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FLOOD RISK ASSESSMENT FOR PROPOSED RESIDENTIAL 
DEVELOPMENT, MILLFIELD NURSERIES, CRADGE BANK, 

SPALDING, LINCOLNSHIRE. PE11 3JZ 

INTRODUCTION 

The Government has placed increasing priority on the need to take full account of the risks associated with 

flooding at all stages of the planning and development process. This seeks to reduce the future damage to 

property and the risk to life from incidents of flooding. Their expectations relating to flooding are contained in 

the National Planning Policy Framework (NPPF) March 2012, which identify how the issue of flooding is dealt 

with in the drafting of planning policy and the consideration of planning applications by avoiding inappropriate 

development in areas at risk from flooding. 

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

areas at highest risk, but where development is necessary, making it safe without increasing flood risk 

elsewhere. Local Plans should apply a sequential, risk-based approach to the location of development to avoid 

where possible flood risk to people and property and manage any residual risk, taking account of the impacts 

of climate change. 

The Environment Agency’s flood maps show areas that are at risk, from fluvial and tidal flooding. These maps 

show the limits of the flood plain of the area which could be affected by flood events, over topping or breaching 

of flood defences. They are based on the approximate extent of floods with a 1% annual probability of 

exceedance (1 in 100-year flood) for rivers and 0.5% annual probability of exceedance (1 in 200-year flood) for 

coastal areas under present expectations or the highest known flood. However, they do not take into account 

of the presence of defences or the likelihood that flood return intervals will be reduced by climate change.  

This Flood Risk Assessment has been prepared in support of the planning application and considers the risk 

of flooding from fluvial and tidal sources. It also considers the risks of localised flooding due to inadequate Foul 

and Surface Water Sewers, Failure of Reservoirs, Water Main pipe bursts, Sewer Blockages, Pump Failures 

or High Ground Water Table etc. 

RM Associates accepts no responsibility or liability for any use of this document other than by the client Jo Jos 

Beheer, for the purposes for which it was originally commissioned and prepared. If any unauthorised Third 

Party comes into procession of this report, they rely on it at their own risk and RM Associates owe them no 

duty of care or skill. All comments contained in this report, including any conclusions are based upon 

information available at the time of writing the report. RM Associates accepts no liability if additional 

information exists or becomes available after the time of writing this report. 

This document is the copyright of RM Associates The reproduction or transmission of all or part of this 

document, whether by photocopying or storing in any medium by electronic means or otherwise, without the 

prior written consent of RM Associates is prohibited. 

This report contains Environment Agency information © Environment Agency and database. 
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APPLICATION SITE 

The site is located at Millfields Nurseries, Cradge Bank, Spalding Common, Spalding Lincolnshire PE11 3JZ 

within the administrative area of South Holland District Council. The National Grid Reference for the middle of 

the site is TF23442 20038 with a site area 4.604Ha or thereabouts. Plan 1  

The current outline planning application is for the erection of 133 No detached, semi-detached and terraced 

dwellings, on a brown field site, situated at land to the east of Spalding Common and west of Cradge Bank in 

Spalding Common. The site, which is irregular in shape is accessed from Spalding Common with an 

approximate frontage width of 74m increasing to approximately 300m, average depth of 202m and a site area 

of 4.604 Ha. Plan 2

 The Site would be classed as Major Development applying the National Planning Policy Guidance (NPPG) as 

the site is to be developed for more than 10 dwellings. 

The National Planning Policy Framework NPPF defines three levels of flood risk depending upon the annual 

probability of fluvial flooding occurring. 

Zone 1 – Low Probability (<0.1%) 

Zone 2 – Medium Probability (0.1 – 1.0% 

Zone 3 – High Probability (>1.0%) 

The proposed development site is shown to be within Flood Zone 3a ‘High Probability' as detailed on the 

Environment Agency's Flood Zone Maps without defences, and as defined in Table 1 of NPPF. Map1 

   Table 1: Flood Zones Definition (Ignoring the presence of defences) 
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Applying the Flood Risk Vulnerability Classification in Table 2 of NPPF the proposed residential development  

is classified as “More Vulnerable”, with Table 1 of NPPF stating that such uses are appropriate in this zone 

subject to the Exception Test. 

  Table 2: Flood Risk Vulnerability Classification 

From the topographical survey the site is roughly an irregular rectangular in shape and reasonably level, levels 

on the southern boundary are circa 2.445mODN and on the northern boundary 2..20mODN, averaging 2.40m 

ODN. Spalding common is at a higher level of 3.44mODN and there is a fall across the site to a level on 

Cradge Bank at 2.60mODN. Plan 3

 It is proposed that the lowest ground floor level of the dwellings be raised 1000mm above the existing ground 

level to a minimum level of 3.50mODN.   

DRAINAGE AUTHORITIES 

Environment Agency 

The Environment Agency is responsible for reducing the risk of flooding from designated main rivers and from 

the sea. 

The following potential sources of flooding affecting the development site have been identified as: 

• From the River Welland

• Welland and Deepings Internal Drainage Board system

The Flood Zone Maps identify river catchments over 3 sq. km. These maps are a theoretical estimate of areas 

that could be inundated should no defence exist. In practice current standards of protection would result in 

flood envelopes substantially less than shown by these maps. The maps make no allowance for local, site 

specific features. 

The flood zone maps show that the site of the proposed development is considered at risk from flooding. 

These maps indicate that the area would be flooded without flood defences, which are in place, (with an 

annual probability of more than 0.5% i.e. return frequency of less than 1 in 200 years for tidal flooding or more 

than 1.33% return frequency of less than 1 in 100 years for fluvial flooding). Map 1
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The National Flood Risk Assessment Map shows that the site is partly at a low risk of flooding and partly at a 

medium risk of flooding. Low means that each year, this area has a chance of flooding of less than 1 in 1000 

(0.1%). This takes into account the effect of any flood defences that may be in this area. Flood defences 

reduce, but do not completely stop the chance of flooding as they can be overtopped or fail. Map 2 

RIVER WELLAND 

The River Welland lies some 60m from the eastern boundary of the site. The left bank of the River Welland 

1km upstream of Little London Road bridge is 6.05mODN. the right bank is somewhat lower which would allow 

high flows to overtop into the adjacent Cowbit Washes, an area of designated flood storage area to protect 

Spalding. 

The Environment Agency has provided fluvial flood levels for the 1 in 100-year with climate change for the 

River Welland, these are shown below. The fluvial defences consist of earth embankments to the Crowland 

and Cowbit flood storage reservoir which are in good condition and provide a defence for a flood event of 1 in 

100-year event.

These levels are taken from the Welland Catchment FMI Model (2007) and are the most up to-date currently 

available. These levels are “in-channel” levels and therefore may not represent the flood level on the 

floodplain, particularly where the channel is embanked or has raised defences. 

The greatest risk of flooding of the site would therefore be from a breach to the fluvial earth embankments. 

The fluvial river level at Node point Welland 16724 for the 1 in 100-year with 20% climate change is 

4.67mODN. Based upon the crest heights of the earth embankment flood defence at a minimum of 6.05mODN 
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the proposed site is protected with a freeboard of over 1.3m. 

Interpolating the new climate change allowances issued 19th February 2016, using the river flow and level data 

issued by the Environment Agency it is assessed that for the climate change figures stated in Table 1 are as 

shown in Appendix A for the 1 in 100-year event Node Welland 17624. 

From the results it is clear this is a location where the spreadsheet and interpolation will not work correctly, 

because of the upstream attenuation and the washes, etc.  

Examination the numbers it is clear the River Welland has plateaued at around 4.5mODN for the present day 

at 4.67mODN for all the climate change scenarios. 

As both the 1 in 100-year flood level with 20% climate change and the 1 in 1000-year flood level with 20% 

climate change is the same 4.67mODN could be used for the other allowances up to 65%    

Taking the precautionary approach, the Hazard Rating following a breach which in Flood Risk Assessment (FD 

2320) Guidance for New Development Phase 2 R& D Technical Report these are classified as low <0.75, 

moderate 0.75 - 1.25, significant 1.25 - 2.50 and extreme >2.50 based upon an empirical measure of velocity 

and depth.  

Breach Analysis for a Breach to the Fluvial Flood Defences for The River Welland 

HR = d x (v + 0.5) +DF 
Where V = Flood flow velocity (m/sec) 

D = Flood depth (m) 

DF = A debris factor included to represent the greater damage, or risk of injury to people, that can occur if 

debris is swept along with the water. = 0.5 for depths <0.25 or 1.0 for depths  

For the degree of Flood Hazard to be classified as low HR has to be <0.75 

The Fluvial River Welland lies some 60m east of the site. 

1 in 100-year level with climate change (Upper End) in the River Welland is 4.67mODN 

Lowest ground level rear of defences 2.60mODN. (Cradge Bank road level) 
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Length of Breach 40m (Earth Bank) 

It is assumed that the defences will be similar to Broad Crested Weir. 

Volume and velocity at the location of the breach is: - 

Q = 1.7 x B x H 3/2 = 1.7 x 40 x (4.67 – 2.60)3/2

Q = 202.52m3/sec 

Velocity at the breach V= Q/A 

V= 202.52 / 40 x 2.07) = 2.45 m/sec 

From spread sheet below the HR at 60m from the breach, at the site is 2.69 (Danger for All), Velocity 

1.54m/sec and depth 0.82mm (2.6 + 0.82) = 3.42mODN therefore the as the site is subject to flooding from a 

breach to the River Welland (fluvial). 

As a sensitivity test taking the 2115 65% flood level of 5.19mODN given from the Discharge Relationship 

Curve interpolation, the hazard rating is 3.30 (Danger for All), flood depth would be 1.03m and velocity 

1.73m/sec– as the site is within 60m from the washes, this would be worst case scenario. 
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The minimum mitigation measures required for developments that do not have any ground floor sleeping shall 

be determined by the flood depths arising from the 2115 breach scenario. The finished floor Level FFL of any 

new dwelling shall be informed by the flood depths. For flood depths between 1.0 – 1.6m deep the FFL shall 

be set at a minimum of 1000mm above the ground level and flood resilient construction incorporated to a 

minimum height of 300mm above the predicted flood levels and 600mm high flood barriers fitted to all external 

doors. 

With the average site ground level being 2.40mODN, the minimum floor level will be set at 3.50mODN. 

South Holland District Council 

In order to inform the process of risk assessment and site selection the District Council commissioned 

Haskoning UK Ltd Consultants to prepare a Strategic Flood Risk Assessment in December 2002.They have 

carried out an update of this report and this report was published in January 2010  

This Flood Risk Assessment has taken the results of the updated South Holland Strategic Flood Risk 

Assessment (SHSFRA) into account in its findings. 

It was found that the actual risk from primary sources of flooding (taken as being rivers and the sea) was 

assessed as being the product of: 

• Medium probability (assigned because the standards of the primary defences are variable) and

• Low consequence (assigned because of the District’s generally rural nature and because any urban

flooding is likely to be shallow with minimal impact).

The findings reflect the considerable protection afforded to the area by coastal and tidal & fluvial flood 

defences and by the extensive well organised system of lowland IDB fluvial drainage. 

The computer modelling used in the SFRA to produce the Hazard, depth and velocity maps simulated the 

spread of flood waters over the land and allowed for the presence of locally raised features such as road 

embankments etc.  

The potential flooding consequences shown on this map relate to flooding from the sea, main rivers and 

Internal Drainage Board systems taking into account the presence of current flood risk management 

measures such as flood defences. 

The Environment Agency has not undertaken Hazard mapping for the River Welland upstream of Welland 

Bridge, therefore the Peak Residual Depth and Velocity Maps included in the South Holland SFRA Update 

2010 have been assessed. 
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From the Residual Peak Hazard Rating, Depth & Velocity Spalding - Year 2115 1% Fluvial / 0.5% Tidal Event 

Probability maps from the update of Strategic Flood Risk Assessment for South Holland District Council have 

been used in this assessment. Maps 4, 5 & 6.

The peak depth maps show that part of the site is within the band depth 0.5 - 1.0m and the peak velocity map 

shows part of the site is within band velocity greater than 0.25m/sec. Hazard Rating between 1.25 -2.0 

(Danger for Most)

Welland and Deepings Internal Drainage Board 

The proposed development site is located within Catchment area of Welland and Deepings Internal Drainage 

Board. The Board is responsible to operate and maintain the arterial fluvial system. 

The site lies within the Boards 1st District catchment and the Board have a watercourse alongside the eastern 

boundary ref. Welland Soak dyke (1st District) 226. Map 6 

The Board’ s Engineer has confirmed that as the majority of the site currently discharges surface water into 

the soak-dyke un-attenuated, then an attenuated discharge of 10 litres/sec from the developed site into the 

soak-dyke would be acceptable.   

FLOODING FROM OTHER SOURCES 

Flooding is a natural process and can happen at any time from sources other than watercourses and the sea. 

• Flooding from land can occur from intense rainfall, often over short duration of time that is unable to 

soak into the ground or enter the drainage system. However, with the natural topographic nature of the 

ground being flat, with no high ground around the site this will not cause any rapid inundation of the 

site and is likely only lead to local ponding of shallow depth and low velocity following the natural land 

contours. The properties are also raised 1000mm above the average ground level. The updated SFRA 

concluded that flooding from this source is limited to minor isolated cases and is not of strategic 

significance as regards to flood risk.

• The area is not known to suffer from any groundwater problems and therefore is taken as having no 

strategic significance as regards to flood risk.

• Flooding from sewers can occur from over loading from heavy rainfall caused by blockages or 

having inadequate capacity. However, with the natural topographic nature of the ground being flat, 

with no high ground around the site this will not cause any rapid inundation of the site and is likely only 

lead to local ponding of shallow depth and low velocity following the natural land contours. The 

properties are also raised 1000mm above the average ground level. The updated SFRA concluded 
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that flooding from this source is limited to minor isolated cases and is not of strategic significance as 

regards to flood risk. 

• Non-natural or artificial sources of flooding such as reservoirs, lakes or canals where water is stored

above natural ground level could cause flooding if the structure fails or is over topped. There are no

known facilities close to the proposed development.

SEQUENTIAL APPROACH 

When applying the sequential approach for flood risk in accordance NPPF he site would fall into Zone 3a 

(High Probability) as the site is shown to be within the tidal flood plain as shown on the Environment Agency’s 

Flood Map without defences in place.  

However, the results of the updated SHSFRA shows that the site is located within a low/medium probability 

flood zone but the area is reliant on protection by flood defences providing a standard of protection of 1 in 100 

years return period. 

Applying the Flood Risk Vulnerability Classification in Table 2 of NPPF, the proposed residential development 

is classified as “More Vulnerable”, with Table 1 of NPPF stating that such uses are appropriate in this zone (as 

summarised in Table 3 NPPF).  

 TABLE 3: Flood risk vulnerability and flood zones ‘compatibility’ 

Sequential Test & Exception Test 

The aim of the Sequential Test is to steer new development to areas with the lowest probability of flooding.  

The NPPF states that development should not be permitted if there are reasonably available sites appropriate 

for the proposed development in areas with a lower probability of flooding. It is important to note that the 

Sequential Test does not specifically mean that sites such as this cannot be developed, rather that sites at 

less risk should be developed first.  

A Sequential and Exception Test has been prepared by the Robert Doughty Consultancy Ltd., and for the 

purpose of this Flood assessment it is concluded that both the Sequential and Exception Tests are satisfied. 
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With the properties being two storeys there is a safe haven for residents to await the flood level to recede or to 

be rescued. Also the ground floor levels have been raised above the predicted flood level. 

CLIMATE CHANGE 
Global warming is now recognised that it is likely to affect the frequency and severity of extreme events as 

both tidal and fluvial flooding.  The Climate change allowances in the NPPF Guidance was updated on the 

19th February 2016. 

The site is located within the Anglian River Basin, for sites within Flood Zone 3a and for “More vulnerable” 

land uses the Higher Central and Upper End river flow allowances figures in Table 1 should be used. 

Table 1 Peak river flow allowances by river basin district (1961 to 1990 baseline) 
River basin 

District 
Allowance 
category 

Total potential 
change anticipated 

for ‘2020s’ 
(2015 to2039) 

Total potential 
change anticipated 

for ‘2050s’ 
(2040 to2069) 

Total potential 
change anticipated 

for ‘2080s’ 
(2070 to2115) 

Anglian 
Upper End 25% 35% 65% 

Higher central 15% 20% 35% 
Central 10% 15% 25% 

The effect of global warming on peak rainfall allowances is given in Table 2. 

Table 2 Peak rainfall intensity allowance in small and urban catchments (1961 to 1990 baseline) 
Applies 
across all of 
England 

Total potential change 
anticipated for 
2010 to 2039 

Total potential change 
anticipated for 
2040 to 2059 

Total potential change 
anticipated for 
2060 to 2115 

Upper End 10% 20% 40% 
Central 5% 10% 20% 

The annual sea rise due to climate change is given in NPPF and the recommended contingency allowances 

are stated in Table 3. 

Table 3 Peak sea level allowance for each epoch in (mm) per year with cumulative sea level rise for 
each epoch in brackets (use 1990 baseline) 

Area of England) 
(Use River Basin 

maps 

1990 
to 

2025 

2026 
to 

2050 

2051 
to 

2080 

2081 
to 

2115 

Cumulative 
Rise 1990 to 

2115 (m) 

East, Midlands, 
London, South East 

4 
(140mm) 

8.5 
(212.5mm) 

12 
(360mm) 

15 
(525mm) 1.24m 

HISTORIC FLOOD EXTENT 

The Historic flood map produced by the Environment Agency shows the extent of the March 1947 flood. The 

site is shown not to have been affected. Map 3
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MANAGEMENT OF SURFACE WATER RUN-OFF 

In accordance with the House of Commons Written Statement (HCWS161 – 18th December 2014) there is 

an expectation for SuDS to be incorporated in all residential developments of 10 houses or more (major 

developments) unless demonstrated to be inappropriate. 

Furthermore, in accordance with recognised guidance, Part H of the Building Regulations 2010 and 

National Planning Policy Framework 2012, there is a hierarchy of where surface water should discharge. 

This hierarchy should be followed where practicable, and is as follows: 

1) Infiltration

2) Watercourse

3) Public sewer

The drainage strategy prepared by Hall Infrastructure Design Ltd, dated 16.05.16 (See separate Document for 

the site design & Microdrainage calculations), is the preliminary overview and will be subject to the detailed 

design being undertaken when planning permission and final layout has been determined. It is proposed to 

utilise source control techniques to reduce the storm water discharge from the proposed development in order 

to minimise the impact of the development on the surrounding area and to comply with EA guidelines, which 

require at least one workable solution for managing surface water. 

The development site is a brown field site situated at land to the east of Spalding Common and west of 

Cradge Bank in Spalding Common, as shown on the topographical survey drawing AS2129/1 rev B (doc 1). 

The site, which is irregular in shape is accessed from Spalding Common with an approximate frontage width 

of 74m increasing to approximately 300m, average depth of 202m and a site area of 4.604 Ha. The existing 

impermeable area is 2.861 Ha (62%). The site currently discharges surface water at an unrestricted rate 

through a number of 100mm dia and 150mm dia pipes to an existing riparian drain which n turn is connected 

to the River Welland Soke Dyke by a 300mm dia culvert beneath Cradge Bank, all as shown on the 

topographical survey drawing 

The proposal includes for the construction of a network of adopted roads and footpaths serving 133 detached, 

semi-detached and terraced dwellings. The proposed impermeable area has been calculated based on the 

roof areas of proposed dwellings (0.843 Ha – 18%), the adopted access road and footpaths (0.440 Ha– 10%), 

domestic curtilage private access roads and courtyards (0.195 Ha – 4%) and domestic curtilage driveways 

(0.389 Ha – 8%) totalling 1.867 Ha which represents 41% (including an allowance for development creep) of 

the total site area as shown on the schematic concept drainage plan drawing no 1608/01 (doc 2). It is 

proposed that roof areas will discharge to adjacent domestic curtilage driveways and / or domestic curtilage 

private access roads and courtyards will in turn will discharge to a network of under-drained roadside swales 

connected to an on-line storage / balancing pond through to the agreed outfall point. 

Existing green field conditions. 

Existing green field runoff values, calculated in accordance with the H R Wallingford greenfield runoff 
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estimation for sites in accordance with DEFRA / Environment Agency Report SC030219 rev E and Interim 

National Procedure Principle 17, confirm that the impermeable area (1.867 Ha) of the site generates a 1 year 

run off value of 5.00 l/s, 30 year of 6.42 l/s and 100 year of 9.33 l/s. The client has confirmed that they have 

permission to discharge at a maximum rate of 10.00 l/s to the existing River Welland Soke Dyke on the east 

side of Cradge Bank. This is shown on the Welland & Deepings IDB asset plan  

Assuming only 50% of the existing greenhouses discharge to the existing riparian drain through the network of 

existing 100mm and 150mm outlets, based on 50mm / hr rainfall, these would generate existing flows in the 

region of 145 l/s. 

Infiltration 

Soil infiltration testing for the site has been undertaken by Ground Engineering Ltd, ref C13746 March 2016. 

This report confirms that soakaways are not practicable on this site due to negligible / nil infiltration rates and 

high water table. 

Grass areas and soft landscaping areas are proposed in the development totalling 2.737 Ha (59%), as shown 

on the schematic concept drainage plan, drawing no 1608/01 

There are no proposals for any other surface water to discharge to infiltration at this stage given the findings of 

the ground investigation report. 

Watercourse 

Watercourse can be used as the method of disposal of the surface water from the development. Domestic 

curtilage roof areas totalling 0.843 Ha (18%), including an allowance for development creep, are proposed to 

discharge to the sub base reservoir layers of adjacent individual domestic curtilage permeable paved 

driveways, as shown on the schematic concept drainage plan drawing no 1608/01 

Permeable materials (e.g. permeable block paving) are proposed to the individual domestic curtilage 

driveways totalling 0.389 Ha (8%), with sub base reservoir layer connected to the adopted access road swale 

under-drain as shown on the schematic concept drainage plan drawing no 1608/01 

Permeable materials (e.g. permeable block paving) are proposed to the domestic curtilage private access 

road and 

courtyards totalling 0.195 Ha (4%), with sub base reservoir layer connected to the adopted access road swale 

underdrain as shown on the schematic concept drainage plan drawing no 1608/01  

Permeable materials (e.g. permeable block paving) are proposed to the adopted shared surface road totalling 

0.092 Ha (2%) with sub base reservoir layer under-drained and connected to an on-line storage / attenuation 

pond asshown on the schematic concept drainage plan drawing no 1608/01. 
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Traditional materials (tarmac) are proposed to the adopted access roads / footpaths totalling 0.348 Ha (8%) 

with an under-drained swale conveying runoff to an on-line storage / attenuation pond as shown on the 

schematic concept drainage plan drawing no 1608/01 

Anglian Water Services Ltd’s October 2013 requirements with regard to surface water storage are that the 

preferred method should be an adoptable on-line system with an adopted or Management Company Ltd 

maintained off-line storage pond being acceptable. 

Conflicting with this preference – the SUDS Lead Local Flood Authority (LLFA) which, at the time of the 

development’s anticipated construction date, is Lincolnshire County Council, have confirmed at the 

Lincolnshire LLFA Consultants & Developers Seminar (April 2015) that their preference is for under-drained 

swales to be used for conveyance of surface water to an on-line storage pond. 

The suggested locations of proposed under-drained swales and the balancing pond are shown on the 

schematic concept drainage plan 1608/01. These together with the use of permeable materials within 

domestic curtilage provides source control (quality) and storage volume (quantity) together with amenity and 

biodiversity SUDS. 

Surface water from the adoptable road (0.348 Ha) (which will comprise one footway to the high side and a 

single cross-fall carriageway) will shed directly into a 300mm deep adjacent under-drained swale to the low 

side, providing highway water with an initial treatment stage, with domestic curtilage roof areas (0.843 Ha), 

individual domestic curtilage permeable paved driveways (0.389 Ha), domestic curtilage private access roads 

and courtyards (0.195 Ha) and permeable paved adopted access road (0.092 Ha) being collected along the 

way, connected in to the perforated under-drain pipework. Typical construction details for the source control 

outlets from domestic roof water to permeable paved individual driveway and under-drained conveyance 

swale are shown on the schematic concept drainage plan drawing no 1608/01. 

Roof water will be collected in underground pipes, where required, within domestic curtilage with silt traps 

incorporated prior to connecting to adjacent permeable paved individual driveways wherever practicable by 

way of proprietary diffusers which in turn are connected to the under-drained swale. Where roof water 

downpipes are located either over or immediately adjacent to permeable paved individual driveways these will 

surface discharge to the permeable paving with proprietary rainwater shoes with no underground pipework 

being required. This provides an “on-plot” source control treatment stage for all domestic curtilage runoff prior 

to entering the adoptable system. 

An on-line surface water detention and attenuation balancing pond provides additional storage and a second 

treatment stage at the flow control location. The pond will be wet (maximum 600mm depth) under normal 

conditions (unless infiltration results in the water level further reducing) with a normal water area of 663m², 

normal water level of 1.125m ODN and 1:3 side slope batters, as shown on the schematic concept drainage 

plan 1608/01 

A Hydrobrake Optimum flow control device together with a higher level small diameter orifice plate 
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attenuate flows down to the permitted discharge rates for 1 year, 30 year and up to the 1:100 year plus 30% 

climate change standard to permitted discharge rates. Flows in excess of these figures are stored in the on-

line detention and attenuation balancing pond where they are stored for a period of time before draining back 

down again to normal water level. 

The final outfall from the development is proposed at invert level (1.066m ODN) which is the invert level of an 

existing 300mm diameter culvert pipe connecting to the existing River Welland Soke Dyke as shown on the 

schematic concept drainage plan 1608/01. This existing culvert pipe is 500mm above the invert level of the 

Soke Dyke. The invert level of the development discharge at the balancing pond is proposed at 1.125m ODN. 

The normal water level in the balancing pond being set at 1.125m ODN is at least 1.425m below the 

carriageway level of Cradge Bank (2.550m ODN) thereby enabling a maximum 1.101m of storage depth and 

0.324m freeboard. 

Microdrainage calculations, using FEH rainfall data, have been prepared to demonstrate that the surface 

water design operates satisfactorily for the given return periods whilst keeping discharges lower than or equal 

to existing green field values, confirms the Microdrainage calculations with 1-year outflow restricted to 4.3 l/s 

with the water level in the balancing pond raising by 356mm to a level of 1.481mODN, 30-year outflow 

restricted to 6.3 l/s with the water level in the balancing pond raising by 806mm to a level of 1.931mODN and 

100-year plus 30% climate change outflow restricted to 10.0 l/s with the water level in the balancing pond

raising by 1101mm to a level of 2.226m ODN. Top of bank of the surface water balancing pond and lower

plateau of the public open space area will be set at 2.525m ODN with the lower plateau area being set at

1.925m ODN therefore providing an additional 299mm freeboard above the 100 year plus 30% climate

change level.

Sewers 

There are no proposals to discharge surface water to any public sewer. 

Foul Water Drainage 

It is anticipated, that a gravity foul water solution will be achievable and the network of foul sewers will be 

included in a section 104 agreement with Anglian Water Services Ltd to ensure the foul water infrastructure 

can be monitored and maintained to ensure it will continue to function correctly for the lifetime of the 

development. 

As there is a positive drainage system capable of receiving flows from the development there is no likely 

impact on neighbouring property. 

FLOOD PROTECTION 

Any impact of damage to the properties can be foreseen and mitigated against by relatively simple design and 

construction techniques.  There are two forms of flood protection works: - 
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 Flood-resistance or proofing works: - these try to reduce the amount of water actually entering a

building.

 Flood-resilient works: - these reduce the amount of damage caused by water entering the building.

The proposed property will have the following resilient measures incorporated in the construction in 

accordance with “Improving the flood performance of new buildings” CLG (2007).  

• The ground floor to be constructed with a solid concrete floor with no voids beneath and no low 

level wall vents. However, if a beam type floor is to be used, provision should be incorporated for 

draining the under floor void.

• The lowest ground floor level for the properties is to be raised 1000m above existing average 

ground level. and 600mm high flood barriers installed to all ground floor doors,with flood resilient 

construction 300mm above maximum flood level.

• Avoid the use of absorbent cavity insulation to the ground floor level.

• Treated and sealed timber skirting and architraves.

• Arrange for all service circuits to be routed at first floor level where practical socket outlets, 

boilers etc. to be a minimum of 0.5m above the raised upper ground floor level.

• It is recommended that “Flood Angel doors” or similar are fitted to the entrance doors to the 

properties as when these are locked they provide a flood barrier for a depth of 600mm.

• As this site is in an area that is capable of receiving flood warnings from the Environment Agency 

Floodline Warning Direct system. It is recommended that the property Owner contact the 

Environment Agency’s Floodline on 0845 988 1188 to register the property to receive advance 

warning of flooding by telephone, mobile, fax, SMS text, email or pager. The Environment 

Agency aim to issue a ‘severe flood warning’ approximately 2 hours before existing defences are 

overtopped. 

CONCLUSION 

o The proposed development site is shown to be within Flood Zone 3a ‘High Probability' as detailed 

on the Environment Agency's Flood Zone Maps without defences.

o The site does have the protection of fluvial/ tidal flood defences which are well maintained by the 

Environment Agency for both the present day and also for climate change.

o

 



17 

o The lowest ground floor level for the properties is to be raised 1000m above existing average 

ground level. and 600mm high flood barriers installed to all ground floor doors,with flood resilient 

construction 300mm above maximum flood level.

o The proposed residential development is classified as “More Vulnerable”, with Table 1 of NPPF 

Technical Guide stating that such uses are appropriate in this zone, subject to the exception test.

o The Sequential and Exception Tests are considered to be passed for the proposed development.

o A drainage strategy for the development has been proposed which is outlined in this report. This 

has now made an allowance of an additional 30% for climate change.

o Any impact of damage to the properties can be foreseen and mitigated against by relatively 

simple design and construction techniques. They will be constructed using materials which are 

flood resilient construction as outlined in the report

o Flooding from other sources is unlikely to affect the site. 

********* 
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APPENDIX 

Map 1      Extract from Environment Agency Flood Zone & Node Map

Map 2     NaFRA Map  

Map 44 Residual Peak Hazard Rating, Spalding - Year 2115 1% Fluvial / 0.5% Tidal Event 

Map 55 Residual Peak Depth Spalding - Year 2115 1% Fluvial / 0.5% Tidal Event 

Map 66 Residual Peak Velocity Spalding - Year 2115 1% Fluvial / 0.5% Tidal Event 

Plan 1  Location Plan 

Plan 2   Proposed Layout  

Plan 4  Topographical Survey 

Appendix A  Discharge Relationship Curve for Climate Change Allowances 

Plan 3an 3 Drainage Layout Plan 

Map 77 Welland & Deepings IDB Drainage Plan

Map 3 Historic Flood Map  
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Domestic Curtilage Individual Driveways (load category 1).
Ai = 0.389 Ha. (8%)
To be paved with permeable materials with levels set to shed
towards diffuser outlet / flow control positions.

Domestic Curtilage Roof Areas.
Ai = 0.795 Ha. (17%) plus 6% development creep Ai = 0.843 Ha (18%)
to be connected to adjacent permeable paved individual
driveways sub base reservoir layers.

Development Site (this application).
Total Area = 4.604 Ha.
Ai = 1.867 Ha. (41% including development creep)

Impermeable Area Schedule.

Impermeable Paved Adopted Access Roads / Footpaths (tarmac).
Ai = 0.348 Ha. (8%)
To be paved in traditional impermeable materials with surface water
run-off to adjacent under-drained swales / filter strips.

Proposed route of under-drained swale with pipe linking
treated surface water drainage to balancing pond and agreed outfall position.

Domestic Curtilage Private Access Road / Courtyards(load category 3).
Ai = 0.195 Ha. (4%)
To be paved with permeable materials with levels set to shed
towards diffuser outlet / flow control positions.

Permeable Paved Adopted Access Roads / Footpaths (blockpaving).
Ai = 0.092 Ha. (2%)
To be paved in permeable block paving with surface water
run-off to perforated under-drain pipe.

3.40 ex

3.4 pr

3.4 pr

3.4 pr

3.4 pr

3.4 pr

3.4 pr

3.4 pr

3.00 ex

2.56 ex

2.63 ex

2.55 ex
Surface Water Discharge Point.
cl:2.600m, il:1.056m, 300mmØ
max permitted discharge =  10.0l/s
(as Welland & Deepings info)

Balancing Pond
Contributing Impermeable Area = 1.867 Ha
Bed Area = 486m²
Bed Level = 0.525m
Normal Water Level = 1.125m (600mm deep)
Normal Water Area = 663m²
Top of Bank Level = 1.925m
Top of Bank Area = 2080m²
1:1 Year Water Level = 1.481m (0.356m rise)
1:30 Year Water Level = 1.931m (0.806m rise)
1:100+30% cc Water Level = 2.226m (1.101m rise)
1:3 side slopes

Outfall
1:1 Year permitted discharge = 5.0 l/s
1:1 Year actual discharge =  4.3 l/s
1:30 Year permitted discharge = 6.4 l/s
1:30 Year actual discharge =  6.3 l/s
1:100 Year +30% cc permitted discharge = 10.0 l/s
1:100 Year +30% cc actual discharge =  10.0 l/s

2.3 ex

2.0 ex
3.4 pr

2.3 ex

2.4 ex

2.4 ex

2.6 ex

2.6 ex

2.3 ex

Spalding Common

Spalding Common

Cradge Bank

Cradge Bank

il:1.056
cr:1.396

il:1.066
cr:1.481

ex 300Ø
 culvert

1.000

1.003

Public Open Space
100 year + climate change storage area.
ground level: 2.525m

Public Open Space
100 year + climate change storage area.
ground level: 1.925m

il:0.556

2.000

3.000

2.001

1.001

1.002

4.000

4.001

River Welland Soke Dyke 

3.4 pr
2.7 ex

200 x 100 x 60mm Brett Autumn Mix Omega Flow Permeable paviors (or similar)
40mm of 2mm-6mm gravel bedding / jointing course
125mm of Hydraulically Bound Type 3 (CGA) granular sub base (40mm to 4mm giving 30% voids) layer to BSEN 13242: 2002.
min 275mm of Type 3 (CGA) granular sub base reservoir (40mm to 4mm giving 30% voids) layer to BSEN 13242: 2002.
(should capping material be required to achieve design levels then this shall be Type 3 (CGA granular sub base).
Base and top of sub base reservoir layer wrapped with geotextile to prevent migration of fines and to
retain integrity of the sub base reservoir layer.

Tarmac alternative surfacing option.
Should a tarmac surface be required then the following construction
layers can be used in lieu of block paving and bedding layers:
30mm of AC10 open surface course
70mm of AC20 open binder course

(min 300mm catchpit)

 secured with clips supplied
 Round Ductile Iron cover & frame

 Polypropylene Inspection
 Chamber raising pieces

150mm FND2 concrete base

100mm Ø pipe from rainwater pipe

Typical Source Control Outlet (sco) from Domestic Roofwater to Domestic Driveway

of domestic driveway with pipe end
Pipe to extend 600mm into reservoir layer 

wrapped in geotextile to prevent migration
of type 3 sub base

 Kingspan in-line non-return valve
inlet to silt trap to be fitted with

Plan View

708mm

708mm

15
0m

m

End View

110mm PVC-u socket

 each Skeletank High Performance Diffuser Conduit
encapsulated by a 2mm mesh to provide open surface area
to enable collected surface water to flow into and from
adjacent permeable paved driveway sub base reservoir layer.

100mm Ø outlet to block paved access road under-drain

PPIC Mini Access Chamber 300mm Ø, 600mm deep
with cover to suit BS EN 124 loading B125 - driveways & footways

70
8m

m

312mm

short length of pipe to connect HPDC to outlet inspection chamber 

100mm Ø outlet to block paved access road under-drain - treated runoff >>>

 Bedding material

50mm x 150mm PCC
path edging EF

minimum 300mm x 300mm or 350mmØ clear opening when <1m deep 

Permeable membrane to top surface to prevent bedding / jointing course washing through to sub base voids.

Base and sides of sub base reservoir layer wrapped with permeable membrane to prevent migration
of fines and to retain integrity and efficiency of reservoir layer. Membrane to extend to below
Skeletank High Performance Diffuser Conduit.

min 300mm of Type 3 (CGA) granular sub base reservoir (40mm to 4mm giving 30% voids)
layer to BSEN 13242: 2002.

40mm of 2mm-6mm gravel bedding / jointing course.
200 x 100 x 60mm Plasmor Permi-8 Permeable paviors (or similar).

Section

vehicular crossing >>>

short length of pipe to connect HPDC to outlet inspection chamber 

 domestic curtilage permeable paved driveway
levels to be set so as to promote flows within
the sub base reservoir layer from source control
outlets, away from dwellings, towards diffuser unit.

Typical Diffuser Outlet (do) from Domestic Driveway

Permeable Block Paved Access Road / Courtyard Detail

grass mix

1:4
1200mm

300 deep swale

wetland

bed

600mm
1:4

1200mm

grass mix
wetlandcarriageway

single crossfall

300mm
min

nom 300Ø perforated pipe
in type 3 filter media

Geotextile layer
base and sides of filter
trench to be lined with
permeable membrane

with bullnose facing swale)
(kerbs laid back to front
to promote sheet flow
pcc bullnosed kerbs

Typical Under-Drained Swale Detail

150mm Rootzone

Permeable membrane to top surface to prevent bedding / jointing course washing through to sub base voids.

Base and sides of sub base reservoir layer wrapped with permeable membrane to
prevent migration of fines and to retain integrity and efficiency of reservoir layer.

min 300mm of Type 3 (CGA) granular sub base reservoir (40mm to 4mm giving 30% voids)
layer to BSEN 13242: 2002.

40mm of 2mm-6mm gravel bedding / jointing course.

200 x 100 x 60mm Plasmor Permi-8 Permeable paviors (or similar).

Domestic Driveway (Permeable Paved) Detail
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Existing hardstanding areas discharging to River Welland Soke Dyke.

Ai = 0.593 Ha. (13%)

Existing roof areas discharging to River Welland Soke Dyke.

Ai = 2.268 Ha. (49%)

Development Site.

Total Area = 4.604 Ha.

Existing Ai = 2.861 Ha (62%)

Line of existing riparian drain.

Line of existing River Welland Soke Dyke currently receiving

surface water runoff from the existing development.

(information supplied by Nick Morris (Welland & Deepings IDB) and

Ray Morgan (R M Associates).
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Line of existing 100mm & 150mm inlets from the site discharging into

the existing riparian drain (info from NM / RM).
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Welland Soke Dyke (info from NM / RM).
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