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Appendix A  Surface Water Management Plan 
 

A.1 Overview 
In order that runoff from the proposed development does not increase flood risk elsewhere, it is 
recommended that measures are taken to mitigate the rates of runoff from the site. As 
discussed in Section 3d, the site is underlain by soils described as loamy and clayey soils of 
coastal flats with naturally high groundwater. On site infiltration is unlikely to be a practical 
means of surface water management, since the soil infiltration rate is unlikely to be sufficiently 
rapid to half drain the infiltration structure within 24 hours and the invert of the structure would 
be within 1 m of the water table.  Since these are both requirements for infiltration structures 
defined in the SuDS Manual (CIRIA, 2015), it is recommended that the runoff from the 
impermeable surfaces on site is detained and released at attenuated rates. 
The site includes existing commercial / agricultural buildings and areas of currently undeveloped 
agricultural land. It is understood that a surface water management scheme based on 
attenuation has been implemented at the site as part of the existing development. The currently 
undeveloped part of the site has no special drainage arrangements in place, such that runoff 
rates from this part of the site are likely to be equivalent to Greenfield rates. 
Accordingly, the aim of the surface water management plan is to manage runoff from the 
proposed new impermeable surfaces only. The plan presented below outlines an attenuation 
system that would reduce runoff rates to no greater than Greenfield rates. 
 
A.2 Greenfield Runoff Rates 
The estimation of peak rates of pre-development runoff (i.e. Greenfield runoff) has previously 
used the IH 1243 (Marshall and Bayliss) method. This method uses parameters related to 
catchment and soil characteristics to establish a peak rate of runoff. More recently, the rainfall 
runoff modelling approach of ReFH version 2 (ReFH2) has been used. This method was found 
in work by the CEH (2015) to give a closer match to observed peak rates of runoff, and also 
provides a full hydrograph, rather than simply the peak flow derived by the former method. 
Following additional research and testing, ReFH2 was released in 2015. In particular, and with 
significance for the current site, ReFH2 incorporates a set of adjustments for “plot scale” 
conditions. These adjustments address the use of models and data for catchments to the scale 
of individual development plots. This is important since such plots tend to be much smaller than 
topographic catchments. 
ReFH2 runoff calculations reference a subset of catchment descriptors generated by the FEH 
web service, imported as an .xml file. Several descriptors are then changed in order to achieve 
the “plot-scale” adjustments. The base flow descriptor BFIHOST for the catchment as a whole is 
unlikely to be representative of the site, and so this descriptor was changed from 0.72 to 0.45 to 
better reflect the impeded drainage at the site. The AREA descriptor for the catchment was 
changed from approximately 0.955 km2 to 0.5 km2, in order to calibrate several routing and base 
flow parameters, and then finally to 0.021 km2 to reflect the area of the proposed impermeable 
surface (21,108 m2). These adjustments enabled the generation of Greenfield runoff 
hydrographs in l/s for the site. Scaling from the area of the impermeable surface to an area of 1 
ha enabled the determination of target, peak Greenfield rates in l/s/ha. 
The peak Greenfield runoff rates determined using ReFH2 are shown in Table A-1. The peak 
Greenfield rates in l/s for the impermeable area are shown in column 2. The equivalent rates in 
l/s/ha are shown in column 3. 

                                                 
3 IH124: Institute of Hydrology Report No. 124 Flood Estimation for Small Catchments, June 1994 



 
 
 

 
 

                                                                                                                                                                                           Page 19 of 34 
 

 
K0776_FRA_&_SWMP_Spalding_Deeping_Farm_Issued_SH_20161208.docx  

 
 Hydro-Logic Services (International) Ltd Registered in England No. 03036787 Registered Office: Shearwater House, Clevedon Hall Estate, Victoria Road, Clevedon, BS21 7RD 

Table A-1  Greenfield (target) runoff rates (proposed impermeable surfaces only) 
Return period (years) Greenfield Runoff rates (l/s) Greenfield Runoff rates (l/s/ha) 

2 5.60 2.66 
30 13.94 6.64 
100 20.39 9.71 

 
A.3 Attenuation Basin Design 
The characteristics of the attenuation features were analysed using the Source Control module 
of the industry leading WinDES suite of software developed by Micro Drainage/XP Solutions. 
The following conservative assumptions and design parameters were applied within the Source 
Control module. 

• Point rainfall time series were obtained using the FEH methodology, based on the 
catchment descriptors for the site generated by the FEH web service. 

• Rainfall values were increased by 20% to allow for climate change over the 60 year 
design life of the proposed commercial / agricultural development, as described in 
Section 4 of the main report, and in line with the requirements of NPPF. 

• The proposed impermeable area on site as listed in Table 6  of the main report, equal to 
approximately 21,108 m2 (excluding access road). The top surface area of the basin was 
added to the proposed impermeable area in order to determine the total rainfall 
catchment area. 

• 100% of the runoff from the proposed impermeable surfaces is directed to a single 
attenuation basin. 

• A 100% void ratio was modelled, corresponding to an empty open basin. 
• The outflow is regulated by a compound structure comprising a lower and upper orifice 

overflows. 
• A factor of safety of 2 was applied, as recommended in CIRIS C753, to reflect the minor 

consequences of exceedence 
Using an iterative, trial and error approach to varying the attenuation basin area, and the 
diameter and invert of the lower and upper orifice overflows, a range of attenuation designs 
were assessed. The software was used to analyse the response of the designs to the 1 in 2, 1 in 
30 and 1 in 100 year plus climate change summer and winter storms of durations between 15 
minutes and 10080 minutes (7 days). The design imperatives were that outflow rates should 
ideally be no greater than the target, Greenfield rates for the site, while at the same time being 
within practical limits for the attenuation feature area, depth and diameter of outflow devices.  
The attenuation basin design is open and receives direct rainfall, and therefore the area of the 
attenuation basin was added to the impermeable surface area for the purpose of calculating 
total rainfall catchment area and Greenfield (target) attenuated rates.  
It was found that an attenuation basin with the following attributes would enable runoff rates 
from the proposed impermeable area to be reduced to below target Greenfield rates for the 
critical duration 1 in 2, 1 in 30 and 1 in 100 year storms plus an allowance for climate change. It 
is assumed that outflow would be below Greenfield rates at all return periods within this range. 

• a basal surface area of 1,800 m2; 
• a depth of 0.9 m; 
• side slope of 1 in 3 (approximately 18 degrees), resulting in a top surface area of 

approximately 2,180 m2; 
• a compound outflow structure comprising a lower 75 mm diameter orifice outlet at an 

invert of 0 m (base of the basin), and an upper 100 mm diameter orifice outlet orifice at 
an invert of 0.45 m. 
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The performance of the attenuation basin is summarised in Table A-2. The full results produced 
by the software are reproduced in Appendix B. 
Table A-2 Attenuation basin performance 

Return period 
(years) 

Target Attenuated 
Outflow Rates (l/s/ha) 

Target Attenuated 
Outflow Rates (l/s) 

Peak Outlow 
Rates (l/s) 

Maximum Water 
Depth (m) 

2 2.66 6.21 6.2 0.318 
30 6.64 15.46 15.0 0.591 
100 9.71 22.61 20.8 0.768 

Note: the target attenuated outflow rates are calculated using the Greenfield rates in l/s/ha, multiplied by 
the sum of the impermeable surface area and attenuation basin (top) area. 

The results confirm that the design attenuation basin would reduce peak runoff rates to or below 
Greenfield rates for the critical 1 in 2, 1 in 30 and 1 in 100 year plus climate change winter 
storms, and is assumed to do so for all intermediate return period storms. The maximum depth 
indicated is 0.768 m for the 1 in 100 year plus climate change storm. An attenuation basin of 
depth 0.9 m would therefore be of sufficient depth to accommodate the maximum depth of water 
(with a freeboard of 132 mm). 
 
A.4 Interception and routing of Runoff 
Runoff from the roofs of the proposed poultry units should be collected via gutters located 
downslope of the roofs, and discharged via downpipes to interceptor channels positioned along 
the base of each unit. A range of solutions are possible, but a simple arrangement of 0.5 m wide 
and 0.5 m deep drainage channels along the length of each unit should be adequate to intercept 
and convey runoff to a large diameter pipe, that would drain eastwards to the attenuation basin. 
The grading of drainage channels and drainage pipe should be 1:100 or steeper. 
 
Runoff from the concrete apron will also need to be routed to the attenuation basin. The 
concrete apron is also used for waste washing, and the facility to switch outflows from the 
attenuation basin (for rainfall runoff collection) to the waste processing tank would be 
implemented at the site. The concrete apron would be surrounded by a low wall to contain all 
washed process waste, which is routed to underground tanks during the cleaning phase. 
 
A.5 Location, Elevation and Outlet of Attenuation Basin 
A shown in Figure 8 of the main report, the preferred location of the attenuation basin would be 
to the west of the proposed poultry units. The attenuation basin top surface area of 
approximately 2,180 m2 easily fits into this location. 
 
The colour contoured LiDAR of the location of the site is shown in Figure A-1 below. It may be 
seen that the average ground elevation at the location of the basin is between 0.8 mAOD and 
1.0 mAOD. It is recommended that the top of the basin be built up to at least 1.0 mAOD, ideally 
higher, notwithstanding providing adequate slope from the proposed impermeable surfaces to 
enable runoff to be routed to the basin. Allowing for a basin top elevation of 1.0 mAOD and a 
depth of 0.9m would result in a base elevation of 0.1 mAOD.  
 
Outflow from the basin should be routed to the existing drainage channel adjacent to the 
northern boundary if the site, a distance of approximately 190 m. It is recommended that a 
survey be conducted at the site in order to determine the practical arrangements for this aspect 
of the attenuation design. 
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Figure A-1 Colour contoured LiDAR map of location of the site (boundary in red) 

  
A.6 Residual Risks 
The text below relates to the risks in relation to the attenuation basin only and are summarised 
in Section 8 of the main report. 
In the event that partial blockage went undetected or a rainstorm occurred which was in excess 
of the 1:100 year plus climate change design storm, water level within the basin could rise 
above the calculated maximum depth of 0.768 m summarised in Table A-2. The recommended 
basin depth of 0.9 m allows for a freeboard of 132 mm above the maximum water level. 
For rainfall events greatly exceeding the 1:100 year plus climate change design rainstorm, the 
basin embankment could be overtopped, and the resulting overflow could possibly cut through a 
natural earth embankment and lead to failure. It is therefore recommended a 2 m wide weir be 
constructed at an invert of 0.85 m above the base of the basin, which would act as a spillway to 
convey exceedance flows away from sensitive areas of the site and towards the drain at the 
northern boundary of the site. 
 
A.7 Conclusion 
The attenuation scheme described above would maintain the peak outflow from the proposed 
impermeable surfaces at the site at a level below no greater than Greenfield runoff rates for all 
return periods. Other combinations of basin dimensions and outflow regulators are of course 
possible, but the analysis illustrates one way in which the necessary reduction in flood risk can 
be achieved. 
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Appendix B  Attenuation Design Results 
 
B.1 1 in 2 year plus climate change storm 
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1 in 2 year plus climate change storm (contd.) 
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1 in 2 year plus climate change storm (contd.) 
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1 in 2 year plus climate change storm (contd.) 
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B.2 1 in 30 year plus climate change storm 
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1 in 30 year plus climate change storm (contd.) 
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1 in 30 year plus climate change storm (contd.) 
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1 in 30 year plus climate change storm (contd.) 
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B.3 1 in 100 year plus climate change storm 
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1 in 100 year plus climate change storm (contd.) 
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1 in 100 year plus climate change storm (contd.) 
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1 in 100 year plus climate change storm (contd.) 
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