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1.1 Background 

Considerable growth forecast over the next 20 years in Gateshead and Newcastle presents a need to ensure that flood risk is 
appropriately considered in new development proposals. Therefore, surface water drainage in new developments should be to 
the highest possible standards. Site specific planning policies will therefore be required to ensure that flood risk is appropriately 
managed so that risk is not increased to new developments or elsewhere as a result.  

Gateshead Council, Newcastle City Council and Bridging NewcastleGateshead (housing market renewal partnership), have been 
successful in achieving New Growth Point status.  This represents a commitment between Local and Central Government to 
work together through a Partnership for Growth to promote housing and economic growth.  The Growth Point will be subject to 
consultation, testing and examination through Gateshead and Newcastle’s Local Development Framework(s) (LDF).   

One of the conditions placed upon the Growth Point status was for a Surface Water Management Plan (SWMP) to be undertaken 
following on from a Strategic Flood Risk Assessment (SFRA). In light of this AECOM was appointed by Gateshead Council and 
Newcastle City Council to undertake a SWMP which will support the evidence base for the countywide One Core Strategy.  The 
outputs from the SWMP will be channelled into the LDF, supporting the One Core Strategy and other Local Development 
Documents.  

This report documents the Options phase of the SWMP, and it comprises the appraisal of measures to mitigate the surface water 
flood risks.  The mitigation measures are prioritised and short-listed in terms of their suitability and practicality. The outputs from 
the Options phase serve as a starting point for the Partners to agree preferred options to manage surface water flood risk, but 
should remain as a living document after completion as more detail becomes available concerning how the sites will ultimately be 
developed.  The level of detail and output that can be expected from this study is dependent on the time, budget and information 
available at the time. The outputs from the Options phase of the SWMP comprise:  

- identifying of the sources, pathways and receptors of surface water flooding; 

- a long list of appropriate measures for mitigating surface water flood risk; 

- developing a short list of measures to mitigate surface water flooding based on their feasibility, cost and effectiveness; and, 

- reviewing the short listed measures to produce preferred Options, to be agreed with the Partners, that can be assessed in 
more detail as part of the masterplanning process.  

1.2 General Advice 

The Options phase has assessed 13 Strategic Sites1 throughout Gateshead and Newcastle. Figure 60103180/STAGE2/SS/1.1 
is a location plan for the sites. The site specific assessment of measures presented in Section 4 should be read in conjunction 
with the figures contained within Appendix A. The assessment was completed at a high level and issues and constraints were 
not exhaustively considered, refer Section 1.3. Additionally, limited information about proposed development layouts was 
available and it would be inappropriate to prescribe specific Options for Strategic Sites since this could place constraints on the 
development of the site and potential make development unviable. As such, the details provided are only intended to indicate the 
elements of a possible solution that the developer will be required to progress further. Figure 1.1 presents a flowchart outlining 
the process that the findings of this report will need to go through. 

 

                                                           
1 Strategic Site falls within the planning ‘Areas of Major Change’  

1 Introduction 
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1.3 Assumptions and Limitations 

The assessment and development of the measures was undertaken as a desktop review. The work involved a high level 
strategic review of potential constraints based on outputs from the risk assessment phase of the SWMP. The list of Options 
developed is not exhaustive but provides an overview and should be considered as the first step in an iterative process for site 
development. Site specific engineering and consultation constraints will need to be investigated and resolved as part of the 
development process.  

The following is a list of items that remain as outstanding matters to site development and should be identified and resolved at an 
early stage during the masterplanning.  

SWMP Stage 2 Options Interim 
Report (this document) – 

preferred measures outlined 

Options Workshop – measures 
and Options reviewed with Key 

Partners 

Detailed assessment of measures 
and Options in light of site layout to 

determine Option to be 
implemented 

SWMP Stage 2 Action Plan –
preferred measures and potential 

Options for each Strategic Site 

Review Stage 2 
SWMP Report 
against latest 
information 

Strategic Site developed 
incorporating Option(s) to manage 
the risk of surface water flooding 

Key Partners provide 
input 

Stakeholder 
engagement  

Figure 1.1 – Development and implementation of SWMP  

Develop 
masterplan layout 
and staging 

Strategic Site comes forward for 
development 

SWMP Stage 2 Agreed Options 
preferred options identified  

and agreed 
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1.3.1 Location of services and sewers 

Only a limited amount of information was made available regarding the location, size, condition and configuration of the sewer 
and drainage network. This study utilised the information made available however, this information did not provide a complete 
description of the sewer network. No detailed services searches were undertaken for the sites. No site visits were undertaken 
and it is likely that services are present in or around many of the sites.  Works below ground in particular will need careful 
consideration as they would represent a potential leakage point from any storage areas that have been identified. 

It is recommended that a detailed service search is carried out when the sites are developed, possibly including non invasive 
ground penetration surveys to identify the location of any pipes. 

1.3.2 Archaeological and environmental review 

The presence of archaeological remains, environmental impact assessments, water quality impacts and ecological investigations 
will be required. 

1.3.3  Geotechnical review (infiltration and contamination) 

A full geotechnical assessment should be undertaken to determine soil conditions, assess the potential for contamination and 
infiltration of surface water. Additionally, the surface water risk assessment does not consider in any detail water coming up to 
the surface, i.e. groundwater, seepage paths and so forth. Outline advice available for this study indicated that infiltration is 
unlikely to be suitable.  

1.3.4 Attenuation Basins Design considerations 

Depending on their size, storage areas may fall under the Reservoirs Act and issues associated with this will need to be 
considered.  

1.3.5 SHLAA / ELR Development 

The location or presence of SHLAA/ELR development is subject to an annual review. Areas proposed for development are 
indicative and may have changed since time of writing. 

1.3.6 Specific Discharge Rates 

The report quotes discharge rates and these are provided as guidance to the order of magnitude. The information is provided in 
line with the strategic level of this work.  Therefore its relevance and application should be considered for each site on a case by 
case basis. Information on proposed developed was not available at time of writing so considered assessment could not be 
undertaken. 

1.4 Planning Policy and Legislation 

Planning Policy Statement 25 (PPS25): Development and Flood Risk is the current planning policy for future development. This 
policy aims 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. Where new development is necessary in 
such areas, the policy aims to make it safe without increasing flood risk elsewhere and where possible, reducing flood risk 
overall. As such, PPS25 promotes the use of Sustainable Drainage Systems (SUDS).  For all developments greater than one 
hectare, they must provide a Flood Risk Assessment which considers surface water management for the development to prevent 
increased flood risk from surface drainage.  

National planning policy for the prevention of water pollution is set out in Planning Policy Statement 23 (PPS23) Planning and 
Pollution Control (ODPM, 1994). PPS23 is a material consideration for proposed planning applications and provides guidance on 
the location of, and appropriateness of certain “polluting” developments, so as to prevent pollution and ensure that the 
environment and human health are protected. In particular, PPS23 Annex 1 encourages the use of SUDS by developers, where 
appropriate. SUDS are drainage measures but can help to attenuate pollutants contained in surface water runoff reducing the 
impact of diffuse pollution on receiving watercourses. In terms of planning policy the requirements of PPS23 have been amended 
and to some extent superseded by the requirements of The Flood and Water Management Act 2010. 
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The Flood and Water Management Act intends to provide better, more comprehensive management of flood risk for people, 
homes and businesses. In particular, it encourages the uptake of SUDS by removing the automatic right to connect to sewers 
and providing for unitary and county councils to adopt SUDS for new developments and redevelopments.   

The aim of the Water Framework Directive (WFD) is to prevent further deterioration and protect and enhance the status of 
aquatic ecosystems and associated wetlands, promote sustainable water consumption, and contribute to mitigating the effects of 
floods and droughts. The WFD was transposed into law in England and Wales by the Water Environment (WFD) Regulations 
2003. These regulations implement a holistic approach to the management, protection and monitoring of the water environment. 
The key objectives of the WFD are to prevent deterioration in the status of water bodies and aim to achieve good ecological and 
chemical status/potential (including quantitative status in groundwater bodies) by 2015. Water bodies must also comply with 
standards and objectives of Protected Areas (i.e. an area designated under another European Directive, such as an SAC or 
SPA) where these apply. In addition, under the WFD requires emissions of priority substances must be reduced and emissions of 
priority hazardous substances prevented. Finally, action must be taken to reverse any identified sustained upward trend in 
pollution concentrations in groundwater bodies. 

The SWMP (refer Figure 1.2) is an opportunity to bring about co-ordinated improvements in water quality, and thus the aquatic 
ecosystems that depend on it, through a framework of surface water management to control pollution (e.g. control of urban 
diffuse pollution and intermittent discharges from Combined Sewer Overflows (CSO) through site management and the 
introduction of SUDS) and to reinstate where possible natural flow regimes, riparian habitats, and floodplain connectivity. 
Through an integrated approach (including all relevant Stakeholders in a Partnership approach) solutions with a dual benefit that 
address flood and pollution risks can be realised, and thus help to fulfil and comply with the ecology, water quality, and 
hydromorphology requirements of the WFD.  

Mitigation measures for surface water flood risk have the potential to improve water quality or cause deterioration through diffuse 
pollution or changes in the flow regime and effects on the physical habitat. The WFD requires that effects on water bodies do not 
cause deterioration nor do they lead to the prevention of a target being achieved, although under certain circumstances there can 
be exceptions (using Article 4.7). Therefore, it is important that the SWMP considers the implications of the WFD. 
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Figure 1.2 – SWMP Cycle (Defra, 2010) 
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2.1 Introduction 

A broad list of structural, non-structural and adaption measures are available for managing surface water flood risk. These 
measures were assessed as part of the development of the potential Options for each Strategic Site.  A typical drainage system 
and its associated flood risk can be conceptualised using the source-pathway-receptor model, refer Figure 2.1.  

 

Figure 2.1 – Source/Pathway/Receptor Model (Defra, 2010) 

2.2 Sustainable Drainage Systems  

Government guidance promotes the use of SUDS to manage flooding, protect receiving water quality and provide amenity. 
SUDS provide protection against flooding downstream of developments by reducing the volume of surface water runoff.  In most 
urban areas, retail and commercial development footprints can create impermeable urban areas of around 70-90% of total 
development area. Therefore, measures that reduce the rate and volume of runoff can be effective approach to stormwater 
management.  SUDS have considerable potential to manage surface water at source, on the pathway and at the receptor.  The 
incorporation of SUDS measures into new developments would present opportunities to contribute to biodiversity and wildlife 
corridors thereby contributing to the overall Green Infrastructure. Appendix B provides a quick reference guide to the different 
types of SUDS measures. 

2 Identification of Measures 
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2.2.1 Management train approach 

The most appropriate method to manage surface water is to implement a management train, Figure 2.2. Preventing the increase 
in surface water runoff can be facilitated by controlling surface water at all stages along the source/pathway/receptor model. 
Redevelopment within all Strategic Sites should seek a reduction in surface water peak discharges along the surface water’s 
pathway.  

 

Figure 2.2 – Implementation of Source/Pathway Management Train  

2.3 Managing Surface Waters at the Source 

Surface water runoff is generated via roof drainage from buildings, car parks/hardstanding (impermeable areas) or adjacent 
surcharging drainage systems during rainfall events. Sources of surface water will also occur outside of the Strategic Site’s 
boundary and be conveyed via a pathway into the site. Source control is in line with recent legislation and policy guidance 
(PPS25 Development and Flood Risk) promoting reduction in impermeable areas, as well as removing the automatic right to 
connect to sewers. The following measures to control the source of surface water have been considered for the Strategic Sites 
as part of new developments or retro-fit as part of re-development. 

Source Mitigation Measures: 

- Green Roofs - Permeable Paving (right) 
- Boundary Flow Interception - Attenuation/Storage Basins 
- Ponds and Wetlands - Rainwater Harvesting 

Whilst these measures will provide a means of managing surface 
water they will only be implemented as quickly as land is re-
developed. These measures will only be effective if they receive adequate maintenance and management during their lifetime.  

In general, these forms of measures are socially favourable as the aesthetic features are more acceptable to the general public. 
Environmentally, these measures reduce the quantity of flow and pollutants reaching sewers or receiving watercourses. 
Infiltration and below ground storage measures require additional geo-technical investigation to determine suitability. Where 
possible, implementation of such measures should become a condition for re-development and new development within Strategic 
Sites.  

Whilst more difficult to implement, existing developments could be encouraged to reduce their runoff by retro-fitting these 
measures. Particularly, measures such as rainwater harvesting and substituting impermeable driveways with porous paving will 

Increase 
permeable area  

Swales, filter trenches 
and storage  

Dense 
Urban Area  

  

Residential 
Areas 

  
Surface water pathway 

Receiving 
Waters 
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reduce surface water runoff. There are economic implications for individual property owners, but it may be a lower cost, and more 
sustainable outcome than the installation of stormwater sewers or attenuation basins in heavily developed areas.  

2.3.1 Infiltration 

Infiltration can assist in the reduction of runoff rates and therefore the size of attenuation storage. Soakaways and filter drains 
aim to store water below ground in either perforated chambers or stone bedding. Stored water is then disposed of by infiltration 
into surrounding soils or allowed to enter the surface water system after the peak flows have passed. The key to successful 
performance of this type of system is the hydraulic gradient and permeability of the soil which governs the speed at which water 
drains away. Additionally, retrofitting of these systems in areas not being developed would be disruptive and consequentially 
expensive due to the presence of existing services and reinstatement needs. The use of this type of system is not typically 
suitable for many of the Strategic Sites as they contain impermeable and/or saturated soils (high groundwater table). There are 
situations where infiltration drainage is not appropriate, namely:  

- infiltration capacity of the ground is low (clays, silty loam, rock strata);  
- the existing ground is contaminated; 
- groundwater levels are high and soils are saturated;  
- stability of foundations may be at risk; and/or, 
- poor runoff water quality may pose a pollution threat to groundwater resources;  

Use of these measures will require geotechnical assessment to confirm to the suitability of the measure. The assessment will 
also need to confirm whether linings are required to ensure that percolation does not worsen flooding elsewhere. Further, where 
infiltration is into an aquifer the risk of contamination should be assessed and minimised, particularly where the groundwater is a 
source of public water supply. Additional measures, such as oil interceptors, may be required. 

2.3.2 Rainwater Harvesting 

Rainwater harvesting refers to the collection of surface runoff from the roofs of houses.  This does not offer very significant 
savings in water consumption, but is a useful component of the complete water efficiency toolkit as it combines reducing runoff 
with reducing water usage.  Rainwater collected can be used to supply toilets and washing machines, and more commonly for 
garden irrigation and washing cars.  Harvesting rainwater has the additional benefits of reducing: 

- the amount of surface water runoff being discharged into drains and watercourses, 
- the risk of localised flooding, and 
- overall water bills for householders. 

2.3.3 Interception 

The sources of flows outside of the Strategic Site could be intercepted and directed towards designated flow pathways through 
the site. Development of Strategic Sites should formalise overland flow paths to channel runoff through and then off the site into 
nearest suitable surface water network or watercourse. These corridors can be formed from minor roads, parks and/or footpaths 
laid at a consistent fall (with kerbing/speed bumps) that encourages surface water to drain through the site. The pathway should 
be located away from possible sources of contaminated sewage that can emanate from an overloaded combined system.   

2.4 Managing Surface Waters along the Pathways 

For storm events in many of the urban areas of Gateshead and Newcastle, conveyance of surface water takes the form of a 
piped sewer network. Piped conveyance systems are either separate or combined. In the case of combined sewers, surface 
water and wastewater flows are conveyed together before being treated and discharged.  At peak times during storm events, 
CSOs discharge partially treated waters. This disperses contaminants during flood events that exceed design capacity. As 
combined systems are common throughout older areas they usually occupy the available space within existing infrastructure 
corridors. Separating or increasing their capacity is likely to be technically and economically difficult with high social impact due to 
disruption. A key assumption to this strategy is that existing (combined) sewers are at or near capacity. As such, surface water 
flows are directed away from combined sewers or stored on site. The general philosophy for reducing flooding from surface water 
is to reduce (attenuate) the peak flows within areas containing combined systems. This may be achieved by reducing runoff (as 
detailed above) and by providing stormwater storage and diversions in critical areas.  
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Surface water sewers are generally designed to accommodate approximately 
50-60% of the catchment runoff, but inefficiencies in the system (e.g. 
blockages) will typically reduce this and can lead to surface water flooding.  
As such, surface water flows should be provided with an alternative overland 
route or stored in an attenuation basin until the flood levels recede.  

Transport infrastructure such as embankments (active or disused) can restrict surface water flowpaths where they disrupt the 
topography and lead to surface water ponding. Diversion and storage of stormwater can be provided by using low traffic road 
corridors orientated with the topography and guiding surface water towards suitable locations. This could be achieved by 
providing kerbing, speed bumps and swales to direct and store flows. While this measure is technically challenging in existing 
urban areas, it could be appropriate for some cases of re-development where flows should be preferentially directed to areas of 
low risk e.g. parks. There is limited social or environmental impact, though there may be issues relating to disability access. This 
approach is appropriate if it can avoid traffic disruption or the creation of flood hazards. Typically, roads with higher traffic 
volumes are built on embankments due to pavement design and structural integrity requirements.  

Flooding can also arise from watercourses when the existing pathway (e.g. culvert) is exceeded or it is blocked. 

Methods to control the pathways of surface water include: 

- Increase sewer capacity and/or divert existing sewer lines 
- Optimise system to remove bottlenecks in sewer 
- Soakaways/Infiltration 
- Flow storage on roadway 
- Separation of foul / surface water systems 
- Manage overland flows using defined flowpaths  
- Encourage proactive maintenance of existing system 
- Enlarge existing channel capacity 
- Provide flood attenuation/storage areas for surcharging flood waters 

2.4.1 Swales  

Swales are linear vegetated drainage features that can be used in a wide variety of Strategic Sites as overland flow paths. 
Swales are typically located next to roads but can also be located in landscaped areas, adjacent to car parks and in other open 
spaces. They are ideal for use as drainage systems on industrial sites because any pollution that occurs is visible and can 
therefore be dealt with before it causes damage to the receiving watercourse. They should promote low flow velocities to allow 
much of the suspended particulate load in the stormwater runoff to settle out, thus providing effective pollutant removal. Roadside 
swales can replace conventional gullies and drainage pipes. For Strategic Sites, the dry swale is recommended as it a vegetated 
conveyance channel, designed to include a filter bed of prepared soil that overlays an under-drain system. This provides 
additional treatment and conveyance capacity beneath the base of the swale. As they remain dry most of the time, they do not 
become boggy during wet weather. In some Strategic Sites where soil contamination is likely or pollution (excess fertiliser and 
weed killer) may result the dry swales will require lining to prevent infiltration.  For the steeper sites where the longitudinal 
gradient is above 5%, check dams will be required to slow velocities. These should be installed at regular intervals, i.e. the toe of 
the upstream dam should be the same level as the crest of the downstream dam. Regular inspection and maintenance is 
important for the effective operation of swales as designed 

2.4.2 Regional Flow Path 

Regional flow path involves the identification of flowpaths that lead to the River Tyne, generally beyond the boundary of Strategic 
Sites. These flow paths should be considered before future incremental development (next 20years) is implemented so that they 
are not built over or diverted. If a Strategic Site chooses not to provide its section of the regional flowpath then the remaining 
flowpath would have to be channelled to the River Tyne by other means, for example underground pipe work.  To allow for 
different phases of development, a masterplan for the overland drainage system should be developed that includes its section of 
the regional flowpath. This should be identified earlier on in the initial stages of development, or even built during the enabling 
works. This would allow the development to discharge to the flowpath regardless of the order in which the site is developed.   
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2.4.3 Storage of Surface Water 

Storage or attenuation of surface water can occur over short periods 
until after peak flows have passed through the system. This is known as 
attenuation of flows and its purpose is to prevent overloading of existing 
drainage infrastructure. This reduces the risk of inundating that 
infrastructure and of flooding elsewhere within the system, and this is the 
key principle behind many measures proposed by SUDS. As the River 
Tyne is tidal, water may require storage - depending on outfall invert 
level - until after tidal peak and the water level has fallen sufficiently for 
drainage systems to freely discharge. Storage can be in the form of 
defined detention/infiltration basins or informal measures such as low 
traffic roads and recreational areas (playing fields).  Care should be 
taken to avoid contamination around sites that generate pollutants – 
such as car parks or goods handling areas. 

In heavily developed areas, providing storage can be difficult due to limited locations being available above ground. Storage can 
be provided below ground but it is technically difficult and requires a higher economical outlay than above ground storage. The 
construction of the storage is often socially disruptive and difficult due to the presence of service and geotechnical constraints. 
Additionally, as it is lower in the ground there are potentially extra maintenance costs and risks associated with silt accumulation. 
In many areas, high groundwater levels and buoyancy of structures may restrict the use of ponds and storage basins, particularly 
in areas comprising peaty soils.  

Where space allows, above ground storage can be provided within green corridors. While implementation is not technically 
difficult it does restrict the developable area and may influence the viability of developments, hence why this SWMP is not able to 
prescribe specific measures and Options. There would be some economic costs associated with this measure and the benefitted 
area would be significantly smaller than diverting outflows straight to the river, especially for tidally influenced rivers, like the River 
Tyne. There would be limited social disruption. It may be possible to create a multi-purpose design (sports field) as long the flood 
storage areas had adequate flood warning time. Environmentally, it may be possible to create habitat within the area.  A 
maintenance regime would be required to ensure that they continue to be effective.  

Indicative storage volume calculation 
Area available for above ground storage is scarce in existing urban areas. Provision of flood storage areas can offer an 
opportunity to enhance the environment and establishment of a community amenity.  Conversely, storage areas can be 
perceived as a public health risk and safety hazard. Therefore storage areas should be protected from sources of contamination 
and safety measures included in their design. Storage may be required as drainage system capacity will be dependent on tide 
levels in the River Tyne.  

A typical brownfield site has an permeability factor (Ψ) of 0.75 - 0.9, representing about 75% to 90% of rainfall converted to runoff 
(i.e. roofs/hardstanding preventing infiltration).  The existing rate of surface runoff from an area of site can be calculated using BS 
EN 7522 as detailed below: 

Q = 2.78ΨiA       where:  
 
Ψ = Permeability factor (1 being wholly impermeable) 
i  = Rainfall Intensity (mm/h) calculated from parameters, but typically 50mm/h for 30 year 
A = Area (ha)  
Q = Peak Runoff Rate (l/s) 

Rainfall intensity for each return period and duration can be calculated for the region from the following parameters: 

M5 – 60      19mm 

                                                           
2 BS EN 752:2008 Drain and sewer systems outside buildings  
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Ratio R    0.35 
Coefficient Cv (summer)  0.750 
Coefficient Cv (winter) 0.840 

Therefore, for every hectare of a typical brownfield site in the Newcastle Gateshead area it will be produce around 125l/s/ha. The 
capacity of Northumbrian Water’s sewers would dictate the flow rate off the site. It is likely that the capacity of sewer will only 
allow a lower flow rate from the site. Flow that is unable to be conveyed off site will therefore require storage within the site.   

As prescribed within Building Regulations, surface water should be stored within the drainage system for the 1 in 30 year storm 
event. In addition to this, the impact of climate change should be considered for the attenuation. This should be done by applying 
an increase of 30% to the design rainfall intensities used for all storm scenarios. For flood sensitive areas, above ground storage 
areas could be provided on site to store up to the 1 in 100 year plus climate change event.  

A greenfield site has a permeability factor around 0.035 and the runoff from the site would be 5l/s/ha. Reducing the permeability 
factor to half (0.5) of a site will reduce the runoff flow rate to around 70l/s/ha. If the site is to have any development 
(hardstand/roof) attenuation storage will be required to lower runoff rates to approach greenfield rates (10l/s/ha).  

The attenuation storage requirements were estimated for the Strategic Sites using the computer package WinDes by 
Microdrainage. This provides a volume within confidence limits (as time of concentration is dependent on development 
configuration) that can be optimised during detail design of the site. The attenuation storage required to maintain surface water 
runoff from each hectare of proposed redevelopment to the existing rate (i.e. 1 in 30 storm event + climate change) has been 
estimated to be:  

Likely storage required for different return periods 
 lowered permeability factor (Ψ = 0.5) 
Target runoff rate  30y+Climate Change 100y+Climate Change  variance 

Brownfield 
(10l/s/ha) 

380m3/ha 530 m3/ha ± 90m3/ha  

Greenfield 
(5l/s/ha) 

490 m3/ha 650 m3/ha ± 110m3/ha 

The discharge flow rates listed are typical of those required for development of green or brownfield areas, but the flow rates are 
subject to agreement.  Along with formal basins, storage could also be provided within swales, permeable paving, multi-use 
areas, wetlands and so forth.  Note that the calculation has not taken account of the impact of a surcharged outfall and the 
increase in required volumes.  Conversely, permeability tests during the design stage can determine whether it is feasible to 
discharge some or all of the surface water via infiltration and reduce the volumes quoted above. Both these issues will need to be 
addressed during a detailed assessment as part of the development of the site. 
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2.5 Management of Surface Water at Receptors 

Receptors are considered to be the properties, people and environment affected by surface water flooding. The risk assessment 
phase of the SWMP identified the areas and extents of surface water flood risk for each Strategic Site. Management of flood risk 
does not mean eradicating it within a Strategic Site. Therefore, measures to manage surface water should also include improving 
the resilience and resistance to flooding when it occurs. The success of this form of measure is dependent on warning, 
awareness and forward planning.  

Measures available include:  

- Improved weather / flood warning, communication and social education  
- Planning policies and development control for managed adaption 
- Proactive maintenance regimes, asset management and blockage detection  
- Improve resilience and resistance in buildings by using air brick covers, flood gates, 

temporary/demountable flood defences 

Resistance and resilience can be improved by retrofitting existing properties to remove the entry points where surface water 
enters properties.  Combined with flood awareness and warning these measures give residents time to move belongings and 
reduce damages. Resilience measures include, among others:  

- door panels - window panels - airbrick covers - automatic barriers - self seal airbricks 
- absorbent 

bags 
- appliance vent - pet flap covers - flood resistant doors - weep hole covers 

The uptake of these measures and realisation of the benefits will be a slow process. However, there are a number of funding 
mechanisms (e.g. Defra’s Property Level Flood Grant) in place to apply for financial assistance for fitting resilience measures. 
The costs associated with ongoing maintenance should be decided between the developer and the Council at the time of 
granting planning permission. While these measures benefit the community, it is important that careful co-ordination is utilised to 
avoid a piecemeal approach. There are no environmental impacts associated with this form of measure. 

As part of resilience preparation, mobile pumps could be purchased for deployment to key locations during flood events. While 
not a sustainable solution they may be an option at existing sites. This will require training of operatives who can maintain and 
deploy the pumps. This measure could be less expensive or disruptive than installing new stormwater sewers. The measure 
should be part of a catchment wide forecasting and management approach. There are limited social and environmental impacts. 
This approach is risky due to pumps being unavailable, or incorrectly located, when required. Additionally, care should be given 
to ensuring that pumping does not adversely affect the downstream flood risk. The cost of installing and maintaining flood 
resistance and resilience measure should be met as a combination of the Councils and owners of property. 

2.5.1 Planning Policy and SUDS 

Although SUDS are now commonly considered an essential component of new development drainage systems, the focus has 
remained on the attenuation of flow, rather than on maximising the treatment potential or the aesthetic qualities that some SUDS 
techniques offer.  However, the implementation of the WFD in 2003 has shifted the emphasis from water quantity towards water 
quality (and thus holistic improvements to water bodies at the catchment wide scale).  Further, the Flood and Water Management 
Act encourages the preferential use of SUDS providing the mechanism for their long term maintenance.  SUDS are therefore an 
essential component of surface water flood management, as well as a key mechanism to protect and enhance the natural water 
environment (by preventing adverse impacts from diffuse water pollution, maintaining or restoring natural flow regimes, improving 
water resources, and enhancing amenity).   

In summary, the implementation of SUDS within the Planning framework should be mindful of the following: 

- development must be safe from flooding over its whole lifetime, taking into account the impacts of climate change, and use all 
opportunities to reduce flood risk overall; 

- where greenfield sites are to be developed, the runoff rates for surface water are to be kept at or below the present greenfield 
runoff rates. Where previously developed (brownfield) sites are to be developed, surface water runoff rates should be reduced 
(to be agreed with the Environment Agency) by a minimum of 50% of the existing site runoff rate; 
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- SuDS should be used to control the rate and volume of runoff. Pollution controls should be incorporated within them to protect 
and improve groundwater quality; 

- surface water systems should be expected to cope with events that exceed the design capacity of the system so that excess 
water can be safely stored or conveyed from the site without adverse impacts; and, 

- the long term management and responsibility for the maintenance of SuDS systems should be agreed prior to the granting of 
planning permission.  
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3.1 List of Assessed Measures 

The Options phase focuses on assessing potential measures to manage surface water within each Strategic Site. Section 2 
outlined a long list of measures that can be used to manage surface water. From this list, this report has considered those 
considered to be technically feasible and assessed them to determine which would provide an economically viable, 
environmentally acceptable and sustainable solution to the surface water flood risk for each Strategic Site. The following is the 
long list of options initially considered for each Strategic Site:  

Source Pathway Receptor 
- Green Roofs - Increase sewer capacity - Improved weather warning 
- Soakaways / infiltration - Separation of combined sewer - Improve resilience and resistance 
- Swales / filter drain - Improve maintenance regime - Planning policies 
- Permeable paving - Attenuation / storage - Development control 
- Boundary flow interception - Flow storage on roadway  
- Rainwater harvesting - Manage overland flows  

 - Improve channel capacity  

 - Open up culverts  
 - Improve floodplain Storage  
 - Remove obstructions / provide new outfall 

3.2 Assessment Overview 

The assessment process aims to short-list measures that will achieve multiple objectives in the context of site constraints and 
future development. In accordance with the guidance, (paragraph 8.12) a Multi-Criteria Assessment (MCA) screening exercise 
was completed to consider the relative merits against the following criteria: 

- technical merit and practicality (20%)3 – is it easily implemented?  
- economic viability (30%) – is it expensive to implement?  
- social impact and acceptability (20%) – how will it impact on residents? 
- environmental and water quality enhancement (5%) – how will it impact the environment? 
- sustainability (10%) – is it a sustainable approach? 
- climate change adaptability (5%) – can it be adapted to climate change? 

In line with the guidance, detailed cost estimates were not developed since funding and delivery mechanisms are not yet known 
(paragraph 8.6/11 and g.2). Instead indicative broad scale costs have been based on engineering experience with similar 
schemes (note that no allowance was made for likely opportunity costs4 and service disruption this will need to be addressed as 
part of the development of the site).  Also considered, were the aspects related to carbon cost and environmental restrictions. For 
example, clearance or de-silting of watercourses and the creation of storage may not be feasible due to impacts on protected 
species and habitats. Each management option was scored against each criteria. As set out in the guidance, (Table 8-2) a 
relative indicator was applied: 

  U - not applicable or unacceptable outcome  
 -2 - severely negative outcome  
 -1 - moderately negative outcome  
  0 - neutral outcome 
+1 - moderately positive outcome, or  
+2 - strongly positive outcome 

To assess differing priorities for each Strategic Site, each criteria was selectively weighted before being scored. A weighting was 
added to each criteria to allow the scoring to reflect the priorities as they change over time. It is anticipated that the suggested 
weighting will be adjusted to reflect site specific concerns. The measures with the lowest scores were screened out to produce a 
short list of options. Without knowing the full details of the proposed scheme’s effect on drainage, it was not possible, nor 

                                                           
3 Suggested weighting is shown reflecting relative importance of each criterion  (to be agreed with Partners) 
4 for example, a large storage basin will reduce the area of land available for development into residential lots, the opportunity cost is the value of 
the forgone residential lot. Service disruption reflects the cost of relocating high voltage transmission lines/fibre optic that may be present.  

3 Assessment Methodology 
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appropriate to undertake a detailed economic assessment. Instead the MCA (described above) produced a short list of mitigation 
measures which will provide the starting point for a more detailed economic assessment (paragraph 9.6 of the guidance).   

 The appraisal utilised the outputs from the risk assessments (TuFlow modelling) and available background information. The 
assessment of Strategic Sites is accompanied by an appraisal spreadsheet and explanatory Figure attached (Appendix C). 
Selected measures were identified at specific locations within the Strategic Sites where these measures could be applied.  

3.3 Budgetary Costing 

Indicative infrastructure costs (capital and maintenance costs) associated with implementing measures were determined based 
on the available information. Section 5 contains a summary of the budget costs. This information is provided to give an initial 
budgetary cost for implementing the preferred surface water management measure in each Strategic Site. Once a development 
scheme is proposed for the Strategic Sites, further analysis of the measures will be required to determine detailed costs and 
benefits.   

Outline costing for each of the Strategic Sites included capital construction costs and maintenance costs. The costs analysis was 
assessed over a period of 25 years. A discount factor of 3.5% was used in line with the HM Treasury Green Book. Costs were 
developed based on implementing a system to reduce discharge from the Strategic Sites to brownfield rates (10 l/s) with an 
allowance for increased flows due to climate change. The solution considered situations where insufficient stormwater capacity 
leads to poor performance of the existing urban drainage system. The calculation assumed that any further development would 
be restricted as a result of insufficient capacity in the existing combined sewer system. This includes problems associated with 
CSO discharges and separating stormwater flows from combined sewers.  

The total costs were built up from the unit construction costs for implementing a range of potential mitigation measures, excluding 
infiltration. The unit costs were based upon basic cost data from the Spon’s 2010 publication Civil Engineering and Highways 
Works Price Book and from industry reported costs in literature. Appendix B contains 2007 Stovin and Swan paper Retrofit of 
SuDS – cost estimates and decision support tools that discusses the range of costs and consideration when costing various 
SuDS components. This included basic civil engineering work items such as excavation, pipework, backfilling and re-grassing. 
The capital costs were factored up to allow for land take costs, contractor’s profit margins, design and supervisory works. All cost 
estimates assume a contractor’s profit margin of 10% and VAT at 20%. Costs were derived for full implementation of measures 
within the entire Strategic Site. The outline design costs were based on the critical duration 30 year5 rainfall event and minimal 
infiltration. For storage basins, the volume equated to the 1 in 30 year surface runoff volume, multiplied by a factor of safety of 2.  
The biggest cost was associated with excavation and disposal of the material from storage based measures. 

                                                           
5 As recommended in BS EN 752 
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4.1 Introduction 

This assessment has determined a range of effective 
measures to reduce surface water flood risk in the 
Strategic Sites throughout the Gateshead and Newcastle 
area. The purpose of the outline surface water 
management strategy is to put forward the flood risk 
reduction measures that Partners should encourage the 
uptake of where the opportunity arises.   

The site specific assessment (including inset figure) should 
be read in conjunction with the figures contained within 
Appendix A. Please refer to Appendix A for the legend. A 
summary of the assessment is provided in Section 5. The 
assessment was completed at a high level and issues and 
constraints were not exhaustively considered, refer 
Section 1.3. The outputs from the Interim Options report is 
intended to serve as a starting point for the Partners and is dependent on more detail becoming available, refer Figure 1.1.   

Therefore, this report can only provide a high level appraisal of the current surface water issues and set a context with which 
sites are to be developed. Therefore, the short listed measures are not meant to be prescriptive nor absolute.  The assumptions 
and limitations to this work as outlined in Section 1 should be identified and resolved when the sites are developed.   

4.2 Generic Measures  

For each of the Strategic Sites, some measures achieved the same scoring and should be applied throughout. This includes a 
number of resilience and resistance measures as they can be considered for all areas.  In particular, Council should develop a 
policy seeking a net reduction in runoff during redevelopment works.  The following measures were identified as being applicable 
for most of the Strategic Sites: 

- reduction of surface water runoff volumes and flow rates from all developments (both greenfield and brownfield); 
- encouragement of individual householders to install flood resistance and resilience measures; 
- introduction of new flood storage areas where possible; and, 
- duplication of critical or inadequate sewers under infrastructure embankments. 

4 Site Specific Assessment 
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4.3 S1 - Fit for a City  

4.3.1 Source/pathway/receptor 

Sources of surface water are from the south of the site and follow the gradient down towards the River Tyne. The available sewer 
information indicates a large combined sewers run towards the River Tyne. 
Large sewers and roadways direct flow down to Askew Road. Surface water 
collects in locations where the gradient of the site is interrupted, and flow is 
unable to reach the River Tyne. Overland flow towards the River Tyne is 
interrupted by bridge access ramps and the heavily developed nature of this 
site, particularly north of Askew Road. 

4.3.2 Key issues 

At 41.8ha, this site is the largest and steepest of the Gateshead sites, refer 
Figure 60103180/STAGE2/S1/OPT01. It is a priority location for mixed use 
development including retail, commercial leisure, office, education and 
residential uses.  It consists of SHLAA unsuitable land at the north of the site. 
SHLAA suitable land exists in the heavily developed southern corner bounded 
by the Gateshead Highway.  The risk assessment identified that the gradient of 
the site increases peak discharges. It also noted limited overland flow 
connectivity with the River Tyne, this risks flooding in the lower areas of the 
Site.  Surface water ponding was identified at various locations throughout the 
Strategic Site. The significant ponding (>300mm identified in Phase 2) of 
surface water in the Askew Road area is an indication of this break in 
connectivity.  

4.3.3 Surface water strategy  

Re-development in this area should incorporate a strategy of source control. 
Most measures of source control are possible, refer Appendix C. While swales 
and infiltration are possible, it is likely that the heavily developed nature of the 
site will restrict implementation and other site based methods would be 
preferable. As much as possible, stormwater flows should be ‘slowed’. Peak 
discharge should be reduced to below 10L/s/ha. This can be achieved by through use of green roofs, permeable paving, 
attenuation and rainwater harvesting, refer Section 3.  Re-development activities should direct these controlled stormwater flows 
to the existing stormwater sewer within West Street. It is likely that capacity will be limited and additional sewer capacity may be 
required.  Permeable paving should be provided in the areas of the Quaysgate and Arthur Street. A geotechnical investigation 
should determine the feasibility of infiltration. Overland flow along roadways should be avoided as the speed at which it could 
reach lower areas may worsen flooding if a clear pathway to the River Tyne is unavailable. An overland pathway could be 
incorporated as part of the S1 – Gateshead Quays Master plan roadway re-grading and profiling works) to provide a contiguous 
link to the River Tyne. Resilience and resistance measures should be implemented in surface water risk areas identified.   



AECOM Surface Water Management Plan 22 
Water 

DRAFT FINAL  

 

S
o

u
rc

e 

Green Roofs Possible during future development 
Soakaways/Infiltration Limited scope due to unknown geotechnics 
Attenuation/Storage Desirable due to slope along High St 
Swales/Filter Drain If gradient and room allows 
Permeable Paving Possible in carparking and slow roads  
Boundary Flow Interception Flow enters from Arthur St and sewer divert down West St 
Rainwater Harvesting Limited scope to succeed  

P
at

h
w

ay
 

Increase Sewer Capacity Downstream section past Askew Rd may need enlargement 
Separation of foul/surface water systems Eastern portion of site could be separated 
Improve maintenance regime Heavily urbanised area and could generate high pollutant load 
Flow/Storage on Roadway Site is steep but may be possible in side roads across slope 
Manage overland flows Overland flows cannot reach River Tyne at bottom of site (Askew Rd) 
Improve channel capacity N/A 
Open up culverts N/A due to urban nature of site 
Improve floodplain Storage N/A 
Remove Obstructions Constrictions to flow at bottom of site 

R
ec

ep
to

r Improved weather/flood warning Possible during future development 
Planning policies/development control Control any new development and ensure water quality concerns are addressed 
Improve Resilience and resistance Existing buildings south of embankment require resilience measures 
    

 

Key measures 

The site is relatively steep and heavily developed and conveys external surface water sources. Runoff should 
be reduced as much as possible by reducing hard surfaces by maximising attenuation and if possible, 
infiltration. A ‘regional’ flow path should be provided to the River Tyne as part of works within S1 - Gateshead 
Quays. 

To address the existing surface water flooding, a budget cost of £ 1,058,000 should be allowed. This includes 
the capital cost of measures and 25 years of maintenance.   
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4.4 S1 - Gateshead Quays Master Plan  

4.4.1 Source/pathway/receptor 

The source of surface water in this site is from adjacent Strategic Sites to the south. The combined system provides the majority 
of the drainage and outlets into the River Tyne. There is no formal overland flow path through to the River Tyne. It consists of 
SHLAA suitable land around the Sage. The western side of the site experiences pockets of surface water ponding due to the 
presence of bridge embankments.   

4.4.2 Key issues 

This 15.7ha site fronts the River Tyne and conveys 
flow into the River Tyne from higher Strategic Sites, 
refer Figure 60103180/STAGE2/S1/OPT01. 
Gateshead Quays will provide a new commercial and 
cultural quarter including office, leisure and 
conference facilities, hotel and residential uses. The 
site is adjacent to the tidal River Tyne and is below 
two other Strategic Sites. The risk assessment 
identified that the majority of surface water flows 
originate from outside of the site and that ponding 
(>0.5m) occurs on the east and west of the site. 

Areas of flood water pools in localised depressions that lack overland connectivity to the River Tyne. The presence of 
embankments and roads disrupt drainage towards the River Tyne. Surface water ponding occurs within low spots in the Church 
Street area and is connected with surface water in the Askew Road area.  

4.4.3 Surface water strategy 

Future development will require a reduction in stormwater flows and that overland flow is required through the site.  Providing 
connectivity between surface water flows and the River Tyne is essential for this and the Strategic Sites to the south. Measures 
such as flow corridors (swales/roadway), resilience and resistance measures should be integrated within any re-development of 
the area. These measures should be coordinated and occur ahead of development activities in the upstream areas. Reducing the 
drainage discharge in upstream areas will reduce peak discharges through the existing stormwater sewer and minimise the risk 
of flooding in the Gateshead Quays site. While it may be possible to increase the number of outfalls and sewers through the site, 
the presence of services and infrastructure would make this difficult. Instead, for the western side it may be simpler to re-grade 
the roadway (removing kerbing and profiling works) to provide a contiguous link to the River Tyne. Whilst, this would require a 
large capital investment and not provide any significant social or environmental benefits it may the most effective way of resolving 
the problems surrounding this site and allow development in other areas. Implementation will cause social disruption during 
construction stage but would require minimal maintenance or ongoing expenditure and could be implemented as part of other 
works. It would also reduce surface water volumes within the existing combined sewer.  The eastern end of the site will require a 
new stormwater sewer and outfall to convey increased flows from development of the Freight Depot and Baltic Business Quarter. 
This will need to be sized and located in accordance with the master plans within those areas.  
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Green Roofs Possible during future development 
Soakaways/Infiltration Limited scope due to unknown geotechnics 
Attenuation/Storage Not feasible due to proximity of river frontage 
Swales/Filter Drain Overland flowpath required from South to North  
Permeable Paving Possible in carpark and side streets 
Boundary Flow Interception Flow from Quaysgate to be captured 
Rainwater Harvesting Limited benefit but possible 
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Increase Sewer Capacity Stormwater outfall capacity may require enlargement  
Separation of foul/surface water systems Separation and stormwater outfall sizing of capacity  
Improve maintenance regime Upstream sites depend on flow, maintenance will have upstream consequences 
Flow/Storage on Roadway Flow along roads into River Tyne should be encouraged 
Manage overland flows Overland flowpath required from South to North (other sites) 
Improve channel capacity N/A 
Open up culverts N/A 
Improve floodplain Storage N/A 
Remove Obstructions Kerbing and constrictions of surface water flow are likely 

R
ec

ep
to

r Improved weather/flood warning Possible during future development 
Planning policies/development control Control any new development and ensure water quality concerns are addressed 

Improve Resilience and resistance Existing buildings south of embankment require resilience measures 

 

 

Key measures 

The site is at the bottom of a hill and is heavily developed. This site needs to convey external surface water 
flows into the River Tyne. This should be in the form of a ‘regional’ flow path to the River Tyne. This should be 
coordinated with upstream development works in the other Strategic Sites.  

To address the existing surface water flooding, a budget cost of £ 462,000 should be allowed. This includes 
the capital cost of measures and 25 years of maintenance.   
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4.5 S2 - Freight Depot 

4.5.1 Source/pathway/receptor 

The site is flat, vacant and has minimal external surface water sources, refer Figure 60103180/STAGE2/S2/OPT01. The site has 
a gentle slope towards the north east. There is limited connectivity with other surface water flowpaths. Surface water falling on 
this site flows according to the contour and accumulates at the northern boundary where it reaches the A184, refer Phase 2 risk 
assessment. The A184 and Park Lane are impediments to flow off this site. The entire area is considered as SHLAA suitable and 
it provides a location for a new sustainable neighbourhood.     

4.5.2 Key issues 

Runoff should be reduced as much as possible (below 10L/s/ha) by reducing hard surfaces 
within development plans. Hard surfaces can be compensated by maximising attenuation and 
if possible, infiltration. If infiltration is not possible, the site will require a connection underneath 
Park Lane. A ‘regional’ flow path should be provided to the River Tyne either along roadway or 
within a swale. The lack of formal overland flowpaths and limited existing drainage on the 
vacant site allows scope for implementation of SUDs in any future development proposal. 

4.5.3 Surface water strategy  

The 8.58ha site is currently a vacant, flat lot comprised of old railway sidings bounded by Park 
Lane (A184) and the railway line. Development in this site should coordinate a stormwater 
drainage flow path through this site and into the Baltic Business Quarter through to the River Tyne.  Stormwater discharge 
volumes should be limited to greenfield rates (~10L/s/ha) before flowing into the Baltic Business Quarter. A coordinated approach 
would include flood routing along roads by using speed bumps and kerbs to direct flow down to the River Tyne. Any development 
of the site should include implementing measures like: green roofs, swales, permeable paving, rainwater harvesting and 
attenuation basins, refer Section 3. Most measures of source control are possible, refer Appendix C. 
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Green Roofs Possible during future development 
Soakaways/Infiltration Limited scope due to unknown geotechnics 
Attenuation/Storage Attenuation is key to reducing flows to 10l/s/ha 
Swales/Filter Drain Overland flowpath required through site down to River Tyne 
Permeable Paving If development allows this should be integrated into carparks and side streets 
Boundary Flow Interception Minimal boundary flow, but allowance should be made 
Rainwater Harvesting Possible but limited benefit 
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Increase Sewer Capacity Only a small run of stormwater sewer is present, should be extended into site 
Separation of foul/surface water systems Empty site, should be constructed with separate sewer 
Improve maintenance regime During construction sediment should be kept out of sewers, then regular mntce 
Flow/Storage on Roadway The minor roads could be configured to take flow through site towards R Tyne 
Manage overland flows Swales and roads would assist in directing flows northwards to R Tyne  
Improve channel capacity N/A 
Open up culverts N/A none present 
Improve floodplain Storage N/A well above floodplain 
Remove Obstructions A culvert under Park Lane would be useful to provide connectivity 

R
ec
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r Improved weather/flood warning Possible during future development 
Planning policies/development control Control any new development and ensure water quality concerns are addressed 

Improve Resilience and resistance Existing buildings south of embankment require resilience measures 

 

Key measures 

The site is sloping and partially developed. There is limited connectivity to the River Tyne and runoff 
should be reduced as much as possible. This could be achieved by limiting hard surfaces, maximising 
attenuation and if possible, utilising infiltration. Discharge from the site will require a new connection. A 
‘regional’ flow path should be provided to the River Tyne either along roadway or within a swale. 

To address the existing surface water flooding, a budget cost of £ 200,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   
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4.6 S2 - Baltic Business Quarter 

4.6.1 Source/pathway/receptor 

The site slopes towards the north and flows originate from the Park Lane boundary, refer Figure 60103180/STAGE2/S2/OPT01.  
The risk assessment indicates shallow ponding of surface water throughout the 20ha site. As it is partially developed it only 
contains a loop road and few buildings which would generate a small amount of runoff.   The heavily developed nature at the 
northern boundary of site impedes flow into the River Tyne and the risk assessment identified shallow ponding on the northern 
boundary.  

4.6.2 Key issues 

The site is sloping, semi-developed and surface water has no obvious flow path to the River Tyne with only small combined 
sewers being present. The Baltic Business Quarter will provide the focus for large scale office/ business and mixed use 
development. SHLAA suitability of the entire site is unknown. Reducing runoff should can be achieved by reducing impermeable 
areas, increasing storage and if possible, infiltration. Discharge from the site will require a new connection to the River Tyne 
through the Baltic Quay area. This should form part of a ‘regional’ flow path and should be provided before development 
commences in higher areas. 

4.6.3 Surface water strategy 

As the site is only partially developed there is scope for broad implementation of SUDs.  
Any development of the site should investigate measures such as: green roofs, swales, 
permeable paving, rainwater harvesting and attenuation basins. Infiltration may be 
possible within the site, subject to geotechnical investigation. Stormwater runoff volumes 
should be limited to greenfield rates (below 10L/s/ha) and directed towards a site storage 
area. This will reduce the size of the connection through areas outside of the site. 
Development within this and the Freight Depot should coordinate a stormwater drainage 
flow path through to the River Tyne. Flows originating at the upper portion of this site and 
within the Freight Depot should be routed down Dorset Road and toward a storage area at 
the intersection of Dorset and Hawks/Saltmeadows Road.  Dependant on infiltration, 
development of Baltic Business Quarter/Freight Depot may require a stormwater sewer 
through to an outfall into the River Tyne.  

 

S
o

u
rc

e 
 

Green Roofs Possible during future development 
Soakaways/Infiltration Limited scope due to unknown geotechnics 
Attenuation/Storage Attenuation is key to reducing flows to 10l/s/ha 
Swales/Filter Drain Overland flowpath required through site down to River Tyne 
Permeable Paving If development allows this should be integrated into carparks and side streets 
Boundary Flow Interception Minimal boundary flow, but allowance should be made 
Rainwater Harvesting Possible but limited benefit 
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Increase Sewer Capacity Only a small run of stormwater sewer is present, should be extended into site 
Separation of foul/surface water systems Empty site, should be constructed with separate sewer 
Improve maintenance regime During construction sediment should be kept out of sewers, then regular mntce 
Flow/Storage on Roadway The minor roads could be configured to take flow through site towards R Tyne 
Manage overland flows Swales and roads would assist in directing flows northwards to R Tyne  
Improve channel capacity N/A 
Open up culverts N/A none present 
Improve floodplain Storage N/A well above floodplain 
Remove Obstructions A culvert under Park Lane would be useful to provide connectivity 
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r Improved weather/flood warning Possible during future development 
Planning policies/development control Control any new development and ensure water quality concerns are addressed 

Improve Resilience and resistance Existing buildings south of embankment require resilience measures 
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Key measures 

The site is sloping and semi-developed. There are external surface water sources that are not able 
to reach the River Tyne. Site based runoff should be minimised as far as possible. A ‘regional’ flow 
path should be provided through this site to reach the River Tyne. 

To address the existing surface water flooding, a budget cost of £ 312,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   
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4.7 S3 - Blaydon Town Centre 

4.7.1 Source/pathway/receptor 

To the south of the site is a watercourse originating in Winlaton, refer Figure 60103180/STAGE2/S3/OPT01. Local stormwater 
flows along Blaydon Bank towards the western portion of the site. A large portion to north of the site is at risk from surface water 
flooding originating from outside of the site boundaries. The7.71ha Blaydon Town centre site is located south of the A695 and 

contains the Arndale Centre. The site will be the focus for new retail, 
commercial, leisure and public services. The site is predominantly 
SHLAA suitable land. No overland flow path through the site is present. 
The site is separated from the River Tyne by a road and rail corridor. A 
combined sewer is responsible for conveying flow into the River Tyne.  

4.7.2 Key issues 

The site is heavily-developed and there are large volumes of surface 
water trying to reach the River Tyne. The risk assessment identified a 
broad area of ponding up to 0.5m deep at the northern boundary of the 
site.  Additionally, the site could become tide-locked and external flows 
will accumulate within the site. Any development should encourage 
policies of resilience and proactive maintenance of sewers. While a 
reduction in the impermeable area will assist with reducing runoff. 
However, external flows from the south were shown to be source of a 
large volume of surface water.   

4.7.3 Surface water Strategy  

The low-lying nature of the site and the tidal nature of the River Tyne will 
necessitate the provision of a large volume of storage for the times 

when this site is tide locked and surface water cannot drain. An assessment of river levels and tidal influence will be required to 
calculate the storage and pipe size for discharge of surface water to the River Tyne.  A clearly defined flow path should be 
provided through the site into sewers connected with the River Tyne. A high level of flood resistance and resilience should be 
incorporated within any re-development. Where possible, runoff rates from any development outside of the site should also be 
reduced.  Any future development of this site should locate flood sensitive sites in the south-east of the site.  Infiltration will be of 
limited benefit due to the possible presence of a high groundwater table. Instead storage of floodwater could be achieved within 
car parks and roadways located near sewer connections.   
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Green Roofs Possible during future development 
Soakaways/Infiltration Limited scope due to highwater table from River Tyne and unknown geotechnics 
Attenuation/Storage Tidal locking of site is possible and so storage may be required 
Swales/Filter Drain Overland flowpath required to safely convey flow to River Tyne 
Permeable Paving Lined paving may allow additional storage in carparks and access road 
Boundary Flow Interception Boundary flow along roads at western and centre of site, to be conveyed across site 
Rainwater Harvesting Possible but limited benefit 
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Increase Sewer Capacity Capacity of sewer outfall at River Tyne could be insufficent stormwater required 
Separation of foul/surface water systems Empty site, should be constructed with separate sewer 
Improve maintenance regime Flood risk is high so maintenance should be proactive 
Flow/Storage on Roadway The carparkinng could be configured to take flow through site towards R Tyne 
Manage overland flows Gradient of carpark/ roads would assist in directing flows northwards to R Tyne  
Improve channel capacity The sewer under A695 could be supplemented with a flapped culvert 
Open up culverts A695 would prevent this being openned up 
Improve floodplain Storage N/A well above floodplain 
Remove Obstructions Whilst removal is not possible, flow under A695 should be managed 
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r Improved weather/flood warning Possible during future development 
Planning policies/development control Control any new development and ensure water quality concerns are addressed 

Improve Resilience and resistance Existing buildings south of embankment require resilience measures 
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Key measures 

The site is at the bottom of a regional flow path. The external surface water may become tide-locked. 
Development of this site will require resilience measures and planning controls, refer Section 2.6. Space 
should be provided within this site to store ‘tide-locked’ water.  Storage of water within this site will be 
expensive and will require further modelling to optimise the size.  

To address the existing surface water flooding, a budget cost of £392,000 should be allowed. This includes 
the capital cost of measures and 25 years of maintenance.   

4.8 S9 - Metro Green 1  

MetroGreen is recognised as an opportunity for a sustainable mixed use development, including residential.  

4.8.1 Source/pathway/receptor 

 Flows originate from the southern boundary (Lancaster Road) and there is no defined pathway through the southern part of the 
site. A stormwater sewer crosses underneath a railway embankment to discharge into the River Tyne.  A large interceptor drain 
runs across the middle of the site.  Surface water ponding occurs within the hardstanding area near St Omer's Road. Stormwater 
drainage from this area is via the combined system that outlets into the River Tyne.  A Council pond/ nature reserve (Acer) is 
located at Waterside Drive.  

Several Northumbrian 
Water surface water 
sewers discharge to a 
watercourse / ditch 
running south-north 
through the land to the 
east of Cross Lane.  The 
line of the watercourse is 
unclear once it crosses 
the railway embankment 
at NZ21620607. The Tyne 
outfall is also unclear.  
The size, condition and 
outfall arrangement may 
have a significant effect 
on the existing and 
proposed surface water 
flows from the site.  
Further investigation is 
required to establish the 
condition the culvert to the 
north of the site. 

4.8.2 Key issues 

 At 45.1ha this site is the largest of the Metro Green sites, refer Figures 10 & 60103180/STAGE2/S9M1-3/OPT02. It consists of 
SHLAA unsuitable land north of the A1114. SHLAA suitable land exists in the lightly developed southern corner and in the heavily 
developed eastern corner of the site. However, further work is underway to consider overcoming development constraints to 
support housing delivery within this area.  

The majority of the site is within Flood Zone 3a and so development of the site will be restricted. The interaction between fluvial 
and surface water regimes needs to be investigated. Drainage from site will potentially be difficult due to surcharged outfalls and 
may require large flood storages.   

The risk assessment identified that the south western side of the site experiences pockets of surface water ponding due to limited 
formal drainage and the presence of road and rail embankments.  

Flows originating from the southern boundary (Lancaster Road) require collection and direction through a defined pathway 
through the southern part of the site. An attenuation system will be required through this area, comprising a series of storage 
areas and swales near Cross Lane. Attenuation is required to discharge flows through the embankment’s existing stormwater 
sewer.  In addition, the existing Council nature reserve could be utilised as part of this series of attenuation ponds, depending on 
its current use and capacity.  

 

Metro Green Site 1  

Indicative storage area may 
include a series of storage areas 
and swales near Cross Lane 

30m Green Corridor Swale 
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4.8.3 Surface water strategy  

 

The Metro Green Flood Management Plan6  has subdivided the site into 28 different land parcels each belong to one of the eight 
larger land boundaries, as shown in the figure above (extracted from the Metro Green Flood Management Plan). The Metro 
Green Flood Management Plan recommends strategic land raising along the Tyne frontage which would fit well with any land 
remediation strategy, together with a 30m green corridor following the River Tyne’s bank. This is similar to what the 
recommendations proposed by the Environment Agency’s guidance document for developers7 as shown overleaf, although the 
extent of the green corridor will be much wider. It is anticipated that the wider 30m corridor will include the swale as illustrated 
indicatively under Section 4.12.1.  Raising all the sites above the worst case climate change levels would not be cost beneficial. 
Therefore, the strategic approach focuses on removing the flood flow path for the 1 in 200 year tidal event downstream of Costco 
(Site 16) warehouse by either building defences or increasing ground levels along the waterfront to 4.40mAOD the 1 in 200 year 
tidal flood event.  The cost of the strategic approach is approximately £1m to build a soft embankment, and £3.1m to raise 
ground levels at Site 1.  This option is coupled with Site 2 (2.4ha) and Site 6 (1.4ha) being dedicated to flood attenuation for 
surface water.  

A formal overland flow path may be required to manage and direct excess flows to the River Tyne. If land raising is not 
undertaken, pumping stations would be required to ensure surface water discharges into the River Tyne at a capital cost of 
approximately £25,000.The preferred option by the Council is to provide the land raising option to allow free discharge to the 
River Tyne in events of high tide. 

                                                           
6 MetroGreen Flood Management Plan Draft Report, June 2011, JBA Consulting 
7 Environment Agency (2006), Building a Better Environment, A guidance for developers. 
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To take account of the 50 year climate change standard, the costs could increase to £1.6m to build soft embankment for sites 1, 
5 and 16, or £4.9m to raise ground levels at Sites 1and 5.  The implementation plan would involve a multi-strand approach 
delivered over three phases. To take account of the 100 year climate change standard, the costs could increase to £3.6m to build 
a soft embankment along the waterfront for sites 1, 5, 14, 15 and 16 and £16.1m to raise ground levels at Sites 1, 5, 14 and 15.   

The presence of the railway line embankment disrupts drainage towards the River Tyne. A straight forward solution would be to 
provide a new storm water sewer through this embankment. However, this solution would be technically complex and at a high 
capital cost. A practical approach may involve the provision of a series of attenuation basins interconnected by filter drains and 
swales.  Sewer records show an existing culvert under the railway line which needs investigating to confirm its operating 
condition. Upstream of the embankment surface water naturally collects in an area defined by Site 2. This site would be best 
suited to provide attenuation for surface water storage as it lies at the lowest point behind the railway embankment. An estimated 
22,000m3 of surface storage would be required for attenuating surface water drainage for the existing scenario for the 100-year 
plus climate change event to restrict the discharge under the railway line. The contributing area used to estimate this volume 
does allow for some surface water flows incoming from outside the boundary of the strategic area, as allowed in the hydraulic 
model domain. It should be noted that methodology to estimate this volume using the modelling results does not take into 
account current surface water drainage to Northumbrian Water surface water network.  

The storage volume provided therefore assumes that all the current surface water is drained towards a storage basin. In practice 
(whether this is for the existing or proposed scenario) the volume of attenuation is likely to be lower that this figure.  The 
attenuation storage volume should be reviewed to align with the proposed development proposal when details are available at 
the master planning stage. Assuming similar site conditions for the existing and proposed development scenarios, the 
approximate depth of attenuation if entire Site 2 mobilised would be 1m in the worst case scenario. Additionally as Site two is 
lower that Site 6 it makes hydraulic sense to provide any site wide storage facility on parcel 2.  Further consideration should be 
given to the volume and location of the flood storage within Site 2 and/or Site 6 as part of the masterplan for MetroGreen.  This 
will be informed by integration of the flood storage within the urban design framework and linkages with green infrastructure. The 
storage facility should have a piped connecting to the existing culvert discharging to the River Tyne (See Figure 12). 

It is proposed that north of the railway line the ground levels are raised to a sufficient level to enable free discharge of surface 
water to the River Tyne. Depending on the design criteria and the level of protection chosen for the embankment at the river 
frontage, underground storage may be required to hold surface water at severe tidal flood events. Swales can also be provided 
behind the proposed green corridor to allow for retention volume on the surface during peak tidal events. It should be also noted 
that tidal mudflats are Local Wildlife Sites along the river frontage and will be part of the green corridor in the future, should the 
recommendations of the flood risk management plan are implemented. The volume of storage required for this event could not  
be determined at this stage given as this requires a detailed assessment of the duration of tidal peaks, assessment of joint 
probability of flooding and extend by which the ground need to be raised for the final development proposal. This may be 
achieved with detailed integrated modelling to assess the full extent of storage requirements in the swales recommended above. 

Future development of the site should investigate incorporation of a defined overland flow path to the River Tyne, to complement 
the existing stormwater system.  A coordinated approach would include flood routing along roads by using highway infrastructure 
to direct flow toward the River Tyne. Dependant on future development detail, additional flows within the site should be 
accommodated with an attenuation basin, swales and permeable paving. The attenuation basin could be connected with the 
larger stormwater sewer to ensure stormwater can be stored during periods of high water in the River Tyne.  The storage would 
discharge into the River Tyne via the existing stormwater sewer once the tidal/fluvial flood peak has passed. Any development 
should encourage policies of resilience and proactive maintenance of sewers. 
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The Metro Green Flood Management Plan recommends strategic land raising along the Tyne frontage which would fit well with 
any land remediation strategy.  The strategic land raising, estimated to be 0.7 – 1.6m would be mostly located between the 
railway embankment and the green corridor.  The actual requirements for land raising is currently only a crude estimate and 
should be reviewed in conjunction with recommendations for ground remediation and results of integrated modelling of surface 
and tidal events. Raising all the sites above the worst case climate change levels would not be cost beneficial. Therefore, the 
strategic approach focuses on removing the flood flow path for the 1 in 200 year tidal event downstream of Costco (Site 16), see 
MS9 Metro Green Strategic Site1).  However, to take account of the 100yr climate change standard, defences will need raising 
along sites 14 and 15 in Metro Green 2.  The costs are estimated at £3.6m to build a raised embankment at waterfront sites 1, 5, 
14, 15 and 16 or £16.1m to raise ground levels at sites 1, 5, 14 and 15.  The implementation plan would involve a multi strand 
approach delivered over three phases over the next 50 years.  

If land raising is not undertaken, pumping stations would be required to ensure surface water discharges into the River Tyne at a 
cost of approximately £25,000.  A formal overland flow (comprising swales and other areas identified further to masterplans being 
completed) path may be required to manage and direct excess flows to the River Tyne.  Although pumping stations will achieve 
the goal of reducing flood risk, the reliance of flood management measures by mechanical means is not sustainable in the long 
run, thus reinforcing the former option of raising the land combined with the use of swales and bunds for flood defence. 
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Green Roofs Possibility  during future development 
Soakaways/Infiltration Too close to River, high groundwater likely requires investigation 
Attenuation/Storage Useful for attenuating flows through embankment and improving water quality 
Swales/Filter Drain Collection of flow and water quality benefit, some attenuation possible 
Permeable Paving Further investigation but useful in St Omers Road area 
Boundary Flow Interception Numerous external flows entering site, convey flow to storage areas 
Rainwater Harvesting Large roof area presently available further investigation 
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Increase Sewer Capacity/Oversized 
Pipes Note abandoned pipes 
Separation of foul/surface water systems CS overflow exists, direct away from St Omers Road 
Improve maintenance regime Drainage exists and maintenance is critical for development  
Flow/Storage on Roadway   
Manage overland flows Essential to manage flows towards storage areas upstream of embankment 
Improve channel capacity N/A 
Open up culverts Viable north of A1114 to provide attenuation and reduce upstream levels  
Improve floodplain Storage 30m Green Corridor along bank of River Tyne 
Remove Obstructions Additional bridges through embankment are unlikely 
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Improved weather/flood warning Possible during future development 

Planning policies/development control 
Control any new development and ensure water quality concerns are 
addressed 

Improve Resilience and resistance Existing buildings south of embankment require resilience measures 

 

Key measures 

The site is relatively flat, developed and has many external surface water sources. Most of the site is 
within Flood Zone 3a. The embankment limits surface water flowpaths.  

Ground profile to be raised for sites north of railway line embankment to enable free surface water 
discharge to River Tyne. For extreme tidal events storage may be provided with underground system 
of tanks or oversized pipes. This measure can be complemented by the use of swales where 
appropriate within the site. The interaction between surface water flooding and fluvial flooding 
regimes will need to be investigated further. 

Attenuation of surface water may be provided south of the embankment in Site 2. The capital costs 
of surface water storage south of the embankment are estimated to be £3,575,000.  This includes 
the capital cost of measures and 25 years of maintenance. 

Measures to be implemented in conjunction with other recommendations provided in the Metro 
Green Flood Management Plan with regards to different options available for various climate change 
scenarios. 
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4.9 S9 - Metro Green 2  

4.9.1 Source/pathway/receptor 

To the south of the site is the Metrocentre which has culverted a watercourse. Flows into the site, originate from this watercourse 
and the car park/roofs in the Metro Centre.  A combined sewer and an interceptor run across middle of the site.  Two large 
stormwater sewers (1800mm and 1200mm) originating from the Metrocentre area run through the site to discharge into the River 
Tyne. A network of storm and foul water sewers runs beneath Mandela Way. The site is currently used as formal and overspill 
car parking with embankments located throughout. No details were available regarding the existing drainage provided within the 
car parking area. Due to the flat nature there is no perceivable overland flow path. The construction of embankments has limited 
any formal overland drainage.  Runoff from outside and within the site accumulates in these lower lying car parking areas.  

This 17.3 ha site is predominantly vacant land 
surrounding the Metro Riverside centre on 
Delta Bank Road, refer Figures 13 & 
 60103180/STAGE2/S9M1-3/OPT02. The site 
is bounded by the Riverside Way (A1114) to 
the South.  The vacant land currently acts as 
car parking and as an easement for a power 
transmission line. The whole site is currently 
identified as unsuitable for housing however 
further work is underway to consider 
overcoming development constraints to 
support housing delivery within this area.  To 
the south of the site is the Metrocentre and 
associated car parking.  

 

4.9.2 Key issues 

The site experiences surface water flooding on 
the southern portion of the site. Typical 
drainage was assumed to exist and be 
connected to the stormwater sewer. The risk 
assessment identified a large area of flood 

water hazard in the existing southern car park area.  The eastern portion of the site is within Flood Zone 3a and is also part of a 
critical drainage area. As such, development options for the site will be constrained. The interaction between fluvial and surface 
water regimes needs to be investigated. Potentially, drainage from site will be difficult due to surcharged outfalls.  

4.9.3 Surface water strategy 

This surface water strategy for this site should be read in conjunction with the strategic site Metro Green 1. Future development 
of the site should investigate incorporation of a defined overland flow path to the River Tyne, to complement the existing 
stormwater system. The Council is undertaking further work on the Metro Green concept for the sustainable urban village. A 
coordinated approach would include flood routing along roads by using highway infrastructure to direct flow toward the River 
Tyne. Dependant on future development detail, additional flows within the site should be accommodated with an attenuation 
basin, swales and permeable paving. The attenuation basin could be connected with the larger stormwater sewer to ensure 
stormwater can be stored during periods of high water in the River Tyne.  The storage will discharge into the River Tyne via the 
existing stormwater sewer once the tidal/fluvial flood peak has passed. Any development should encourage policies of resilience 
and proactive maintenance of sewers. 

If land raising is not undertaken, pumping stations would be required to ensure surface water discharges into the River Tyne at a 
cost of approximately £25,000.  A formal overland flow (comprising swales and other areas identified further to masterplans being 
completed) path may be required to manage and direct excess flows to the River Tyne.  Although pumping stations will achieve 
the goal of reducing flood risk, the reliance of flood management measures by mechanical means is not sustainable in the long 
run, thus reinforcing the former option of raising the land combined with the use of swales and bunds for flood defence. 
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Green Roofs Possibility  during future development 
Soakaways/Infiltration Too close to River, high groundwater likely 
Attenuation/Storage Large quantity of impermeable carparking surrounds area 
Swales/Filter Drains Collection of runoff and direction to storage areas 
Permeable Paving Marginal benefit, requires investigation in later stages 
Boundary Flow Interception Most flows already intercepted by large stormwater sewer 
Rainwater Harvesting Possible during development stages 
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Increase Sewer Capacity Large interceptor drain already present - sufficient capacity probably available 
Separation of foul/surface water 
systems Separated system appears to be present adjacent to site - no need 
Pro-active maintenance regime Existing drainage system will require pro-active maintenance to ensure capacity 
Flow/Storage on Roadway   

Manage overland flows 
No apparent overland flowpath through site, provision during future 
development 

Improve channel capacity None apparent 
Open up culverts Combined and Stormwater Sewer outlets are substantial in size 
Improve floodplain Storage None apparent 

  Remove Obstructions None apparent 
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Planning policies/development control Control any new development to ensure peak discharge is controlled 

Improve Resilience and resistance New build opportunity to protect from flooding 
 

 

Key measures 

The site is flat, partially developed and has many external surface water sources. Part of the site is 
within Flood Zone 3a and in a critical drainage area. The numerous existing embankments limit 
surface water flowpaths. The interaction between surface water flooding and fluvial flooding regimes 
will need to be investigated further. 

Ground profile to be raised for sites north of railway line embankment to enable free surface water 
discharge to River Tyne. For extreme tidal events storage may be provided with underground system 
of tanks or oversized pipes. The costs of implementation depends on storage requirements. 

4.10 S9 - Metro Green 3  

4.10.1 Source/pathway/receptor 

The western side of the site experiences pockets of surface water ponding due to limited formal drainage. A combined sewer 
runs through middle of the site. This 17.5 ha site is split by the river Derwent, refer Figures 14 & 
60103180/STAGE2/S9M3/OPT01. The eastern portion of the site is heavily developed with hardstanding and materials yard 
covering the majority of that area. Either side of this building is a surface water and CSO pipe that runs to the River Derwent. A 
combined sewer runs along the eastern boundary of the site. 

The site is bounded by the A1 (South), A694 (West) and Riverside Way (A1114) to the North and has potential for mixed use 
development. The vacant land on the western bank of the River Derwent has been identified as suitable within the current 
SHLAA and may be developed for housing. From an environmental perspective it is worth noting that the tidal River Derwent 
running through the site is a Local Wildlife site, and provides breeding area for otters. However, based on the recent FMP, the 
west bank maybe used for green infrastructure and east bank for commercial development . To the west of the Derwent River is 
medium density commercial 'Works' that comprises a significant proportion of hardstand and roofing. The area to the east of the 
site is high density commercial (IKEA Gateshead). 

4.10.2 Key issues 

The majority of the site is within Flood Zone 3a and so development of the site will be restricted. Additionally, the interaction 
between tidal, fluvial and surface water regimes needs to be investigated. Potentially, drainage from site will be difficult due to 
surcharged outfalls. Therefore, large flood storages will be required. 
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Water quality should be managed to ensure that 
oils/greases and other pollutants on hardstanding are 
not conveyed to the river. Floodplain storage should be 
provided on the reach in the River Derwent. Outside of 
the southern boundary, surface water floodwater 
accumulates underneath the A1. A swale should be 
provided to allow flow to reach the River Derwent. 

4.10.3 Surface water strategy 

This surface water strategy for this site should be read 
in conjunction with the strategic site Metro Green 1. 
Future development within the site will require 
assessment of Derwent River's flood levels, capacity 
and tidal influence, particularly tidal locking.  At present, 
surface water ponding occurs within the hardstanding 
area that surrounds the large ‘Works' building.  

The Works site is heavily developed and limited retro-
fitting options exist. The highly impermeable site 
indicates that drainage and pollutants maybe of concern 
in existing runoff. Any future development of the site 
should include a filter or swale drain to direct flows from 
the east into the River Derwent.  

An opportunity exists to collect flows on the site boundary from the adjacent IKEA car parking and roof area and direct into new 
drainage lines. This will reduce flows to the combined sewer and help manage water quality. It is possible that capacity of the 
River Derwent (tide locking and tidal/fluvial flood levels) may prevent discharge from the site. Therefore, development of the site 
will require external surface water flows towards the River Derwent to be defined with possible storage locations. This would 
include directing surface water away from the existing combined sewers and building accesses.  

The Metro Green Flood Management Plan adopts a holistic approach to flood management across MetroGreen.  Whilst the 
Derwent East Bank and Derwent West Bank are not identified for housing development in the medium term within the current 
urban design framework, the FMP identifies piecemeal or strategic land raising of sites on the eastern bank of the River Derwent 
could mitigate the tidal flood risk.  These ground levels would not however consider the remediation for contaminated land or 
provision of gradients for surface water systems. 

Development in within this site should take into account the criteria for selecting sites in flood prone areas with respect to its 
vulnerability, classification. Where appropriate (in an unlikely event that development is required in Flood Zone 3), flood 
compensation should be considered if existing flood plains are encroached. Additional storage underground may be provided to 
store surface water during extreme tidal events. 
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Green Roofs Possibility  during future development   
Soakaways/Infiltration Too close to River, high groundwater likely 

Attenuation/Storage 
Further investigation into tide locking/capacity of R Derwent and discharge 
requirements 

Swales/Filter Drain Direct existing surface water towards R. Derwent 

Permeable Paving 
Useful for attenuation before discharge into R. Derwent further investigation 
required 

Boundary Flow Interception 
Flows should be directed towards R. Derwent or storage areas avoiding 
pollutants 

Rainwater Harvesting Roof area presently available and adjacent to site 
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Increase Sewer Capacity 
Investigation of downstream capacity, preference for directing surface water 
away 

Separation of foul/surface water systems CS overflow exists, R. Derwent is close and capacity may exist 
Improve maintenance regime Limited drainage exists  
Flow/Storage on Roadway    
Manage overland flows Important to manage flows through site to R. Derwent 
Improve channel capacity N/A 
Open up culverts Combined Sewer Outlet could be increased to provide greater storage 
Improve floodplain storage Storage on reach should be provided 
Remove Obstructions None apparent 
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Planning policies to influence development 
control Control any new development 

Improve Resilience and resistance New build opportunity to incorporate resilience measures 

 

 

Key measures 

The site is flat and adjacent to the River Derwent. There are external surface water sources. Some of 
the site is within Flood Zone 3a. The interaction between surface water flooding and fluvial flooding 
regimes will need to be investigated further. 

Ground profile to be raised for sites on either side of embankment to enable free surface water 
discharge to River Derwent. For extreme tidal events storage may be provided with underground 
system of tanks or oversized pipes. Raising of ground must result in no ne loss of flood plain 
storage. The costs of implementation depend on storage requirements. 

A multi strand phased approach to the implementation process for flood mitigation should be 
adopted over time to cater for funding availability and developers proposals. 

 

4.11 M1 – Mixed Use Site 5  

4.11.1 source/pathway/receptor 

This site is a site sloping to the west. There are minimal problems with surface water within this site.   To the north and west of 
the site, surface water ponding occurs along the network of roads, refer Figure 60103180/STAGE2/M1/OPT01. 

 

4.11.2 Key issues 

The risk assessment identified that this site does not have many surface water hazards. Flood water accumulates in a localised 
depression in the northern corner of the site. The site is bounded by road and rail infrastructure and has limited flow path 
connectivity.     

4.11.3 Surface water strategy 

Stormwater runoff volumes should be limited to as far as practicable, this can be achieved by use of green roofs, swales, 
permeable paving, rainwater harvesting and attenuation basin, refer Section 3. The feasibility of surface water disposal via 
infiltration on site should be assessed.   Dependent upon the underlying ground conditions, there may be an opportunity to drain 
surface via infiltration and permeable paving.  

If it is not possible to drain surface water via infiltration, surface water would have to be discharged to the existing sewer system.  
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Green Roofs Possibility  during future development 
Soakaways/Infiltration Close to River, groundwater requires investigation 
Attenuation/Storage Useful for attenuating flows through embankment and improving water quality 
Swales/Filter Drain Collection of flow and water quality benefit, some attenuation possible 
Permeable Paving Possible during future development 
Boundary Flow Interception Minimal flows entering site, possibly Askew Road 
Rainwater Harvesting Maybe of benefit depending on development 
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 Increase Sewer Capacity Limited benefit, minimal amount of water on site 

Separation of foul/surface water systems Limited benefit, minimal amount of water on site 
Improve maintenance regime Minimal drainage exists though maintenance is critical for development  
Flow/Storage on Roadway   
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Manage overland flows Flows should directed towards River Tyne 
Improve channel capacity N/A 
Open up culverts N/A 
Improve floodplain Storage N/A 
Remove Obstructions Infrastructure corridors to south  

R
ec

ep
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r Improved weather/flood warning Possible during future development 
Planning policies/development control Control any new development and ensure discharge rates a minimised 

Improve Resilience and resistance N/A vacant site 

 

Key measures 

The site is flat, vacant and has minimal external surface water sources. There is limited connectivity 
with other surface water flowpaths. Runoff should be reduced as much as possible by reducing hard 
surfaces by maximising attenuation and if possible, infiltration. Discharge from the site will require a 
connection to the River Tyne. 

To address the existing surface water flooding, a budget cost of £ 15,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   

 

4.12 M2 – Mixed Use Site 6 & 19  

4.12.1 Source/pathway/receptor 

Site 6 (MU6) is located along Askew Road and Site 19 (MU19) adjacent to the River Tyne, refer 
Figure 60103180/STAGE2/M2/OPT01. There are minimal problems within Site 6. It is bounded by road and rail infrastructure 
and slopes towards the north. Site 19 is located between an area identified as an extensive surface water risk area and the River 
Tyne. There are no pathways through the site as it is mostly buildings fronting the River Tyne.   

 

4.12.2 Key issues 

Surface water ponding is a problem south of site 19, and the risk assessment identified significant and extensive surface water 
hazard along Pipewellgate. Development of site 19 will require provision of overland flow paths to convey surface water to the 
River Tyne.    

4.12.3 Surface water strategy 

A possible solution (albeit outside of the site boundary) could be to convey and store surface water within Pipewellgate and 
connect it to the River Tyne just west of the site. This would require re-grading (adjust vertical alignment) the existing road 
surface and replacing existing kerbing that impeded lateral flow to the River Tyne. An alternative situation might create larger 
kerbs to hold water in the roads. Alternatively, swales or pipes could be connected directly through the site to new outfalls into 
the River Tyne.   
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Green Roofs Possible  during future development 
Soakaways/Infiltration Close to River, groundwater requires investigation 
Attenuation/Storage MU6 may require some attenuation to reach 10l/s/ha 
Swales/Filter Drain Conveyance of flow to R Tyne is key for MU19 
Permeable Paving Possible but limited benefit  
Boundary Flow Interception Flows enter MU19 across Pipewellgate, swales or flowpath would be desirable 
Rainwater Harvesting Maybe of benefit depending on development 
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Increase Sewer Capacity Limited benefit, could be managed without sewers 
Separation of foul/surface water systems Combined sewer to east of MU19, could be combined with scheme in S1 
Improve maintenance regime Minimal drainage exists though maintenance is critical for development  
Flow/Storage on Roadway Possible depending on configuration of proposed development 
Manage overland flows Flows should directed towards River Tyne 
Improve channel capacity N/A 
Open up culverts N/A 
Improve floodplain Storage N/A 
Remove Obstructions MU6 has no obvious flowpath to River Tyne, sewer could be possible 
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r Improved weather/flood warning Possible during future development 
Planning policies/development control Control any new development and ensure water quality concerns are addressed 
Improve Resilience and resistance Existing buildings require resilience measures 

 

 

Key measures 

Site 19 will require connectivity with the River Tyne to convey external surface water into the River 
Tyne. Runoff within Site 6 should be reduced as much as possible by reducing hard surfaces and 
limiting discharge. 

To address the existing surface water flooding, a budget cost of £ 46,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   

4.13 M3 – Mixed Use Site 12 & 13  

4.13.1 Source/pathway/receptor 

This site slopes to the north east with a combined sewer network within the site, refer Figure 60103180/STAGE2/M3/OPT01. 
The existing streets provide a flowpath for surface water to accumulate at lower areas. To the north and west of the site, surface 
water ponding occurs within the road network. 

 

4.13.2  Key issues 

Surface water ponding is a problem on the roads within the site, and 
significant pockets of surface water. Surface water ponding is also a 
problem within the car parking areas.  The site is currently heavily 
developed.  

4.13.3 Surface water strategy  

The feasibility of surface water disposal via infiltration on site should be 
assessed.   If the underlying ground conditions permit, there may be an 
opportunity to drain surface water via infiltration. There is also an 
opportunity to drain the hardstanding car parking areas via permeable 
paving. Surface water discharge into the existing sewer system will have to 
attenuated, based on the ponding that is already occurring.  It may be 
feasible, to store flood water within the existing road network prior to 

discharge to the existing combined sewer system. Storm water runoff from a road surface is likely to introduce pollutants (litter 
and chemical contaminants) into the sewer network. Whether surface water is discharged via infiltration or to sewers (with 
appropriate attenuation), it is imperative that proactive maintenance is undertaken to ensure that capacity is maintained.
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Green Roofs Possibility  during future development 
Soakaways/Infiltration Large grassed area currently exist, possible 
Attenuation/Storage Limited discharge locations, storage if disposal to combined sewer required 
Swales/Filter Drain Direct surface water flows along boundary of site 
Permeable Paving Permeable paving possible as part of site re-development 
Boundary Flow Interception Stormwater accumulates on southern boundary 
Rainwater Harvesting Preferable as part of development to reduce peak discharge from site 
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Increase Sewer Capacity Not cost effective  
Separation of foul/surface water 
systems No stormwater sewer exists within area. 
Improve maintenance regime Gully maintenance along highways to be investigated 
Flow/Storage on Roadway Possible depending on configuration of proposed development 
Manage overland flows Sloping nature of will cause flows to accumulate in areas 
Improve channel capacity N/A 
Open up culverts N/A 
Improve floodplain Storage N/A 
Remove Obstructions N/A 
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r Improved weather/flood warning Possible but of minimal use  

Planning policies/development control 
Control any new development and reduce discharge from site as much as 
possible 

Improve Resilience and resistance Probably not necessary if site is developed using SUDS 
 

Key measures 

There is limited connectivity with other surface water flowpaths. Runoff should be reduced as much 
as possible by reducing hard surfaces, maximising attenuation and if possible, infiltration. Discharge 
from the site will require a connection to the combined sewer.  

To address the existing surface water flooding, a budget cost of £ 82,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   

4.14 S4 - Scotswood  

4.14.1 Source/pathway/receptor 

The source of surface water flow is from the north and east of the site, refer Figure 60103180/STAGE2/S4/OPT01. The 
topography of the site falls towards the south and east, towards the River Tyne. This 43.1ha site is predominantly vacant land 
with partially developed land. There is an extensive network of combined sewers on site, and in the local surrounding area. Flow 
into the River Tyne is interrupted by Scotswood Road (A695).  There are a number of overflows from the local network of 
combined sewers into the River Tyne (to the south of the site). There are two areas of residential housing on site, located along 
Roberts Street to the west of the site and along Woodland Crescent and Forest Road to east of site. There are a few residential 
developments and commercial developments along Armstrong Road to the north of the site. 

 

4.14.2 Key issues 

 The S4 Scotswood site forms part of the adopted Benwell Scotswood Area Action Plan boundary.  This key site is a large 
residential development of 2,000 new homes to be delivered by a joint venture with the Council. The risk assessment identified 
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that the developed parts of the site (to the east, along Woodland Crescent) experience pockets of surface water ponding (up to 
0.5m deep) near hardstanding areas. In the residential area to the east of the site (Woodland Crescent and Forest Road), 
surface water ponding generally flows to towards Hodgkin Park and the small watercourse within the park.  

To the north of the site, the Sandoe Gardens residential area and the woodland area on Axwell Park View experience surface 
water ponding (around 0.5m deep). To the east of the site, the wooded area of Hodgkin Park experiences surface water ponding 
along a small watercourse corridor. To south of site, extensive surface water ponding occurs along Scotswood Road (A695) 
storage of flood water may not be acceptable for emergency access to the bridge. Scotswood Road also provides a barrier to 
overland flow drainage paths towards the River Tyne. 

4.14.3 Surface water strategy  

Future development of the site should investigate the incorporation of defined overland flow drainage paths to complement the 
extensive network of combined sewers on site. An opportunity also exists to collect surface flows from the areas to the north of 
the site (which suffer from surface water ponding), and direct this surface water into new overland flow drainage pathway across 
the site. The groundwater table is likely to be high and as such, infiltration is probably not feasible for this site. Peak discharge 
should be reduced to below 10L/s/ha. This can be achieved by through use of green roofs, permeable paving, attenuation and 
rainwater harvesting, refer Section 3. 

Attenuation storage may be required to store surface water during periods of high water in the River Tyne. As there are no 
surface water outfalls, a new piped drainage system (with storage area) will have to be constructed under Scotswood Road. The 
surface water ponding along Scotswood Road could be directed into new drainage system and discharged into the River Tyne, 
with appropriate attenuation. Discharging surface water to the River Tyne will require an assessment of river levels and require 
surface water outfall information unavailable for this study.  
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Green Roofs Possibility during future development 
Soakaways/Infiltration Too close to River, high groundwater likely 

Attenuation/Storage 
Further investigation into tide locking/capacity of River Tyne and discharge 
requirements 

Swales/Filter Drains Collection of runoff and direction to storage areas 

Permeable Paving 
Useful for attenuation in exsisting residental areas of site, further investigation 
req.d 

Boundary Flow Interception Most flows already intercepted by extensive network of combined sewers 
Rainwater Harvesting Possible during development stages 
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Increase Sewer Capacity Extensive network of combined sewers 
Separation of foul/surface water systems Extensive network of combined sewers 
Pro-active maintenance regime Existing drainage system will require pro-active maintenance to ensure capacity 
Flow/Storage on Roadway   

Manage overland flows 
No apparent overland flowpath through site, provision during future 
development 

Improve channel capacity None apparent 
Open up culverts Extensive network of combined sewers 
Improve floodplain Storage None apparent 
Remove Obstructions None apparent 

R
ec
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r Improved weather/flood warning Possible during future development as part of catchment wide implementation 
Planning policies/development control   

Improve Resilience and resistance 
Opportunity to improve existing buildings, and to incorporate resilience and 
resistance measures into new development 

 

Key measures 

There is limited connectivity with other surface water flowpaths. Runoff should be reduced as much 
as possible by reducing hard surfaces and maximising attenuation within the site. Discharge from the 
site will require a connection to the River Tyne. 

To address the existing surface water flooding, a budget cost of £ 963,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   

4.15 S5 - Newburn Riverside   

4.15.1 Source/pathway/receptor 

The source of surface water flow is from the north of the site, refer Figure 
60103180/STAGE2/S5/OPT01. The topography of the site falls towards the south 
and into the River Tyne. This 51.1ha site is vacant, partially developed land. 
There is an existing stormwater sewer network on site. Flow into the River Tyne is 
via the stormwater outfall. The site is currently allocated for employment use and 
is identified as a key employment location in the Regional Spatial Strategy. To the 
north, east and west of the site there are areas of commercial development. 
Newburn Industrial Estate is located immediately to the east to the site. 

4.15.2 Key issues 

Surface water ponding is not currently a problem on the site. However, the risk 
assessment identified that the area of commercial development to the north of the 
site does experience pockets of surface water ponding (around 0.3m deep). The 
surface water flood hazard modelling indicates that there is no overland flow path 
from the commercial development through the site. A surface water sewer runs 
through middle of the vacant site, which discharges into the River Tyne along the 
southern boundary of the site. While capacity in the existing surface water sewer 
(1800mm) on site is likely to accommodate the majority of surface water flows 
from the site its extent is limited.  

4.15.3 Surface water strategy  

Depending on the capacity of the surface water sewer on site, and the water 
levels at the River Tyne outfall, the rate of discharge from this site may be 
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restricted and require the provision of flood storage. Most measures of source control are possible, refer Appendix C and peak 
discharge should be reduced to below 10L/s/ha. This can be achieved through use of green roofs, permeable paving, attenuation 
and rainwater harvesting, refer Section 3. Connection to this sewer is a possible drainage option for the site (i.e. utilising existing 
surface water sewer outfall). Any future development on the site will require an assessment of River Tyne's flood levels, capacity 
and tidal influence including tidal locking. Based on the proximity of the site to the River Tyne, and the likely high groundwater 
levels on site, discharging surface water via infiltration has been discounted for this site. 

An opportunity exists to collect surface flows from the commercial development area to the north of the site, and direct this 
surface water into the River Tyne via a new drainage pathway across the site (i.e. swale).  

De-culverting the surface water sewer that crosses the site has been considered as drainage option, but has been discounted for 
numerous reasons. These reasons include technical implementation difficulties, health and safety concerns, the area of land 
required for de-culverting, cost and the fact de-culverting this section of the surface water sewer would create a 'patchy' system 
of culverted and de-culverted sections of the sewer.  
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Green Roofs Possibility during future development 
Soakaways/Infiltration Too close to River, high groundwater likely 

Attenuation/Storage 
Further investigation into tide locking/capacity of River Tyne and discharge 
requirements 

Swales/Filter Drain Direct existing surfacewater towards River Tyne 

Permeable Paving 
Useful for attenuation before dischare into River Tyne, further investigation 
req.d 

Boundary Flow Interception Flows should be directed towards River Tyne or storage areas  
Rainwater Harvesting Possible during development stages 
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Increase Sewer Capacity 
Investigation of downstream capacity, preference for directing surface water 
away 

Separation of foul/surface water systems Seperated system appears to be present on site - no need 
Improve maintenance regime Limited drainage exists  
Flow/Storage on Roadway   
Manage overland flows Important to manage flows through site to River Tyne 
Improve channel capacity None apparent 
Open up culverts Deculvert surface water sewer 
Improve floodplain storage None apparent 
Remove Obstructions None apparent 
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Improved weather/flood warning 
Possible during future development as part of catchment wide 
implementation 

Planning policies to influence development 
control Control any new development 
Improve Resilience and resistance New build opportunity to incorporate resilience measures 

 

Key measures 

There is limited connectivity with other surface water flowpaths. Additional flowpaths along swales 
should be provided to create a connection to the River Tyne. Hard surfaces should be minimised as 
much as possible and attenuation could be provided in key areas to improve water quality.  

To address the existing surface water flooding, a budget cost of £ 820,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   

4.16 S6 – Ouseburn  

4.16.1 Source/pathway/receptor 

This 7.1ha site is heavily developed land, refer Figure 60103180/STAGE2/S6-1/OPT01 and 60103180/STAGE2/S6-2/OPT01. 
The source of surface water is from the north of the site and from the large area of impermeable surface within the site. The 
topography of the site falls towards the south and into the Ouseburn. The Central site is split by the Ouseburn and is located on 
the confluence with the north bank of the River Tyne. There is an existing combined sewer network throughout the site and 
discharge into the Ouseburn and River Tyne. A combined sewer runs through the lower site, and there is a surface water outfall 
to the Tyne adjacent to the lower site. There is also a pumping station and a surface water rising main on the lower site. Near the 
confluence with the River Tyne (under the A186) is the Ouseburn tidal barrage and navigation lock. The barrage retains 
upstream water at the level of mean high water of spring tides, i.e. a minimum water level of 2.6 metres above Ordnance datum. 
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4.16.2 Key issues 

To the west of central site, the risk assessment identified there are significant pockets of surface water flooding up to 0.5m deep 
in places. The Ouseburn central site is located within a Critical Drainage Area. Fluvial flood levels within Ouseburn could restrict 
drainage discharge from the site. Based on the topography these could be collected and allowed to flow through the site into the 
Ouseburn. In the lower site along Quayside, there is extensive shallow surface water flooding. The central site comprises 
commercial development and vacant brownfield and greenfield land. Development in the Ouseburn will support small to medium 
enterprise ad will build on leisure and tourism uses that already exist.  There will be an element of mixed housing. The lower site 
comprises commercial development and a large vacant car parking area. Future development will require a reduction in runoff 
amount. The presence of roads and development disrupts drainage towards the Ouseburn and River Tyne causing surface water 
ponding.  

4.16.3 Surface water strategy 

The Central site is served by combined sewers, and while it may be possible to increase the number of outfalls and sewers 
through the site, the presence of services and infrastructure would make this difficult. Instead, it may be simpler to provide flow 
pathways through the site. This would provide an overland flow path into the Ouseburn and River Tyne. Whilst, this would require 
a large capital investment and not provide any significant social or environmental benefits it may the most effective way of 
resolving the problems surrounding this site and allow development in other areas. Implementation will cause social disruption 
during construction stage but would require minimal maintenance or ongoing expenditure and could be implemented as part of 
other works. It would also reduce surface water volumes within the existing combined sewer.   

Stormwater discharge volumes should be limited to brownfield rates (~10L/s/ha). Any re-development of the site should include 
source control measures like: green roofs, swales, permeable paving, rainwater harvesting and attenuation basins, refer 
Section 3. Most measures of source control are possible, refer Appendix C. As the sites are small and spread along the river 
frontage, there is limited space available for flood storage.  
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Green Roofs Possibility during future development 
Soakaways/Infiltration Too close to River, high groundwater likely requires investigation 

Attenuation/Storage 
Useful for attenuating flows into Ouse Burn and River Tyne and improving water 
quality 

Swales/Filter Drain Collection of flow and water quality benefit, some attenuation possible 

Permeable Paving 
Useful for attenuation of exsisting car parking areas on site, further investigation 
req.d 

Boundary Flow Interception Limited flow onto site, ntercepted by combined sewer network 
Rainwater Harvesting Large roof area presently available further investigation 
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Increase Sewer Capacity Investigate capacity, preference for directing surface water away 
Separation of foul/surface water 
systems 

Part of an extensive network of combined sewers in a developed area of 
Newcastle 

Improve maintenance regime Drainage exists and maintenance is critical for development  
Flow/Storage on Roadway   
Manage overland flows No apparent overland flowpath through site, provision during future development 
Improve channel capacity None apparent 
Open up culverts Viable to on vacant land to provide attenuation and reduce upstream levels  
Improve floodplain Storage Site of site located in Ouseburn floodplain 
Remove Obstructions   
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r Improved weather/flood warning Possible during future development 
Planning policies/development control Control any new development and ensure water quality concerns are addressed 

Improve Resilience and resistance Existing buildings south of embankment require resilience measures 
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Key measures 

The site is heavily developed and fronts the Ouse Burn.  Fluvial flood levels may impact drainage 
from the site. Runoff should be reduced to below 10L/s/ha by reducing the impermeable area. 
Additional overland flow paths are required to connect to receiving waters.   

To address the existing surface water flooding, a budget cost of £ 120,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   

4.17 S7 - Stephenson Quarter/ Forth Yards   

4.17.1 Source/pathway/receptor 

The topography of the area falls south-east into the River Tyne, refer Figure 60103180/STAGE2/S7/OPT01.  The railway line 
along the northern boundary acts as a barrier to any overland flow reaching the site from the north. To the east and west of the 
site, any overland flow is generally channelled along the local road network towards the River Tyne. There are also a number of 
overflows from the local combined sewer network into the Tyne. There are no defined overland flow paths into the River Tyne. 

4.17.2 Key issues 

This 24ha site is located on the 
north bank of the River Tyne, 
adjacent to Newcastle Railway 
Station. The lack of overland flow 
paths through the site may be 
related to the extensive surface 
water hazard located to the north-
east of the site. The site consists 
of a mixture of commercial 
development and vacant 

brownfield land. Stephenson Quarter, which has existing planning permission and Forth Yards, a longer term aspiration has the 
potential to provide a mixed use area such as leisure, residential and commercial uses. The surface water flood hazard modelling 
identified extensive and moderate surface water hazard along the southern boundary of the site (adjacent to the River Tyne). 
Although there is no embankment running along the along River Tyne, surface water does not appear to freely flow into the River 
Tyne. The railway line acts as a linear barrier and reduces flow into the site. However, it is also probably responsible for the flood 
hazard identified north of the site around the railway station. 

4.17.3 Surface water strategy  

Future development of the site should investigate the incorporation of defined overland flow drainage paths, which collect and 
discharge into the River Tyne. A practical approach to providing overland flow drainage pathways to the River Tyne would involve 
the provision of a series of swales and graded roadways that would connect to an attenuation storage area prior to discharge into 
the Tyne.  This would complement the network of combined sewers on site, and would address the surface water ponding along 
the southern boundary of the site and local roads. Whilst this would require a large capital investment, swales would provide 
significant environmental benefits other areas. Implementation will cause social disruption during construction stage but would 
require minimal maintenance. It would also help reduce surface water volumes within the existing combined sewer. Based on the 
proximity of the site to the River Tyne, and the likely high groundwater levels on site, discharging surface water via infiltration has 
been discounted for this site. 

Stormwater discharge rates should be limited and any re-development of the site should include implementing measures like: 
green roofs, swales, permeable paving, rainwater harvesting and attenuation basins, refer Section 3. Depending on water levels 
in the River Tyne, the rate of discharge from overland flow drainage paths into the River Tyne may have to be restricted using 
attenuation storage. Any future development on the site will require an assessment of River Tyne's flood levels, capacity and tidal 
influence including tidal locking. The attenuation storage would store water when water levels in the Tyne were high, and water 
would be discharged once the water level had fallen to an appropriate level.  
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Green Roofs Possibility during future development 
Soakaways/Infiltration Too close to River, high groundwater likely requires investigation 
Attenuation/Storage Useful for attenuating flows prior to discharge into combined sewer network or River Tyne 
Swales/Filter Drain Collection of flow and water quality benefit, some attenuation possible 

Permeable Paving 
Useful for attenuation before dischare into River Tyne from exsisting car parking areas, further 
investigation req.d 

Boundary Flow 
Interception Railway forms nothern boundary of site, railway line impedes flow onto site  
Rainwater Harvesting Large roof area presently available further investigation 
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Increase Sewer Capacity Investigate capacity, preference for directing surface water away 
Separation of foul/surface 
water systems Part of an extensive network of combined sewers in a developed area of Newcastle 
Improve maintenance 
regime 

Existing drainage system will require pro-active maintenance to ensure capacity, essential to 
manage overland flows adjacent to Barrack Road 

Flow/Storage on Roadway   
Manage overland flows Essential to manage flows towards River Tyne 
Improve channel capacity None apparent 
Open up culverts Viable to on vacant land to provide attenuation and reduce upstream levels  
Improve floodplain Storage None apparent 
Remove Obstructions None apparent - no embankment along River Tyne impeding surface water flow 
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Improved weather/flood 
warning Possible during future development as part of catchment wide implementation 
Planning 
policies/development 
control Control any new development, ensure surface water discharge is controlled 
Improve Resilience and 
resistance 

Opportunity to improve existing buildings, and to incorporate resilience and resistance 
measures into new development 

 

 

Key measures 

The site is heavily developed and external surface water sources are blocked by the railway line. 
Development of the site will require a series of overland flow paths to the River Tyne either along 
roadways or within swales. 

To address the existing surface water flooding, a budget cost of £ 625,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   

4.18 S8 - Science Central   

4.18.1 Source/pathway/receptor 

The topography of the site falls to the east of this 10ha site, adjacent to St James’ Park, refer 
Figure 60103180/STAGE2/S8/OPT01. The site is predominantly vacant, brownfield land. Surface water hazard modelling 
identified that surface water enters the site and accumulates at localised depression on the eastern developed boundary of the 
site. There are no overland flow paths onto the site. A combined sewer network serves the site. Outside of the site, surface water 
ponding appears to be a problem to the south and east of the site.  

Although the surface water flood hazard modelling shows an overland flow path flowing onto the site from the south (Corporation 
Street), this is believed to be a discrepancy in the underlying Digital Terrain Model (DTM).
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The site is split by Wellington Street and Corporation Street. To the west of Wellington Street, the site is vacant brownfield land. 
To the east of Wellington Street, the site is mixture of vacant brownfield land, residential housing and commercial development. 
The site is located within a designated Growth Point Area. Development of Science Central will provide a science and research 

led mixed use quarter in the city centre, development will be delivered 
in phases. 

4.18.2 Key issues 

On site and west of Wellington Street, surface water ponding is not 
currently a problem. The northern section of the site is within a critical 
drainage area. To the east of Wellington Street, areas surrounding the 
high rise residential flats on site experience pockets of surface water 
ponding. There is an extensive area of surface water ponding adjacent 
to Barrack Road. To the east of the site, there is extensive surface 
water ponding around St James’ Park and the St James Metro Station.  

4.18.3 Surface water strategy  

Dependent upon the ground conditions underlying the site, there may 
be an opportunity for infiltration of surface water. Infiltration methods, 
such as permeable paving may be suitable for the surface water 

ponding adjacent to Barrack Road. Therefore, any future development should assess the feasibility of surface water disposal via 
infiltration. 

Most measures of source control are possible, and any development of the site should include implementing measures like: 
green roofs, permeable paving, rainwater harvesting and attenuation basins, refer Section 3. If infiltration is limited, surface 
water would have to be discharged to the existing sewer system. Surface water discharge into the existing sewer system may 
have to be attenuated, depending on the capacity of the local sewer network downstream. As this site is near a Critical Drainage 
area, development should be mindful of not exacerbating any existing surface water issues. 

An opportunity exists to address the surface water ponding issues to the east of the site, and install appropriate infiltration or 
attenuation drainage systems to alleviate these problems. Whether surface water is discharged via infiltration or to public sewers 
(with appropriate attenuation), ensuring that proactive maintenance is undertaken is key. 

S
o

u
rc

e 

Green Roofs Possibility during future development 
Soakaways/Infiltration Possible, requires further investigation 
Attenuation/Storage Useful for attenuating flows prior to discharge into combined sewer network 
Swales/Filter Drain Collection of flow and water quality benefit, some attenuation possible 
Permeable Paving Useful for attenuation of exsisting residental areas of site, further investigation req.d 
Boundary Flow 
Interception Most flows already intercepted by combined sewer network 
Rainwater Harvesting Large roof area presently available further investigation 

P
at

h
w

ay
 

Increase Sewer Capacity Additional capacity maybe required adjacent to Barrack Road on site 
Separation of foul/surface 
water systems Part of an extensive network of combined sewers in a developed area of Newcastle 
Improve maintenance 
regime 

Existing drainage system will require pro-active maintenance to ensure capacity, essential to 
manage overland flows adjacent to Barrack Road 

Flow/Storage on Roadway   
Manage overland flows Essential to manage flows adjacent to Barrack Road 
Improve channel capacity None apparent 
Open up culverts Viable to the west of Wellington Street to provide attenuation and reduce upstream levels  
Improve floodplain Storage None apparent 

  Remove Obstructions None apparent 

R
ec

ep
to

r 

Improved weather/flood 
warning Possible during future development as part of catchment wide implementation 
Planning 
policies/development 
control Control any new development, ensure surface water discharge is controlled 
Improve Resilience and 
resistance 

Opportunity to improve existing buildings, and to incorporate resilience and resistance 
measures into new development 
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Key measures 

The site is flat, mostly vacant and served by a combined sewer. There are notable problems in the 
surrounding area. As the site is partially within a critical drainage area, care should be taken not to 
exacerbate existing flooding problems. Therefore, discharge rates should be reduced as much as 
possible by reducing hard surfaces by maximising attenuation, and if possible infiltration.  

To address the existing surface water flooding, a budget cost of £ 173,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   

4.19 S10 - East Pilgrim Street  

4.19.1 Source/pathway/receptor 

This 3.76ha site is a site sloping to the east with a combined sewer network throughout the site, refer 
Figure 60103180/STAGE2/S10/OPT01. The existing streets provide a flow path for surface water to accumulate at lower areas. 
The risk assessment identified flood hazard spread throughout and around the site. To the north and west of the site, surface 
water ponding occurs along the network of roads. There are two recorded NCC historic flood incidents to the west of the site, 
adjacent to Pilgrim Street. 

4.19.2 Key issues 

Surface water ponding is a problem on the roads within the site, and significant pockets of surface water occur along Market 
Street. The entire site is within a Critical Drainage Area. Surface water ponding is also a problem within a number of the 
hardstanding car parking areas surrounding the existing buildings on site.   There is an extensive combined sewer network but no 
surface water sewer or receiving waters near the site.  

Pilgrim Street forms the western and southern boundaries of the site, Carliol Street and 
Carliol Square form the eastern boundary of the site and New Bridge Street West forms the 
northern boundary of the site. East Pilgrim Street will be retail led development. Interim 
Planning Guidance has been prepared and sets out a high level preferred option for the site.  
Development is likely to come forward in phases.  

4.19.3 Surface water strategy 

Dependent upon the underlying ground conditions, there may be an opportunity to drain 
surface water via infiltration. The feasibility of surface water disposal via infiltration on site 
should be assessed.   If possible, the hardstanding areas could utilise permeable paving 
drainage methods in these areas.  

If it is not possible to drain surface water via infiltration, surface water would have to be 
discharged to the existing sewer system. There are no watercourses located within close 
proximity of the site. Surface water discharge into the existing sewer system will have to be 
stored. Any re-development should reduce stormwater runoff should be limited as much as 
possible (below 10L/s/ha). 

Whether surface water is discharged via infiltration or to public sewers (with appropriate 
attenuation), the existing combined sewer will require proactive maintenance to ensure 
blockages are identified as quickly as possible. 
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S
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Green Roofs Possibility during future development 
Soakaways/Infiltration Possible, requires further investigation 
Attenuation/Storage Useful for attenuating flows prior to discharge into combined sewer network 
Swales/Filter Drain Collection of flow and water quality benefit, some attenuation possible 
Permeable Paving Useful for attenuation of exsisting car parking areas on site, further investigation req.d 
Boundary Flow Interception Most flows already intercepted by combined sewer network 
Rainwater Harvesting Large roof area presently available further investigation 

P
at

h
w

ay
 

Increase Sewer Capacity Additional capacity maybe required along roads 
Separation of foul/surface 
water systems Part of an extensive network of combined sewers in a developed area of Newcastle 

Improve maintenance regime 
Existing drainage system will require pro-active maintenance to ensure capacity, essential 
to manage overland flows 

Flow/Storage on Roadway   
Manage overland flows Essential to manage flows along roads on site 
Improve channel capacity None apparent 
Open up culverts Site all developed, unviable. 
Improve floodplain Storage None apparent 
Remove Obstructions None apparent 

R
ec

ep
to

r 

Improved weather/flood 
warning Possible during future development as part of catchment wide implementation 
Planning policies/development 
control Control any new development, ensure surface water discharge is controlled 
Improve Resilience and 
resistance 

Opportunity to improve existing buildings, and to incorporate resilience and resistance 
measures into new development 

 

 

Key measures 

The site is heavily developed and drains via the combined sewer network.  Runoff should be 
reduced as much as possible by reducing hard surfaces, maximising attenuation and if possible, 
infiltration. Resilience measures and pro-active maintenance will assist the site to cope with surface 
water hazards. 

To address the existing surface water flooding, a budget cost of £ 128,000 should be allowed. This 
includes the capital cost of measures and 25 years of maintenance.   
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5.1 Cost  

Utilising the budgetary costing method in Section 3.3, the estimated whole of life costs for the improvements for each Strategic 
Site are detailed in Table 5.1.  The table presents the budget cost for each site based on the initial capital expenditure (CAPEX), 
the maintenance costs (OPEX) for the implemented surface water strategy. To aid comparison between rectifying surface water 
risk the sites, the total cost per area of the site is shown and ranked.  

Table 5.1 – Budget costs for each Strategic Site 
 

Site 
Area 
(ha) CAPEX 

OPEX 
(25y) 
(NPV) Total Cost 

Cost per 
Area 
(£/ha) Rank 

G
at

es
he

ad
 

S1 Fit for a city 42  £   853,000   £ 205,000   £ 1,058,000   £    25,400  6 
S1 Gateshead Quay 15  £   363,000   £   99,000   £    462,000   £    29,300  4 
S2 Freight Depot 11  £   169,000   £   31,000   £    200,000   £    15,300  18 
S2 Baltic Business Quarter 21  £   271,000   £   41,000   £    312,000   £    22,300  11 
S3 Blaydon Town Centre 8  £   270,000   £ 122,000   £    392,000   £    49,000  1 
S9 Metro Green 1 45  £1,322,000   £ 476,000   £ 1,798,000   £    39,800  2 
S9 Metro Green 2 14  £   272,000   £   66,000   £    338,000   £    24,400  7 
S9 Metro Green 3 17  £   343,000   £   83,000   £    426,000   £    24,300  8 
M1 Mixed Use 5 0.7  £     12,000   £     3,000   £      15,000   £    20,000  12 
M2 Mixed Use 6  0.6  £     10,000   £     2,000   £      12,000   £    20,000  12 
M2 Mixed Use 19 1.5  £     27,000   £     7,000   £      34,000   £    23,500  9 
M3 Mixed Use 12 & 13 4  £     71,000   £   11,000   £      82,000   £    19,600  14 

        

N
ew

ca
st

le
 S4 Scotswood 43  £   776,000   £ 187,000   £    963,000   £    22,400  10 

S5 Newburn 51  £   686,000   £ 134,000   £    820,000   £    16,100  17 
S6 Ouseburn 7  £   101,000   £   19,000   £    120,000   £    17,000  16 
S7 Stephenson Quarter 24  £   504,000   £ 121,000   £    625,000   £    26,100  5 
S8 Science Central 10  £   150,000   £   23,000   £    173,000   £    17,300  15 
S10 East Pilgrim 4  £   103,000   £   25,000   £    128,000   £    33,700  3 

The assessment process identified the most appropriate measures to be taken forward in the context of site constraints and 
future development. The multi-criteria assessment short-listed measures that consider the relative merits against six criteria. The 
five point relative indicator was applied to each criterion. The measures with the negative scores were screened out of the 
proposed strategy and are shown as having limited benefit. Scores that were strongly positive (>75) are shown as having high 
benefit. Scores in between these values were shown as uncertain, as it was not appropriate to screen them out without knowing 
the full details of the proposed scheme. In general, these measures are appropriate but higher scoring alternatives could be more 
effective. This process has produced a short list of mitigation measures to provide the starting point for a more detailed economic 
assessment, refer Table 5.2 and Appendix C.   

�
Overall 
score Suitability  

�� >75 High benefit against most criteria  

��  Uncertain benefit, further assessment required to determine benefit 

�� <0 Limited to negligible benefit  
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S
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Green Roofs 

Soakaways/Infiltration 

Attenuation/Storage 

Swales/Filter Drain 

Permeable Paving 

Boundary Flow Interception 

Rainwater Harvesting 

Increase Sewer Capacity 

Separation of foul\surface water 
systems 

Improve maintenance regime 

Flow/Storage on Roadway 

Manage overland flows 

Improve channel capacity 

Open up culverts 

Improve Floodplain Storage 

Remove Obstructions (new outfall) 

Improved weather warning 

Planning policies\ development 
control 

Improve Resilience and resistance 
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Retrofit SuDS—cost estimates and decision-support tools

V. R. Stovin PhD and A. D. Swan MSc, PhD

Many urban water quality and flooding problems may
potentially be addressed by disconnecting stormwater
from the formal drainage system and installing source
control sustainable drainage systems (SuDS) instead.
This approach is referred to as SuDS retrofit. This paper
focuses on the construction costs associated with a range
of SuDS devices likely to be implemented in a retrofit
context. Three distinct types of costs have been prepared.
The costs of construction per device are provided as unit
costs. This approach does not, however, enable devices to
be compared in terms of an area served. For this reason,
schemes have been designed and costed according to
representative contributory areas, such as a residential
roof or a small car park. These contributory area-based
cost comparisons are embodied within a decision-making
framework for retrofit SuDS. A case study highlights how
secondary costs need to be combined with device unit
costs accurately to cost the construction of a whole
scheme. The evaluation indicates that infiltration basins
represent the cheapest form of SuDS to construct,
followed by soakaways, ponds, infiltration trenches and
porous pavements. This ranking does not, however, take
account of land purchase or sterilisation costs, potential
conflicts with requirements for high-density developments
or other life-cycle costs—these could alter this preference
ranking significantly.

1. INTRODUCTION
Many urban areas experience problems with excessive combined

sewer overflow (CSO) discharges and/or flooding (from the sewer

network), with consequent aesthetic and water quality impacts.

These problems are frequently associated with inadequate

capacity in the stormwater management system. Improving upon

these discharges is a key aspect of present and future legislation

aimed at water quality improvements.

Sustainable drainage systems (SuDS) is a generic term that refers

to various measures aimed at managing surface water runoff

(and consequent flooding and pollution problems) from urban

catchments. SuDS may be ‘non-structural’ or ‘structural’.

Non-structural SuDS include the use of education and/or

incentives to modify human behaviour. Structural SuDS include,

among others, green roofs, soakaways, swales, infiltration

trenches and balancing ponds. Because of their reliance on natural

catchment processes (i.e. infiltration, attenuation, conveyance,

storage and treatment) these technologies are viewed by many to

constitute a ‘more sustainable’ approach to the management of

urban storm runoff than conventional underground pipe and

storage-based solutions.

The Environment Agency (EA) and the Scottish Environment

Protection Agency (SEPA) are both actively promoting the

increased use of SuDS in order to ensure that new

development effectively mitigates for its associated

environmental impacts. There is considerable international

evidence of the successful incorporation of SuDS technologies

into new developments, and the approach has been endorsed

by the UK Government’s Planning Policy Guidance Note 25

(PPG 25) and Planning Policy Statement 25 (PPS25) on

Development and Flood Risk. The current authors believe,

however, that the potential to make use of SuDS within

existing urbanised areas has been under exploited.

The term retrofit is employed when SuDS-type approaches are

intended to replace and/or augment an existing (combined or

separate) drainage system in a developed catchment. Retrofit

SuDS may be relevant in any situation where insufficient

stormwater management capacity leads to poor performance of

the urban drainage system. This includes problems associated

with excessive CSO discharges, separate storm sewer outfalls,

flooding of urban watercourses and/or restrictions to further

development imposed directly as a result of insufficient spare

capacity in the existing drainage system. Examples of retrofit

SuDS might be the installation of green roofs, the diversion of roof

drainage from a combined sewer system into a garden soakaway

or the conveyance of road runoff via roadside swales into a pond

sited in an area of open space.

Feasibility studies relating to the potential usage of retrofit SuDS

in two UK catchments1 have suggested that SuDS could provide

cost-effective hydraulic improvement, either as fully SuDS-based

or partially SuDS-based rehabilitation strategies. In one case it

was found that a SuDS-based solution could provide the necessary

hydraulic control (in terms of reduced spill volumes) at 50% of the

construction cost of a conventional storage-based solution. In a

separate study of options for alleviating inner-city sewer flooding

and reviewing urban expansion needs,2 it was found that a mixed

SuDS/conventional solution would be more cost-effective and less

disruptive during construction than a simple conventional

approach. Although these UK proposals have not yet been

implemented, there are several international examples of this type

of approach being successfully implemented, including the
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Portland (Oregon, USA) downspout disconnection programme,3

the extensive SuDS retrofit undertaken in Malmö (Sweden)4 and

advanced proposals for the Emscher basin in Germany.5

Although retrofit SuDS-based approaches appear (on paper) to

represent a viable and cost-effective alternative, English and

Welsh water utility companies have been slow to implement them.

This reflects a series of legal and regulatory constraints, in

addition to the relative novelty of the technologies. A major legal

hurdle relates to the issue of adoption. Water utilities are currently

unable to build/adopt SuDS because they are not legally described

as ‘sewers’ in Sewers for Adoption (5th edn).6 The National SuDS

Working Group in England and Wales has, however, produced an

‘Interim Code of Practice for Sustainable Drainage Systems’,7 in

association with model maintenance agreements,8 and it is likely

that mechanisms will increasingly be found to overcome these

obstacles.

It is worth noting that at the time the research described in the

present paper was undertaken, very little information was

available on the design of retrofit SuDS, SuDS maintenance

requirements or construction and operational costs of SuDS

within the UK. The costing approach described in later sections of

this paper was developed as an interim measure to bridge that gap,

ahead of more robust cost data becoming available. A number of

subsequent publications have provided very valuable insights into

‘real’ construction and maintenance costs, and more data will

become available as experience with SuDS increases. The

Construction Industry Research and Information Association

(CIRIA) SuDS design manual9 discusses the construction,

maintenance and whole-life costs of SuDS devices. More detailed

guidance on the costs associated with SuDS technologies is

presented in other literature.10

It should also be appreciated that retrofit SuDS have the potential

to assist urban planners meet their sustainability objectives by

providing amenity, community and biodiversity benefits in

tandem with stormwater management. This approach is therefore

in harmony with ‘Making Space for Water’.11

In Scotland, the 2003 Water and Environment and Water

Services Bill gave Scottish Water statutory powers to adopt and

maintain all public SuDS (from 2005). These legislative changes

suggest that guidance on the use of SuDS—including retrofit

applications and with reference to cost issues—is required.

Scotland and Northern Ireland Forum for Environmental

Research (Sniffer) has recently published a report to help

address the lack of UK design guidance for retrofit SuDS.12 The

Sniffer approach builds upon a decision-making framework for

the identification and evaluation of retrofit SuDS-based

candidate solutions for sewer rehabilitation proposed by Swan

and Stovin.13 The original framework is briefly described in the

following section, while the methodology used to derive

comparative costings for retrofit SuDS is considered in the

remainder of this paper.

2. A DECISION-SUPPORT SYSTEM FOR RETROFIT
SUDS
The decision-support framework presented by Swan and Stovin13

was aimed at efficiently identifying retrofit SuDS options that

will deliver hydraulically effective solutions and that are

straightforward and cost-effective to implement. Flowcharts

were prepared to direct the engineer to consider the range of

options in a logical and efficient manner. The flowcharts embody

four hierarchies (see Table 1) constructed around urban surface

type, the surface water management train concept, the mode of

operation of the device and cost. Further work is currently

underway14,15 to extend the scope of this framework to deliver

solutions that offer water quality improvements.

The flowcharts direct the user to consider institutional roofs before

residential roofs, source controls before off-site controls and

infiltration systems in preference to storage-based systems; the

cheapest options within each category are highlighted. This

framework has been applied to derive a potential retrofit SuDS

scheme for the Meanwood catchment in Leeds.16 The present

paper focuses on the way in which the comparative costings

embodied within the framework were derived.

3. COST MODELS FOR RETROFIT SUDS
3.1. Introduction
Unit construction costs were developed for a range of potential

retrofit SuDS technologies. These unit costs were largely based

upon basic cost data from the Spon publications Civil Engineering

and Highways Works Price Book17 and Landscape and External

Works Price Book.18 Both publications present costs for a wide

range of basic civil engineering work items such as excavation,

backfilling and re-grassing (it should be noted that the costs

presented exclude value added tax (VAT), land take costs,

contractor’s profit margins, design or supervisory works). All cost

estimates presented within this paper include a contractor’s profit

margin of 10% and VAT at 17.5%, but exclude additional costs

such as those associated with design, supervision and

compensation payments to injured parties. Reference was also

made to the water services regulation authority (OFWAT)’s unit

costs for capital works in the water industry.19 Specific details on

how all costs presented in this paper were compiled can be found

in Swan.20

��������!
Increasing complexity (in terms of detailed design work required)

Urban surface type Surface water management train Mode of operation Cost

Deceasing order of preference

��������!

. Institutional roofs

. Car parks

. Residential roofs

. Highways

. Source control

. Conveyance and off-site control
. Infiltration
. Disposal
. Storage
. Reuse

. Cheapest

. Most expensive

Table 1. The four hierarchies of the retrofit SuDS decision-making framework12
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3.2. Unit costs for retrofit SuDS
Table 2 presents unit construction costs for a number of retrofit

SuDS technologies that were selected because they were

considered to represent appropriate design dimensions for typical

urban applications. For example, the infiltration trench and

soakaway examples correspond to the design examples adopted in

Building Research Establishment (BRE) guidelines.21 When high

and low unit costs are presented for a specific technology, these

correspond to cost differences that result from different site

characteristics (e.g. soil conditions) or construction materials.

These values do not include unforeseen risks that—for retrofit

SuDS—might include the unanticipated need to move or work

around unmapped services, or contaminated land. These risks will

generally be higher for urban retrofit applications than for new

‘greenfield’ SuDS. The costs for ponds/basins do not include

landscaping/vegetation because there was virtually no relevant

information in the public domain pertaining to these costs at the

time this research was undertaken. Storage tanks were assumed to

be reinforced concrete units rather than the modular plastic

systems that have become more commonplace in recent years. The

latter would be expected to represent a significant cost saving.

Many of the unit costs presented in this table are not stand-alone

items, but would generally be used in conjunction with one or

more of the other items to produce integrated SuDS solutions or

treatment trains. For example, the cost of swales might be

considered as a stand-alone solution or in conjunction with the

costs of an off-site control facility. The water butt cost includes

connection costs, as a water butt might be assumed to be located

adjacent to a property and connection costs will therefore be

relatively fixed and predictable. For other devices, connection

costs will be a function of connection length and site constraints,

and it is not useful to present these as standard values. These costs

are considered as secondary costs, which are considered more

fully in the case study presented in section 3.4.

It is not appropriate to compare these unit construction costs

with one another at this stage, as they have different capacities.

Technology Items included in costing Unit construction cost

High Low

Water butt (0.3m3) Water butt (0.3m3)
Installation
Connection of feeder pipe

£242.93 per
property

£100 per
property

Infiltration trench
BRE 365 design example: 0.6m (width)� 2.5m
(depth) (1.5m effective depth)

Excavation
Placing of filter material
Horizontal distributor pipe
Geotextile filter membrane
Backfilling
Reinstatement
Note: all pipework 225mm (excludes
costs of connection)

£99.16 per m
length

£73.88 per m
length

Swales
2m wide� 200mm deep to be excavated in
existing grass verges

Excavation (by hand)
Disposal of excavated soil
Reinstatement
Grassing (turfing)
(excludes cost of connecting
paved or roofed areas)

£20.28/m
(compacted soil)

£17.71/m
(loose material)

Soakaway
BRE 365 design example: 2.4m (long)� 1.5m
(width)� 2.5m (depth) (1.5m effective depth)

Excavation (by hand)
Geotextile filter membrane
Backfilling
Reinstatement (excludes costs of
connections)

£551.80 per
soakaway

(compacted soil)

£453.67 per
soakaway

(loose material)

Porous car park
Using Grasscrete precast concrete units filled
with top soil and grass-seeded

Lighting
Drainage
Forecourts
Aprons
Access areas (excludes approach roads)

— £63.33/m2

Ponds/basins All excavation
Pipework

£55/m3 £35/m3

Separate sewerage 150mm pipe �1m depth below paved
surface
Reinstatement to paved

£173.84/m —

Storage tanks
Using reinforced concrete

All excavation
Fill
Structural work
Valves
Pipework

£518.29/m3 £448.50/m3

Table 2. Generic unit construction costs for retrofit SuDS
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For example, when considered in volumetric terms (i.e. per cubic

metre), the excavation costs associated with ponds and basins

may be comparable. The required volume for a pond will,

however, be larger than a basin for the same drainage

catchment area because the pond will include a permanent pool

and may also include an additional allowance for its water

quality function. The following two sections provide cost

comparisons based on representative contributory areas and a

specific case study.

3.3. Retrofit SuDS costings for representative
contributory areas
One of the requirements of the decision-support framework

mentioned above was to be able to identify the most cost-effective

option for a specific disconnection scenario, such as a single

residential roof or a small car park. Costs were therefore derived

for all potential retrofit SuDS options for each of four

representative contributory impervious areas (50, 200, 500 and

2000m2): 50m2 was chosen to represent a single residential roof,

200m2 would be more typical for an institutional roof and 500m2

represents a small car park or stretch of road. The two larger areas

also represent groups of multiple residential or institutional roofs

that might be served by off-site controls.

Specific SuDS technologies were designed to drain runoff from

each of these representative contributory areas. The design work

for these SuDS proposals was undertaken in accordance with

relevant UK design guidelines that were available in 2001. These

designs were heavily reliant on CIRIA Report 156,22 which has

now been superseded by CIRIA Report C609.9 The design

dimensions (and hence relative costs) are, however, unlikely to

have altered significantly. Tables 3 and 4, for example, present the

design dimensions that were developed to serve impervious areas

of 50 and 500m2 respectively. These design dimensions were

generated using a critical 10-year rainfall event and a soil

percolation rate of 4:63� 10�6 m/s. Although infiltration rates as

low as 2:78� 10�10 m/s (0:001mm/h) are judged to be feasible for

the use of infiltration SuDS, the value of 4:63� 10�6 m/s adopted

here related to the case study considered later. Clearly the costs of

infiltration structures will tend to increase as the infiltration

capacity of the soil reduces. For ponds, it was assumed that the

pond volume should equate to the volume of the 1 in 10-year

surface runoff volume, multiplied by a factor of safety (FoS) of 2.

Table 5 presents direct construction costs that were generated

for these SuDS devices; the table neglects secondary costs

associated with connection of the contributory impermeable

surface. An indication of conveyance costs is included. Fig. 1

compares construction costs of alternative SuDS technologies to

drain a 50m2 contributory impervious area.

These results indicate that infiltration basins represent the

cheapest form of SuDS device, followed by soakaways, ponds,

infiltration trenches and porous pavements. Variations between

costs are large. In the 50m2 contributory area scenario, for

example, soakaways are 3.3 times more expensive than

infiltration basins and porous pavements are 12.6 times more

expensive. The large variation in these different technology costs

underlines the need for accurate SuDS costings, and reinforces the

fact that economic issues can have a significant bearing on the

viability/feasibility of potential SuDS schemes.

It is not surprising that the analysis suggested infiltration basins

to be the cheapest form of SuDS technology as they require less

excavation than other surface-based SuDS devices (e.g. ponds)

and fewer additional materials for backfilling than sub-surface

Technology Relevant design guidelines Design dimensions

Soakaways BRE 365 (1991) 1.5� 1.8� 1.8m (effective depth� length�width)
Infiltration trenches CIRIA 156 (1996) 0.6� 1� 7.5m (width� depth� length of base)
Basins CIRIA 156 (1996) 1� 1� 1m (width� depth� length)
Ponds 10 yr storm (FoS¼ 2) 5.3m3 (volume)
Porous pavements CIRIA 156 (1996) 16m2 (area) 4� 4m (length�width)

Table 3. SuDS design dimensions required to drain 50m2 of contributory area (e.g. a single residential roof )

Technology Relevant design guidelines Design dimensions

Swales� CIRIA C522 (2000)23 0.4� 0.2m (1:4) base� depth (side-slopes)
Filter drains� Highway Construction Details (Highways

Agency, 1998)24
1.5� 0.6 m� length (depth�width) (þ150mm dia. pipe)

Separate sewerage� Manning’s formula 150mm (diameter)
Soakaways BRE 365 (1991) 2� 5.3� 5.3m (effective depth� length�width)
Infiltration trenches CIRIA 156 (1996) 1� 1� 51m (width� depth� length of base)
Basins CIRIA 156 (1996) 1� 3.2� 3.2m (depth� length�width)
Ponds 10 year storm (FoS¼ 2) 53.3m3

Porous pavements CIRIA 156 (1996) 157m2 (area) 12.5� 12.5m (length�width)

�Conveyance options
All infiltration structures assume an infiltration capacity of 4.63� 10�6 m/s

Table 4. SuDS design dimensions required to drain 500m2 of contributory area (e.g. a group of ten residential roofs or a small car park/
stretch of road)
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SuDS (soakaways, infiltration trenches and porous pavements).

Soakaways were highlighted as the cheapest sub-surface option

because excavations are concentrated in a specific location rather

than being spread across a much larger area, as with infiltration

trenches and porous pavements. The high comparative costs of

pond schemes largely relate to the FoS of 2 included in their

design in order to allow runoff from previous storms to be

accommodated. It should be noted that planting and landscaping

costs have not been included and these could be a significant cost

in relation to ponds. Porous pavements represented the most

expensive of all the SuDS devices investigated in this study, but

perform a dual role as drainage device and, for example, car park.

This exercise provides an indicative theoretical cost comparison

for different technologies. It is acknowledged that, in reality,

many site-specific characteristics (e.g. land availability and cost)

would have a significant bearing on construction costs and design

options.

It is worth noting from Table 5 that the costs associated with

porous pavements appear to vary linearly with respect to the area

served. This is not, however, the case for all technology types.

For example, in the case of ponds, the additional costs associated

with serving additional areas diminish as the area served increases

in size; this relates to the economics of scale associated with

excavation, planting and waterproof lining costs.

The comparative costs presented in Table 5 are embodied within

the decision-making framework described above. For example,

the residential roofs portion of the flowchart utilises the 50m2

representative contributory area data to rank the potential

technology options on the basis of cost.

3.4. Case study costings for retrofit SuDS
This section outlines how costings were derived for the range of

retrofit SuDS options judged to be technically feasible in the

context of a specific case study catchment. The main difference

between these and the previous costings is that the case study

includes secondary costs arising from disconnection and transfer

of the stormwater from the existing sewer system to the SuDS

device.

The Meanwood catchment is situated 4 km to the north west of

Leeds city centre. It covers an area of 55.8 ha and is largely served

by a combined sewer system. During extreme storm events

(approximately once per year) the trunk sewer surcharges,

resulting in local flooding

problems. Retrofit SuDS were

considered as a potential option

for addressing flooding,

although it was envisaged that

some conventional

rehabilitation would almost

certainly also be required.16,20

The catchment largely consists

of twentieth-century housing,

retail premises and a small

number of institutional

buildings. None of these

institutional buildings is

connected to Meanwood’s

combined sewerage system, so

the proposed solutions focused

on the disconnection of

residential properties and

paved areas. The residential
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Fig. 1. Construction costs of alternative SuDS technologies for a 50m2 contributory area

Technology Surface
area

Construction costs: £

served: m2 Highest Lowest

Soakaways 50 324.53 268.94
200 767.48 623.18
500 3055.77 2413.15
2000 11 819.15 9156.17

Infiltration trenches 50 638.78 503.26
200 1622.13 1210.19
500 4959.63 3853.54
2000 16 568.86 12 361.26

Basins 50 91.20 80.51
200 266.57 223.81
500 588.11 478.65
2000 2071.69 1606.08

Ponds 50 391.10
200 1365.30
500 3413.30
2000 4716.10

Porous pavements 50 1013.32
(costs for new car parks) 200 3989.95

500 9943.20
2000 39 836.14

Porous pavements
(replacement surface)

Price per m2 27.13

Swales� Price per m 20.28 17.71
Filter drains� Price per m 61.44
Separate sewerage� Price per m 173.84

�Conveyance options
All infiltration structures assume an infiltration capacity of 4.63� 10�6 m/s

Table 5. Construction costs of alternative SuDS technologies for
representative contributory areas
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areas contain mostly semi-detached housing, with a small

number of detached and terraced properties. The use of

infiltration devices was considered to be viable within the

central sections of the Meanwood catchment since much of this

region is founded upon sandstone deposits. The soil conditions

of the remainder of the catchment (clay and mudstone) are,

however, less suitable for infiltration. The catchment also

contains significant amounts of grassed and wooded areas,

offering potential for off-site controls. The Meanwood

catchment is not part of a groundwater protection zone and

therefore the infiltration of surface waters is permissible within

this locality. The options considered were

(a) disconnection of residential properties to garden soakaways

(sandstone region);

(b) disconnection of residential roofs to local infiltration trenches

(sandstone region);

(c) disconnection of residential roofs and/or paved areas to

off-site controls (infiltration trenches, porous pavements or

infiltration basins) using a network of swales for

conveyance.

Although infiltration basins were demonstrated to be the cheapest

retrofit source control, they were not considered as appropriate for

source control applications in the Meanwood catchment due to

space restrictions in residential plots.

Costings for each of these options are presented in Table 6.

In this case the costs per square metre of disconnected

impermeable area include secondary unit costs (i.e. costs of

disconnecting roof drainage from the sewer and into the

receiving SuDS device). One example of a secondary cost was

an additional £150 per property to disconnect roof water from

the sewer system and transfer it to a garden soakaway. It is

evident from Table 6 that the use of soakaways represents the

cheapest option (£5.90/m2). This approach is, however, only

applicable to the 3.022 ha roofed areas contained in

Meanwood’s sandstone region. The off-site proposal costs were

based on the disconnection of a total of 2.886 ha paved area

and 1.9 ha residential roof area.

This exercise highlights that the soakaway option (source-

based control) is cheaper than all of the off-site proposals.

The cost of disconnecting 1m2 using infiltration trenches

(essentially also a source control) is, however, more than four

times that associated with soakaways and—perhaps

surprisingly—considerably more expensive than many of the

off-site controls. This reflects the fact that this approach

requires its own conveyance network to convey runoff from a

roof to a property’s boundary with an adjacent field in which

the infiltration trench would be located. Source-based

controls may therefore not always provide a cheaper option

than off-site controls even though they might be logically

preferable from a SuDS ‘surface water management train’

perspective.

The complete solution for Meanwood16 also incorporated water

butts for those residential properties that were neither in the

sandstone region nor readily connected to the swale network,

alongside a minimal amount of re-sewerage work. The costing

procedures associated with storage-based devices (e.g. ponds and

tanks) are already well established and presented explicitly in the

literature.17,18 It was estimated that this hybrid solution (part

retrofit SuDS, part re-sewerage) proposed for Meanwood would

cost around 12% less than a storage-based conventional

solution.1

4. DISCUSSION
The costs presented were calculated using fairly basic procedures

and are intended to give only a rough indication of likely

construction costs. The main use of these costs to date has been to

Paved area
disconnected:

ha

Roofed area
disconnected:

ha

Total area
disconnected:

ha

Cost:
£

Cost/m2

disconnected
area: £

Soakaways to every roof
within sandstone region

0 3.022 3.022 178 183 5.90

Construction of 1065m
of infiltration trenches to
serve 86 properties
within sandstone region

0 0.473 0.473 111 478 23.57

Swales to all grassed
verges (roofs only)

Off-site control proposal
. Infiltration trenches
. Porous pavement
. Infiltration basin

0
0
0

1.900
1.900
1.900

1.900
1.900
1.900

264 297
509 348
197 847

13.91
26.81
10.41

Swales to all grassed
verges (paved areas only)

Off-site control proposal
. Infiltration trenches
. Porous pavement
. Infiltration basin

2.886
2.886
2.886

0
0
0

2.886
2.886
2.886

352 953
727 045
263 191

12.23
25.19
9.12

Swales to all grassed
verges (both paved and
roofed)

Off-site control proposal
. Infiltration trenches
. Porous pavement
. Infiltration basin

2.886
2.886
2.886

1.900
1.900
1.900

4.786
4.786
4.786

517 140
1 149 172
353 785

10.81
24.01
7.39

Table 6. Summary of the Meanwood case study costs
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enable priority to be given to the least (construction) cost option in

the retrofit SuDS decision-making framework. There has been

little opportunity to evaluate how realistic these costs are in

practice. The presented data should not be taken out of context

and clearly are not intended to be substituted for proper site-based

costings on specific projects.

The costings presented here relate to the primary costs

associated with construction and do not reflect land prices or

more long-term (whole-life) cost issues such as maintenance

and replacement. The Water Environment Research Foundation

or UK Water Industry Research (WERF/UKWIR) report10 includes

spreadsheet-based tools aimed at providing comprehensive

whole-life cost estimates for retention ponds, detention basins,

swales, filter drains and permeable pavements relevant to the

UK. The report does not, however, provide an explicit

comparison of the relative costs of these alternative devices. The

present paper has proposed the concept of representative

contributory areas as a basis for comparing costs. There is an

obvious opportunity to update and refine the hierarchies

embedded within the decision-support tool by using the WERF/

UKWIR spreadsheet to compute more comprehensive costings

for representative contributory areas.

5. CONCLUSIONS
Costs of constructing retrofit SuDS devices have been presented.

The range of devices considered reflects the range of devices likely

to be implemented in a retrofit context. Three distinct types of

costs have been analysed. Unit costs provide the costs of

construction per device. This approach does, however, not enable

devices to be compared in terms of area served. For this reason,

schemes were designed and costed according to representative

contributory areas such as a residential roof or a small car park.

These contributory area-based cost comparisons are embodied in

the decision-making framework for retrofit SuDS. The Meanwood

case study has briefly highlighted how secondary costs (i.e. the

costs involved in disconnecting a roof from a combined sewer and

transferring it to a SuDS device) need to be combined with device

unit costs accurately to cost the construction of a whole scheme.

In the case of Meanwood, it appeared likely that the use of retrofit

SuDS instead of a conventional solution could result in cost

savings.

The concept of SuDS retrofit offers an exciting and versatile,

yet currently underexploited, opportunity for stormwater

management in urban areas. The status of knowledge, experience

and legislation in this field is changing rapidly. The research

described in this paper is one of many current initiatives,

involving many different stakeholders, to enable the effective and

appropriate use of SuDS retrofit.
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S1   Fit for a City 

Technical 
Feasibilit

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Limited
Permeable Paving Yes
Boundary Flow Interception Yes
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Yes
Seperation of foul/surface water systems Yes
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts No
Improve floodplain Storage No
Remove Obstructions Yes

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance YesExisting buildings south of embankment require resilience measures

Step 2 - Multi-Criteria Assessment 

N/A
N/A due to urban nature of site
N/A
Constrictions to flow at bottom of site
Possible during future development
Control any new development and ensure water quality concerns are addressed

Flow enters from Arthur St and sewer divert down West St
Limited scope to succeed 
Downstream section past Askew Rd may need enlargement
Eastern portion of site could be seperated
Heavily urbanised area and could generate high pollutant load

Overland flows cannot reach River Tyne at bottom of site (Askew Rd)
Site is steep but may be possible in side roads across slope

Mitigation Measure Commentary

Limited scope due to unknown geotechnics
Desirable due to slope along High St
If gradient and room allows
Possible in carparking and slow roads 

Possibile during future development

Step 1 - Technical Site Specific Screening
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 0 1 1 1 0 0 1 72.5 Maybe
Attenutation/Storage 2 1 1 1 1 1 1 120 Yes
Swales/Filter Drain 1 0 1 1 -1 2 1 65 Maybe
Permeable Paving 1 1 1 1 -1 1 1 95 Yes
Boundary Flow Interception 1 0 1 1 -1 1 1 60 Maybe
Rainwater Harvesting 1 1 1 1 1 2 1 105 Yes

Pathway Increase Sewer Capacity 1 1 -1 -1 -2 1 -1 17.5 Maybe
Seperation of foul/surface water systems 1 1 -2 1 -2 1 -1 27.5 Maybe
Improve maintenance regime 1 1 1 1 0 0 1 92.5 Yes
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity 0  
Open up culverts 0  
Improve Floodplain Storage 0  
Remove Obstructions 1 1 1 1 -1 2 1 100 Yes

Receptor Improved weather/flood warning 1 -1 1 1 0 1 1 27.5 Maybe
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 1 0 1 1 -1 1 1 60 Maybe



S1  Gateshead Quays Master Plan 

Technical 
Feasibilit

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Yes
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Yes
Seperation of foul/surface water systems Yes
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts Limited
Improve floodplain Storage No
Remove Obstructions Yes

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance YesExisting buildings south of embankment require resilience measures

Step 2 - Multi-Criteria Assessment 

N/A
N/A
N/A
Kerbing and constrictions of surface water flow are likely
Possible during future development
Control any new development and ensure water quality concerns are addressed

Flow from Quaysgate to be captured
Limited benefit but possible
Stormwater outfall capacity may require enlargement 
Seperation and stormwater outfall sizing of capacity 
Upstream sites depend on flow, maintenance will have upstream consequences

Overland flowpath required from South to North (other sites)
Flow along roads into River Tyne should be encouraged

Mitigation Measure Commentary

Limited scope due to unknown geotechnics
Not feasible due to proximity of river frontage
Overland flowpath required from South to North 
Possible in carpark and side streets

Possibile during future development

Step 1 - Technical Site Specific Screening
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 0 1 1 1 2 1 70 Maybe
Soakaways/Infiltration 0  
Attenutation/Storage 1 1 1 1 1 1 1 100 Yes
Swales/Filter Drain 1 0 1 1 -1 1 1 60 Maybe
Permeable Paving 1 -1 1 1 -1 1 1 25 Maybe
Boundary Flow Interception 2 1 2 1 -1 1 1 135 Yes
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity 1 -1 -1 -1 -2 1 -1 -52.5  
Seperation of foul/surface water systems 1 -1 1 1 -2 1 -1 17.5 Maybe
Improve maintenance regime 1 1 1 1 0 0 1 92.5 Yes
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity 0  
Open up culverts 1 -1 -1 1 -1 1 1 -15  
Improve Floodplain Storage -1 -1 1 1 -1 2 1 -10  
Remove Obstructions 0  

Receptor Improved weather/flood warning 1 -1 1 1 0 1 1 27.5 Maybe
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 2 1 1 1 -1 1 1 115 Yes



S2  Freight Depot 

Technical 
Feasibilit

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Yes
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Yes
Seperation of foul/surface water systems Yes
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts Limited
Improve floodplain Storage No
Remove Obstructions Yes

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance Yes

The minor roads could be configured to take flow through site towards R Tyne

Possible during future development

Existing buildings south of embankment require resilience measures

Step 2 - Multi-Criteria Assessment 

N/A
N/A none present
N/A well above floodplain
A culvert under Park Lane would be useful to provide connectivity
Possible during future development
Control any new development and ensure water quality concerns are addressed

Minimal boundary flow, but allowance should be made
Possible but limited benefit
Only a small run of stormwater sewer is present, should be extended into site
Empty site, should be constructed with seperate sewer
During construction sediment should be kept out of sewers, then regular mntce

Swales and roads would assist in directing flows northwards to R Tyne 

Mitigation Measure Commentary

Limited scope due to unknown geotechnics
Attenuation is key to reducing flows to 10l/s/ha
Overland flowpath required through site down to River Tyne
If development allows this should be integrated into carparks and side streets

Step 1 - Technical Site Specific Screening
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 1 1 1 1 1 1 1 100 Yes
Attenutation/Storage 1 0 1 1 1 1 1 65 Maybe
Swales/Filter Drain 1 1 1 1 -1 2 1 100 Yes
Permeable Paving 1 1 1 1 -1 1 1 95 Yes
Boundary Flow Interception 0 0 1 1 -1 1 1 40 Maybe
Rainwater Harvesting 1 1 1 1 1 2 1 105 Yes

Pathway Increase Sewer Capacity 1 2 -1 1 -1 1 -1 85 Yes
Seperation of foul/surface water systems 1 -1 -2 1 -2 1 -1 -42.5  
Improve maintenance regime 1 1 0 0 0 1 1 62.5 Maybe
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity 0  
Open up culverts 1 -1 -1 1 -1 1 1 -15  
Improve Floodplain Storage -1 -1 1 1 -1 2 1 -10  
Remove Obstructions 0  

Receptor Improved weather/flood warning 0 -1 1 1 0 1 1 7.5  
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 0 -1 1 1 -1 1 1 5  



S2  Baltic Business Quarter 

Technical 
Feasibilit

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Yes
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Yes
Seperation of foul/surface water systems Yes
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts Limited
Improve floodplain Storage No
Remove Obstructions Yes

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance YesExisting buildings south of embankment require resilience measures

Step 2 - Multi-Criteria Assessment 

N/A
N/A none present
N/A well above floodplain
A culvert under Park Lane would be useful to provide connectivity
Possible during future development
Control any new development and ensure water quality concerns are addressed

Minimal boundary flow, but allowance should be made
Possible but limited benefit
Only a small run of stormwater sewer is present, should be extended into site
Empty site, should be constructed with seperate sewer
During construction sediment should be kept out of sewers, then regular mntce

Swales and roads would assist in directing flows northwards to R Tyne 
The minor roads could be configured to take flow through site towards R Tyne

Mitigation Measure Commentary

Limited scope due to unknown geotechnics
Attenuation is key to reducing flows to 10l/s/ha
Overland flowpath required through site down to River Tyne
If development allows this should be integrated into carparks and side streets

Possible during future development

Step 1 - Technical Site Specific Screening
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Weighting 25 30 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 1 0 1 1 1 1 1 65 Maybe
Attenutation/Storage 2 1 1 1 1 1 1 120 Yes
Swales/Filter Drain 1 1 1 1 -1 2 1 100 Yes
Permeable Paving 1 1 1 1 -1 1 1 95 Yes
Boundary Flow Interception 2 1 2 1 -1 1 1 135 Yes
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity 1 -1 -1 -1 -2 1 -1 -52.5  
Seperation of foul/surface water systems 1 -1 -2 1 -2 1 -1 -42.5  
Improve maintenance regime 1 0 1 1 0 0 1 57.5 Maybe
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity 0  
Open up culverts 1 -1 -1 1 -1 1 1 -15  
Improve Floodplain Storage -1 -1 1 1 -1 2 1 -10  
Remove Obstructions 0  

Receptor Improved weather/flood warning 0 -1 1 1 0 1 1 7.5  
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 1 1 1 1 -1 1 1 95 Yes



S3 - Blaydon Town Centre

Technical 
Feasibilit

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Yes
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Yes
Seperation of foul/surface water systems Yes
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity Yes
Open up culverts Limited
Improve floodplain Storage No
Remove Obstructions Yes

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance Yes

The carparkinng could be configured to take flow through site towards R Tyne

Possible during future development

Existing buildings south of embankment require resilience measures

Step 2 - Multi-Criteria Assessment 

The sewer under A695 could be supplemented with a flapped culvert
A695 would prevent this being openned up
N/A well above floodplain
Whilst removal is not possible, flow under A695 should be managed
Possible during future development
Control any new development and ensure water quality concerns are addressed

Boundary flow along roads at western and centre of site, to be conveyed across site
Possible but limited benefit
Capacity of sewer outfall at River Tyne could be insufficent stormwater required
Empty site, should be constructed with seperate sewer
Flood risk is high so maintenance should be proactive

Gradient of carpark/ roads would assist in directing flows northwards to R Tyne 

Mitigation Measure Commentary

Limited scope due to highwater table from River Tyne and unknown geotechnics
Tidal locking of site is possible and so storage may be required
Overland flowpath required to safely convey flow to River Tyne
Lined paving may allow additional storage in carparks and access road

Step 1 - Technical Site Specific Screening
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 0  
Attenutation/Storage 2 1 1 1 1 1 1 120 Yes
Swales/Filter Drain 1 1 1 1 1 2 2 107.5 Yes
Permeable Paving 1 1 1 1 -1 1 1 95 Yes
Boundary Flow Interception 2 1 2 0 1 1 1 125 Yes
Rainwater Harvesting 1 1 1 1 1 2 1 105 Yes

Pathway Increase Sewer Capacity 1 1 1 0 -1 1 0 77.5 Yes
Seperation of foul/surface water systems 1 -2 -2 1 -2 1 -1 -77.5  
Improve maintenance regime 1 1 1 1 0 0 1 92.5 Yes
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity 0  
Open up culverts 1 -1 -1 1 -1 1 1 -15  
Improve Floodplain Storage 1 -1 1 2 -1 2 1 45 Maybe
Remove Obstructions 0  

Receptor Improved weather/flood warning 1 1 1 0 0 1 1 82.5 Yes
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 1 1 1 0 1 1 1 85 Yes



Newburn Riverside

Technical 
Feasibility?

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Limited
Boundary Flow Interception Yes
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Limited
Seperation of foul/surface water systems No
Improve maintenance regime Limited
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts Yes
Improve floodplain storage Yes
Remove Obstructions No

Receptor Improved weather/flood warning Limited
Planning policies to influence development co Yes
Improve Resilience and resistance Yes

Step 2 - Multi-Criteria Assessment 

New build opportunity to incorporate resilience measures
Control any new development
Possible during future development as part of catchment wide implementation
None apparent
None apparent
Deculvert surface water sewer
None apparent
Important to manage flows through site to River Tyne

Limited drainage exists 
Seperated system appears to be present on site - no need
Investigation of downstream capacity, preference for directing surface water away
Possible during development stages
Flows should be directed towards River Tyne or storage areas 
Useful for attenuation before dischare into River Tyne, further investigation req.d

Too close to River, high groundwater likely

Mitigation Measure Commentary

Step 1 - Technical Site Specific Screening

Possibility during future development

Further investigation into tide locking/capacity of River Tyne and discharge requirement
Direct existing surfacewater towards River Tyne
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Weighting 20 35 20 15 2.5 5 2.5  
Do Nothing 0 -2 -2 0 0 -2 -2 ����   
Do Minimum 0 0 0 1 2 -1 1 17.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration �  
Attenutation/Storage 1 -1 1 1 1 1 1 30 Maybe
Swales/Filter Drain 1 1 1 1 1 2 2 107.5 Yes
Permeable Paving 1 -1 1 1 -1 1 1 25 Maybe
Boundary Flow Interception 1 1 2 0 1 1 1 105 Yes
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity -1 -1 -2 -1 -2 1 -1 ������  
Seperation of foul\surface water systems �  
Improve maintenance regime 1 -1 1 1 0 0 1 22.5 Maybe
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity �  
Open up culverts -2 -2 -1 2 -1 1 1 ���  
Improve Floodplain Storage �  
Remove Obstructions �  

Receptor Improved weather warning 1 -1 1 0 0 1 1 12.5 Maybe
Planning policies\ development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 2 1 1 0 1 1 1 105 Yes



Scotswood

Technical 
Feasibility?

Source Green Roofs Limited
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drains Yes
Permeable Paving Limited
Boundary Flow Interception Limited
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Limited
Seperation of foul/surface water systems No
Pro-active maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Limited
Improve channel capacity No
Open up culverts No
Improve floodplain Storage No
Remove Obstructions No

Receptor Improved weather/flood warning Yes
Planning policies/development control Yes
Improve Resilience and resistance Yes

Step 2 - Multi-Criteria Assessment 

Opportunity to improve existing buildings, and to incorporate resilience and resistance m

Possible during future development as part of catchment wide implementation
None apparent
None apparent
Extensive network of combined sewers
None apparent
No apparent overland flowpath through site, provision during future development

Existing drainage system will require pro-active maintenance to ensure capacity
Extensive network of combined sewers
Extensive network of combined sewers
Possible during development stages
Most flows already intercepted by extensive network of combined sewers

Collection of runoff and direction to storage areas
Useful for attenuation in exsisting residental areas of site, further investigation req.d

Too close to River, high groundwater likely

Mitigation Measure Commentary

Step 1 - Technical Site Specific Screening

Possibility during future development

Further investigation into tide locking/capacity of River Tyne and discharge requirement
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 ����   
Do Minimum 0 -1 -1 0 2 -2 -1 �	���   

Source Green Roofs 0 1 1 2 1 2 1 100 Yes
Soakaways/Infiltration �  
Attenutation/Storage 1 1 1 1 1 1 1 100 Yes
Swales/Filter Drain 2 1 1 1 -1 2 1 120 Yes
Permeable Paving 0 -1 1 1 -1 1 1 5  
Boundary Flow Interception 2 1 2 1 -1 1 1 135 Yes
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity -1 -2 -1 -1 -2 1 -1 ���
��  
Seperation of foul\surface water systems �  
Improve maintenance regime -1 1 2 1 0 0 1 72.5 Maybe
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity �  
Open up culverts �  
Improve Floodplain Storage �  
Remove Obstructions �  

Receptor Improved weather/flood warning 1 -1 1 0 0 1 1 12.5 Maybe
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 1 1 1 0 1 1 1 85 Yes



Science Central

Technical 
Feasibility?

Source Green Roofs Yes
Soakaways/Infiltration Limited
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Limited
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Yes
Seperation of foul/surface water systems Limited
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts Limited
Improve floodplain Storage No
Remove Obstructions No

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance Yes

Step 2 - Multi-Criteria Assessment 

Opportunity to improve existing buildings, and to incorporate resilience and resistance m
Control any new development, ensure surface water discharge is controlled
Possible during future development as part of catchment wide implementation
None apparent
None apparent
Viable to the west of Wellington Street to provide attenuation and reduce upstream leve
None apparent
Essential to manage flows adjacent to Barrack Road

Existing drainage system will require pro-active maintenance to ensure capacity, essent
Part of an extensive network of combined sewers in a developed area of Newcastle
Additional capacity maybe required adjacent to Barrack Road on site
Large roof area presently available further investigation
Most flows already intercepted by combined sewer network

Collection of flow and water quality benefit, some attenuation possible
Useful for attenuation of exsisting residental areas of site, further investigation req.d

Possible, requires further investigation

Mitigation Measure Commentary

Step 1 - Technical Site Specific Screening

Possibility during future development

Useful for attenuating flows prior to discharge into combined sewer network
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Weighting 25 30 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 ����   
Do Minimum 0 -1 -1 0 2 -2 -1 �	���   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 0 1 0 1 1 2 1 65 Maybe
Attenutation/Storage 2 1 1 1 1 1 1 120 Yes
Swales/Filter Drain 1 1 1 1 -1 2 1 100 Yes
Permeable Paving 1 -1 1 1 -1 1 1 25 Maybe
Boundary Flow Interception 0 1 1 1 -1 1 1 75 Maybe
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity 1 1 -1 -1 -2 1 -1 17.5 Maybe
Seperation of foul/surface water systems 1 -2 -2 1 -2 1 -1 �

��  
Improve maintenance regime 1 1 1 1 0 0 1 92.5 Yes
Flow/Storage on Roadway 1 1 1 1 1 1 1 100 Yes
Manage overland flows 1 1 -1 1 0 1 1 57.5 Maybe
Improve channel capacity �  
Open up culverts -2 -2 -1 1 -1 1 1 ����  
Improve Floodplain Storage �  
Remove Obstructions �  

Receptor Improved weather/flood warning 1 -1 1 1 0 1 1 27.5 Maybe
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 2 1 1 0 1 1 1 105 Yes



Stephenson Quarter/ Forth Yards  

Technical 
Feasibilit

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Limited 
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Limited
Seperation of foul/surface water systems Limited
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts Limited
Improve floodplain Storage No
Remove Obstructions Yes

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance Yes

Step 2 - Multi-Criteria Assessment 

Opportunity to improve existing buildings, and to incorporate resilience and resistance m
Control any new development, ensure surface water discharge is controlled
Possible during future development as part of catchment wide implementation
None apparent - no embankment along River Tyne impeding surface water flow
None apparent
Viable to on vacant land to provide attenuation and reduce upstream levels 
None apparent
Essential to manage flows towards River Tyne

Existing drainage system will require pro-active maintenance to ensure capacity, essent
Part of an extensive network of combined sewers in a developed area of Newcastle
Investigate capacity, preference for directing surface water away
Large roof area presently available further investigation
Railway forms nothern boundary of site, railway line impedes flow onto site 

Collection of flow and water quality benefit, some attenuation possible
Useful for attenuation before dischare into River Tyne from exsisting car parking areas, 

Too close to River, high groundwater likely requires investigation

Mitigation Measure Commentary

Step 1 - Technical Site Specific Screening

Possibility during future development

Useful for attenuating flows prior to discharge into combined sewer network or River Ty
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 0  
Attenutation/Storage 2 1 1 1 1 1 1 120 Yes
Swales/Filter Drain 1 1 1 1 -1 2 1 100 Yes
Permeable Paving 1 -1 1 1 -1 1 1 25 Maybe
Boundary Flow Interception 1 -1 2 1 -1 1 1 45 Maybe
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity 1 1 -2 -1 -2 1 -1 -2.5 Maybe
Seperation of foul/surface water systems 1 -2 -2 1 -2 1 -1 -77.5  
Improve maintenance regime 1 2 1 1 0 0 1 127.5 Yes
Flow/Storage on Roadway 1 1 1 1 1 1 1 100 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity 0 Maybe
Open up culverts 1 -2 -1 1 -1 1 1 -50  
Improve Floodplain Storage 0 Maybe
Remove Obstructions 0 Maybe

Receptor Improved weather/flood warning 1 -1 1 0 0 1 1 12.5 Maybe
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 2 1 1 0 1 1 1 105 Yes



Ouseburn (Lower and Central)

Technical 
Feasibilit

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Limiited
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Limited
Seperation of foul/surface water systems Limited
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows
Improve channel capacity
Open up culverts Limited
Improve floodplain Storage Yes
Remove Obstructions

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance Yes

Step 2 - Multi-Criteria Assessment 

Existing buildings south of embankment require resilience measures
Control any new development and ensure water quality concerns are addressed
Possible during future development

Site of site located in Ouseburn floodplain
Viable to on vacant land to provide attenuation and reduce upstream levels 
None apparent
No apparent overland flowpath through site, provision during future development

Drainage exists and maintenance is critical for development 
Part of an extensive network of combined sewers in a developed area of Newcastle
Investigate capacity, preference for directing surface water away
Large roof area presently available further investigation

Useful for attenuation of exsisting car parking areas on site, further investigation req.d
Limited flow onto site, ntercepted by combined sewer network

Collection of flow and water quality benefit, some attenuation possible

Mitigation Measure Commentary

Too close to River, high groundwater likely requires investigation

Step 1 - Technical Site Specific Screening

Possibility during future development

Useful for attenuating flows into Ouse Burn and River Tyne and improving water quality
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 0  
Attenutation/Storage 1 0 1 1 1 1 1 65 Maybe
Swales/Filter Drain 1 1 1 1 -1 2 1 100 Yes
Permeable Paving 1 -1 1 1 -1 1 1 25 Maybe
Boundary Flow Interception 1 1 0 1 -1 1 1 75 Maybe
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity 1 1 -1 -1 -2 1 -1 17.5 Maybe
Seperation of foul/surface water systems 1 -1 -2 1 -1 1 -1 -40  
Improve maintenance regime 1 1 1 1 0 0 1 92.5 Yes
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity 0  
Open up culverts 1 -2 -1 1 -1 1 1 -50  
Improve Floodplain Storage 1 -1 -1 1 0 2 2 -5  
Remove Obstructions 0  

Receptor Improved weather/flood warning 1 1 1 1 0 1 1 97.5 Yes
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 1 1 1 1 -1 1 1 95 Yes



East Pilgrim Street 

Technical 
Feasibilit

Source Green Roofs Yes
Soakaways/Infiltration Limited
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Limited
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Yes
Seperation of foul/surface water systems Limited
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts No
Improve floodplain Storage No
Remove Obstructions No

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance Yes

Step 2 - Multi-Criteria Assessment 

Opportunity to improve existing buildings, and to incorporate resilience and resistance m
Control any new development, ensure surface water discharge is controlled
Possible during future development as part of catchment wide implementation
None apparent
None apparent
Site all developed, unviable.
None apparent
Essential to manage flows along roads on site

Existing drainage system will require pro-active maintenance to ensure capacity, essent
Part of an extensive network of combined sewers in a developed area of Newcastle
Additional capacity maybe required along roads
Large roof area presently available further investigation
Most flows already intercepted by combined sewer network

Collection of flow and water quality benefit, some attenuation possible
Useful for attenuation of exsisting car parking areas on site, further investigation req.d

Mitigation Measure Commentary

Possible, requires further investigation

Step 1 - Technical Site Specific Screening

Possibility during future development

Useful for attenuating flows prior to discharge into combined sewer network
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 0 1 1 1 1 0 0 72.5 Maybe
Attenutation/Storage 2 1 1 1 1 1 1 120 Yes
Swales/Filter Drain 1 1 0 1 -1 1 1 75 Maybe
Permeable Paving 1 -1 1 1 -1 1 1 25 Maybe
Boundary Flow Interception 2 1 2 1 -1 1 1 135 Yes
Rainwater Harvesting 1 0 1 2 2 2 1 87.5 Yes

Pathway Increase Sewer Capacity 1 1 -1 -1 -2 1 -1 17.5 Maybe
Seperation of foul/surface water systems 1 0 -2 1 -1 1 -1 -5  
Improve maintenance regime 1 1 1 1 0 0 1 92.5 Yes
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 0 1 -1 1 1 75 Maybe
Improve channel capacity 0  
Open up culverts 0  
Improve Floodplain Storage 0  
Remove Obstructions 0  

Receptor Improved weather/flood warning 1 -1 1 1 0 1 1 27.5 Maybe
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 1 1 1 1 -1 1 1 95 Yes



Metro Green Site 1 (East)

Technical 
Feasibility?

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Yes
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Yes
Seperation of foul/surface water systems Yes
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts Limited
Improve floodplain Storage No
Remove Obstructions Yes

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance Yes

Possibility  during future development

Mitigation Measure Commentary

Too close to River, high groundwater likely requires investigation

Step 1 - Technical Site Specific Screening

Additional capacity may be required underneath embankment. Note abandoned pipes
CS overflow exists, direct away from St Omers Road
Drainage exists and maintenance is critical for development 

Essential to manage flows towards storage areas upstream of embankment

Useful for attenuating flows through embankment and improving water quality
Collection of flow and water quality benefit, some attenuation possible
Further investigation but useful in St Omers Road area
Numerous external flows entering site, convey flow to storage areas
Large roof area presently available further investigation

N/A
Viable north of A1114 to provide attenuation and reduce upstream levels 
None apparent
Additional bridges through embankment are unlikely
Possible during future development

Step 2 - Multi-Criteria Assessment 

Control any new development and ensure water quality concerns are addressed
Existing buildings south of embankment require resilience measures
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 ����   
Do Minimum 0 -1 -1 0 2 -2 -1 �	���   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration �  
Attenutation/Storage 2 1 1 1 1 1 1 120 Yes
Swales/Filter Drain 1 1 1 1 -1 2 1 100 Yes
Permeable Paving 1 1 1 1 -1 1 1 95 Yes
Boundary Flow Interception 2 1 2 1 -1 1 1 135 Yes
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity 1 1 1 1 -1 1 -1 90 Yes
Seperation of foul/surface water systems 1 -1 -2 1 -2 1 -1 �����  
Improve maintenance regime 1 1 1 1 0 0 1 92.5 Yes
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity �  
Open up culverts 1 -1 -1 1 -1 1 1 ���  
Improve Floodplain Storage -1 -1 1 1 -1 2 1 ���  
Remove Obstructions �  

Receptor Improved weather/flood warning 1 1 1 1 0 1 1 97.5 Yes
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 1 1 1 1 -1 1 1 95 Yes



Metro Green Site 2 

Technical 
Feasibility?

Source Green Roofs Limited
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drains Yes
Permeable Paving Limited
Boundary Flow Interception Limited
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Limited
Seperation of foul/surface water systems No
Pro-active maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Limited
Improve channel capacity No
Open up culverts No
Improve floodplain Storage No
Remove Obstructions No

Receptor Improved weather/flood warning Yes
Planning policies/development control Yes
Improve Resilience and resistance Limited

Step 1 - Technical Site Specific Screening

Mitigation Measure Commentary

Too close to River, high groundwater likely
Large quantity of impermeable carparking surrounds area
Collection of runoff and direction to storage areas
Marginal benefit, requires investigation in later stages
Most flows already intercepted by large stormwater sewer

Possibility  during future development

None apparent
Combined and Stormwater Sewer outlets are substantial in size
None apparent
None apparent

Possible during development stages
Large interceptor drain already present - sufficient capacity probably available
Seperated system appears to be present adjacent to site - no need

New build opportunity to protect from flooding

Step 2 - Multi-Criteria Assessment 

Possible during future development as part of catchment wide implementation
Control any new development to ensure peak discharge is controlled

Existing drainage system will require pro-active maintenance to ensure capacity

No apparent overland flowpath through site, provision during future development
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 ����   
Do Minimum 0 -1 -1 0 2 -2 -1 �	���   

Source Green Roofs 0 1 1 2 1 2 1 100 Yes
Soakaways/Infiltration �  
Attenutation/Storage 1 1 1 1 1 1 1 100 Yes
Swales/Filter Drain 2 1 1 1 -1 2 1 120 Yes
Permeable Paving 0 -1 1 1 -1 1 1 5  
Boundary Flow Interception 0 1 2 1 -1 1 1 95 Yes
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity -1 -1 -1 -1 -2 1 -1 �����  
Seperation of foul\surface water systems �  
Improve maintenance regime 2 2 2 1 0 0 1 167.5 Yes
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 -1 1 1 -1 1 1 25 Maybe
Improve channel capacity �  
Open up culverts �  
Improve Floodplain Storage �  
Remove Obstructions �  

Receptor Improved weather/flood warning 2 0 1 1 0 1 1 82.5 Yes
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 0 1 1 1 -1 1 1 75 Maybe



Metro Green Site 3 (West)

Technical 
Feasibility?

Source Green Roofs Possibility  during future development Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Limited
Boundary Flow Interception Yes
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Limited
Seperation of foul/surface water systems Yes
Improve maintenance regime Limited
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts No
Improve floodplain storage Yes
Remove Obstructions No

Receptor Improved weather/flood warning Yes
Planning policies to influence development co Yes
Improve Resilience and resistance Yes

Step 1 - Technical Site Specific Screening

Flows should be directed towards R. Derwent or storage areas avoiding pollutants

Further investigation into tide locking/capacity of R Derwent and discharge requirement

Roof area presently available and adjacent to site
Investigation of downstream capacity, preference for directing surface water away
CS overflow exists, R. Derwent is close and capacity may exist

Mitigation Measure Commentary

Too close to River, high groundwater likely

Direct existing surfacewater towards R. Derwent
Useful for attenuation before dischare into R. Derwent further investigation req.d

Step 2 - Multi-Criteria Assessment 

None apparent
Important for future development of the site
Control any new development

Limited drainage exists 

Important to manage flows through site to R. Derwent
N/A
Combined Sewer Outlet could be increased to provide greater storage
Storage on reach should be provided

New build opportunity to incorporate resilience measures

Aspect

Tec
hn

ica
l 

Eco
no

m
ic 

Viab
ilit

y

Soc
ial

 Im
pa

ct

Env
iro

nm
en

ta
l 

Car
bo

n 
co

st

Clim
at

e 
ch

an
ge

 

Sus
ta

ina
bil

ity

Ove
ra

ll Adopt  for 
Strategy?

Weighting 20 35 20 15 2.5 5 2.5  
Do Nothing 0 -2 -2 0 0 -2 -2 ����   
Do Minimum 0 0 0 1 2 -1 1 17.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration �  
Attenutation/Storage 1 -1 1 1 1 1 1 30 Maybe
Swales/Filter Drain 1 1 1 1 1 2 2 107.5 Yes
Permeable Paving 1 -1 1 1 -1 1 1 25 Maybe
Boundary Flow Interception 1 1 2 0 1 1 1 105 Yes
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity -1 -1 -2 -1 -2 1 -1 ������  
Seperation of foul\surface water systems 1 -2 -2 1 -2 1 -1 �

��  
Improve maintenance regime 1 -1 1 1 0 0 1 22.5 Maybe
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 -1 1 1 -1 1 1 25 Maybe
Improve channel capacity �  
Open up culverts -1 -1 -1 1 -1 1 1 ���  
Improve Floodplain Storage 1 -1 1 2 -1 2 1 45 Maybe
Remove Obstructions �  

Receptor Improved weather warning 1 1 1 0 0 1 1 82.5 Yes
Planning policies\ development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 2 1 1 0 1 1 1 105 Yes



M1 - MIXED USE 5

Technical 
Feasibility?

Source Green Roofs Yes
Soakaways/Infiltration Limited
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Yes
Rainwater Harvesting Yes

Pathway Increase Sewer Capacity No
Seperation of foul/surface water systems No
Improve maintenance regime Limited
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts No
Improve floodplain Storage No
Remove Obstructions Limited

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance Limited

Possibility  during future development

N/A vacant site

Step 2 - Multi-Criteria Assessment 

N/A
N/A
N/A
Infrastructure corridors to south 
Possible during future development
Control any new development and ensure discharge rates a minimised

Step 1 - Technical Site Specific Screening

Mitigation Measure Commentary

Close to River, groundwater requires investigation
Useful for attenuating flows through embankment and improving water quality
Collection of flow and water quality benefit, some attenuation possible
Possible during future development
Minimal flows entering site, possibly Askew Road
Maybe of benefit depending on development
Limited benefit, minimal amount of water on site
Limited benefit, minimal amount of water on site
Minimal drainage exists though maintenance is critical for development 

Flows should directed towards River Tyne
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 0  
Attenutation/Storage 1 0 1 1 1 1 1 65 Maybe
Swales/Filter Drain 1 0 1 1 1 2 1 72.7 Maybe
Permeable Paving 0 1 1 1 -1 1 1 75 Maybe
Boundary Flow Interception -1 0 0 1 -1 1 1 0  
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity 0  
Seperation of foul/surface water systems 0  
Improve maintenance regime 0 1 1 1 0 0 1 72.5 Maybe
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 0 0 1 -1 1 1 40 Maybe
Improve channel capacity 0  
Open up culverts 0  
Improve Floodplain Storage 0  
Remove Obstructions 0  

Receptor Improved weather/flood warning 0 -1 1 1 0 1 1 7.5  
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 0 0 1 1 -1 1 1 40 Maybe



M2 - MIXED USE 6 & 19

Technical 
Feasibilit

Source Green Roofs Yes
Soakaways/Infiltration No
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Yes
Rainwater Harvesting Limited

Pathway Increase Sewer Capacity Yes
Seperation of foul/surface water systems Yes
Improve maintenance regime Yes
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts Limited
Improve floodplain Storage No
Remove Obstructions Yes

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance Yes

Possible  during future development

Possible depending on configuration of proposed development

MU6 has no obvious flowpath to River Tyne, sewer could be posssible
Possible during future development
Control any new development and ensure water quality concerns are addressed
Existing buildings require resilience measures

Step 2 - Multi-Criteria Assessment 

Combined sewer to east of MU19, could be combined with scheme in S1
Minimal drainage exists though maintenance is critical for development 

Flows should directed towards River Tyne
N/A
N/A
N/A

MU6 may require some attenuation to reach 10l/s/ha
Conveyance of flow to R Tyne is key for MU19
Possible but limited benefit 
Flows enter MU19 across Pipewellgate, swales or flowpath would be desireable
Maybe of benefit depending on development
Limited benefit, could be managed without sewers

Step 1 - Technical Site Specific Screening

Mitigation Measure Commentary

Close to River, groundwater requires investigation

Aspect

Tec
hn

ica
l 

Eco
no

m
ic 

Viab
ilit

y

Soc
ial

 Im
pa

ct

Env
iro

nm
en

ta
l 

Car
bo

n 
co

st

Clim
at

e 
ch

an
ge

 

Sus
ta

ina
bil

ity

Ove
ra

ll
Adopt  
for 
Strategy?

Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 0  
Attenutation/Storage 1 0 1 1 1 2 2 73 Maybe
Swales/Filter Drain 1 0 1 1 0 2 1 67.5 Maybe
Permeable Paving 1 -1 1 1 -1 1 1 25 Maybe
Boundary Flow Interception 1 1 1 1 0 1 1 97.5 Yes
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity 1 -1 -1 -1 -2 1 -1 -52.5  
Seperation of foul/surface water systems 1 -1 -2 1 -2 1 -1 -42.5  
Improve maintenance regime 1 0 1 1 0 0 1 57.5 Maybe
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 0 1 1 -1 1 1 60 Maybe
Improve channel capacity 1 1 1 1 1 1 1 100 Yes
Open up culverts 1 -1 -1 1 -1 1 1 -15  
Improve Floodplain Storage -1 -1 1 1 -1 2 1 -10  
Remove Obstructions 1 1 1 1 0 0 1 92.5 Yes

Receptor Improved weather/flood warning 1 -1 1 1 0 1 1 27.5 Maybe
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 1 1 1 1 1 1 1 100 Yes



M3 - MIXED USE 12 & 13

Technical 
Feasibility?

Source Green Roofs Yes
Soakaways/Infiltration Yes
Attenutation/Storage Yes
Swales/Filter Drain Yes
Permeable Paving Yes
Boundary Flow Interception Yes
Rainwater Harvesting Yes

Pathway Increase Sewer Capacity No
Seperation of foul/surface water systems No
Improve maintenance regime Limited
Flow/Storage on Roadway
Manage overland flows Yes
Improve channel capacity No
Open up culverts No
Improve floodplain Storage No
Remove Obstructions No

Receptor Improved weather/flood warning Limited
Planning policies/development control Yes
Improve Resilience and resistance NoProbably not necessary if site is developed using SUDS

Step 2 - Multi-Criteria Assessment 

N/A
N/A
N/A
N/A
Possible but of minimal use 
Control any new development and reduce discharge from site as much as possible

Stormwater accumulates on southern boundary
Preferable as part of development to reduce peak discharge from site
Not cost effective 
No stormwater sewer exists within area.
Gully maintenance along highways to be investigated

Sloping nature of will cause flows to accumulate in areas
Possible depending on configuration of proposed development

Mitigation Measure Commentary

Large grassed area currently exist, possible
Limited discharge locations, storage if disposal to combined sewer required
Direct surface water flows along boundary of site
Permeable paving possible as part of site re-development

Possibility  during future development

Step 1 - Technical Site Specific Screening
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Weighting 20 35 15 15 5 5 5  
Do Nothing 0 -2 -2 0 0 -2 -2 -125   
Do Minimum 0 -1 -1 0 2 -2 -1 -62.5   

Source Green Roofs 1 1 1 2 1 2 1 120 Yes
Soakaways/Infiltration 1 1 1 1 1 1 1 100 Yes
Attenutation/Storage 1 0 1 1 1 1 1 65 Maybe
Swales/Filter Drain 1 0 1 1 -1 2 1 65 Maybe
Permeable Paving 1 -1 1 1 -1 1 1 25 Maybe
Boundary Flow Interception 1 0 2 1 -1 1 1 80 Yes
Rainwater Harvesting 1 0 1 1 1 2 1 70 Maybe

Pathway Increase Sewer Capacity 0  
Seperation of foul/surface water systems 0  
Improve maintenance regime 1 1 0 0 0 0 1 57.5 Maybe
Flow/Storage on Roadway 2 1 1 1 1 1 1 120 Yes
Manage overland flows 1 1 1 1 -1 1 1 95 Yes
Improve channel capacity 0  
Open up culverts 0  
Improve Floodplain Storage 0  
Remove Obstructions 0  

Receptor Improved weather/flood warning -1 -1 1 1 0 1 1 -12.5  
Planning policies/development control 1 1 1 1 0 1 1 97.5 Yes
Improve Resilience and resistance 0  




