




  
www.stantec.com 

 
Powered by: GeoSmart Information and Stantec 

 

Development proposals are comprised of 14 residential bungalow dwellings including 
associated car parking and rear gardens. The proposed Sustainable urban Drainage Scheme 
(SUDS) strategy is comprised of permeable surfacing underlain by a type 3 porous substrate 
(30% porosity) to attenuate a minimum of 69.7 m³ from impermeable areas during the 1 in 
30 year storm event. It is understood the garden areas of the proposed development will be 
finished with topsoil to promote growth of grass and shrubbery. 

As direct runoff from impermeable areas cannot be infiltrated to ground due to impermeable 
fill through traditional type soakaway features, it is proposed that surface water runoff during 
the 1 in 30 year storm event is attenuated within the substrate of the permeable paving and 
discharged to the public combined water sewer within the Site boundary at a restricted rate 
of 5 l/s. 

Surface water runoff in events exceeding the 1 in 30 year event up to the 1 in 100 year event 
could be stored within the car park and the highway, within raised kerbs and also discharged 
into the same combined sewer at 5 l/s. The runoff volume during a 1 in 100 year including a 
40% allowance for climate change will be managed in overland flow routes. A 10% increase 
in impermeable area has been included to provide an allowance for urban creep, in line with 
Leicestershire County Council’s SuDS guidance. 

This would ensure runoff rates and volumes are managed for the lifetime of the development 
in all events up to and including the 1 in 100 year storm event, including a 40% allowance for 
climate change; in accordance with the Non-statutory technical standards for sustainable 
drainage systems (DEFRA, March 2015). The proposed strategy would specifically adhere to 
the technical standards S3 and S5 where the rates and volumes are restricted ensure the 
development drains in a similar way to the greenfield scenario.  

Technical standards S7, S8 and S9 would also be satisfied as the proposed runoff will 
attenuate the 1 in 30 year runoff, the 1 in 100 year runoff would be stored above ground in 
open space and the 1 in 100 year including a 40% allowance for climate change will be 
managed in overland flow routes. 

Surface water runoff from existing access road will drain as per the existing arrangement via 
rainwater gully's located along the highway, which drain to the sewer. 

SuDS & drainage network maintenance 

The management and maintenance of the SuDS features, in line with the details and 
schedules outlined in Section 16 (Table 11) of this report, will be undertaken by contractors 
appointed by the owners and occupiers of the new residential buildings, where payments of 
the works will form part of the property deeds and / or rental agreements. 

Next steps 
• The utility provider should be consulted to confirm whether there is sufficient capacity 

within the public sewer to discharge surface water runoff and the invert level of the 
receiving sewer; 

• Where any existing private drainage network on the Site is re-used, a CCTV Survey is 
recommended to confirm the type, condition and capacity of the network. 
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13. National & local policy context 

National Guidance 

CIRIA SuDS Manual (C753) (2015) 
A development should utilise sustainable urban drainage systems (SUDS) unless there are 
practical reasons for not doing so, and should aim to achieve greenfield run-off rates and 
ensure that surface water run-off is managed as close to its source as possible in line with 
the following drainage hierarchy: 

1. Use infiltration techniques, such as porous surfaces in non-clay areas, 

2. attenuate rainwater in ponds or open water features for gradual release, 

3. attenuate rainwater by storing in tanks or sealed water features for gradual release, 

4. discharge rainwater direct to a watercourse, 

5. discharge rainwater to a surface water sewer / drain, 

6. discharge rainwater to the combined sewer. 

DEFRA - Sustainable Drainage Systems: Non-statutory technical 
standards for sustainable drainage systems (2015) 
Peak Flow control 

S3 For developments which were previously developed, the peak runoff rate from the 
development to any drain, sewer or surface water body for the 1 in 1 year rainfall event and 
the 1 in 100 year rainfall event must be as close as reasonably practicable to the greenfield 
runoff rate from the development for the same rainfall event but should never exceed the 
rate of discharge from the development prior to redevelopment for that event. 

Volume control 

S5 Where reasonably practicable, for developments which have been previously developed, 
the runoff volume from the development to any highway drain, sewer or surface water body 
in the 1 in 100 year, 6 hour rainfall event must be constrained to a value as close as is 
reasonably practicable to the greenfield runoff volume for the same event but should never 
exceed the runoff volume from the development Site prior to redevelopment for that event. 
The runoff volume must be discharged at a rate that does not adversely affect flood risk. 

S6 Where it is not reasonably practicable to constrain the volume of runoff to any drain, sewer 
or surface water body in accordance with S5 above, the runoff volume must be discharged 
at a rate that does not adversely affect flood risk. 

Flood risk within the development 

S7 The drainage system must be designed so that, unless an area is designated to hold  
and/or convey water as part of the design, flooding does not occur on any part of the Site for 
a 1 in 30 year rainfall event. 

S8 The drainage system must be designed so that, unless an area is designated to hold  
and/or convey water as part of the design, flooding does not occur during a 1 in 100 year  
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rainfall event in any part of: a building (including a basement) ; or in any utility plant  
susceptible to water (e.g. pumping station or electricity substation) within the development. 

S9 The design of the Site must ensure that, so far as is reasonably practicable, flows  resulting 
from rainfall in excess of a 1 in 100 year rainfall event are managed in exceedance routes that 
minimise the risks to people and property. 

Regional Guidance 

Leicestershire County Council Interim LLFA Guidance Note (October, 
2018) 
To minimise the risk of system blockage the council would allow 5 l/s as the minimum 
discharge rate from a site.  

Brownfield sites must achieve greenfield run-off rates unless is adequately demonstrated to 
not be reasonably practicable or technically viable. In such instances, the applicant should 
seek to reduce discharges rate as much as reasonably practicable or technically viable. The 
proposed brownfield discharge rate should never represent an increase over the calculated 
existing discharge rate.  

The calculations for attenuation requirements should allow for storm events up to the 1 in 
100 year return period plus the appropriate allowance for climate change. Where applicable, 
the impacts of ‘urban creep’ should be included. Unless it can be demonstrated otherwise, a 
10% increase in the impermeable area should be included within the storage calculations. 

Local Guidance 

Hinckley and Bosworth Borough Council Local Plan 2006-2026 
Site Allocations and Development Management Policies DPD 

Developments featuring roofed and paved surfaces will need to incorporate a sustainable 
drainage system to mimic natural rain runoff characteristics of an undeveloped site. The 
obligation would not apply to development comprising only internal alterations to an existing 
building, nor usually to domestic dwelling extensions in scale with the original building, and 
utilising existing drainage connections. It would apply to new or altered paved surfaces, such 
as parking areas, paths, outdoor assembly areas and access driveways. 

The obligation to incorporate a sustainable drainage system would also apply to all new-build 
development, from single dwellings and small industrial/commercial units to housing and 
industrial estate developments, including those on previously developed sites.  

Hinckley and Bosworth Borough Council, Blaby District Council and 
Oadby and Wigston Borough Council 
Joint Strategic Flood Risk Assessment 

Sustainable Drainage Systems (SuDS) aim to mimic the natural processes of Greenfield 
surface water drainage, allowing water to flow along natural flow routes and reducing the 
runoff rates and volumes during storm events, while providing some water treatment 
benefits. SuDS also have the advantage of providing effective Blue and Green infrastructure, 
ecology and public amenity benefits when designed and maintained properly.  
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The inclusion of SuDS within developments should be seen as an opportunity to enhance 
ecological and amenity value, and promote Green Infrastructure, incorporating above ground 
facilities into the development landscape strategy. SuDS must be considered at the outset, 
during preparation of the initial site conceptual layout to ensure that enough land is given to 
design spaces that will be an asset to the development rather than an after-thought. Advice 
on best practice is available from the Environment Agency and the Construction Industry 
Research and Information Association (CIRIA). 
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15. Runoff destination 

Options for the destination for the runoff generated on-site have been assessed in line with 
the prioritisation set out in the Building Regulations Part H document (HM Government, 2010) 
and Defra’s Draft National Standards for SuDS (2011). Flow attenuation using infiltration SuDS 
(discharge to ground) is generally the preferred option. If discharge to ground is not available, 
runoff discharge to surface water is the other preferred method. Only if these two options 
are impractical should discharge to the sewer network be considered. 

Discharge to ground 
As discussed in Section 4 the Site has low potential for infiltration due to the underlying clay 
geology at the Site, which has been used to infill the reservoir. Therefore, infiltration to ground 
is not considered to be feasible. 

Discharge to surface watercourse 
The Site is further than 100 m from a surface water feature, discharge to surface water is 
therefore unlikely to be appropriate in this instance.   

Discharge to sewer 
According to the STL regulated drainage and water search (Appendix C), discharge to the 
public combined sewer system, located within the Site boundary, is likely to be the optimum 
sustainable drainage option for the proposed development. Discharge to the public 
combined sewer within the Site is acceptable as none of the above options are reasonably 
practical. 

Discharge will be controlled and onsite attenuation would be required. The topographic 
gradient on the Site falls towards the southwest towards the public combined sewer within, 
which would allow the proposed development to drain under gravity to this sewer at a 
restricted rate of 5 l/s. 
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car park areas to ensure the utility plant and 
buildings are not affected. 

Total Attenuation 
Provided  25.8 m3 

Total additional 
attenuation required 

above 1 in 30 year 
24 m³ 

Freeboard Storage 
Provided  1.8 m³ 

1 in 100 year 
including a 40% 
allowance for 

climate change 

Total runoff above 
the 1 in 100 year 

runoff volume 
56.4 m3 

Flow routes 
Flows should be contained within the car 
parking areas and overland flows managed 
within the access road in the west of the Site. 

The 1 in 100 year including a 40% allowance for climate change will be managed in overland 
flow routes and drained away from the Site along the access road. 

Where possible, exceedance flows should be directed away from buildings and into non-
essential areas of the Site such as the car park or the adjacent access road. The SuDS system 
recommended for the Site should provide enough storage that this method would only be 
utilised during a worst-case scenario.  

Hydrobrake Flow control systems are required to reduce the runoff from the Site at a 
rate of 5 l/s. These are usually a device used for controlling water flow into a connecting 
feature, such as a sewer, to a specific attenuation performance.  

The design consists of an intake, a volute and an outlet and the configuration is critical to 
ensure discharge control. For drainage areas which are less than 3 ha, outlet throttle 
diameters would have to be small (<150 mm diameter) to achieve outflow rates which could 
result in blockage. For most SuDS features, a flow control device will comprise a fixed orifice 
or a throttle such as a short pipe.  

A Vortex Control is usually a self-activating vortex flow device which directs water into a 
volute to form a vortex. For the Site, rainwater down pipes from the development roof should 
drain directly into the attenuation feature to reduce infill from potential flood water.  

A non-return flap value is also recommended for the outflow pipes to reduce the risk of 
backflow from the channel/sewer during a large-scale rainfall event. 

Discharge Route:  

Discharge of surface water runoff at 5 l/s via a hydro-brake or similar (to ensure runoff is not 
increased above the greenfield scenario) into the public combined sewer located within the 
west of the Site. 
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Exceedance Flow Route: 

Exceedance of SuDS features should be directed into attenuation features which include 
additional freeboard including attenuation basins and swales and into the highway, where 
raised kerbs allow for additional storage. 

During an exceedance event, flows should also be directed into the nearest surface water 
channel/sewer network. The SuDS system recommended for the Site provides enough 
storage that this method would only be utilized during a worst case scenario. 

Adoptable highways: 

Where the access road running down the western boundary of the Site is proposed for re-
development and adoption, this should be included within separate runoff calculations. The 
drainage and storage requirements should be kept separately to the drainage from the 
residential areas in accordance with HA40 and attenuated within oversized pipework within 
the Site boundary. 

Consideration of flow control measures must be included in the design of piped network 
and also applies to any French drains or attenuation basins. Pipes draining the adoptable 
highway should provide the following cover below ground levels to the soffit of the pipe. 

• 1.2 m (in the carriageway) 

• 0.9 m (in footways, footpaths, service strips or verges). 

Additional recommendations 
Additional SuDS options that may be considered for the Site are as follows: 

• Rain water harvesting can collect runoff from the roofs for use in non-potable 
situations, using water butts for example. 

• Having part/all of the roof as a green roof covered in vegetation intercepts up to 30 
mm of rain before any runoff is generated from the structure. 
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18. Methodology and limitations of study 

This report assesses the feasibility of infiltration SuDS and alternative drainage strategies in 
support of the Site development process. From April 6th 2015 SuDS are regulated by Local 
Planning Authorities and will be required under law for major developments in all cases 
unless demonstrated to be inappropriate. What is considered appropriate in terms of costs 
and benefits by the Planning Authority will vary depending on local planning policy, and Site 
setting. The Lead Local Flood Authority will require information as a statutory consultee on 
major planning applications with surface water drainage implications. The National Planning 
Policy Framework requires that new developments in areas at risk of flooding should give 
priority to the use of SuDS and demonstrate that the proposed development does not 
increase flood risk downstream to third parties.  

How was the suitability of SuDS estimated for the Site? 
There are a range of SuDS options available to provide effective surface water management 
that intercept and store excess runoff.  When considering these options, the destination of 
the runoff should be assessed using the order of preference outlined in the Building 
Regulations Part H document (HM Government, 2010) and Defra’s Draft National Standards 
for SuDS (2011):  

1. Discharge to the ground; 

2. Discharge to a surface water body; 

3. Discharge to a surface water sewer; 

4. Discharge to a local highway drain; and 

5. Discharge to a combined sewer. 

Data sets relating to each of the potential discharge options have been analysed to assess 
the feasibility of each option according to the hierarchy set out above. Hydrogeological 
characteristics for the Site are assessed in conjunction with the occurrence of SPZ’s to assess 
infiltration suitability. The Site has been screened to determine whether flood risk from 
groundwater, surface water, fluvial or coastal sources may constrain SuDS. The distance to 
surface water bodies and sewers has been reviewed gauge whether these provide alternative 
options.  

GeoSmart SuDS Infiltration Suitability Map (SD50) 
The GeoSmart SuDS Infiltration Suitability Map (SD50) screens the suitability for infiltration 
drainage in different parts of the Site and indicates where further assessment is 
recommended. In producing the SuDS Infiltration Suitability Map (SD50), GeoSmart used data 
from the British Geological Survey on groundwater levels, geology and permeability to screen 
for areas where infiltration SuDS may be suitable. The map classifies areas into 3 categories 
of High, Medium and Low suitability for infiltration SuDS. This can then be used in conjunction 
with additional data on Site constraints to give recommendations for SuDS design and further 
investigation. 
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The primary constraint on infiltration potential is the minimum permeability of the underlying 
material and in some cases the range in permeability may be considerable, ranging down to 
low. The map classifies these areas as moderate infiltration suitability requiring further 
investigation. In cases where the thickness of the receiving permeable horizon is less than 1.5 
meters then additional Site investigation is recommended. If the Site is at risk of groundwater 
flooding for up to the 1% annual occurrence the map classifies these areas as moderate 
infiltration suitability requiring further investigation. 

The GeoSmart SuDS Infiltration Suitability Map (SD50) is a national screening tool for 
infiltration SuDS techniques but a Site specific assessment should be used before final 
detailed design is undertaken. Further information on the GeoSmart SuDS Infiltration 
Suitability Map (SD50) is available at geosmartinfo.co.uk 

How is the suitability to discharge to sewers and watercourses 
calculated? 

The suitability to discharge to discharge to sewers and watercourses has been calculated 
using the distance from the Site to both. For example, where the Site is within 50m of a 
surface water body. Discharge to surface water is potentially appropriate subject to land 
access arrangements and a feasibility assessment. Where the Site is within 50m of a sewer, 
discharge to sewer is potentially appropriate subject to land access arrangements and a 
feasibility assessment. The utility company should be contacted to agree connection 
feasibility and sewer capacity. 

Further information relating to sewers available in the area can be found in Appendix A in 
Section 12 of this report. 

What is a Source Protection Zone? 
The Environment Agency have defined Source Protection Zones (SPZs) for 2000 groundwater 
sources such as wells, boreholes and springs used for public drinking water supply. These 
zones show the risk of contamination from any activities that might cause pollution in the 
area. The closer the activity, the greater the risk. The maps show three main zones (inner, 
outer and total catchment) and a fourth zone of special interest, which is occasionally applied. 
The zones are used to set up pollution prevention measures in areas which are at a higher 
risk. The shape and size of a zone depends on the condition of the ground, how the 
groundwater is removed, and other environmental factors. Inner zone (Zone 1) is defined as 
the 50 day travel time from any point below the water table to the source (minimum radius 
of 50 metres). Outer zone (Zone 2) is defined by a 400 day travel time. Total catchment (Zone 
3) is defined as the area around a source within which all groundwater recharge is presumed 
to be discharged at the source.  

How was surface water runoff estimated from the site? 
In accordance with The SuDS Manual (C753) (CIRIA, 2015), the Greenfield runoff from the Site 
has been calculated using the IoH124 method and is assumed representative of the runoff 
generated on the undeveloped surfaces that are affected by the proposed development. The 
method used for calculating the runoff complies with the NPPF (DGLC, 2014). For the 
impermeable surfaces, it has been assumed that 100% runoff will occur (calculations 
provided in Appendix A). Rainfall data is derived from the Flood Estimation Handbook (FEH) 
CD-ROM, developed by NERC (2009). Only areas affected by the proposed development are 
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considered in the flow and volume calculations. Permeable areas that remain unchanged are 
not included in the calculations as it is assumed these will not be actively drained and 
attenuated. 

What is the peak discharge rate? 
An estimation of peak runoff flow rate and volume is required to calculate infiltration, storage 
and discharge requirements. The peak discharge rate is the maximum flow rate at which 
surface water runoff leaves the Site during a particular storm event, without considering the 
impact of any mitigation such as storage, infiltration or flow control. Proposed discharge rates 
(with mitigation) should be no greater than existing rates for all corresponding storm events. 
If all drainage is to infiltration there will be no discharge off Site. Discharging all flow from Site 
at the existing 1 in 100 event would increase flood risk during smaller events. Flow restriction 
is generally required to limit the final discharge from Site during all events as a basic minimum 
to the green field QBAR rate. A more complex flow restriction which varies the final discharge 
rate from the Site depending on the storm event will reduce the volume of storage required 
on Site. Drainage to infiltration SuDS is subtracted from the total discharge off Site to achieve 
a beneficial net affect. 

What is the total discharge volume? 
The total discharge volume is calculated on the basis of the surface water runoff that has the 
potential to leave the Site as a result of the assumed 6 hour duration design storm event. The 
runoff is related to the underlying soil conditions, impermeable cover, rainfall intensity and 
duration of the storm event. The total volume generated by the current Site is compared to 
the potential total volume from the developed Site (not taking into consideration any 
mitigation). The difference provides the minimum total volume that will need to be stored and 
infiltrated on Site or released at a controlled rate. Guidance indicates that the total discharge 
volume should never exceed the runoff volume from the development Site prior to 
redevelopment for that event and should be as close as is reasonably practicable to the 
Greenfield runoff volume. 
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19. Background SuDS information  

SuDS control surface water runoff close to where it falls. SuDS are designed to replicate, as 
closely as possible, the natural drainage from the Site before development to ensure that the 
flood risk downstream does not increase as a result of the Site being developed, and that the 
Site will have satisfactory drainage under current and likely future climatic conditions. SuDS 
provide opportunities to reduce the causes and impacts of flooding; remove pollutants from 
urban runoff at source; and combine water management with green space with benefits for 
amenity, recreation and wildlife. Government planning policy and planning decisions now 
include a presumption in favour of SuDS being used for all development Sites, unless they 
can be shown to be inappropriate. 

For general information on SuDS see our website: http://geosmartinfo.co.uk/  

Infiltration SuDS 
Government policy for England is to introduce sustainable drainage systems (SuDS) via 
conditions in planning approvals. Guidance indicates that capturing rainfall runoff on Site and 
infiltrating it into the ground (infiltration SuDS) is the preferred method for managing surface 
water without increasing flood risk downstream. 

The greatest benefit to general flood risk is if all runoff is infiltrated on Site, however, this may 
not be feasible due to physical and economic constraints in which case infiltration may be 
considered as a part of an integrated drainage solution. The final design capacity for an 
infiltration SuDS system depends on the Site constraints and the requirements of the 
individual Planning Authority and the Lead Local Flood Authority.  

The capacity of the ground to receive infiltration depends on the nature, thickness and 
permeability of the underlying material and the depth to the high groundwater table. The final 
proportion of the Site drained by infiltration will depend on topography, outfall levels and a 
suitable drainage gradient. It is important to note that, even if the whole Site cannot be 
drained by infiltration, the use of partial infiltration is encouraged, with the remainder of 
runoff discharged via other SuDS systems. 

Types of infiltration SuDS 
Infiltration components include infiltration trenches, soakaways, swales and infiltration basins 
without outlets, rain gardens and permeable pavements. These are used to capture surface 
water runoff and allow it to infiltrate (soak) and filter through to the subsoil layer, before 
returning it to the water table below. 

An infiltration trench is usually filled with permeable granular material and is designed to 
promote infiltration of surface water to the ground. An infiltration basin is a dry basin or 
depression designed to promote infiltration of surface water runoff into the ground. 
Soakaways are the most common type of infiltration device in the UK where drainage is often 
connected to over-sized square or rectangular, rubble-filled voids sited beneath lawns. 
According to the guidance in Building Research Establishment (BRE) Digest 365 (2007) a 
soakaway must be able to discharge 50% of the runoff generated during a 1 in 10 year storm 
event within 24 hours in readiness for subsequent storm flow. This is the basic threshold 
criteria for a soakaway design and the internal surface area of the proposed soakaway design 
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options should be calculated on this basis by taking into account the soil infiltration rate for 
the Site.  

Developers need to ensure their design takes account of the construction, operation and 
maintenance requirements of both surface and subsurface components, allowing for any 
machinery access required. 

SuDS maintenance and adoption 
Regular maintenance is essential to ensure effective operation of the soakaway(s) over the 
intended lifespan of the proposed development. A maintenance schedule for SuDs is 
required. Sewerage undertakers or Local Authorities may adopt SuDS and will require 
maintenance issues to be dealt with in accordance with their Management Plan. If the SuDS 
will not be adopted other provision is required with associated financial implications. 
Maintenance is a long-term obligation requiring the upkeep of all elements of the SuDS, 
including mechanical components (e.g.  pumps), as well as inspections, regular maintenance 
and repair. 

Additional background SuDS information can be found on our website: 
http://geosmartinfo.co.uk/  
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Glossary3 
Attenuation Reduction of peak flow and increased duration of a flow event. 

Combined sewer A sewer designed to carry foul sewage and surface water in the 
same pipe. 

Detention basin A vegetated depression, normally is dry except after storm 
events, constructed to store water temporarily to attenuate 
flows. May allow infiltration of water to the ground. 

Evapotranspiration The process by which the Earth’s surface or soil loses moisture 
by evaporation of water and by uptake and then transpiration 
from plants. 

FEH Flood Estimation Handbook, produced by Centre for Ecology 
and Hydrology, Wallingford (formerly the Institute of Hydrology). 

Filter drain or trench A linear drain consisting of a trench filled with a permeable 
material, often with a perforated pipe in the base of the trench 
to assist drainage, to store and conduct water, but may also be 
designed to permit infiltration. 

First flush The initial runoff from a site or catchment following the start of 
a rainfall event. As runoff travels over a catchment it will collect 
or dissolve pollutants, and the “first flush” portion of the flow 
may be the most contaminated as a result. This is especially the 
case for intense storms and in small or more uniform 
catchments. In larger or more complex catchments pollution. 

Flood plain Land adjacent to a watercourse that would be subject to 
repeated flooding under natural conditions (see Environment 
Agency’s Policy and practice for the protection of flood plains for 
a fuller definition). 

Greenfield runoff This is the surface water runoff regime from a site before 
development, or the existing site conditions for brownfield 
redevelopment sites. 

Impermeable surface An artificial non-porous surface that generates a surface water 
runoff after rainfall. 

Permeability A measure of the ease with which a fluid can flow through a 
porous medium. It depends on the physical properties of the 
medium, for example grain size, porosity and pore shape. 

Runoff Water flow over the ground surface to the drainage system. This 
occurs if the ground is impermeable, is saturated or if rainfall is 
particularly intense. 

Sewerage undertaker This is a collective term relating to the statutory undertaking of 
water companies that are responsible for sewerage and sewage 
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disposal including surface water from roofs and yards of 
premises. 

Soakaway A subsurface structure into which surface water is conveyed to 
allow infiltration into the ground. 

Treatment Improving the quality of water by physical, chemical and/or 
biological means. 

3 The terms included in this glossary have been taken from CIRIA (2015) guidance. 
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21. Appendices
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Appendix A 

Site plans (layout and topography) 
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Appendix B 

Rainfall runoff calculations 

  



0.269 ha 0.269 ha 0.269 ha

40% 40% 40%

Total volume for 65.22 m³ Total volume for 138.52 m³ Total volume for 174.63 m³
surfaces during 6 hour event surfaces during 6 hour event surfaces during 6 hour event

Total volume for 6 hour event inc CC 91.31 m³ Total volume for 6 hour event inc CC 193.93 m³ Total volume for 6 hour event inc CC 244.49 m³
Total volume for 6 hour event exc CC 65.22 m³ Total volume for 6 hour event exc CC 138.52 m³ Total volume for 6 hour event exc CC 174.63 m³

Rainfall Run-off rate Run-off rate Rainfall Run-off volume Run-off volume Rainfall Run-off volume Run-off volume
Duration 1 yr event 1 yr event 1 yr cc event Duration 30 yr event 30 yr event 30 yr cc event Duration 100 yr event 100 yr event 100 yr cc event 100yr Scenario CC Scenario

hours mm m³ m³ hours mm m³ m³ Outflow at 5 l/s inflow from rain
Diff (storage 

required) hours mm m³ m³
Outflow 
at 5 l/s

inflow from 
rain

Diff (storage 
required)

Diff (storage 
required)

0.25 7.40 19.87 27.82 0.25 19.81 53.19 74.47 4.50 53.19 48.69 0.25 24.02 64.49 90.29 4.50 90.29 59.99 85.79
0.5 9.43 25.32 35.45 0.5 25.89 69.51 97.32 9.00 69.51 60.51 0.5 31.59 84.82 118.75 9.00 118.75 75.82 109.75

0.75 10.73 28.81 40.33 0.75 29.54 79.31 111.04 13.50 79.31 65.81 0.75 36.10 96.93 135.70 13.50 135.70 83.43 122.20
1 11.63 31.23 43.72 1 32.16 86.35 120.89 18.00 86.35 68.35 1 39.50 106.06 148.48 18.00 148.48 88.06 130.48
2 16.06 43.12 60.37 2 39.36 105.68 147.95 36.00 105.68 69.68 2 48.29 129.66 181.52 36.00 181.52 93.66 145.52
3 18.98 50.96 71.35 3 43.85 117.74 164.83 54.00 117.74 63.74 3 54.29 145.77 204.08 54.00 204.08 91.77 150.08
4 21.17 56.84 79.58 4 47.09 126.44 177.01 72.00 126.44 54.44 4 58.77 157.80 220.92 72.00 220.92 85.80 148.92
5 22.88 61.43 86.01 5 49.59 133.15 186.41 90.00 133.15 43.15 5 62.24 167.11 233.96 90.00 233.96 77.11 143.96
6 24.29 65.22 91.31 6 51.59 138.52 193.93 108.00 138.52 30.52 6 65.04 174.63 244.49 108.00 244.49 66.63 136.49
8 26.51 71.18 99.65 8 54.55 146.47 205.05 144.00 146.47 2.47 8 69.25 185.94 260.31 144.00 260.31 41.94 116.31

10 28.21 75.74 106.04 10 56.74 152.35 213.29 180.00 152.35 -27.65 10 72.32 194.18 271.85 180.00 271.85 14.18 91.85
12 29.59 79.45 111.23 12 58.46 156.97 219.75 216.00 156.97 -59.03 12 74.70 200.57 280.80 216.00 280.80 -15.43 64.80
16 31.72 85.17 119.24 16 61.07 163.97 229.56 288.00 163.97 -124.03 16 78.11 209.73 293.62 288.00 293.62 -78.27 5.62
20 33.39 89.65 125.51 20 63.05 169.29 237.00 360.00 169.29 -190.71 20 80.64 216.52 303.13 360.00 303.13 -143.48 -56.87
24 34.79 93.41 130.78 24 64.71 173.75 243.24 432.00 173.75 -258.25 24 82.70 222.05 310.87 432.00 310.87 -209.95 -121.13
28 36.01 96.69 135.36 28 66.21 177.77 248.88 504.00 177.77 -326.23 28 84.38 226.56 317.18 504.00 317.18 -277.44 -186.82
32 37.11 99.64 139.50 32 67.61 181.53 254.15 576.00 181.53 -394.47 32 85.88 230.59 322.82 576.00 322.82 -345.41 -253.18
36 38.13 102.38 143.33 36 68.91 185.02 259.03 648.00 185.02 -462.98 36 87.25 234.27 327.97 648.00 327.97 -413.73 -320.03
40 39.08 104.93 146.90 40 70.15 188.35 263.69 720.00 188.35 -531.65 40 88.52 237.68 332.75 720.00 332.75 -482.32 -387.25
44 39.99 107.37 150.32 44 71.33 191.52 268.13 792.00 191.52 -600.48 44 89.72 240.90 337.26 792.00 337.26 -551.10 -454.74
48 40.86 109.71 153.59 48 72.46 194.56 272.38 864.00 194.56 -669.44 48 90.86 243.96 341.54 864.00 341.54 -620.04 -522.46

CC Factor CC Factor CC Factor

Developed site run-off calculation sheet
1 in 1 year 1 in 30 year 1 in 100 year

Proposed impermeable area Proposed impermeable area Proposed impermeable area 



Greenfield peak run-off rate (QBAR):

Parameters Input Units Comments

ha mimimum 50ha
mm FEH CD ROM (NERC, 2009)
N/A Soil run-off coefficient
N/A Region on Hydrological area map

QBAR

Where:
QBAR(rural) is the mean annual flood (a return period of 2.3 years) in l/s
AREA is the area of the catchment in km² (minimum of 0.5km²)
SAAR is the standard average rainfall for the period 1941 to 1970 in mm
SPR is the soil run-off coefficient

QBAR(rural) = l/s for 50ha site
Divided by 50 to scale down = l/s/ha
Actual Area of the entire Site = ha

Return Periods (Growth curves obtained from DEFRA report)

QBAR(rural) x 

QBAR(rural) x 

QBAR(rural) x 

QBAR(rural) x 

QBAR(rural) x 

QBAR(rural) x 

QBAR(rural) x 

QBAR(rural) x 

QBAR(rural) x 

Greenfield total run-off volume:

= actual area of the entire site x SPR x 6 hour rainfall depth

Return Period

6 hour rainfall 
(mm) from FEH 

CD-ROM Area (ha) SPR Total run-off (m3)
2.3 (QBAR) 25.65 0.45 0.47 54.7

1 24.29 0.45 0.47 51.8
10 38.35 0.45 0.47 81.8
30 51.59 0.45 0.47 110.0

100 65.04 0.45 0.47 138.7

200 2.98 13.12 5.95

100 2.57 11.32 5.14

50 2.2 9.69 4.40

30 1.92 8.45 3.836

0.47

25 1.87 8.23 3.74

10 1.49 6.56 2.98

5 1.23 5.42 2.46

Peak site run-off rate 
(l/s)

2 0.89 3.92 1.78

1 0.85 3.74 1.698

Greenfield Site Run-Off Calculations usng the IoH124 method

4.40
0.45

Return Period Growth Factor l/s/ha

Area 50
SAAR 647

QBAR(rural) can be factored by the UK Flood Studies Report regional growth curves to produce peak flood  flows for any 
return period.

QBAR(rural)  = 1.08AREA0.89SAAR1.17SPR2.17

Region 4

220.15

SPR



Entire site area: 0.454 ha
Climate Change Factor 40%

Current Proposed

Permeable Surface (ha) 0.030 0.185
Impermeable Surface (ha) 0.424 0 269

1 in 1 year
Greenfield run-off volume total: 51.81 m3

RUN-OFF During a 1 in 1 year 6 hour event: Greenfield Site Current Development Proposed Development Proposed Development +CC
From permeable surfaces (using GF total run-off) (m3) 51.81 3.42 21.15 29.62
From impermeable surfaces (m3) 102.94 65.22 91.31

TOTAL run-off produced from Site (m3) 51.81 106.37 86.37 120.92

Difference between greenfield site and proposed +cc development (m3): 69.12
133%

Difference between current and proposed +cc development (m3): 14.56
14%

Peak Greenfield run-off rate that must not be exceeded in the run-off from the proposed development (l/s): 1.70

1 in 10 year
Greenfield run-off volume total: 81.80 m3

RUN-OFF During a 1 in 1 year 6 hour event: Greenfield Site Current Development Proposed Development Proposed Development +CC
From permeable surfaces (using GF total run-off) (m3) 81.80 5.41 33.40 46.76
From impermeable surfaces (m3) 156.93 99.43 139.20

TOTAL run-off produced from Site (m3) 81.80 162.34 132.82 185.95

Difference between greenfield site and proposed +cc development (m3): 104.16
127%

Difference between current and proposed +cc development (m3): 23.61
15%

Peak Greenfield run-off rate that must not be exceeded in the run-off from the proposed development (l/s): 2.98

1 in 30 year
Greenfield run-off volume total: 110.03 m3

RUN-OFF During a 1 in 30 year 6 hour event: Greenfield Site Current Development Proposed Development Proposed Development +CC
From permeable surfaces (using GF total run-off) (m3) 110.03 7.27 44.93 62.90
From impermeable surfaces (m3) 218.64 138.52 193.93

TOTAL run-off produced from Site (m3) 110.03 225.91 183.45 256.83

Difference between greenfield site and proposed +cc development (m3): 146.79
133%

Difference between current and proposed +cc development (m3): 30.92
14%

Peak Greenfield run-off rate that must not be exceeded in the run-off from the proposed development (l/s): 3.84

1 in 100 year
Greenfield run-off volume total: 138.72 m3

RUN-OFF During a 1 in 100 year 6 hour event: Greenfield Site Current Development Proposed Development Proposed Development +CC
From permeable surfaces (using GF total run-off) (m3) 138.72 9.17 56.64 79.30
From impermeable surfaces (m3) 275.64 174.63 244.49

TOTAL run-off produced from Site (m3) 138.72 284.81 231.28 323.79

Difference between greenfield site and proposed +cc development (m3): 185.07
133%

Difference between current and proposed +cc development (m3): 38.98
14%

Peak Greenfield run-off rate that must not be exceeded in the run-off from the proposed development (l/s): 5.14

Summary
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Appendix C 

Regulated Drainage and Water Search 
 
























































