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1.0 Introduction 

1.1 Project Background 

Curtins have been appointed by Fuel Properties Ltd (“the Applicant”) to carry out a Flood Risk 

Assessment (FRA) in support of the application for the proposed Carrow Works development located 

in Norwich, Norfolk.  

The hybrid planning application (part full, part outline), alongside Listed Building Consent and 

Demolition within a Conservation Area seeks to obtain approval for the following: 

• Detailed (Full) Component:  

“Full application comprising the construction of the principal means of access, the primary internal 

road and associated public spaces and public realm,  including restoration and change of use of 

Carrow Abbey to former use as residential (Use Class C3), alteration and extension and conversion 

to residential use (Use Class C3) of the Lodge, Garage and Gardener’s Cottage and the Stable 

Cottages,  development of the former Abbey Dining Room for residential use (Use Class C3), 

adaptation and conversion for flexible uses (Class E and/or and/or C2 and/or and/C1 and/or C3 

and/or F1 and/or F2 and/or B2 and/or B8 and/or Sui Generis) for buildings 207, 92, 206, 7 (7a, 8 

and 8a), 209, 35, the Chimney and Class E and/or B2 and/or B8 for the retained Workshop (Block 

258),  enhanced access to Carrow Abbey and Scheduled Ancient Monument and associated 

ancillary works”.  

The full component of the application covers a site area of 5.02 ha. 

• Outline Component:   

“Demolition of existing buildings and replacement with phased residential-led (Use Class C3 

and/or Class E and/or F1 and/or F2 and/or C1 and/or C2 and/or B2 and/or B8 and/or Sui Generis), 

landscaping, open space, new and modified access, car parking and ancillary works.“ 

The outline component of the application covers a site area of 11.9 ha.  

The existing Abbey grounds, Mustard Seed Driers listed building, and gateway areas are proposed to 

be retained, with the proposed development constructed around these retained features. Due to the 

industrial nature of the site, the majority of the sites is impermeable. The Abbey’s Grounds make up the 

majority if the permeable area on site (around 2.5ha). existing impermeable areas make up the reminder 

of the site area (approximately 14.4 ha). 

In recent years, the Government and local Councils have placed increased priority on the need for 

developers to take full account for the risks of their development at all stages of the planning process. 

The National Planning Policy Framework (NPPF) and Planning Practice Guidance (PPG) identifies how 
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the issue of flooding is dealt with through the planning process and with the creation of a site-specific 

Flood Risk Assessment (FRA) for sites over 1ha in area or in Flood Zones 2 & 3.  

The purpose of this report is to assist our client and the Local Planning Authority to make an informed 

decision on the flood risks associated with the site development. Local Planning Authorities have the 

powers to control developments, in line with recent legislation, and are expected to apply a risk-based 

approach to development. 

Proposals contained or forming part of this report represent the design intent and may be subject to 

alteration or adjustment in completing the detailed design for this project. Where such adjustments are 

undertaken as part of the detailed design and are deemed a material derivation from the intent 

contained in this document, prior approval shall be obtained from the relevant authority in advance of 

commencing such works. 

Where the proposed works, to which this report refers, are undertaken more than twelve months 

following the issue of this report, Curtins Consulting Ltd shall reserve the right to re-validate the findings 

and conclusions by undertaking appropriate further investigations at no cost to Curtins Consulting Ltd. 

Allowance for the effects of climate change will be made in accordance with government 

recommendations in place and statistical data available at the time of writing this report. These 

recommendations may become more onerous and the statistical data may be revised in the future; we 

will not make any estimate of what changes may result from this. Please be aware that this, and other 

issues over which Curtins Consulting Ltd has no control, may affect future flood risk at the development 

and require further work to be undertaken for which we accept no liability. 

1.2 Scope of Flood Risk Assessment  

The assessment is to be undertaken in accordance with the standing advice and requirements of the 

Environment Agency for Flood Risk Assessments as outlined in the Communities and Local 

Governments Technical Guidance to the National Planning Policy Framework (NPPF). 

The assessment will: 

• Investigate all potential risks of current or future flooding to the site; 

• Consider the impact the development may have elsewhere with regards to flooding; and 

• Consider design proposals to mitigate any potential risk of flooding determined to be present. 
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2.0 National and Local Policy Considerations 

2.1 National Planning Policy Framework 

The Ministry of Housing, Communities and Local Governments initially published the National Planning 

Policy Framework (NPPF) in 2012 to identify how the issue of flooding is dealt with through the planning 

process and to introduce the requirement for a site-specific Flood Risk Assessment (FRA) for sites over 

1ha in area or in Flood Zones 2 & 3. The NPPF was updated in 2021, placing a greater emphasis on 

plans taking into account all sources of flood risk. The NPPF consolidates the previously used Planning 

Policy Statements.  

2.2 Planning Practice Guidance  

The Government’s Planning Practice Guidance (PPG) provides additional information to be read 

alongside the NPPF. The online guidance sets out the definitions for the flood zone’s and defines the 

permitted uses of development that can be proposed in them.  

Table 2-1 - PPG Tables 1 & 2 Summary 

Flood Zone Appropriate Users 

Flood Zone 1 - Low Probability 
This zone comprises land having less than 1 in 
1000 annual probability of river or sea flooding 
(<0.1%) 

All uses of land are appropriate in this zone 

Flood Zone 2 - Medium Probability 
This zone comprises land assessed as having 
between 1 in 100 and 1 in 1000 annual probability of 
river flooding (1%-0.1%) or between 1 in 200 and 1 in 
1000 annual probability of sea flooding (0.5%- 0.1%) 
in any year 

The water-compatible, less vulnerable and more 
vulnerable uses of land and essential infrastructure in 
Table D.2 are appropriate in this Zone Subject to the 
Sequential Test being applied, the highly vulnerable 
uses in Table D.2 are only appropriate in this zone if the 
Exception Test is passed 

Flood Zone 3a - High Probability 
This zone comprises land assessed as having a 1 in 
100 or greater annual probability of river flooding 
(>1%) or a 1 in 200 or greater annual probability of 
flooding from the sea (>0.5%) in any year 

The water-compatible and less vulnerable uses of land 
in Table D.2 area appropriate in this zone. 
The highly vulnerable uses in Table D.2 should not be 
permitted in this zone. 
The more vulnerable and essential infrastructure uses in 
Table D.2 should only be permitted in this zone if the 
Exception Test is passed. Essential infrastructure 
permitted in this should be designed and constructed to 
remain operational and safe for users in time of flood. 

Flood Zone 3b - Functional Floodplain 
This zone comprises land where water has to flow or 
be stored in times of flood. SFRAs should identify this 
Flood Zone (land which would flood with an annual 
probability of 1 in 20 (5%) or greater in any year or is 
designed to flood in an extreme (0.1%) flood, or at 
another probability to be agreed between the LPA 
and the Environment Agency, including water 
conveyance routes) 

Only the water-compatible uses and the essential 
infrastructure listed in Table D.2 that has to be there 
should be permitted in this zone. It should be designed 
and constructed to: 
Remain operational and safe for users in times of 
flood; 
Result in no net loss of floodplain storage; 
Not impede water flows; and 
Not increase flood risk elsewhere. 
Essential infrastructure in this zone should pass the 
Exception Test. 
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2.3 Local Planning and Guidance Documents 

2.3.1 North-Norfolk District Council Local Plan 

The North Norfolk District Council Local Plan was formally adopted in Autumn 2008 and was updated 

in 2012 following the publication of the NPPF. The current Local Plan is due to be replaced shortly. The 

Local Plan sets out a vision for the area and, from this, a number of aims and objectives have been 

identified. Aims include: 

• To provide for sustainable development and mitigate and adapt to climate change 

• To mitigate and adapt to impacts of coastal erosion and flooding 

Strategic and development control policies have been designed in order to achieve the objectives.  

Notable policies regarding flood risk are the following: 

• Policy SS 1 – Spatial Strategy for North Norfolk  

Development in these Coastal Service Villages will support local coastal communities in the face 

of coastal erosion and flood risk. Land may be identified in or adjacent to these settlements to 

provide for new development or relocation from areas at risk. 

• Policy SS 2 – Development in the Countryside  

In areas designated as Countryside development will be limited to that which requires a rural 

location and is for one or more of the following:  

o coastal and flood protection. 

o new build community, commercial, business and residential development where it 

replaces that which is at risk from coastal erosion, in accordance with Policy EN 12 

‘Relocation and Replacement of Development Affected by Coastal Erosion Risk’ 

Proposals which do not accord with the above will not be permitted. 

• Policy SS 4 – Environment  

All development proposals will contribute to the delivery of sustainable development, ensure 

protection and enhancement of natural and built environmental assets and geodiversity and be 

located and designed so as to reduce carbon emissions and mitigate and adapt to future climate 

change. 

The Council will minimise exposure of people and property to the risks of coastal erosion and 

flooding and will plan for a sustainable shoreline in the long-term, that balances the natural 

coastal processes with the environmental, social and economic needs of the area. Sustainable 
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Drainage Systems will be encouraged, to reduce flood risk, promote groundwater recharge and 

improve water quality, enhance biodiversity and provide amenity benefit.) 

• Policy EN 10 – Development and Flood Risk  

The sequential test will be applied rigorously across North Norfolk and most new development 

should be located in Flood Risk Zone 1. New development in Flood Risk Zones 2 and 3a will be 

restricted to the following categories:  

o water compatible uses  

o minor development  

o changes of use (to an equal or lower risk category in the flood risk vulnerability 

classification) where there is no operational development (xl); and  

o ‘Less vulnerable’ uses where the sequential test has been passed.  

New development in Flood Zone 3b will be restricted to water compatible uses only.  

The Strategic Flood Risk Assessment defines zones 2, 3a and 3b in parts of North Norfolk and this 

will be used to inform the application of the sequential test. Where this information is not 

available, the Environment Agency Flood Risk Zones and a site specific Flood Risk Assessment will 

be used to apply the sequential test.  

A site-specific Flood Risk Assessment which takes account of future climate change must be 

submitted with appropriate planning applications (xli) in Flood Zones 2, 3a and 3b and for 

development proposals of 1 hectare or greater in Flood Zone 1.  

Land in Flood Zone 1 that is surrounded by areas of Flood Zones 2 or 3 will be treated as if it is in 

the higher risk zone and a Flood Risk Assessment will be required to prove that safe access / egress 

exists for the development or that the land will be sustainable for the duration of the flood period.  

Appropriate surface water drainage arrangements for dealing with surface water run off from new 

development will be required. The use of Sustainable Drainage Systems will be the preference 

unless, following an adequate assessment, soil conditions and / or engineering feasibility dictate 

otherwise. 

2.3.2 Norwich City Council Local Plan 

The Norwich City Council Local Plan was formally adopted in December 2014. The Local Plan is 

comprised of three documents which together set out the strategic priorities for the greater Norwich 

area that allow the Council to manage development. The Joint Core Strategy sets out the strategy for 

regeneration and growth in the greater Norwich area up to 2026. The Site Allocations Plan and 

Development Management Plan provide detailed polices to guide and implement this strategy. The 
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Development Management Plan has a number of spatial planning objectives, including Objective 1 – 

To minimise the contributors to climate change and address its impact. The objective states “Where 

new development in such areas is desirable for reasons of sustainability (e.g. in the city centre), flood 

mitigation will be required and flood protection will be maintained and enhanced.” 

Notable policies regarding flood risk are the following: 

• Policy DM3 – Design Principles 

• Significant weight will be given to the following design principles in assessing development 

proposals [including]: 

o Energy Efficiency and Climate Change 

▪ d) promote and facilitate sustainable drainage and mitigate against flood risk 

from surface water runoff as required by policy DM5. 

• Policy DM5 – Planning effectively for flood resilience 

Flooding  

All development proposals will be assessed and determined having regard to the need to manage 

and mitigate against flood risk from all sources. Development proposals must be supported by 

the relevant flood risk assessments and show that (where necessary) alternative sites of lower 

flood risk have been assessed, adopting a sequential approach to site selection according to the 

requirements of national policy and standing technical advice which supports it.  

The sequential site assessment as set out in the NPPF will be expected to consider reasonable 

alternatives for locating the development in a zone of lower flood risk on any site elsewhere in 

Norwich, except in the case of:  

o Proposals within the city centre regeneration areas identified on the Policies map, in 

which case the assessment need only take account of reasonable alternative sites within 

the boundary of the relevant regeneration area concerned or (where no such alternative 

sites exist) alternative regeneration areas elsewhere in the city centre;  

o Any other proposal which is consistent with and forms part of a specific allocation for 

development within the Site allocations plan and other adopted development plan 

documents, in which case the requirement for the sequential test will not apply.  

In the case of proposals in areas of higher flood risk which are within the city centre but which fall 

outside the regeneration areas identified on the Policies map, the search area for reasonable 

alternative sites should take account of:  

o a) the scale and function of the proposal;  
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o b) the potential contribution of the use or uses proposed to overall regeneration of the 

city centre, including through the provision of new housing;  

o c) where the proposal is for retail, leisure or other main town centre uses, the suitability 

of any alternative locations in relation to policy DM18 of this plan;  

o d) any objectively identified need for the use proposed which justifies a location in the 

city centre in order to support the objectives and policies of the development plan.  

• For the purposes of this policy “city centre” means the area defined on the city centre Policies map 

insets, including both the City Centre inset and Northern City Centre Area Action Plan inset. 

Sustainable drainage and surface water flooding  

Mitigation measures to deal with surface water arising from development proposals should be 

incorporated to minimise the risk of flooding on the development site and where possible reduce 

the risk, otherwise at least minimise the risk, within the surrounding area.  

Sustainable drainage measures appropriate to the scale and nature of the development shall be 

incorporated in all development proposals involving the erection of new buildings or the extension 

of existing buildings until such time as thresholds are established by nationally applicable 

standards for sustainable drainage. Such measures will be required except where this is not 

technically feasible or where it can be demonstrated that other factors preclude their use.  

Within the critical drainage catchments as identified on the Policies map and in other areas where 

the best available evidence indicates that a serious and exceptional risk of surface water flooding 

exists, all development proposals involving new buildings, extensions and additional areas of hard 

surfacing should ensure that adequate and appropriate consideration has been given to 

mitigating surface water flood risk. Developers will be required to show that the proposed 

development:  

o a) would not increase the vulnerability of the site, or the wider catchment, to flooding 

from surface water run-off from existing or predicted water flows; and  

o b) would, wherever practicable, have a positive impact on the risk of surface water 

flooding in the wider area.  

Development must, as appropriate, incorporate mitigation measures to reduce surface water 

runoff, manage surface water flood risk to the development itself and to others, maximise the use 

of permeable materials to increase infiltration capacity, incorporate on-site water storage and 

make use of green roofs and walls wherever reasonably practicable.  
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The use of permeable materials, on-site rainwater storage, green roofs and walls will be required 

unless the developer can provide justification to demonstrate that this would not be practicable 

or feasible within the constraints or configuration of the site, or would compromise wider 

regeneration objectives.  

Surface Treatment  

Development proposals will be required to maximise the use of soft landscaping and permeable 

surfacing materials unless the developer can provide justification to demonstrate that this is not 

feasible. 

Where permission is required, proposals involving the provision of new or replacement paved and 

other impermeable surfaced areas will only be permitted:  

o a) in areas of impermeable soils as identified in Appendix 1; 

o b) in other areas where it can be demonstrated that permeable surfaces are not 

practicable due to poor soil infiltration capacity, high groundwater levels or risk of 

subsidence; and  

o c) in areas with soils with average or good infiltration capacity, where it can be 

demonstrated that there is an exceptional and overriding justification for such surfaces.  

In cases where poor soil infiltration capacity or other factors preclude the use of permeable 

surfacing materials, development proposals should seek to manage and minimise the impact of 

surface water run-off by suitable measures for water storage on-site. 

2.3.3 Greater Norwich Area Strategic Flood Risk Assessment (SFRA) (2017 & 2021) 

The Level 1 SFRA (2017) aims to provide up to date information and guidance on all sources of flood 

risk throughout the Greater Norwich area, taking into account the latest flood risk information and 

national planning policy. The SFRA aims to ensure all sources of flood risk are understood so they can 

be managed effectively throughout the planning process, taking into account the potential impacts of 

climate change. The SFRA provides a broad yet detailed assessment of flood risk, providing the 

evidence base for policies, recommendations, and guidance to help ensure the effective management 

of flood risk. 

The Level 1 SFRA also provides guidance regarding the application of the Exception Test, aiding 

Norwich City Council in identifying when the Exception Test is required. It provides information on when 

a more detailed Level 2 SFRA will be required with regards to strategic site allocations. 

The Level 2 SFRA (2021) provides a detailed assessment of all sources of flooding for sites identified 

by the Greater Norwich Planning Policy team as being potential allocation sites. It builds upon the Level 

1 SFRA, providing site-specific assessments to provide the necessary information required to support 
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the application of the Exception Test. All 26 sites proposed by the Greater Norwich Planning Policy 

team required a Level 2 assessment of flood risk. 

2.3.4 Local Flood Risk Management Strategy (2015) 

The aim of the Local Flood Risk Management Strategy (LFRMS) is to serve as a tool to better 

understand and manage flood risk within the area. For the city of Norwich, Norfolk County Council are 

the Lead Local Flood Authority, covering planning applications with regards to surface water drainage 

for the entire county of Norfolk. The aim of the document is: 

“To work with organisations, businesses and communities to manage flood risk and, where it is 

practicable, affordable and sustainable to do so, to reduce risk to life, property and livelihoods that may 

arise from local surface runoff, ordinary watercourse and groundwater flooding.” 

The document outlines the challenges and the objectives Norfolk have identified to coordinate flood risk 

management on a day-to-day basis. Additional information is provided regarding flood risk sources and 

the Risk Management Authorities who are responsible different flood risk management activities. 

Norfolk conducted a Local Flood Risk Management Strategy Policy Review in 2021. Since the adoption 

of the 2015 LFRMS, Norfolk has experienced widespread flooding, experienced significant growth and 

development, and has seen a change in the legislative landscape. As a result, the 2015 Strategy’s 

policies were reviewed against new and emerging national strategies and policies. This resulted in 3 

new policies and minor updates to the existing policies. 

2.3.5 Surface Water Management Plan (2011) 

The Surface Water Management Plan (SWMP) provides an assessment of surface water flood risk and 

outlines a long-term action plan for managing surface water. Norfolk produced five SWMPs, including 

a Plan for the Norwich Urban Area. Both historic and predicted flooding from different flood risk sources 

are assessed, including sources which have been identified as surface water, sewer and groundwater 

flooding. This assessment has been used to identify 3 Critical Drainage Areas (CDA) across the 

Norwich Urban Area. The proposed development does not fall within a CDA. 

2.3.6 Preliminary Flood Risk Assessment (2011) 

The Preliminary Flood Risk Assessment (PFRA) serves as high level screening exercise to help Norfolk 

County Council identify areas of flood risk across the borough. Historic and predicted flood risk data 

has been assessed to identify areas at risk of flooding from surface water runoff, groundwater, and 

ordinary watercourse. The PFRA was used to inform the LFRMS by identifying areas potentially at flood 

risk that may require more detailed studies. Norwich ranked first on the PFRA Settlement Priority 

Ranking in Norfolk, with a number of people, critical infrastructure, and non-residential properties above 

the flood risk threshold. 
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3.0 Existing Site Details 

3.1 Site Location 

The Site is located approximately 1.8km southeast of Norwich City Centre at the existing Carrow Works 

site (nearest postcode, NR1 2BF). The site is bound by the River Wensum to the north, the Great 

Eastern Main Line to the east and the A147 so south and west. The national grid reference for the site 

is TG 24260 07387. 

 

Figure 3-1: Site Aerial View 

3.2 Site Description 

The existing Carrow Works site currently houses the Grade I listed Carrow Abbey and Cottages located 

within the centre of the site. The areas surrounding the Abbey and Cottages parcel are existing 

industrial buildings previously occupied by the Colemans family and more recently Unilever UK Ltd. 

The hybrid planning boundary has an approximate area of 16.9 ha. 

A topographical survey has been carried out by CD Surveys Ltd and is included in Appendix A. The 

survey shows that the Site generally falls from the southwest to the northeast. An existing underpass 

beneath the Great Eastern Railway Line between the Site and the adjacent Deal Ground site is located 

in the northeast corner. The lowest point on site is 1.16mAOD which is the level of one of the gullies by 

the underpass entrance towards the northeast of the site. The level of the underpass itself reaches a 
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level of 0.94mAOD between Carrow Works and the Deal Ground site. The site has a topographical high 

point of 16.20mAOD in the south-eastern corner of the site.  

The northern boundary of the site adjacent to the River Wensum varies in levels from 4.14mAOD in the 

west to 1.39mAOD in the east. Generally, the northern areas of the site that are occupied by the historic 

Colemans buildings have a level of between 3.0 – 4.0mAOD. The Carrow Abbey area’s levels range 

from 11.5-13.5mAOD.  

3.3 Historic Uses 

For 155 years the Site was home to Coleman’s, manufacturer of condiments and sauces. The factory 

at the Site opened in 1865, employing 2,300 people by 1909. The factory closed in 2020, with production 

for Coleman’s goods relocated to Burton-on-Trent and Germany.  

There are also significant historic structures present on site. This includes the Grade I listed Carrow 

Abbey, a former Benedictine priory, and the Scheduled Monument Carrow Priory ruins, a former 

Benedictine nunnery founded in the mid-12th century. 

Historical mapping from Old Maps Online confirms that the site was previously used as a mixed-use 

site. Mapping from 1886 (surveyed from 1880 to 1883) confirms that the site was used for a range of 

purposes, including cattle farming, timber and saw milling operations, and residential settlements. 

Mapping from 1908 through to 1951 show that the land remained largely unchanged, though it is fully 

clear if the operations in the Carrow Works development bordering the River Wensum was unchanged 

throughout this time. The site currently contains the ruins of a 12th Century priory. 

3.4 Existing Site Drainage 

3.4.1 Public Drainage 

Anglian Water are responsible for the public sewerage in Norwich. The sewer records indicate that the 

site benefits from an existing 600mm diameter foul water sewer. The sewer is located west of the 

retained Carrow Abbey building and flows from north to south. Mapping indicates that sewers outfalls 

to the 1050mm Diameter public sewer in A147. An extract of the mapping can be found below in Figure 

3-2 and the mapping can be found in Appendix B. 

A ground penetrating radar (GPR) survey of the site was carried out in November 2018 by WYG, this 

survey identified manholes and pipework that appears to align with the Anglian Water sewer mapping 

presented in Figure 3-2 below, however due to covers being unable to be lifted the route and diameter 

was unable to be confirmed. The GPR survey can be found in Appendix C. 
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Figure 3-2: Anglian Water Mapping Extract 

As this existing foul water sewer serves the Carrow Works site exclusively, it is anticipated to be 

removed as part of the development. A new foul water drainage network is proposed to be developed 

following development of the outline portion of the scheme.  

3.4.2 Private Drainage  

The existing private drainage system contains two outfall methods: discharging surface water into the 

River Wensum and disposing of surface water via infiltration through soakaways. The GPR survey 

demonstrates that the northern area of the site discharges to the River Wensum, whereas the southern 

area (including the Abbey) discharges to the ground via infiltration. 

The drainage system which serves the northern region of the Site has multiple outfalls to the River 

Wensum. As part of the proposed drainage system for the Site, it is proposed to retain and reuse three 

outfalls to the river in the northwest corner of the site. The surface water drainage network which serves 

the north of the existing site can be seen in Figure 3-3, Figure 3-4, and Figure 3-5 (in blue). For further 
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information, see the Drainage & SuDS Strategy (081440-CUR-XX-XX-T-C-92031).  The retained 

outfalls have been identified in Figure 3-3 below. 

 

 

 

Figure 3-3: GPR Survey for Existing Surface Water Drainage (Blue) for Northern Area of Site (1 

of 3) 
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Figure 3-4: GPR Survey for Existing Surface Water Drainage (Blue) for Northern Area of Site (2 

of 3) 

 

Figure 3-5: GPR Survey for Existing Surface Water Drainage (Blue) for Northern Area of Site (3 

of 3) 
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Carrow Abbey and the surrounding vegetated landscape is indicated to outfall via multiple soakaways, 

these soakaways have been identified in Figure 3-6. The vegetated area and highway south of the 

Abbey is also indicated to outfall via soakaways, see Figure 3-7. It is proposed that these existing 

systems are to be retained and left in situ as part of the scheme. 

 

Figure 3-6: GPR Survey for Existing Surface Water Drainage (Blue) for Soakaways in Carrow 

Abbey 

 

Figure 3-7: GPR Survey for Existing Surface Water Drainage (Blue) for Soakaways in the Area 

South of the Abbey 



 

 

 

081440-CUR-XX-XX-T-C-92030 Rev P02 | Copyright © 2022 Curtins Consulting Ltd Page 16 

 

 

Carrow Works, Norwich  
Flood Risk Assessment 

The topographical and utility surveys have identified that there a number of drainage channels which 

serve the site. These drainage channels regularly intersect with below ground surface water drainage 

pipes to form the surface water drainage for the site. See Appendix A and Appendix C for the 

topographical and utilities surveys respectively. 

The utilities survey also highlighted the existing foul water drainage which serves the site. However, the 

survey did not include a definitive outfall for foul water on site. At the time of writing a CCTV survey had 

not been carried out therefore the existing foul water on site requires further investigation. 

An existing pump can be seen to be located in the underpass in the northeast corner of the site (see 

Figure 3-5). It is proposed to remove the existing foul water pump and install a surface water pump to 

convey run off in the underpass to the proposed surface water system. 

3.5 Existing Land Drainage 

There is not known to be any land drainage present on site.  

3.6 Existing Watercourse 

The site borders the River Wensum, a tidal influenced major river which serves as a tributary to the 

River Yare. The River Wensum is located directly north of the Site. The is also within 350m of the River 

Yare, which is located east of the Site. 

3.7 Site Geology 

As presented in the Leap Environmental Phase 1 Desk Study Site Reconnaissance and the Phase 2 

Site Investigation reports, the site is underlain with chalk. This Sedimentary Bedrock formed 

approximately 72 to 94 million years ago. The Chalk is classified as a principal aquifer. The site is 

located within a ground water source protection zone I (inner zone). 

The site is also underlain with superficial deposits, with River Terrace Deposits underlaying a majority 

of the site. River Terrace Deposits is comprised of sand and gravel and was formed up to 3 million 

years ago. Alluvium underlays the north-eastern area of the site. Alluvium is comprised of clay, silt, 

sand, and gravel and was formed up to 2 million years ago. No superficial geology is present on the 

western boundary region of the site. The superficial deposits are classified as secondary (A) aquifers. 

Historic borehole information was assessed as part of the Phase 1 Desk Study. Of the boreholes 

assessed, 1 struck groundwater. The borehole was carried out in the south-eastern region of the site 

and recorded a resting water level of 11 metres below ground level (mbgl). For groundwater information 

regarding the trial holes carried out on Site as part of the Phase 2 Site Investigation, see Section 4.1.3 

below. See The Phase 1 Desk Study (ref: LP01671/DS/DRAFT) and Phase 2 Site Investigation (ref: 

LP01671/ Phase 2/ DRAFT) for further details.  
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4.0 Sources and Extents of Flooding 

Numerous sources of flood risk need to be assessed to be in line with the requirements for planning 

under NPPF and EA regulations. This report takes into consideration fluvial flooding (rivers and 

streams), pluvial flood risk (surface water), tidal flooding (coastal or estuarine), reservoir flooding, canal 

flooding, groundwater flooding, infrastructure failure flooding and any historical flooding reports. 

4.1 Natural Drainage 

4.1.1 Fluvial Flooding 

With reference to the EA’s indicative flood maps, it can be seen that the Site primarily lies in Flood Zone 

1. A small proportion of the north-eastern extent of the Site lying in Flood Zone 2 and 3. The portion of 

the Site that is located in Flood Zone 3 is predicted to have a 1% chance of fluvial flooding.. The areas 

that fall in Flood Zone 2 are predicted to have between a 0.1% to 1% chance of fluvial flooding. See 

Figure 4-1 below for further Flood Zone extent information. 

Based on the EA Flood Zone Mapping, the extent which falls within Flood Zone 2 & 3 is not in an area 

benefiting from flood defences. EA Product 4 data contains further information, including defended and 

undefended fluvial model data for the River Wensum, with and without climate change. The flood extent 

mapping and sample point data also suggest that the site is not in an area that benefits from flood 

defences. Further information regarding the EA Product 4 Data can be found in Appendix D. 

The flood risk map contained within the Phase 1 Desk Study Site Reconnaissance Report also indicates 

that the majority of the site is not at risk from flooding (Flood Zone 1) from fluvial flooding. The report 

also indicates that a small area within the north-eastern region of the site lies within Flood Zone 2 and 

3. Further details can be found in the Phase 1 Desk Study Site Reconnaissance Report (ref: 

LP01671/DS/DRAFT). 
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Figure 4-1: Fluvial and Tidal Flood Risk 

Though the River Wensum is a fluvial and tidal influenced main river, the main flood risk source is fluvial 

flooding based on the fluvial and tidal modelling conducted by the EA. 

The Flood Warning Information service mapping provided by gov.uk identifies that most of the north-

eastern region that is within the flood extent is has a very low risk of flooding. A small portion by the 

border with the River Wensum in this region is considered to have a high and medium risk of flooding. 

The service considers any flood defences to provided information on the predicted extent of flooding 

for different return periods.  

A high risk means that each year this area has a chance of flooding of greater than 3.3%. A medium 

risk of flooding means that each year this area has a chance of flooding of between 1% and 3.3%. A 

very low risk means that each year this area has chance of flooding that is less than 0.1%. See Figure 

4-2 below for further predicted fluvial and tidal flood extent information. 
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Figure 4-2: Fluvial and Tidal Flood Risk Map 

The EA’s Detailed Flood Risk Assessment Map (Product 4) is contained in Appendix D.  

The Product 4 fluvial model mapping provides fluvial flood extent, depth and height information for 

different return events based on four different scenarios: 

• Defended 

• Defences Removed 

• Defended Climate Change 

• Defences Removed Climate Change 

The 5%, 2%, 1.33%, 1%, 0.5%, and 0.1% Annual Exceedance Probability (AEP) events were run for 

the ‘Defended’ and ‘Defences Removed’ models. The 1%, 0.5%, and 0.1% AEP events were run for 

the ‘Defended Climate Change’ and ‘Defences Removed Climate Change’ models. The 20%, 25%, 

35%, and 65% climate change factors were included with the 1% and 0.5% AEP event model runs, 

whilst the 20% and 25% climate change factors were included with the 0.1% AEP event model runs. 

The Fluvial Node Location Modelling information provides flood level information for locations along the 

River Wensum and River Yare bordering or near the site. For the section of the River Wensum that 

borders the site, the modelled levels varies for the 1 in 100 year (0.1% AEP) for the four different 

modelled scenarios as follows: 
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• Defended – Water Level is 1.65mAOD to 1.73mAOD 

• Defences Removed – Water Level is 1.67mAOD to 1.73mAOD 

• Defended Climate Change (25% CC) – Water Level is 2.10mAOD to 2.17mAOD  

• Defences Removed Climate Change (25% CC) – Water Level is 2.10mAOD to 2.18mAOD 

Further analysis was carried out based on the design river flooding event (1 in 100 year +11%CC). 

Based on interpolation of the flood levels for the 1 in 100 year + CC events, a flood level of 1.95mAOD 

was calculated. This was assessed in line with the site topography to determine what proportion of the 

site is at risk of flooding. The predicted flood extent for the 1 in 100 year +11%CC can be seen in Figure 

4-3 (in blue). Figure 4-4 provides topographical information used to predict the flood extent. 

Figure 4-3: Predicted Site Flood Extent for the 1 in 100 Year +11%CC 
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Figure 4-4: Modelled Topography for the 1 in 100 Year +11% CC Design Flood 

The predicted flood extent for the design river flooding extent is similar to the flood extent presented as 

part of the EA Fluvial and Tidal Flood Risk Map. A small area by the border in the northwest of the site 

is at risk during this flood event. For further information regarding the design flood, see Section 4.1.4. 

The Site has been assessed as being at low risk of flooding from fluvial and tidal sources, however 

mitigation measures are required for the areas of elevated risk. Though there is only a small portion in 

the north-eastern region of the Site that is at risk of flooding, this area falls within Flood Zone 3 and 

Flood Zone 3. 

4.1.2 Surface Water Flooding and Overland Flow 

The EA’s online mapping identifies that the Site is largely at very low risk of surface water flooding. 

There are areas throughout the site which are at high, medium, and low risk of flooding. These areas 

are towards the north and are within topographical low spots between existing buildings where surface 

water will flow and pool. There is also a region in the north-eastern region of the Site by the underpass 

entrance on route to the Deal Ground site which is at a high predicted risk of surface water flooding. 

See Figure 4-5 below for further predicted surface water extent information. 
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Figure 4-5: Surface Water Flood Risk Map 

Bordering the site, the existing Great Eastern Main Line railway line is located east of the site, and the 

highways located to the west and south of the site are at predicted risk of surface water flooding. King 

Street, which borders the site to the west, is topographically higher that the Site. This suggests that 

runoff at King Street and Carrow Hill junction is predicted to flow towards the Site. 

The Site has been assessed as being at medium risk of flooding from surface water. The site is largely 

at very low risk of surface water flooding. However, there are areas throughout the site which are at 

high, medium, and low risk of flooding. These areas are predominantly between or by the existing 

buildings on Site. The site proposals, detailed below, are anticipated to mitigate this risk.  

4.1.3 Ground Water Flooding 

The Greater Norwich Area SFRA identifies that the Site is potentially at risk from groundwater flooding. 

Based on the ‘Areas Susceptible to Groundwater Flooding, it falls within an area that is >=75% 

susceptible.  

The Phase 1 Desk Study Site Reconnaissance Report indicates that the north-eastern region of the 

site has potential for groundwater flooding to occur at surface. In addition, significant parts of the north, 

north-western and eastern regions of the site have potential for groundwater flooding of property 

situated below ground level to occur. Due to the Site’s proximity to the River Wensum and River Yare, 
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local and regional ground water is expected to flow to the north and to the east respectively. See the 

Phase 1 Desk Study Report (ref: LP01671/DS/DRAFT) for further details. 

The ‘Phase 2 Site Investigation Report’ recorded groundwater being struck between 0.5 and 4.5 metres 

below ground level (mbgl) at 17 different trial holes throughout the Site. See Phase 2 Site Investigation 

(ref: LP01671/ Phase 2/ DRAFT) for further details. 

Based on available information, the site is assessed as having a medium risk of flooding due to ground 

water. As highlighted in the Phase 1 Desk Study Site Reconnaissance Report, below ground structures 

(basements) are vulnerable to groundwater flooding across wider regions of the site. This risk is 

highlighted via the 17 trial holes across site that struck ground water, with two striking groundwater less 

than 1mbgl. 

4.1.4 Climate Change 

The Environment Agency requires, in accordance with the Government’s PPG document, that there 

should be no increase in the rate of surface water emanating from a newly developed site above that 

of any previous development. Furthermore, it is the joint aim of the Environment Agency and Local 

Planning Authorities, to actively encourage a reduction in the discharge of storm water as a condition 

of Approval for new developments. In addition, all drainage systems should be sized to accommodate 

the runoff arising from a 1 in 100-year rainfall event and should include a further allowance to account 

for the further effects of climate change.  

Table 4-1 and Table 4-2 below show the climate change peak river flow allowances and peak rainfall 

allowances respectively for the Broadland Rivers Management Catchment. The data presented in these 

tables is from the climate change allowances maps provided by the EA.  

Table 4-1 - Climate Change Summary (Broadland Rivers Management Catchment) – Peak River 

Flow Allowances 

Type Applies across 
all of England 

2020s 2050s 2080s 

River Upper 27% 27% 44% 

Higher 14% 10% 20% 

Central 8% 3% 11% 

Source: Climate change allowances for peak river flow in England (data.gov.uk) 

 

https://environment.data.gov.uk/hydrology/climate-change-allowances/river-flow?mgmtcatid=3008
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Table 4-2 - Climate Change Summary (Broadland Rivers Management Catchment) – Peak 

Rainfall Allowances 

Exceedance Rainfall 
Event 

Applies across all of 
England 

2050s 2070s 

3.3% Central 20% 20% 

Upper End 40% 40% 

1% Central 20% 20% 

Upper End 45% 40% 

Source: Climate change allowances for peak river flow in England (data.gov.uk) 

The development has a proposed design life of 100 years, which if constructed next year will be until 

2123. Therefore, a climate change value for river flows of 11% will be used for the purpose of design. 

For rainfall, 45% climate change will be used for design. This is inline with the guidance provided by 

the EA.  

4.2 Artificial Drainage  

4.2.1 Adopted Drainage 

Sewer records obtained from Anglian Water are included in Appendix B for reference.  

These records show that the wider area is drained via a number of different ways. A combined sewer 

runs under the Bracondale highway which takes drainage south of the site. There is also a surface 

water sewer that runs under King Street. This sewer run takes flows north before discharging into the 

River Wensum. 

A Google Street View image shows that should flooding occur from the surface water sewer on King 

Street, near the junction with Carrow Hill, surface water may flow downhill toward the Site. See below 

for the Google Street View image from King Street towards the site. 

https://environment.data.gov.uk/hydrology/climate-change-allowances/rainfall?mgmtcatid=3008
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Source: google.co.uk 

Figure 4-6: View from the King Street and Carrow Hill Junction, Towards the Site 

Based on the Anglian Water DG5 information presented in the Greater Norwich Area SFRA, the Site 

falls in a sub-postcode district (NR1 2) where 1 internal flood incident has been reported to Anglian 

Water. This information is based on incidents reported up to June 2017. 

The Site is therefore as assessed as being at a low risk of flooding from adopted drainage. 

4.2.2 Private Drainage System 

A utilities survey was carried out by Tetra Tech (formerly WYG) and is in included in the Appendix C. 

The topographical survey was carried out by CD Surveys Limited and is in included in the Appendix 

A. 

Separate surface water and foul water drainage are found to serve the Site. A majority of the Site’s 

private surface water drainage flows north towards the River Wensum. A few drainage runs flow 

towards soakaways located towards the middle and south of the Site (see Figure 3-6 and Figure 3-7). 

A majority of the Site’s private foul water drainage flows south towards Bracondale, with the remainder 

of the Site’s foul water drainage flowing to the east towards King Street. 

Topographical Levels for the Site demonstrate that the levels generally fall to the northeast of the Site 

(see 3.2). However, there are topographical low points across the site, most notably in the north 

between buildings or bordering buildings. It is around this area where there is a low, medium, and/or 

file://///LOFS03/Projects/081000.000-081999.000/081440%20-%20Carrow%20Works,%20Norwich/Q3-Design/3D-Reviews/2022-06-06%20FRA/google.co.uk
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high risk of surface water flooding. In these areas there are drainage channels to catch surface water 

runoff and convey flows to the below ground drainage.  

An assessment on the capacity of the current network for surface water and sewer flooding has not 

been carried out, however, it has been assessed that the network could fail during higher rainfall events. 

The Site’s drainage network appears to be extensive. Surface water is discharged via outfalls to the 

River Wensum and via soakaways located in the area’s chalk geology. Drainage channels are located 

throughout the Site, connecting with the below ground drainage network to help form the Site’s drainage 

network.  

The risk of flooding from failure of the private drainage system to the existing building is therefore seen 

as low to medium. 

The proposed development will include a new surface water drainage system that will be designed to 

accommodate rainfall events up to and including the 1 in 100 year +45%CC. Falls will also be designed 

away from the proposed building. See Section 5 of this report for proposed mitigation measures. 

4.2.3 Highway Drainage 

As discussed in Section 4.2.1, flooding from the surface water sewer on King Street by the Carrow Hill 

junction could flow downhill towards the Site. Google Street View shows that the King Street highway 

is topographically higher than the Site (see Figure 4-6). 

The Site is therefore assessed as being at a low to medium risk of flooding from existing highway 

drainage. 

4.2.4 Reservoir Flooding 

The EA’s online mapping identifies that the Site is at risk of reservoir flooding when there is also flooding 

from rivers. The maximum flood extent places the northern extent of the Site at predicted risk of flooding. 

See Figure 4-7 below for further predicted reservoir flood extent information. 
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Figure 4-7: Reservoir Flood Risk Map 

There are several reservoirs upstream of the site by the River Wensum. These reservoirs, the closest 

of which are located approximately 3.4km away by Waterworks Road, would flow into the River 

Wensum and downstream towards the Site if failure were to occur. The Site is also located 

approximately 500m upstream of Whitlingham Little Broad and 700m upstream of Whitlingham Great 

Broad, two lagoons located near the River Yare. 

Though the site is at risk of reservoir flooding, it is only at risk when there is also flooding from rivers. It 

is also a residual risk in the unlikely event that there is structural failure to the reservoirs.  

High safety measures and routine inspections reduce the risk of reservoir failures. Although there is no 

official grading of severity, we have used engineering judgement to assess the risk. The Site is therefore 

assessed as being at low risk of flooding as a result of reservoir failure. 
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5.0 Flood Risk Mitigation 

This section responds to the major risks outlined to the undeveloped site in Section 4 and offers 

mitigating measures that will aim to reduce the risk of flooding to the site, as well as sites both up and 

down stream.  

5.1 Natural Drainage 

5.1.1 Fluvial Flooding 

With reference to the EA’s published flood maps (see Figure 4 1 and Figure 4 2 in Section 4.1.1) the 

site can be shown to lie predominantly in Flood Zones 1. A small extent in the north-eastern are of the 

Site falling in Flood Zone 3 and 2.  

The site borders the tidal influenced River Wensum, though tidal and fluvial modelling carried out by 

the EA demonstrate that the Site is at risk of fluvial flooding from the River Wensum. The flood modelling 

with climate change demonstrates that the predicted flood extent is slightly greater with climate change. 

As small portion of the Site falls within Flood Zone 3, it is required to include mitigation measures for 

the proposed planning application. These are outlined below in this section. 

5.1.1.1 Site Levels 

A Technical Design Note was produced by Hydrock to assess a number of different flood risk mitigation 

options. As the modelling carried out by the EA for the area was conducted in 2017, it does not make 

reference to the latest climate change allowances. Hydrock therefore carried out further modelling 

based on the latest fluvial climate change allowances, utilising the Central 2080s climate change uplift 

(11%), and the Higher 2080s climate change uplift (20%). Hydrock agreed with the EA that flood depths 

predicted during a modelled scenario where both the river inflows and tide levels were updated for 

climate change would be an overestimation of flood levels at the site. The results generated from the 

EA 2017 modelling indicate that the modelled peak tidal flood levels are lower than the equivalent fluvial 

flood levels for all return periods. Therefore, it was agreed that the design event for assessing mitigation 

measures should be the 1 in 100 year + 20% CC event with existing tidal levels.  

To assess the existing level of flood risk, the following simulated events were analysed:  

• 1 in 20yr, 5% AEP (Flood Zone 3b)  

• 1 in 100yr, 1 % AEP (Flood Zone 3a)  

• 1 in 100yr + 20% climate change uplift  

• 1 in 1000yr, 0.1% AEP (Flood Zone 2) 

Following an assessment of the predicted flood risk outputs, two different flood risk mitigation options 

were assessed. The first was ground lowering only, which was designed to redistribute the 1 in 20-year 
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flood extent away from areas earmarked for development. This involves lowering all river frontage 

parcels and river corridor areas to 1.4mAOD with the marinas, being a maximum of 100mm below these 

levels and at a level of 1.3m AOD. 

The second assessed mitigation option was ground raising with compensation storage, which was 

designed to ensure all development is set above and outside the 1 in 100-year and 1 in 100-year + 

climate change events. This involves raising proposed development parcels to a level of 2mAOD based 

on the outputs from Hydrock modelling. This would ensure that finished floor levels (FFL) are raised a 

minimum of 300mm above the 100-year + climate change flood level of 1.65mAOD. As this is part of a 

wider generation scheme, compensation storage would be provided on the Deal Ground site, located 

east of the Site. 

Included in the proposed areas to be raised is the north-eastern region of the site. This includes the 

section which borders the River Wensum and the entrance/exit to the underpass. This means these 

areas will be above the design flood level. See Figure 5-1 for further information. 

Figure 5-1: Ground Raising Compensatory Storage Areas 

As presented in the Flood Risk Mitigation Technical Design Note, it is recommended that the ground 

raising and compensatory storage option is selected. This would mean that the area at risk of fluvial 



 

 

 

081440-CUR-XX-XX-T-C-92030 Rev P02 | Copyright © 2022 Curtins Consulting Ltd Page 30 

 

 

Carrow Works, Norwich  
Flood Risk Assessment 

flooding will be filled in and raised to mitigate the flood risk. For further information on the Flood Risk 

Mitigation Technical Design Note, see Appendix E. 

5.1.1.2 Finished Floor Levels 

The Greater Norwich Area SFRA requires that minimum FFLs should be set to whichever is the higher 

of the following:  

• a minimum of 300mm above the 1% AEP fluvial event + an allowance for climate change  

• a minimum of 300mm above the 0.5% AEP tidal event + an allowance for climate change  

• a minimum of 300mm above surrounding ground levels 

As highlighted in the Hydrock Flood Risk Mitigation Technical Design Note, the modelled flood height 

for the 1 in 100 year + 20% CC event is 1.65mAOD. If the recommendations of 2mAOD ground raising 

is applied, the ground level will be above the minimum required FFL with regards to fluvial and tidal 

flood events. Therefore, it is proposed that FFLs are a minimum of 2.3mAOD to ensure it is 300mm 

above the surrounding ground levels in that part of the site. The minimum FFL will vary across the site. 

5.1.2 Surface Water Flooding and Overland Flow 

With reference to the EA’s published flood maps (see Figure 4-5 in Section 4.1.2) the site can be shown 

to predominantly be at a very low risk of flooding from surface water sources. There are areas 

throughout the site which are at high, medium, and low risk of flooding. These areas are towards the 

north and are within topographical low spots between existing buildings where surface water will flow 

and pool. There is also a region in the north-eastern region of the Site by the underpass entrance on 

route to the Deal Ground site which is at a high predicted risk of surface water flooding. 

The proposed drainage system will be designed to ensure that no flooding occurs for events up to, and 

including, the 1 in 100 year + 45%CC rainfall events. The proposed system will be assessed and 

designed in line with Policy Box 2 (Drainage Hierarchy) as presented in the Greater Norwich Area SFRA 

and Norfolk County Council guidance document (LLFA role as Statutory Consultee to Planning): 

• Into the ground (infiltration) 

• To a surface water body 

• To a surface water sewer 

• To a combined sewer 

The SFRA also states that all new development should aim to minimise areas of impermeable ground 

to reduce surface water runoff. The document also states that SuDS should be used on all new 

development.  

The drainage strategy proposes to follow the existing site arrangement by disposing of surface water 

via infiltration and via outfalls to the River Wensum. Where surface water runoff is proposed to outfall 
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to the River Wensum, it is intended to do so at a controlled 1 in 100 greenfield run-off rate (Q100) for 

all new build areas and for all storms. Where existing outfalls are proposed to be reused the existing 

catchment entering the system is proposed to remain uncontrolled. Where surface water is proposed 

to discharge via infiltration, water will be disposed of via new or existing soakaways. Full details are 

provided are provided as part of the drainage strategy. 

As a result of the implementation of this strategy the risk of surface water flooding is to be reduced to 

very low across the Site. 

5.1.3 Groundwater Flooding 

As discussed in Section 4.1.3, the Site is assessed as having a medium risk of flooding due to ground 

water. This is due to the Site falling in an area classified as >=75% susceptible to groundwater flooding, 

and 17 different trial holes throughout the Site striking groundwater between 0.5 and 4.5 mbgl. As 

highlighted in the Phase 1 Desk Study Site Reconnaissance Report, below ground structures 

(basements) are vulnerable to groundwater flooding across wider regions of the site  

To manage the risk posed by groundwater flooding, it is recommended that groundwater is measured 

and monitored as part of any future intrusive ground investigation. It is also recommended that any 

basements included in the development across the site are designed in accordance with the recorded 

flood levels. Furthermore, as the minimum FFLs across the site are recommended to be 300mm above 

the surrounding ground level, the risk of internal flooding from groundwater is considered to be low.  

5.1.4 Climate Change 

As discussed in Section 4.1.4, all designs will be based on an allowance of 45% increase in rainfall 

intensity for future climate change. For fluvial, a 11% allowance will be used for the purpose of design. 

5.2 Artificial Systems 

5.2.1 Adopted Drainage 

The risk of flooding from the adopted drainage is not expected to be altered as a result of the proposed 

development. The proposed drainage regime will see surface water managed on site, with the northern 

area of the site discharging to the River Wensum, and the southern area infiltrating to the ground via 

soakaways.  

The Site remains as being at a low risk of flooding from adopted drainage. 

5.2.2 Private Drainage 

The proposed development will include a surface water drainage network designed to accommodate a 

1 in 100 year +45% CC allowance rainfall event. It is proposed that some of the existing drainage 
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infrastructure is retained, including three outfalls to the River Wensum in the northwest corner of the 

site, and some existing soakaways located towards the south of the site. In addition, below ground 

cellular storage is proposed to provide attenuation, along with permeable paving, bioretention and petrol 

interceptors as part of the improved drainage scheme. New outfalls to the River Wensum will be 

installed above the typical high tide level. Falls will also be designed away from the proposed building 

to ensure that water will not drain towards or pool by the building if failure of the proposed system were 

to occur. 

The risk of flooding from private drainage is assessed as being low. 

5.2.3 Highway Drainage 

As highlighted in Section 4.2.3, the Site is assessed as being at a low to medium risk of flooding from 

existing highway drainage. This is because if a surface water sewer failure were to occur around the 

King Street and Carrow Hill junction, it would most likely flow towards the site as King Street is 

topographically higher. As the proposed development is required to raise FFLs a minimum of 300mm 

above the surrounding ground level, the flood risk to property is assessed as being low. 

5.2.4 Development Drainage 

It will be necessary to provide a suitably designed storm water drainage system to collect, convey and 

attenuate the additional runoff generated by the development of this site. The site proposes to outfall 

the area in the north of the Site to the River Wensum at a control rate of Q100 (10.2 l/s/ha) for all storms 

up to, and including, the 1 in 100 year + 45% CC. For the southern area of the Site, it is proposed that 

water is discharged by infiltration via soakaways. In addition to geocellular storage for attenuation, it is 

proposed that permeable paving, bioretention, and petrol interceptors are introduced as part of the 

drainage scheme. This would ensure the strategy improves run-off quality whilst maximising biodiversity 

and amenity to provide a sustainable drainage system as noted in PPG. For further information, see 

the Drainage & SuDS Strategy (081440-CUR-XX-XX-T-C-92031). 

Foul flows from the development should be drained through an entirely separate system designed to 

adoptable standards to minimise the risk of foul flooding occurring as a result of the development. 

5.3 Summary 

As detailed throughout this FRA, there a few flood risk sources which have been assessed as risks to 

the Site.  

The risk associated with fluvial flooding is from the River Wensum, a major river which serves as a 

tributary to the River Yare. According to the EA mapping, a small extent located in the north-western 

corner site is in Flood Zone 3 and 2.  Based on the Product 4 information provided by the EA, this area 

is only at predicted risk of fluvial flooding, not tidal. Through the topographic survey carried out for the 
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site, it has been identified that this area is the topographic low point for the entire site. The proposed 

development has been designed to include mitigation measures to reduce the risk of flooding from 

fluvial flooding, including ground raising (see Section 5.1.1). 

The risk associated with surface water flooding is due to topographical low spots throughout the 

northern half of the site. These areas are predominantly between or by the existing buildings on Site. 

However, the EA surface water modelling does not take into account the channel drains located 

throughout the site to drain surface water runoff at these topographical low points. In addition, the new 

drainage scheme proposed for the Site will be designed to ensure that no flooding occurs for events up 

to, and including, the 1 in 100 year + 45%CC rainfall events. In addition, falls will be designed away 

from the proposed building. The new proposed drainage scheme will also address the risk associated 

with the private drainage. 

The risk associated with groundwater flooding is predominantly due to the Site falling in an area 

classified as >=75% susceptible to groundwater flooding, and 17 different trial holes throughout the Site 

striking groundwater between 0.5 and 4.5 mbgl. To manage the risk posed by groundwater flooding, it 

is recommended that groundwater is measured and monitored as part of any future intrusive ground 

investigation. It should also be noted that below ground structures (basements) are vulnerable to 

groundwater flooding across wider regions of the site. In line with The Greater Norwich Area SFRA, 

FFLs should be raised 300mm above the surrounding ground level, therefore dwelling and development 

at ground level are unlikely to be affected by groundwater flooding.  

The risk associated with highway drainage is linked to runoff from King Street by the Carrow Hill 

junction. This area is topographically higher than the Site. The site has been assessed as being at low 

risk of flooding from adopted drainage and reservoirs. 
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Table 5-1 - Flood Risk Summary 

Potential Source of 

Flooding 

Is there a flood risk to 

the development? 

Does the proposed 

development increase 

the flood risk 

upstream? 

Does the proposed 

development increase 

the flood risk 

downstream? 

Fluvial Flooding No No No 

Surface Water Flooding  No No No 

Ground Water Flooding No No No 

Adopted Drainage No No No 

Private Drainage No No No 

Highway Drainage No No No 

Reservoir Flooding No No No 

Development Drainage No No No 
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6.0 Sequential Test  

As a small portion falls within Flood Zone 3, the site is currently classed as being in Flood Zone 3 and 

is predicted to have a 1% chance of fluvial flooding or a 0.5% chance of tidal flooding. In accordance 

with PPG, the site will therefore need to pass a suitable Sequential Test to determine if the site can be 

brought forward for development. 

The Sequential Test is designed to direct development towards areas of lower flood risk, however, 

where suitable sites do not exist in Flood Zone 1 sites in Flood Zone 2 and then 3 may be considered. 

It is therefore necessary to establish a hierarchy of sites ranking the most suitable. From this hierarchy 

sites may be selected that will be required for housing needs in this location. 

6.1 Application 

The site is currently classed as being in Flood Zone 3 and is predicted to have a 1% chance of fluvial 

flooding or a 0.5% chance of tidal flooding. In accordance with PPG, the site will therefore need to pass 

a suitable Sequential Test to determine if the site can be brought forward for development. 

The Sequential Test is designed to direct development towards areas of lower flood risk, however, 

where suitable sites do not exist in Flood Zone 1 sites in Flood Zone 2 and then 3 may be considered. 

It is therefore necessary to establish a hierarchy of sites ranking the most suitable. From this hierarchy 

sites may be selected that will be required for housing needs in this location. 

6.2 Sequential Test 

In line with the NPPF, the Greater Norwich Area SFRA, and the Norwich Local Plan, the sequential test 

was applied as follows: 

1. Identify the geographical area of search over which the test is to be applied; this could be the 

Borough area, or a specific catchment if this is appropriate and justification is provided (e.g. 

school catchment area or the need for affordable housing within a specific area).  

o The entire Greater Norwich Area was the search area for the site. A site of the 

appropriate size was a key consideration for the search. 

2. Identify the source of ‘reasonably available’ alternative sites; usually drawn from evidence base 

/ background documents produced to inform the Local Plan.  

o This site falls within the ‘East Norwich Masterplan’ area. The ‘Norwich Site Allocations 

and Site Specific Policies Local Plan’ was assessed to determine potential alternative 

sites. Though no site that was deemed a comparable alternative was found, the 

following sites were found: 
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▪ The Deal Ground (Policy R9) – This site is in the wider regeneration scheme 

that the proposed Carrow Works site is part of. 

▪ Land adjoining Norwich City Football Club, Kerrison Road (Policy CC16) – This 

site is located on the opposite side of the River Wensum, opposite the Site. 

▪ Utilities Site (Policy R10) – This site is located on the opposite side of the River 

Wensum, northwest of the Site. It is part of wider regeneration scheme that the 

proposed Carrow Works site is part of. 

▪ Kerrison Road/Hardy Road, Gothic Work (Policy R11) – This site is also 

located on the opposite side of the River Wensum. It includes Land in front of 

ATB Laurense Scott which is also part of wider regeneration scheme that the 

proposed Carrow Works site is part of. 

3. State the method used for comparing flood risk between sites; for example the Environment 

Agency Flood Map for Planning, the SFRA mapping, site-specific FRAs if appropriate, other 

mapping of flood sources.  

o The sources listed throughout the FRA were used, including EA flood risk maps and 

flood risk data presented as part of the Norwich SFRA.  

4. Apply the Sequential Test; systematically consider each of the available sites, indicate whether 

the flood risk is higher or lower than the application site, state whether the alternative option 

being considered is allocated in the Local Plan, identify the capacity of each alternative site, 

and detail any constraints to the delivery of the alternative site(s).  

o No site that was deemed a comparable alternative was found, therefore a flood risk 

comparison between sites was not carried out. 

o Three of the four allocated sites highlighted in step 2 are part of the wider regeneration 

scheme that the proposed Carrow Works site is part of. 

5. Conclude whether there are any reasonably available sites in areas with a lower probability of 

flooding that would be appropriate to the type of development or land use proposed. 

o There are no reasonably available sites in areas with a lower probability. 

6. Where necessary, as indicated by Table 4-3, apply the Exception Test. 

o The proposed use for the site is a mixed development. It will include new homes and 

employment spaces. Under the PPG Vulnerability Classification (Table 2), the highest 

development classification that the development wall fall under is ‘More Vulnerable’ 

(based on residential homes), or ‘Highly Vulnerable’ (if basement dwellings are 

proposed). 
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o It is proposed that the development is steered towards Flood Zone 1, which is the 

majority of the site. Under the PPG Flood Risk Vulnerability and Flood Zone 

Compatibility (Table 3), all development types are appropriate in Flood Zone 1 and 

would not need to pass the Exception Test. 
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7.0 Conclusions and Recommendations 

7.1 Overview 

This Flood Risk Assessment has been prepared for the proposed redevelopment of the Carrow Works 

site in Norwich. The FRA has been prepared in accordance with the requirements of the NPPF. 

- The Site is primarily located in Flood Zone 1, with a small part of the site located in the north-eastern 

region falling in Flood Zones 3 and 2. The Site has been identified as having a medium risk of 

flooding. As part of the Site falls within Flood Zone 3, mitigation measures should be adopted to 

ensure the development is safe for its lifetime. 

- The existing site has also been assessed as being at medium risk of flooding from surface water 

and ground water flooding. It has also been assessed as having a low to medium risk of flooding 

from private drainage and highway drainage.  

- The Site is to be delivered with a new separate foul and surface water drainage system, though the 

existing drainage infrastructure will be retained in some instances. It is proposed that the northern 

area outfalls to the River Wensum at a Controlled rate of Q100, and the southern area discharges 

by infiltration via new and existing soakaways. 

- As part of the new drainage scheme, below ground geocellular storage will be provided for 

attenuation. In addition, permeable paving, bioretention and petrol interceptors are proposed to 

treat run off before surface water is discharged into the River Wensum. 

- As part of the proposed mitigation measures, it is recommended that the north-eastern area of the 

site is raised to 2mAOD as per the Hydrock Technical Design Note. 

- In line with The Greater Norwich Area SFRA, FFLs should be raised 300mm above the surrounding 

ground level across the site.  

- Following the implementation of the proposed drainage scheme and flood mitigation measures, the 

proposed development has been identified as a low risk of flooding from fluvial, tidal, surface water, 

private drainage and adoptable drainage sources. 

- A predicted risk of flooding from groundwater and highway drainage will remain, however when the 

requirement outlined above from the Greater Norwich Area SFRA is applied to the site, the impact 

of these events is greatly reduced.  
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8.0 Appendices  

Appendix A – Topographic Survey 

Appendix B – Anglian Water Asset Map 

Appendix C – Utilities Survey 

Appendix D – EA Product 4 Data 

Appendix E – Flood Risk Mitigation Technical Design Note 

 


