low 

risk shown crossing a section of the site. High risk surface water flooding areas are limited 

to an area of a former pond on the western boundary of the site and the area of Main Road 

to the west.  The high risk areas on site are isolated from the area outlined for development. 

Groundwater Low PFRA and SFRA mapping place the site outside the area at risk of groundwater flooding. 

Sewers Low It is advised there are no sewers within the close proximity of the site, and as such risk from 

this source is considered low. 

Artificial 

sources 

Very Low There are no artificial drainage systems within the vicinity of the site 

 

9.1.1.5 The proposals for the proposed EBI will follow best practice regarding site drainage to ensure that any 

surface water runoff from the development is managed, ensuring flood risk is not increased elsewhere. 

The proposed development will increase the impermeable area on-site resulting in an increase in surface 

water runoff if unmanaged. However, the EBI will be located within the permanent works area of the 

Hornsea Three ONCS as consented by the Hornsea Three DCO. The EBI therefore does not result in any 

increase in surface water runoff additional to what was assessed and accepted in the Hornsea Three 
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DCO. In line with the information provided through the related DCO document as outlined, and in 

accordance with local policy, surface water from the proposed development will be attenuated and 

discharged to a suitable location.  

9.1.1.6 In order to prevent flooding, both on and off the site, attenuation and controlled discharge will be 

utilised to control surface water flows. These features will be designed to store the volume of water 

associated with a 1 in 100 year rainfall event, plus an additional allowance to account for increased 

rainfall due to climate change, providing a betterment over the existing scenario.  

9.1.1.7 A surface water discharge regime and strategy will be developed following additional survey work, 

which will be undertaken to help inform the principles of the strategy. The surface water drainage 

strategy will accord with the latest local and national policy at the time of production. 

9.1.1.8 Surface water discharge from the site will be in line with the measures previously approved through the 

Hornsea Three DCO and is outlined to drain to the ‘deep drain’ located to the north of the EBI 

development at the existing greenfield rates. The onwards connection of this to the wider surface water 

drainage system in the local area is being investigated. 

9.1.1.9 As safe pedestrian and vehicular access, to and from the proposed development, will be achievable 

under all flood conditions. A formal evacuation plan is not required. Overall, taking into account the 

above points, the development of the site should not be precluded on flood risk grounds. 
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Energy Balancing Infrastructure (EBI) 
Figure 1:  Site Location Plan
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Figure 2: LiDAR elevations
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Ørsted Energy Balancing Infrastructure (EBI)
Figure 2: LiDAR elevations
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Orsted Energy Balancing Infrastructure (EBI)
Figure 3: Environment Agency ‘Flooding from Rivers and Sea’
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Orsted Energy Balancing Infrastructure (EBI)
Figure 3: Environment Agency
 ‘Flooding from Rivers and Sea’
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Orsted Energy Balancing Infrastructure (EBI)
Figure 4: Environment Agency ‘Flood risk from surface water’
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Figure 4: Environment Agency
‘Flood risk from surface water’
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Orsted Energy Balancing Infrastructure (EBI)
Figure 5: Environment Agency ‘Flood risk from reservoirs’
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Orsted Energy Balancing Infrastructure (EBI)
Figure 5: Environment Agency

‘Flood risk from reservoirs’
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