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EXECUTIVE SUMMARY OF REPORT 
 
This report documents work undertaken by Hydro-Logic Services for Berrys Ltd in care of Mr 
Ben Corbett in December 2018 and January 2019. 
 
The purpose of the work was: 

• To assess flood risk at this site in terms of the National Planning Policy Framework 
(NPPF) and, where necessary, to recommend measures to achieve compliance. 

• to conceptually design the surface water management plan for a livestock cubicle, a 
slurry basin and a cattle milking area; 

• to report the findings of this design assessment; 

• to demonstrate that surface water drainage arrangements comply with the National 
Planning Policy Framework and Herefordshire core strategy policies SD3 and SD4. 

 
The key outcomes of the work are: 

• The surface water runoff generated from any roofs and impermeable surfaces will be 
released gradually to an existing watercourse. The surface water runoff will be 
attenuated by means of a buried attenuation tank to the East of the development. 

• Any dirty waters flows resulting from operations and cleaning activities are to be 
pumped in the slurry lagoon; 

• The slurry lagoon crest level is to be set above the 1 in 100 year + 35%CC fluvial flood 
level. Any loss of storage of the floodplain is to be compensated locally; 

 
The work delivered the following outputs: 

• Flood Risk Assessment; 

• Surface Water Management Plan. 
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1. Introduction 

 
This report presents a Flood Risk Assessment (FRA) for the proposed agricultural 
development on land at Sheepcote Farm, Clifford HR3 5HU. It is proposed to provide a dairy 
unit which will comprise of a milking parlour building, livestock cubicle building, concrete yard 
areas and retention of a slurry lagoon. A silage which has been in place in excess of four years 
also forms part of the dairy unit. 

The Objective of this report is to assess flood risk at the site in relation to the proposed 
development. The FRA will identify sources of flood hazard that apply to the development and 
restrictions associated with such hazards, giving design solutions which meet current 
regulations. The findings of this report should be used to inform future stages of the sites 
master planning plus design. 

The proposed outline flood risk assessment and surface water drainage strategy has been 
prepared in accordance with the guidance and requirements set out in the following reports:  

- Strategic Flood Risk Assessment for Herefordshire Technical report, 2009; 
- Environment Agencies ‘Flood Map for Planning, 2018; 
- National Standards for Sustainable Drainage Systems (2011) and; 
- The CIRIA SuDS Manual (2015). 
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2. Pre-development site characteristics 

2.1  Location 

The site of the proposed development is located within Sheepcote farm in Clifford, 
Herefordshire, HR3 5HU – Table 1. The site is an undeveloped field currently under 
agricultural use.  

Table 1 - Coordinates and post code of the site  

Eastings, Northings 325716, 246715 

Nearest Post Code HR3 5HU 

Lat (WGS84) N52:06:50(52.113962) 

Long (WGS84) W3:04:53 (-3.081396) 

Nat Grid SO260467 / SO2604646734 

The proposed development comprises a silage bay, slurry basin, a livestock cubicle and a 
milking parlour building. The buildings have some concrete surfaces around then and gravel 
areas, allowing water to soak through. 

The coordinates for the site are shown in Table 1 and its geographical location is shown in 
Figure 2-1. A layout plan and an aerial photograph are also shown in Figure 2-2 and Figure 2-
3, respectively.  

Figure 2-1 – Location of the site in Clifford 

 

Reproduced under Licence 100041271 
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Figure 2-2 - Layout plan of the proposed development 

 
Source: Ian Pick Associates Ltd 

Figure 2-3 - Aerial photograph of the site (Site boundary in red)  

 
 Source: Google Maps 
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2.2 Flood risk Vulnerability  

As the proposed development consists in a series of buildings with agricultural purposes, it 
falls within the ‘less vulnerable’ classification of the NPPF, Table 2. Less vulnerable 
developments within Flood Zone 3a are not subject to the exception test, however these 
should not be permitted within Flood Zone 3b. 

Table 2 – Description of flood zones 

 
Source: Environment Agency ‘Flood risk vulnerability classification’ 

2.3 Flood zone and inherent risk 

The Environment Agency Flood Map for planning, detailed in Figure 2-4, shows that 
Sheepcote farm falls well within the flood zone 3 limits, defined as “(…) having a 1 in 100 or 
greater annual probability of river flooding”. The flood zones provided by the environment 
agency consider the maximum flood likely to occur from 100 years of maximum flows under 
current climate conditions, and therefore any further analysis will have to take into account 
the climate change allowances defined within the NPPF. 

Figure 2-4 – Environment Agency flood map for planning (Location as yellow pin) 

  
Source: Environment Agency flood map for planning 
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However, the flood risk map from EA (Figure 2-5) shows a “medium risk” flooding area – 
meaning a yearly chance of flooding between 1% and 3.3% – within the red boundary of the 
development. From this high scope analysis, it is concluded that the site may fall within Flood 
Zone 3a and therefore this is the main trigger for the investigations carried in the following 
sections. In addition to this, note that the flood maps presented by Environment Agency, show 
undefended flood extents only. 

Figure 2-5 Flood risk map showing medium and high risk within the site. 

  

2.4 Overall flood risk 

The possible sources of surface flood risk which could affect this site are listed in Table 3. 

Table 3 Sources of flooding that could affect the site 

Key Sources of Flooding Possibility at Site 

Fluvial High (Flood zone 3) 

Tidal N/A 

Groundwater Very Low 

Sewers Low as rural agricultural development 

Surface water Very low 

Infrastructure failure 
Falls within flood risk zone from 
reservoirs* 

List sourced from information in Herefordshire Council Strategic Flood Risk Assessment part 3 
* Reservoirs ‘Claerwen’ and ‘Caban Coch’ lie upstream, although no loss of life from reservoir flooding in the UK since 1925. 

 

Table 4 – Summary of Flooding Reports by Source 
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Source: Herefordshire City Council SFRA 

Information on types of flooding likely to impact the development site is detailed in 
Herefordshire Council Flood Risk Management Strategy – Table 4. Surface water flooding is 
likely to be low, as the site is out of any urban areas and currently resides on managed 
agricultural grassland. 

From Table 4 it is concluded that 136 flood occurrences were identified due to fluvial sources. 
However, none of these occurrences was registered within HR3 5. 

The extent of aquifers within Herefordshire is ‘somewhat limited’ therefore groundwater 
flooding is not expected to be a significant issue. This is in line with HCC SFRA, which shows 
only 2 report of flooding due to ground water, out of a grand total of 552. However, note that 
Herefordshire SFRA identified 8 flood occurrences due to insufficient capacity of culverts, 
including in the area of HR3 5. 

As detailed in section 3, flooding risk from fluvial sources is considered as ‘medium’ for 
Sheepcote farm and the proposed development. The site however is classed as ‘less 
vulnerable’ as agricultural developments are proposed. 

2.5 Flood zone assessment 

Fluvial flood risk at the site is mainly from the River Wye, which flows from west to east, to the 
north of the site. Apart from this, a brook located to the south of the site also increases the 
fluvial flood risk (Figure 2-6). Hydraulic modelling outputs provided by Environment Agency 
(Figure 2-6), show that the site, under the ‘defended’ modelling conditions, would still 
experience flooding. 

The production of Environment Agency ‘Product 4’ (Figure 2-6) information on flood risk has 
indicated that the majority of the site falls within the 1.33% Annual Exceedance Probability 
(AEP), without any climate change allowance included in these extents. This means there is 
a 1.33% chance of the 1 in 75 year magnitude flood occurring in any given year. To the West 
side of the site, the ground levels increase meaning that there is a 1 in 100 AEP of flooding at 
this site. This indicates that the flow magnitude expected from the greatest flood event out of 
a 100 year time-series, would likely flood this section of the site. 



 
Page 8 

 

 

Figure 2-6 – Modelled Flood Outlines - Defended scenarios 1.33% to 0.1% AEP 

Source: Environment Agency (Product 4) 

The attached Product 4 letter in Appendix D shows the 1D model node points indicating river 
flows and levels at each node point. The node points considered in the fluvial flooding analysis 
are nodes 52 and 53 (Figure 2-7). The flood levels for node 52 range between 69.09mAOD 
and 69.3mAOD and between 69.02mAOD and 69.06mAOD for node 53. 

Figure 2-7 – Node location map 

Source: Environment Agency 

Since the hydraulic modelling of River Wye was conducted, the Environment Agency 
requirements for climate change allowances have increased from 20% (applied in the 

= Site 

Existing brook to the south 
of the development site 
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modelling) to a 35% increment to the peak flow. To meet these new requirements, the impact 
of a 20% climate change allowance in the river flow was estimated for Table 5. The rate of 
increment for a 20% climate change allowance was shown to be 12% as per Table 6 – see 
column rate of increment. The 35% rate of increment was then obtained via a linear 
extrapolation and shown to be around 20% – see Table 6 column rate of increment *. The 
river flows for a certain return period and taking into account a climate change allowance of 
25% were then obtained by applying a 1.22 coefficient to the respective river flow 

Table 5 - EA modelled fluvial flood flows for nodes 52 and 53. 

 

Source: Environment Agency (Product 4) 

As an example, for node 52 the 1:100 year peak flow of 601.700m3/s increases by 74.488m3/s, 
once a 20% climate change allowance has been added. Assuming there’s a linear relation 
between the climate change allowance and the river flows, a 35% climate change allowance 
would raise the river peak flow by 130.354 m3/s (35/20 * 74.488 m3/s). The same methodology 
was applied to the 1:20 year flood event and, to node label 53 obtaining the data produced in 
Table 10. Once evaluated the maximum flows with 35% climate change allowance, the water 
level for each node it has been extrapolated from the charts shown in Figure 2-8. The charts 
have been created plotting the water level against the river flows provided by Environment 
Agency ‘Product 4’ (Appendix D), and a regression was applied to obtain the power equation 
that best fits the data. 

Figure 2-8 – River flow against depth for nodes 52 and 53. 

 

Table 6 - Extrapolated modelled flows and flood levels for the site 

 

Table 10 shows estimated flood depths at the site during the 1:100 year+35%CC and during 
the 1:20 years+35%CC fluvial flood. The flood depths have been calculated to estimate where 
the border between flood zones FZ2, FZ3a and FZ3b. Results show that the 1:100 

Node
1% 

(1 in 100)

1% 

(1 in 100)

 + 20%CC

Difference 

between 

1%+20CC and 1%

rate of 

increment

1% 

(1 in 100)

 + 35%CC

WL (mAOD) 

1% 

(1 in 100)

 + 35%CC

rate of 

increment*

(1:100+35%CC)

/(1:100)

5% 

(1 in 20)

5% 

(1 in 20) 

+ 35% CC*

WL (mAOD) 

5% 

(1 in 20) 

+ 35% CC

52 601.7 676.188 74.488 1.12 732.054 69.36 1.22 512.093 623.034 69.15

53 601.262 672.755 71.493 1.12 726.375 69.34 1.21 512.086 618.643 69.11

Annual Exceedance Probability - Maximum Flows (m3/s) and Maximum Water Levels (m AOD) defended
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year+35%CC fluvial event on River Wye would reach a water level between 69.36mAOD and 
69.34mAOD at the site and, the 1:20 year+35%CC fluvial event on River Wye would reach a 
water level between 69.15mAOD and 69.11mAOD at the site (Table 10). Assuming that FZ3b 
is bordered by the 1 in 20year +35%CC flood level, this means that the development falls 
within FZ3b as the ground levels vary between 68.25mAOD and 68.75mAOD (Figure 2-9). 

Even though the site was found to be within Flood Zone 3b and according to NPPF no 
agricultural developments should take place in the area, it is believed that this can be 
attenuated by two main points: 

1) The proposed development is an expansion of an existing development, at the date; 

2) No additional people will be put at risk in a future stage of the development, as its 
nature is simply agricultural. Note that the development comprises a livestock cubicle, 
a milking yard, a sileage bay and a slurry basin. 
 

Figure 2-9 – Modelled flood level extents for 1:20 yr+35%fluvial event 

 

2.6 Impact in the floodplain 

Although the development is located within Flood Zone 3, both the livestock cubicle and the 
milking area are considered to have an impact in the floodplain as the local ground levels – 
generally around 68.300mAOD are to be raised to a finish floor level of 69.300mAOD. 
However, note that there will be no loss of floodplain associated with the structure itself, as 
these are considered to be floodable. 

In what concerns the slurry basin, it is proposed that such feature is built as part of an 
embankment, with a top level of roughly 70.9mAOD. As the surrounding soils levels range 
between 68.25mAOD and 68.75mAOD, this will result in a loss of the floodplain storage, 
meaning that level-by-level flood storage compensation will be required.  
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2.7 Soil Characteristics 

The site is located on agricultural land comprising small amounts of previous development. 
Runoff rates and volumes are expected to be close to greenfield runoff rates and volumes. 
The Soilscapes regional soil mapping reproduced in Figure 2-10 shows that the site lies on 
soils characterised as “Freely draining floodplain soils”.  

Figure 2-10 - Soil map at the location of the site (site boundary in red)  

 
Source: Cranfield University Soilscapes map 

2.8 Infiltration rates 

Infiltration tests for the site were obtained from measurements carried out for a previous 
project within Sheepcote farmland in 2015. Three tests were performed which found that the 
pits took 90 minutes to drain from 25% to 75% of the pit effective depth. This resulted in a rate 
of 0.08m/hr. The infiltration results suggest the site exhibits similar characteristics to that of 
the generalised BGS soil characteristics.  
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2.9 Greenfield runoff rates and volumes 

The Flood Estimation Handbook (FEH) Web Service was used to retrieve the descriptors of 
the catchment that contains site. The retrieved catchment boundary is shown in Figure 2-11, 
with the site boundary shown in red. It may be seen that the retrieved catchment is significantly 
larger than the site, including the whole catchment of the tributary draining into the small 
agriculturally modified watercourse. Nevertheless, with the exception of the AREA descriptor, 
the retrieved catchment descriptors are considered likely to be representative of the site. 

A selection of the catchment descriptors for the retrieved catchment are listed in Table 7. The 
percentage runoff (SPRHOST) and base flow index (BFIHOST) values of 0.5960% and 38.13 

respectively are consistent with the freely draining soils at the site. The soakaway tests 
indicated good drainage within the site, which agree with the freely draining soils indicated by 
the BGS Soilscape. 

Figure 2-11: FEH Catchment containing the site (site boundary in red) 

 
Source: © Centre for Ecology & Hydrology  

http://ceh.ac.uk/
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Table 7 - Catchment characteristics for the catchment containing the site 

  
  

Location:  
Land surrounding 
Sheepcote Farm, Clifford 

NGR (catchment outlet):  326000, 246550 

NGR (catchment centroid):  SO 26000 46550 

AREA Catchment area (km2) 0.77 

ALTBAR Base flow index (m) 70 

ASPBAR Base flow index (degrees) 142 

ASPVAR Base flow index 0.41 

BFIHOST Base flow index 0.5960 

DPLBAR Mean drainage path length (km) 0.84 

DPSBAR Mean drainage path slope (m/km) 1.60 

FARL Index of lakes 1 

LDP Longest drainage path (km) 1.70 

PROPWET Proportion of time soil is wet 0.49 

RMED-1H Median 1 hour rainfall (mm) 9.0 

RMED-1D Median 1 day rainfall (mm) 37.4 

RMED-2D Median 2 day rainfall (mm) 51.2 

SAAR6190 SAAR for the period 1961-1990 (mm) 801 

SAAR4170 SAAR for the period 1941-1970 (mm) 898 

SPRHOST Percentage runoff 38.13 

URBEXT2000 Urban extent 2000 0 

Source: © Centre for Ecology & Hydrology 

The site boundary encloses an impermeable area of approximately 3,174m². Referencing a 
subset of the catchment descriptors reproduced in Table 7, greenfield runoff rates and volume 
calculations were undertaken for a range of rainfall events. The results for the peak greenfield 
runoff rates, and the corresponding runoff volumes, are shown in Table 8. 
 
Table 8 Existing peak greenfield runoff rates and volumes for the site. 

Return period 
(years) 

Runoff rate 
(l/s) 

Runoff rate 
(l/s/ha) 

Runoff volume 
(m³) 

2 1.39 1.75 11.1 

30 3.71 4.69 30.6 

100 5.29 6.69 44.1 

 

http://ceh.ac.uk/
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3. Proposed Development 

As mentioned previously, the proposed development comprises four new structures – a silage 
bay (this has been in place for over four years), a slurry lagoon, a livestock cubicle and a 
milking parlour building plus some concrete yard areas around the proposed buildings – 
Figure 3-1. 

Figure 3-1 - Proposed development layout  

 
Source: Berrys Surveyors (Development not to scale) 

The total impermeable surface generating surface water runoff to be managed within the 
SWMP will be 3,174m² – Table 9. This value includes both runoff from the livestock cubicle 
and milking parlour building roofs. Neither the slurry lagoon nor the silage bay will be included 
in the SWMP as it contains dirty water flows and therefore cannot be mixed with clean runoff. 
Also, note that any inlet features to collect the surface water runoff from the silage bay would 
also take fluvial waters into the surface water network and thus reduce the capacity of any 
storage structure to attenuate surface water runoff. Instead, the surface water runoff from the 
silage bay and concrete areas will be pumped into the slurry lagoon. In terms of the areas 
surrounding the milking area and the livestock cubicle, these will be gravel and therefore allow 
water runoff to soak through. 

Table 9 – Impermeable surface areas to be manged by the surface water network. 

Unit description Area (m2) 

Milking parlour roof 1,760 

Livestock cubicle roof 1,414 

Total 3,174 

 
The development is situated on a field shown as agricultural land and mainly within Flood 
Zone 3. Therefore, a detailed flood risk assessment and quantification of flood water volumes 
displaced must be carried out before any construction. 
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4. Surface Water Drainage Strategy 

4.1 Brief Considerations 

The proposed development would increase the impermeable surface area at the site, which 
in turn would lead to an increase in runoff rates with the potential to increase the risk of flooding 
away from the site.  

This section outlines a surface water management plan, designed to ensure that the proposed 
development would not lead to an increase in flood risk elsewhere. The proposed agricultural 
development would include a total of 3,174m² of impermeable surface area generating surface 
water runoff.  

Regional soil mapping shows soils at the site to be “freely draining” (Figure 2-10). As 
discussed in Section 2.8, infiltration testing was undertaken previously at the site to the 
BRE365 standard which produced an infiltration rate of 0.080m/hr. Taking into consideration 
the close proximity of the new development at Sheepcote farm to a BRE365 infiltration test 
location previously conducted, the infiltration rates from a previous development have been 
adopted.  

Although the top priority according to the NPPF is to infiltrate rainfall runoff into the soil, such 
philosophy was not adopted in the current design in order to prevent fluvial waters from filling 
the tank in a flood event.  

Therefore, the design philosophy was to attenuate the surface water runoff flows by means 
of a buried geo-cellular tank and discharge the outflows into a local brook at a greenfield 
runoff rate. In order to prevent high water table levels from filling the tank in fluvial flood 
events, the geo-cellular tank would have to be lined with an impermeable membrane.  

4.2 Climate Change Allowances 

The Environment Agency and NPPF require a consideration of the impacts of climate change 
on the flood risk for any proposed development. In February 2016, the Environment Agency 
updated the climate change allowances required in Flood Risk Assessments (Environment 
Agency, 2016); this advice updates previous climate change allowances to support the NPPF 
(DCLG, 2012). The Environment Agency (2016) states,  

“Making an allowance for climate change in your flood risk assessment will help to minimise 
vulnerability and provide resilience to flooding and coastal change in the future. The climate 
change allowances are predictions of anticipated change for: 

• Peak river flow by river basin district  

• Peak rainfall intensity 

• Sea level rise  

• Offshore wind speed and extreme wave height.”  

As potential risks from flooding through sea level rise and extreme wave height do not impact 
this site, only allowances for peak river flows and peak rainfall intensities will be considered. 
For rainfall, Table 10 shows anticipated increases in peak rainfall intensity at central and upper 
end allowances. The Environment Agency recommends assessment of both central and upper 
end allowances for flood risk assessments and therefore a climate change allowance of 40% 
was adopted within the design.  
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Table 10: Allowance categories for total anticipated change for rainfall 

Allowance category 
Total potential change anticipated 

2015 to 2039 2040 to 2069 2070 to 2115 

Upper end 10% 20% 40% 

Central 5% 10% 20% 
Source: Environment Agency 2016 

As the Environment Agency classifies the development as ‘less vulnerable’, allowances for 
climate change should consider central and higher allowances. The River Wye basin falls 
under the Severn basin district, which means that there is a 50% chance that river flows 
increase by more than 35% by 2115. Table 11 indicates the allowances which should be given 
to peak river flows in the Severn basin.  

Table 11 – Peak Flows Allowance to climate change in the Severn basin 

Allowance category 
Total potential change anticipated 

2015 to 2039 2040 to 2069 2070 to 2115 

Upper end 25% 40% 70% 

Higher central 15% 25% 35% 

Central 10% 20% 25% 
Source: Environment Agency 2016 

4.3 Pre-development greenfield runoff rates 

The estimation of peak rates of pre-development runoff (i.e. Greenfield runoff) has previously 
used the IH 124[1] (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, associated with the 
site (SO 26046 46734) and generated by the FEH web service. In order to achieve the “plot-
scale” adjustments required to generate an accurate greenfield runoff rate for the site, the 
AREA descriptor for the catchment was changed from approximately 0.77km² to 0.5 km², in 
order to calibrate several routing and base flow parameters. The AREA descriptor was then 
changed to 0.007918km², the total proposed impermeable surface area at the site. these 
adjustments enabled the generation of greenfield runoff hydrographs in l/s and the volumes in 
m³ fort the site. 

The peak greenfield runoff rates for the proposed impermeable surface area at the site are 
shown in  Table 8, at the 1:2, 1:30 and 1:100 year rainfall events, determined using ReFH2. 

                                                
[1] IH124: Institute of Hydrology Report No. 124 Flood Estimation for Small Catchments, June 1994 
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4.4 Outline of the surface water management plan 

As summarised before, the proposed impermeable surface area from roofs at the site is 
3,174m². Runoff from this area is to be managed with a buried attenuation tank located to the 
east of the proposed site. Note that the drainage system in place should direct surface water 
runoff directly from gutters along the edges of the roofs into the geo-cellular tank, without 
allowing any fluvial waters to get into the system in the event of a fluvial flood.  

Furthermore, any surface water runoff from rain falling on top of the silage bay and concrete 
areas will be pumped into the slurry lagoon to avoid any ground level inlets from conveying 
fluvial waters into the attenuation tank, in the event of fluvial flooding. 

Analysis was undertaken in order to size the attenuation tank required to restrict outflow rates 
to no greater than greenfield runoff rates.  

The dimensions of the attenuation structure were analysed using the Source Control module, 
which integrates the industry leading Micro Drainage software. The following conservative 
assumptions and design parameters were adopted within the Source Control module. 

• Rainfall intensity was obtained using the FEH methodology and increased by 40%, the 
upper end allowance for climate change over the 60 year design life of the proposed 
agricultural development – as described in section 4.2 of the report; 

• The proposed impermeable surface area from roofs – milking yard and livestock cubicle 
– is 3,174m².  

• 100% of the runoff from the proposed impermeable surfaces is directed to the 
underground geo-cellular storage; 

• A 95% void ratio was modelled, corresponding to a geo-cellular storage; 

• Outflows are controlled by set of two hydro-brakes. The lower hydro-brake is supposed 
to work for lower return periods – typically up to the 1 in 30 year RP – and the hydro-
brake set at a higher level is set to work for rainfall events above the 1 in 30 year RP; 

• The geo-cellular attenuation structure was modelled as an zero-infiltration feature, in 
order to replicate the presence of an impermeable liner around the bottom and sides of 
the tank. This is to prevent fluvial water from filling the tank in case of a fluvial flood 
event; 

• The controlled outflow from the attenuation geo-cellular tank would be discharged south 
into an existing stream. 

Using an iterative approach to vary the attenuation geo-cellular tank area and outflow control 
structures, a range of attenuation designs was assessed. The software was used to analyse 
the response of the design to the 1 in 2, 30 and 100 year plus 40% climate change rainfall 
events. The design imperatives were that outflow rates should ideally be less than greenfield 
runoff rates scaled to the impermeable surface area, and as low as possible within the 
constraints of the site. Also, the outflow rates would have to be such that the hydro-brake 
outlet diameter is large enough not to put the design at risk of blockage. It was found that an 
attenuation geo-cellular tank with the specification summarised in Table 12, combined with a 
hydro-brake flow control with the specification summarised in Table 13 is able to cope with the 
surface water runoff from the site. The outflow and overflow control specifications are 
reproduced in Appendix C. 
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Table 12 – Attenuation tank specification 

Structure Stormblock Optimum 

Base Area 480 m2 (10m x 48m) 

No. blocks 750 

Depth 660mm 

Table 13 – Hydro-Brake Outflow controls specification 

Overall Control Complex 

Control No1 Hydro-Brake Optimum 

Design head 200mm 

Design flow 1.3l/s 

Invert Level * 0.000mm above the bottom of the tank 

Control No2 Hydro-Brake Optimum 

Design head 300mm 

Design flow 3.2l/s 

Invert Level * 300mm above the bottom  

* Above the bottom of the tank 

The performance of the attenuation design and the full set of results produced by the Micro 
Drainage Source Control are shown in Appendix C. Furthermore, the comparison between the 
greenfield runoff rates and the outflows from the tank for the different return periods is show 
in Table 14. 

Table 14 – Comparison between outflow runoff rates from the geo-cellular tank and the 
greenfield runoff rates. 

Return period 
(years) 

Greenfield runoff 
rate (l/s) 

Post-development 
runoff rate discharging 

into the brook (l/s) 

2 1.4 1.3 

30 3.7 3.5 

100 5.3 5.1 

 

The maximum water depth in the tank resulting from the 1 in 100 year plus 40% climate change 
design storm is 451mm, ensuring a safety freeboard of 209mm for the residual risks. 

Other combinations of basin dimensions and outflow controls are of course possible, but this 
analysis illustrates one way in which the necessary attenuation can be achieved. A different 
shape is of course possible, provided the area and volume of the tank remain unchanged. 
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Figure 4-1 – Layout of the proposed Surface Water Management Plan 

 

4.5 Surface water drainage of silage bay and slurry lagoon 

Due to the nature of operations in both the slurry lagoon and the silage bay, these features 
will not be covered with a roof. Therefore, the rainfall within the footprint of the lagoon will be 
mixed with slurry, which will in turn have to be disposed off-site. 

In what concerns the silage bay, any inlet feature to take surface water runoff from the silage 
bay into the surface water network, would allow fluvial waters to also fill the attenuation tank. 
Therefore, this would reduce the attenuation tank capacity to store surface water runoff in the 
event of fluvial flooding. This being said, the surface water runoff generated by the silage bay 
will be pumped into the slurry lagoon as per The surface water runoff from the silage bay will 
then be mixed with any operation dirty water flows from both the milking parlour and the 
livestock cubicle buildings. According to Appendix E, it is estimated that a 33.0m x 65.5m 
slurry lagoon will suffice to store flows from 1) any livestock operations, 2) surface water runoff 
from rainfall from the silage bay, 3) any water from washing activities and 4) surface water 
from the concrete surfaces. 

Figure 4-2. 

The surface water runoff from the silage bay will then be mixed with any operation dirty water 
flows from both the milking parlour and the livestock cubicle buildings. According to Appendix 
E, it is estimated that a 33.0m x 65.5m slurry lagoon will suffice to store flows from 1) any 
livestock operations, 2) surface water runoff from rainfall from the silage bay, 3) any water 
from washing activities and 4) surface water from the concrete surfaces. 
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Figure 4-2 – Dirty water drainage from milking parlour, livestock cubicle and surface water 
drainage from silage bay and concrete surfaces. 
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4.6 Residual Risks 

Residual risks for the scheme include the occurrence of rainstorms in excess of the 1 in 100 
year plus 40% climate change design storm, and a blockage of the attenuation system. 
Blockages of the drainage system should be avoidable if appropriate maintenance procedures 
are followed. 

The 1 in 100 year plus 40% climate change design storm would result in a maximum water 
level of 451mm in the attenuation structure(s). If an exceedance rainfall event occurred the 
capacity of the attenuation structures could be exceeded leading to surface water flooding. 
However, the design of the tank was tested for the 1 in 500 years plus 40% climate change 
storm, and the water level was shown to reach a maximum level of 550mm – see Appendix 
C. 

Figure 4-3 provides guidance on the type of operational and maintenance requirements that 
may be appropriate. The list of actions is not exhaustive, and some actions may not always 
be required. The responsibility for maintaining any surface water features would be with the 
property owners and occupiers. 

Figure 4-3 – Operation and Maintenance 

 
Source: CIRIA SuDS Manual 2015 
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5. Conclusions  

This Surface Water Management Plan determined that:  

• The site is shown to be in Flood Zone 3b, at risk of flooding less than 1 in 20 annual 
probability, within River Wye floodplain. However, it is believed that the development 
benefits from the fact that 1) it is an extension of the existing development and 2) no 
additional people will be put at risk as the development only includes agricultural 
buildings; 

• The River Wye Product 4 shows the site to be affected by the 1 in 20 year + 35% 
climate change fluvial flood event. Within this report, the original modelled flood levels 
have been extrapolated to determine the flood levels associated with the 35% climate 
change allowances, as required by Environment Agency guidelines; 

• The site’s elevation varies between approximately 68.5mAOD and 67.5mAOD, slightly 
below the 69.15mAOD contour line bordering flood zone 3b; 

• The proposed surface water network will drain a total of 3,174m² – from the roof of 
milking parlour and livestock cubicle buildings. The remaining areas around the milking 
yard and livestock cubicle will be gravel and therefore allow water runoff to be soaked 
into the ground; 

• In order to not increase flood risk elsewhere in the catchment, a geo-cellular tank, with 
suitable outflow controls, was designed to attenuate the post-development runoff rates 
from the 3,174m² impermeable areas – livestock cubicle and milking parlour roofs; 

• The underground attenuation tank, with a basal area of 480m², with outflows being 
controlled by a set of two hydro-brake flow controls. The proposed location for the 
attenuation tank is the east of the proposed development. The controlled outflows from 
the attenuation tank would be discharged into the existing stream to the south of the 
site at a rate no greater than the greenfield runoff rates. The water level in the basin 
would reach a maximum depth of 451mm in the 1:100 year rainstorm with allowance 
for climate change; 

• The responsibility for maintaining any surface water and dirty water features will be 
with the property owners and occupiers; 

• Dirty water from washing down the milking parlour and cubicle buildings, rainwater 
from the concrete surfaces around the buildings and rainwater from the silage bay will 
be pumped into the slurry lagoon; 

• According to CSCX design, the slurry lagoon has capacity to store 4 months’ worth of 
slurry from up to 350 cows, wash down water from the milking parlour and cubicle 
buildings and surface water from the silage bay and concrete surfaces. 

• The slurry lagoon crest level is set above the 1:100 year +35%CC fluvial flood level. 
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Appendix A Check List for NPPF Guidance on Flood Risk1 

1 Development description and location 

1a. What type of development is proposed and where will it be located? 

• A location plan at an appropriate scale should be provided with the FRA, or cross referenced to the 
main application when it is submitted. 

Section 2.1 

1b. What is its vulnerability classification? 

• Vulnerability classifications are provided in Table 2, NPPF Technical Guide 
Section 2.2 

1c. Is the proposed development consistent with the Local Development Documents? 

Section 2.4 

1d. Please provide evidence that the Sequential Test or Exception Test has been applied 
in the selection of this site for this development type? 

• Evidence is required that the Sequential Test has been used in allocating the proposed land use 
proposed for the site and that reference has been made to the relevant Strategic Flood Risk 
Assessment (SFRA) in selecting development type and design (See paragraphs 100-104, NPPF and 
paragraphs 3-5, NPPF Technical Guide). Your Local Planning Authority planning officer should be able 
to provide site-specific guidance on this issue. 

• Where use of the Exception Test is required, evidence should be provided that both elements of this 
test have been passed (see paragraphs 102, NPPF and paragraphs 4-5, NPPF Technical Guide). Your 
Local Planning Authority planning officer should be able to provide site-specific guidance on this issue. 

Section 2.4 

1e. [Particularly relevant to minor developments (alterations & extensions) & changes of 
use] Will your proposal increase overall the number of occupants and/or users of the 
building/land; or the nature or times of occupation or use, such that it may affect the degree 
of flood risk to these people? 

 

2. Definition of the flood hazard 

2a. What sources of flooding could affect the site? (see paragraph 2, NPPF Technical 
Guide). 

• This may include hazards such as the sea, reservoirs or canals, which are remote from the site itself, 
but which have the potential to affect flood risk (see Section 1 of the NPPF Practice Guide). 

Section 2.4 

2b. For each identified source, describe how flooding would occur, with reference to any 
historic records wherever these are available. 

• An appraisal of each identified source, the mechanisms that could lead to a flood occurring and the 
pathways that flood water would take to, and across, the site. 

• Inundation plans, and textural commentary, for historic flood events showing any information available 
on the mechanisms responsible for flooding, the depth to which the site was inundated, the velocity of 
the flood water, the routes taken by the flood water and the rate at which flooding occurred. 

Section 2.5 

2c. What are the existing surface water drainage arrangements for the site?  

• Details of any existing surface water management measures already in place, such as sewers and 
drains and their capacity. 

3. Probability 

3a Which flood zone is the site within? 

• The flood zones are defined in Table 2, NPPF Technical Guide.  
Sections 2.5 

3b If there is a Strategic Flood Risk Assessment covering this site, what does it show? 

• The planning authority can advise on the existence and status of the SFRA. 

                                                
1http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/site-
specific-flood-risk-assessment-checklist/   

http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/site-specific-flood-risk-assessment-checklist/
http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/site-specific-flood-risk-assessment-checklist/
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Section 2.5 

3c What is the probability of the site flooding taking account of the contents of the SFRA 
and of any further site-specific assessment? 
This may need to include 

• a description of how any existing flood risk management measures affect the probability of a flood 
occurring at the site FRA Pro-forma  

• supporting evidence and calculations for the derivation of flood levels for events with a range of annual 
probability  

• inundation plans of, and cross sections through, the existing site showing flood extents and levels 
associated with events with a range of annual probability 

• a plan and description of any structures which may influence the probability of a flood occurring at 
the site. This may include bridges, pipes/ducts crossing a watercourse, culverts, screens, 
embankments or walls, overgrown or collapsing channels and their likelihood to choke with debris. 

• details of any modelling studies completed to define the exiting degree of flood risk  
Section 2.5 

3d What are the existing rates and volumes of run-off generated by the site? 

• This should generally be accompanied by calculations of run-off rates and volumes from the existing 
site for a range of annual probability events (see Section 21 of the NPPF Practice Guide). 

Section 2.9 

4. Climate change 

How is flood risk at the site likely to be affected by climate change? 

• Paragraphs 11-15, of the NPPF Technical Guide provide guidance on how to assess the impacts of 
climate change. 

Section 4.2 

5. Detailed development proposals 

Where appropriate, are you able to demonstrate how land uses most sensitive to flood 
damage have been placed in areas within the site that are at least risk of flooding, including 
providing details of the development layout? 

• Reference should be made to vulnerability classification, Table 2 of the NPPF Technical Guide. 

• Section 4 of the NPPF Practice Guide provide guidance on how the sequential approach can be used 
to inform the lay-out of new development sites. 

Section 3 

6. Flood risk management measures 

How will the site be protected from flooding, including the potential impacts of climate 
change, over the development’s lifetime? 

• This should show that the flood risk management hierarchy has been followed and that flood defences 
are a necessary solution. This should include details of any proposed flood defences, access/egress 
arrangements, site drainage systems (including what consideration has been given to the use of 
sustainable drainage systems) and how these will be accessed, inspected, operated and maintained 
over the lifetime of the development. This may need to include details of any modelling work undertaken 
in order to derive design flood levels for the development, taking into account the presence of any new 
infrastructure proposed. 

Section 4.4 

7. Off site impacts 

7a How will you ensure that your proposed development and the measures to protect your 
site from flooding will not increase flood risk elsewhere? 
This should be over the lifetime of the development taking climate change into account. The assessment may 
need to include: 

• Details of the design basis for any mitigation measures (for example trash screens, compensatory 
flood storage works and measures to improve flood conveyance). A description of how the design 
quality of these measures will be assured and of how the access, operation, inspection and 
maintenance issues will be managed over the lifetime of the development. 

• Evidence that the mitigation measures will work, generally in the form of a hydrological and hydraulic 
modelling report. 

• An assessment of the potential impact of the development on the river, estuary or sea environment 
and fluvial/coastal geomorphology. A description of how any impacts will be mitigated and of the likely 
longer-term sustainability of the proposals. 

Section 4.4 
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7b How will you prevent run-off from the completed development causing an impact 
elsewhere? 

• Evidence should be provided that drainage of the site will not result in an increase in the peak rate or 
in the volumes of run-off generated by the site prior to the development proceeding. 

Section 4.4 

8. Residual risks 

8a What flood-related risks will remain after you have implemented the measures to protect 
the site from flooding? 

• Guidance on residual risks is provided in Section 14 of the NPPF Practice Guide. 
Section 4.6 

8b How, and by whom, will these risks be managed over the lifetime of the development?  

• Reference should be made to flood warning and evacuation procedures, where appropriate, and to 
likely above ground flow routes should sewers or other conveyance systems become blocked or 
overloaded. This may need to include a description of the potential economic, social and environmental 
consequences of a flood event occurring which exceeds the design standard of the flood risk 
management infrastructure proposed and of how the design has sought to minimize these – including 
an appraisal of health and safety issues. 

Section 4.6 
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Appendix B - Infiltration Testing Results from Sheepcote Farm 

Infiltration testing was undertaken on the site by Michael Pugh in September 2015. Infiltration 
testing is required to be completed to the BRE365 standard, in which trial pits are excavated, 
filled with water and the time taken for the pit to drain from 75% to 25% full is measured. This 
is required to be repeated 3 times in each pit. 1 trial pit was excavated to a depth of 3 m on 
site and infiltration testing was repeated 3 times (Figure B-1). Table B-1 shows the raw 
infiltration data from the 3 tests and the calculated infiltration rates for the site are shown in 
Table B-2. The infiltration rate at Sheepcote Farm was found to be 0.08 m/h which suggests 
that similar rates will occur at the new development, approximately 200m away. Managing 
surface water runoff via infiltration methods is therefore considered a viable option.  

Figure A-1 Infiltration Testing at Sheepcote Farm  

 

Table A-1 Results from Infiltration Tests 1 to 3 

Trial Pit Dimensions 

Width  0.3 m 

Length  2.5 m 

Height 3.0 m 

 

Test 1 Test 2 Test 3 

Start Time 7:00 am Start Time 9:00 am Start Time 1:00 pm 

Pit Empty 10:00 am Pit Empty 12:00am Pit Empty 4:00 pm 

Time from 

25% to 75% 

Empty (mins) 

90 

Time from 

25% to 75% 

Empty 

90 

Time from 

25% to 75% 

Empty 

90 

Table A-2 Infiltration Rate Results for Trial Tests 1 to 3 

Infiltration Test Infiltration Rate (m/s) Infiltration Rate (m/h) 

1 2.28E-05 0.08 

2 2.28E-05 0.08 

3 2.28E-05 0.08 
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Appendix C – Micro-drainage Outputs  

Surface water outputs  

1 in 2 years storm plus 40% climate change 
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Surface water outputs  

1 in 30 years storm plus 40% climate change 
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Surface water outputs  

1 in 100 years storm plus 40% climate change 
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Surface water outputs  

1 in 100 years storm plus 40% climate change 
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Appendix D – Environment Agency Product 4 
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Appendix E – Slurry lagoon storage calculations 
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