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Summary
This document is a Flood Risk Assessment and Surface Water Management Plan for a
proposed agricultural development, located in a rural part of Gloucestershire. Flood risk at
the site is very low and this assessment includes plans for the management of surface water.
In the text below, reference to documentation is provided by hyperlinks, which are shown as
footnotes for clarity. The main findings of this assessment are as follows:
1. Two new poultry units (sheds) and associated infrastructure have been proposed on
land in a rural part of Gloucestershire, between the villages of Mitcheldean and
Longhope, some 18 km west of Gloucester.
2. On the basis of experience, the design life of poultry sheds is assessed to be in the
order of 30 to 50 years.
3. The site is currently part of a field. Since the land is already in agricultural use, there
would be no change in vulnerability. Land and buildings used for agriculture are
guidelines.
4. LiDAR mapping shows that the site is located on land which slope down to the south,
towards two existing poultry sheds. It has been proposed that all four sheds be used
for the rearing of broiler chickens.
5. The site is in the catchment of a small, southward flowing stream. A short distance to
the north, the surface flattens to form the watershed with a small, northward flowing
stream. Both streams flow via Longhope Brook to the Severn Estuary.
6. The small watershed, about 100 m to the north of the site is marked by several small
ponds, part of Chessgrove Shooting School. There is no direct risk to the site but it is
recommended that a diversion ditch is used to mitigate any residual risks.
7. The Flood Map for Planning shows the site to be in Flood Zone 1, beyond the limits of
1:1,000-year fluvial flooding. The map of surface water flood extent shows the site to
be at
low risk of surface water flooding.
8. There is no other known source of flood risk at the site and providing adequate
provision is made to mitigate risk from the ponds, then flood risk to the site from all
sources is considered to be very low.
9. Regional soil mapping shows the surface to have a loamy and clayey texture, with
shows the bedrock to be predominantly
fine-grained sediments of Devonian age.
10. It is very unlikely that surface water runoff from impermeable surfaces could be
managed using infiltration alone, infiltration testing at the adjacent site confirmed that
runoff attenuation will be required.
11. Environment Agency guidance on climate change suggests that peak rainfall could
increase by 25% to 4
They advise
that both the central and upper end climate change allowances are considered.
12. In practice, drainage is designed around a 25% increment on peak rainfall but a
rainfall increment of up to 40% would not overtop the attenuation pond.
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13. The attenuation system receives rainfall directly, which also needs to be managed.
The area covered by the pond and inflow drains has therefore been included within
the area used as part of the catchment in the calculations.
14. Dirty water from the sheds would be managed using a SSAFO certified dirty water
containment system, which would be subject to Environment Agency permitting.
15.

have been calculated using ReFH2, based on
FEH catchment descriptors covering the site and sized to the proposed impermeable
catchment area, calculated as 1.30 ha.

16. It is recommended that roof runoff from the sheds drains to filter drains, which convey
runoff via a large-bore carrier pipe to the attenuation pond. Impermeable membranes
are recommended at the base and sides of the filter drains but not at the top.
17. The internal diameters of the perforated plastic pipes within the filter drains and the
carrier drain have been calculated using the Colebrook White methodology.
18. MicroDrainage has been used to model an attenuation system based on a pond basal
area of 1,800 m2. It would outflow at or below Greenfield rates, during rainstorms up
to the 1:100-year return period, with allowance for climate change.
19. It is recommended that outflow orifices should each be set within a perforated riser, to
minimise any risk of blockage. Attenuated outflow should be conveyed via an existing
ditch, to Longhope Brook.
20. A maintenance regime based on a SuDS Manual template has been recommended
to maintain the system. It should include supplier-specific maintenance requirements
and any ancillary elements should be added.
21. A 2 m wide emergency overflow weir has been recommended, 0.55 m above pond
invert. Provision should also be made for a slipway covered by a resilient material, to
resist erosion during spilling.
22. In summary, flood risk at the site is very low and a less vulnerable agricultural use is
appropriate. Runoff can be kept below Greenfield rates using the attenuation system
recommended in this report. If the recommendations within this report are adopted,
then the proposed new sheds and associated infrastructure would comply with the
flood risk provisions of the NPPF.
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1.
A commercial / agricultural development has been proposed at Chessgrove Farm, on land
between Ross-on-Wye and Gloucester (Figure 1), within the area covered by Forest of Dean
District Council. It is proposed that two turkey rearing units (sheds) are converted to rear
broiler chickens from day old chicks to finished table weight and that two additional chicken
sheds are constructed for the same purpose. The site (Figure 2) is on land already used for
agriculture (Figure 3). The location of the site is shown in Table 1. Land and buildings used
1
for agriculture ar
, so there would be no
change in vulnerability at the site.
Figure 1 Location of Chessgrove Farm, within the Forest of Dean, Gloucestershire

Chessgrove Farm

River Severn

River Wye

Source: https://www.walklakes.co.uk/maps2/
Table 1 Approximate location of the proposed new sheds

OS X (Eastings)
OS Y (Northings)
Nearest Post Code
Lat (WGS84)
Long (WGS84)
Nat Grid Ref

1

367600
219200
GL17 0QJ
51.870177
-2.471203W
SO 67600 19200

https://www.gov.uk/guidance/flood-risk-and-coastal-change#Table-2-Flood-Risk-Vulnerability-Classification
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Figure 2 Location of Chessgrove Farm, in relation to surrounding features, contours from LiDAR DTM data

Proposed sheds,
approx. locations
Existing sheds,
approx. locations

Irrigation pond, not
part of this scheme
Chessgrove
Farmyard

Source: https://explore.osmaps.com/?lat=51.870177&lon=2.471203&zoom=16.1912&overlays=&style=Standard&type=2d&placesCategory=

Figure 3 Air photo of the site and surrounding area

Proposed sheds,
approx. locations

Source: Bing Maps2
2

https://www.bing.com/maps/aerial
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2.
The layout of the site is shown in Figure 4. The proposed development includes two new
poultry sheds. A concrete apron would be built at the north eastern margin of the sheds, to
link up with the existing two sheds (Figure 4). The new sheds would require two new feed
bins and four heat exchangers, which would be placed between sheds at the site. Added
together, these would cover an impermeable area of about 5,280 m2. This is added to the
impermeable area calculated by Hydro-Logic Services (HLS) for the existing sheds3, to give
a total area of 10,640 m2. Rain also falls over the attenuation pond, which is therefore added
to give a total catchment area of 12,400 m2, as listed in Table 2. Based on experience, the
buildings are regarded as having a design life in the order of 30 to 50 years4.
Figure 4 Block Plan of the proposed development, showing the location and areas of proposed sheds

Underground
dirty water tank
Combined
apron area,
for use of all
four sheds

Soil bund

Two
proposed
new poultry
sheds

Existing
access track

Two existing
poultry sheds

Attenuation pond,
existing location

Table 2 Proposed impermeable areas and catchment

Impermeable Surfaces
Sheds
Ancilary areas
Apron
Existing area
Total Impermeable
Attenuation Pond
Total Catchment

3
4

Length (m)
91.44

Width (m)
21.34

Area (m2)
1,950.77
132.00
1,246.00
5,360.00

Number
2
1
1
1

1,800.00
1,800.00

1

Total Area m2
3,902
132
1,246
5,360
10,640
1,800
12,440

https://publicaccess.fdean.gov.uk/online-applications/applicationDetails.do?keyVal=PBEFTNHIJIV00&activeTab=summary
https://www.chickenfarmequipments.com/supply/design-and-building-design-modern-chicken-farm.html
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3.
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 and surface
water management calculations. This advice updates previous climate change allowances to
support the NPPF (DCLG, 2012). The Environment Agency (2016) state:
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;
On 27 May 2022, the Environment Agency clarified peak rainfall intensity allowances:
surface water flood mapping in small catchments (less than 5 square kilometres), using the
peak rainfall allowances map5. This web page allows a postcode to be typed in, producing
the result shown in Figure 5 for the Severn Vale Management Catchment.
Figure 5 Climate change allowances to be used for rainfall intensity at GL17 0QJ

At this location, the anticipated changes in small catchments recommends an increase,
reaching 25
4
. These allowances are
considered to be appropriate for this development, with a design life of 30 to 50 years. Using
Environment Agency advice to assess both the central and upper end allowances, surface
water management has been designed using the central allowance. It has been checked, to
confirm whether the rate of runoff would rise significantly above Greenfield rates, when the
upper end allowance is applied.

5

https://environment.data.gov.uk/hydrology/climate-change-allowances/rainfall
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4.
LiDAR digital elevation data is available for this site and is used within this report. A regional
view of the topography is provided by satellite data, which is plotted in Figure 6. This uses
the MERIT methodology6, to correct errors in the data over large areas. The site of proposed
development is located at intermediate levels, coloured green on the map and indicated by
the key to be between about 140 mAOD and 150 mAOD. This is well above the valley of
Longhope Brook, to the east of the site and coloured blue on the map.
Figure 6 Regional topography plotted from satellite data
Chessgrove Farm

Longhope
suburbs
Proposed
sheds
Existing
sheds

Source: https://en-gb.topographic-map.com/maps/b9/England/

6

MERIT Hydro: A High-Resolution Global Hydrography Map Based on Latest Topography Dataset, Water
Resources Research, Volume 55, Issue 6, https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2019WR024873
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Contour mapping in Figure 2 shows that the site is located in the headwaters of a southward
flowing stream, whose watershed is marked by artificial ponds, about 100 m to the north.
These are discussed further in the next Section but leaving further consideration of the ponds
to one side, the runoff from the very small catchment above the site is unlikely to be sufficient
to pose a significant flood risk. The watercourse draining the valley is too small to be shown
on Ordnance Survey mapping, although it has been sufficient to maintain the irrigation pond
shown in Figure 2 and has already been adapted to convey attenuated runoff from the
existing sheds.
Figure 7 Map showing the drainage around the site and its subsequent route to the Severn Estuary
Chessgrove Farm
(approx. location)

Longhope
Brook

Severn
Estuary

Source: https://www.wwf.org.uk/uk-rivers-map
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5.
There is no record of flooding at the site. The Flood Map for Planning shows flood risk along
a north to south flowing tributary and another from Mitcheldean in the west, which join to form
the stream shown as Longhope Brook, on OS mapping. Both streams are far removed from
the site and the Flood map for Planning (Figure 8) shows the site to be located within Flood
Zone 1, beyond the limits of 1:1,000-year flooding from rivers and the sea.
Figure 8 Flood map for Planning shows fluvial flood risk in the region around the site

Longhope Brook

Source: https://flood-map-for-planning.service.gov.uk/confirmlocation?easting=618150&northing=227918&placeOrPostcode=CO11%202SF

It can be seen on Figure 9 that the site is designated as being located in an area at very low
defined as follows:
Very low risk means that each year this area has a chance of flooding of less than
0.1%. Flooding from surface water is difficult to predict as rainfall location and volume
are difficult to forecast. In addition, local features can greatly affect the chance and
severity of flooding 7.
One such local feature is the presence of waterbodies, immediately north of the site and
shown in Figure 9. More detailed mapping in Figure 2 shows three such ponds are located
at a watershed location, topographically higher than the site. These are part of Chessgrove
Shooting School8 and are all maintained by this company and are relatively shallow. Failure
of the infrastructure associated with the ponds could however pose a flood risk to the site,
which is considered further below.

7
8

https://check-long-term-flood-risk.service.gov.uk/map?easting=367998.15&northing=219246.13&map=SurfaceWater
https://chessgroveshooting.co.uk/
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Figure 9 Surface water flood extent map
Waterbodies
north of the site

Proposed sheds,
approx. location

Source: https://flood-warning-information.service.gov.uk/long-term-flood-risk/map

The artificial ponds that on higher land to the north are maintained by pumping water up the
hill. Flooding could therefore occur through failure of infrastructure associated with the
pump. It could, for instance fail to cut off after one or more of the ponds has been filled and
flooding could then follow subsequent overtopping. Overtopping could also possibly follow
heavy rain and breach of the pond margin could result from the work of burrowing animals.
None of them appear very likely but a range of possible events could occur.
Although the volume of water is likely to be relatively small, some provision should be made
to manage it, following any one of the scenarios described above. It was recommended by
Hydro-Logic Services (HLS, 2018) that such a failure of infrastructure could be mitigated by
the provision of an interception and diversion ditch
southern two sheds. They recommended the ditch be set obliquely to the direct route down
the valley, which they showed using LiDAR mapping.
In order to locate such a ditch, a transect line was drawn along a field boundary, over the
LiDAR map shown in Figure 10. LiDAR DTM data was sampled along the transect and up to
10 m either side of it. Distance has been plotted against LiDAR height in Figure 11. Small
features such as a ditch cannot easily be sampled using LiDAR, because of the risk that they
could be missed. The LiDAR data used in Figure 11 has a 2 m spacing, so any ground
feature less than 2 m wide could fall between adjacent points.
These points shown in Figure 10 represent the ditch along the hedgerow between fields, to
the east of the sheds. This hedgerow and ditch do not follow the apex of the valley but are
located along the valley side to the east of it, indicating that the ditch was man-made. Two
clusters of points are evident, extending almost the entire length of the ditch and labelled on
Figure 11 as levels along the right bank and along the higher, left bank. Below both clusters
and less continuous, a group of points have been assigned on Figure 11 to represent levels
within the channel. Clearly different from the data at the start and end of the transect, this
evidence seems to indicate that there is a ditch along this route. It may have been deepened
since the LiDAR was collected, forming the recommended diversion route.
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Figure 10 Topography of the area around the sheds, 0.5 m contour interval, showing the course of the diversion ditch

Start of transect line
along diversion ditch

Transect line,
along the valley

End of transect line

Figure 11 LidarScan 10 m graph, showing the long profile along the section line shown in Figure 10
Levels along the
left (east) bank

Levels from
within the
channel

Levels along the
right (west) bank

There is no other known source of flood risk at the site and providing adequate provision is
made to mitigate risk from the ponds used by Chessgrove Shooting School, then flood risk to
the site from all sources is considered to be very low.
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6.
6.1

Surface Characteristics

Regional soil mapping (Figure 12) shows the surface to have a loamy and clayey texture with
impeded drainage . Geological mapping (Figure 13) shows there are no superficial deposits
locally and the bedrock geology is part of the St
Formation. This is predominantly
fine grained (argillaceous) rock, interbedded with subordinate sandstone of Devonian age.
Figure 12 Soil map of the site and surrounding area

Site of the
proposed
development

Source: http://www.landis.org.uk/soilscapes/

The St
Formation overlies the Raglan Mudstone, fine grained Silurian deposits
which outcrop in the east. The
grades westward into the
Brownstones Formation. Here the mainly sandstone (arenaceous) rock is interbedded with
subordinate argillaceous layers in a classic redbed sequence of the Upper Devonian. In
terms of drainage, the fine-grained deposits that underlie the site would be expected to
weather into a heavy soil, dominated by clay minerals. The permeability of such soils tends
drainage
Figure 12).
A further check on the catchment characteristics is provided by Flood Estimation Handbook
(FEH), which has mapped Britain in terms of catchment descriptors. The map in Figure 14
locates a FEH catchment of almost 0.70 km2, near the site9. This catchment is used because
it covers the northern part of the site, with minimal extension over the area underlain by the
coarser and more permeable Brownstones Formation in the west. Surface permeability is
described by Standard Percentage Runoff (SPRHOST) which is given as a little over 29% for
the catchment as a whole (Table 3). This is intermediate in a UK context, indicating perhaps
the varied permeability provided by the two soil types. Greenfield runoff is better defined in
Appendix A, Section A.1, where it is calculated at several return periods.

9

https://fehweb.ceh.ac.uk/GB/map
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Figure 13 Regional Bedrock Geology at 1:50 000 scale

The site

Source: British Geological Survey, 1:50,000 mapping10
Figure 14 FEH Catchment map, showing the area described in Table 3

Proposed
sheds
(approximate
location)

Source: FEH Web Service
10

http://mapapps.bgs.ac.uk/geologyofbritain/home.html
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Table 3 Catchment Descriptors for the catchment mapped in Figure 14

SO 68200 19500
SO 67651 19643
AREA
ALTBAR
ASPBAR
ASPVAR
BFIHOST
BFIHOST19
DPLBAR
DPSBAR
FARL
FPEXT
FPDBAR
FPLOC
LDP
PROPWET
RMED-1H
RMED-1D
RMED-2D
SAAR
SAAR4170
SPRHOST
URBEXT2000

CATCHMENT
CENTROID
Catchment Area
Mean Elevation in m
Mean Aspect (orientation) in Degrees
Aspect Variance in Degrees
Base Flow Index
Base Flow Index
Mean Drainage Path Length
Mean Drainage Path Slope
Flood Attenuation by Reservoirs & Lakes
Floodplain Extent
Mean Floodplain depth, 1:100-year event (m)
Location of Floodplains within Catchment
Longest Drainage Path (km)
Time Soil Moisture Deficit < 6mm
annual max rainfall for duration of 1 hour
annual max rainfall for duration of 1 day
annual max rainfall for duration of 2 days
Average Annual Rainfall (1961-1990)
Average Annual Rainfall (1941-1970)
Standard Runoff Percentage
Extent of Urban Land Cover (2000)

6.2

368200
367651
0.685
142
99
0.5
0.638
0.612
0.75
153.4
1
0.0109
0.088
1.062
1.39
0.33
10.6
35.5
46.1
805
821
29.12
0

219500
219643

Site Drainage Arrangements

In the area to the immediate south of the site, drainage arrangements have been altered to
manage runoff from the two sheds, which were assessed by Hydro-Logic Services (HLS,
Planning Ref: P1054/18/FUL)11 in 2018. This involved runoff from impermeable surfaces
draining southward, to the attenuation pond shown in Figure 4.

6.3

Runoff Attenuation

Evidence from soil and geological mapping and from FEH all show that the soil locally has a
low permeability. In order to confirm whether soil permeability at the site could manage local
runoff, infiltration testing was undertaken to the BRE365 standard in June 2018. As shown in
Appendix C, all three trial pits were found to drain very slowly. After their third filling, water
drained from the trial pits over a period of three days. Since infiltration structures should be
able to half empty within 24 hours, Surface water runoff could clearly not be managed using
infiltration alone. It was therefore recommended that surface water management at the site
should use runoff attenuation and the design recommended in this report is an extension of
the system already established at the site.

11

https://publicaccess.fdean.gov.uk/online-applications/applicationDetails.do?activeTab=documents&keyVal=PBEFTNHIJIV00
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As recommended in Section 3, the system is designed using the central climate change
allowance but checked against the upper end allowance. The system should be designed
using a 25% increment on the current design rainfall (Figure 5) and then checked against a
40% increase. Rates of Greenfield runoff are calculated in Appendix A.1, for several return
periods using ReFH2.3. Runoff from the proposed sheds is calculated using MicroDrainage
at these return periods and the attenuation system is calibrated, to ensure that it discharges
at or below Greenfield rates.
The recommended attenuation pond would take runoff from the impermeable surfaces on the
entire site and release it gradually. In that way, rapid runoff following any rainstorm would be
extended over a longer period, removing flow peaks. The NPPF requires that peak outflow is
below Greenfield rates at all return periods, once allowance has been made for climate
change. To do this, it requires a flow control device at the pond outflow. Since there is a
possibility that this could block, steps need to be taken to avoid that happening. Flow control
and mitigation of the risk of blockage form the subject of Section 6.5, the next Section
considers how runoff would reach the pond.

6.4

Filter Drains

In order to convey surface water to the pond, runoff from the roof would be routed into filter
drains, either side of each shed. Filter drains are often mistaken for French drains, when
viewed from the surface. They are described in the SuDS Manual as follows (CIRIA C753,
2015, Chapter 16, p.303):
Filter drains are shallow trenches filled with stone / gravel that create temporary
subsurface storage for the attenuation, conveyance and filtration of surface water
runoff
A schematic diagram of a filter drain is provided in the SuDS Manual and is copied here as
Figure 15, with labels added to clarify optional features. In particular, the extent to which
optional geotextiles or impermeable geomembrane should be used. These can be located
above, below or around the trench in which each filter drain is located, to limit inflow from
above or interaction with the bounding soil.
The optional geomembrane should not be used above the trench, in order to allow runoff
from roofs to drop into the filter drains. There is also no need for a perforated overflow pipe,
providing the perforated outflow pipe, the lower pipe shown in Figure 15 is able to convey
sufficient runoff along the filter drain. Limited conveyance is also provided by the stone or
in Figure 15. In this way, clean water runoff from the
move along the trench, propelled along the gentle slope by gravity, as
water drops into the filter drain upstream.
As discussed above, infiltration into the bounding soil is expected to be slow and there is little
to be gained by allowing water in the filter drain access to bounding soil. If the soil is itself
saturated, it could cause soil water to enter the filter drain, taking up some of its conveyance
and possibly overloading the pond. This water would need to be managed by the pond and it
is recommended that the impermeable geomembrane be used around and beneath each of
the filter drains, as shown in Figure 15.
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Figure 15 Cross-section of the components of a filter drain, annotated to show recommended options

(not required)

(Recommended)

(not necessary)

(300 mm diameter
perforated pipe
recommended)

Source: The SuDS Manual, Section 16.1, Figure 16.2, p.304

6.5

Orifice Plates and Perforated Riser

The outflow chamber, located adjacent to the pond margin, contains a flow restriction device
to moderate outflow. This should be set within a water-tight concrete pipe or box, inset into
the surface and accessible from above. The pond needs to connect directly with such an
arrangement, which should be set within the lower part of the depth range of the pond itself.
This is shown in Figure 17, a diagrammatic cross-section of the recommended attenuation
pond, summarising some of the features and dimensions recommended within the drainage
design.
One of the most common flow control devices in use on attenuation systems is the outflow
orifice, used as a restriction device to regulate flow downstream. Flow through an orifice is
governed by the Orifice Equation, based on the Torricelli equation12:

12

Nicolas G. Adrien, 2003, Computational Hydraulics and Hydrology, An Illustrated Dictionary, CRC Press.
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Equation 1 The Orifice Equation

Where:

Q = Orifice discharge rate (m3/s)
Cd = Coefficient of discharge (m, 0.6 for an orifice plate)
Ao = Area of orifice (m2)
h = Hydraulic head (m)
g = 9.81 m/s

The device can be mounted in a wall or baffle, in a perforated riser or in a T-piece section,
used for regulating overflow above a given height. Since outflow from an attenuation pond
cannot safely be interrupted by blockage, its use within a perforated riser is common in the
context of attenuated discharge and is the combination discussed here. An example from
the SuDS Manual is reproduced as Figure 16.
Figure 16 Example perforated riser, set within outflow chamber to facilitate maintenance

Orifice plate

Orifice plate

Source: CIRIA C753 (2015), Figure 28.19, p.620.

Outflow from the attenuation pond, to the right of Figure 16, enters the chamber containing
the perforated riser, with an orifice control set at its base and another at its top. Water
passes through the perforations in the riser tube, which are calibrated to ensure that they
convey more water than the orifice outflow itself, so the riser does not control the rate of
outflow. Within the tube, water passes through the orifice at its base before outflowing to the
left of Figure 16
Within the riser tube, perforations are designed to prevent detritus from reaching the orifice,
which could contribute to blockage. Solids may drop to the base of the chamber or become
ensconced within the perforations, progressively forcing inflow to the top of the tube, where
Figure 16 recommends a second orifice plate, of the same internal diameter. As water depth
rises within the attenuation pond, it would also rise within the outflow chamber, eventually
allowing outflow over the top of the perforated tube. Outflow would still be controlled by the
lower orifice but the value of the riser in filtering debris would be much reduced.
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6.6

Outflow from the Attenuation Pond

Outflow from the attenuation pond would be to the south, using the outfall that already serves
the existing sheds but updated to manage the changed circumstances. Since flow will have
been attenuated, outflow would be at or below Greenfield rates. The pond would fill quickly
during any rainstorm and would drain over the following hours, to the level of the attenuation
invert, the bed of the pond.
As described in Section 6.2, it is recommended that the attenuation system that currently
manages the existing sheds should be enlarged and recalibrated, to attenuate runoff from all
four sheds and associated impermeable areas. This is the subject of Appendix A, in which
Greenfield runoff rates for the site are calculated and the attenuation system is calibrated, to
ensure that it discharges at or below Greenfield rates, at all return periods.

6.7

Uncertainty and Emergency Overflow

There are a number of residual risks, which could increase flow in or reduce flow out of the
pond. The pond has been designed to a 1:100-year rainstorm with climate change increment
of 25%. In the event of an upper end, 40% increment (Section 3), MicroDrainage modelling
shows that the pond would contain the additional volume and continue to discharge at or
below approximately Greenfield rates. It is possible that an even higher magnitude rainstorm
could affect the site. In order to guard against that uncertainty, an emergency overflow weir
is recommended, at a level that would allow exceedance inflow to be safely managed by the
pond.
A 2 m wide emergency overflow weir is recommended at 550 mm above pond invert, to
manage the risk of overtopping. This should be constructed of a hard material, such as
concrete or Grasscrete, in order to resist downcutting. It should be bounded on its outside
(southern) margin by a spillway, in order to direct emergency overflow down to the outflow
stream. The weir should be able to discharge into this stream, while being set some distance
from the outflow chamber. This is to ensure that in the event of overflow, the flow control
device and filtration system are not affected.

6.8

Maintenance

The proper maintenance of ponds is described in the SuDS Manual, reproduced below as
Table 4. This Table show generic guidance, applying to a wide range of site conditions and
mitigation measures. It is recommended that a site-specific maintenance schedule be
established along these lines, by combining those elements that apply to the pond at this site
with any supplier-specific guidance. Other features requiring maintenance should be added,
such as ditches and roads. In this way, a single schedule of the maintenance tasks would be
produced, to ensure that all necessary maintenance is completed as required, within this
defined schedule.
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Table 4 Operation and maintenance requirements for ponds and wetlands

Source: The SuDS Manual, CIRIA C753 (2015), Table 23.1, p.50213.

13

https://ciria.sharefile.com/share/view/f0969d1215b248fe
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7.
The site plan in Figure 4 includes an underground dirty water tank, as do the existing sheds,
although this is not labelled in Figure 4. These are SSAFO certified dirty water containment
systems14, designed for the safe storage of fuel and required at the site to prevent possible
escape of contaminated water into the environment. Apron runoff is conveyed via drains to
the 35,000-litre dirty water tank, while the apron is being used for cleaning the sheds. Details
are contained within the permitting system controlled and managed by the Environment
Agency. As such, they are beyond the scope of this assessment and the surface water
management plan considers only clean water runoff, from unpolluted surfaces.

8.
Residual risks include exceedance of design inflow to the site and failure of the surface water
management system. Residual risks associated with the surface water management system
are considered towards the end of Appendix A, where an outline surface water management
plan has been recommended. The greatest and perhaps only flood risk to the site, discussed
in Section 5, is the possibility that the ponds to the immediate north of the site could overtop
or become breached.
As described by the Applicant, these ponds all drain into the lowest pond, which is fitted with
an emergency outflow which discharges to the north, away from the site. This arrangement
would mitigate against most residual risks, including rainfall exceedance and failure of the
pump cut-off. They may be less effective against local slumping or burrowing animals but a
diversion ditch has been recommended and is already substantially in place (Section 5).
Given the large volume of soil that would need to be excavated, it may be appropriate to put
some of it on the down-slope (west) side of the interception and diversion ditch or around
some of the pond margins.
As stated in Section 2, buildings used for agriculture are classifi
and
appropriate in Flood Zones 2 and 3a under NPPF guidance15. People working at the site
would normally be fit and of working age and normally only there during daylight hours. They
would be able to see that there was some flooding and move away from it. Not only is there
a low risk of such a situation developing but if it did, people on site are very unlikely to be
affected.

9.
This flood risk assessment and surface water management plan was written by Chris Nugent
of Lidar-Logic. Chris worked since 1981 in areas of hydrology and fluvial geomorphology,
specialising in flood risk assessment and surface water management in 2007. Since then,
working initially for Hydro-Logic Services (HLS), he has written and/or managed well over
600 assessments of flood risk across the UK, most of which included a plan for surface water
management. Chris left HLS to form Lidar-Logic in August 2018, in order to develop his
digital elevation mapping tools. The current work was prepared for submission to Planning in
June and July 2022.

14

https://www.gov.uk/guidance/storing-silage-slurry-and-agricultural-fuel-oil

15

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/575184/Table_3__Flood_risk_vulnerability_and_flood_zone__compatibility_.pdf
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Appendix A Drainage design for proposed impermeable areas
A.1

Greenfield Runoff

The
rates and volumes of surface water runoff generated by the site are calculated as
the Greenfield rates. This has previously been done using the Marshall and Bayliss (1994)
methodology of IH 12416. Determination of Greenfield runoff rates has been improved by the
introduction of Version 2 of the revitalised flood hydrograph model, known as ReFH2. This
methodology has been shown to provide a more accurate assessment of Greenfield runoff
than IH 124, at the plot scale, which is usually smaller than the catchment scale.
By using this facility, ReFH2 is able to obtain more accurate estimates of Greenfield Runoff
from that part of the site which is proposed to be covered with an impermeable surface.
Those parts which will not be developed in this way would be allowed to drain as at present
and only runoff from impermeable areas would additional management be recommended.
website17, summarised below:
1) Catchment descriptors derived from FEH (Table 3) were read into ReFH2. Equations
former were selected.
2) The areal reduction factor was set to 1, to remove the effect of catchment area on
design rainfall estimates.
3) The catchment area was set manually to 0.5 km2 (50 ha), that value applied and the
values for TP and BL were recorded, where TP is the unit hydrograph time to peak in
hours and BL is the baseflow recession lag, also in hours.
4) At this point the catchment area was set to the proposed impermeable area on the
site and the model updated, which automatically sets the values of TP and BL to those
commensurate with the site area.
5) These values were then reset with the recorded values of TP and BL, that were
generated for the 0.5 km2 catchment. This sets the recommended duration to that for
the 0.5 km² extent and effectively rescales results, as recommended by the SuDS
guidance on model parameters.
Applying this procedure in ReFH2.2 produced Greenfield runoff values from the area which is
proposed to become impermeable and the area of the attenuation structures which would
receive rainfall directly. The calculated Greenfield runoff values are shown in Table 5 for a
range of return periods: 1:2 years, 1:30 years and 1:100 years. The last column in Table 5
shows attenuated rates, derived from the MicroDrainage calculations described below.
Attenuated runoff is at or below Greenfield rates at all these return periods.
Table 5 Greenfield and attenuated runoff from proposed impermeable areas

1.30 ha
Return Period (years)
2
30
100

16
17

Peak Greenfield Flow
l/s/ha
Greenfield (l/s)
2.61
2.01
5.70
4.38
7.94
6.11

Attenuated
Attenuated (l/s)
2.6
5.6
7.9

Depth
Depth (m)
0.265
0.406
0.484

http://nora.nerc.ac.uk/id/eprint/7367/1/IH_124.pdf
https://refhdocs.hydrosolutions.co.uk/Drainage-Design-Applications/Greenfield-Runoff-Rates-and-Volumes/
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A.2 Design Rainfall
Rainfall data was downloaded from the FEH Web Service as a point source, from the
catchment shown in Figure 14. This information is used by FEH to calculate the severity of
rainstorms at different return periods and is known as the FEH13 depth-duration-frequency
(DDF) model18. The FEH13 model was based on an analysis of over 170,000 station-years
of data from daily rain gauges throughout the UK, together with about 17,000 station-years of
hourly rainfall data. The FEH13 DDF model was developed to allow the estimation of rainfall
depths falling over durations from 1 hour to 192 hours (8 days) and for return periods from 2
years to over 10,000 years.

A.3 Attenuation Design
Several different flow control devices were tried at the outflow but discharge was kept below
Greenfield rates, using an 50 mm diameter orifice at the pond invert and a 77 mm orifice 320
mm above the pond invert. With this arrangement, outflow from rainstorms at the 1:2-year,
1:30-year and 1:100-year return periods, with allowance for climate change would be kept
below Greenfield runoff rates. It is assumed that outflow from the pond will be below
Greenfield rates at all return periods within this range. A summary of these and other
measures that were modelled in MicroDrainage are listed in Table 6. The MicroDrainage
output is included as Appendix B and for comparison with Greenfield rates, the peak outflow
rate during each of these return periods is included as the last column of Table 5.
Table 6 MicroDrainage, summary of assumptions, settings and results

Summary - Chessgrove Farm, Longhope, Gloucestershire
Inflow
Rainfall
Storage structure
Attenuation Pond (ditch)
Outflow
Two orifices
Overflow
Weir
Design life (years)
35 to 50
Details
Rainfall model
FEH, 2013
Catchment area (m2)

13,000
2

Area of storage at invert level (m )

1,800

Area of storage at cover level (m2)
Orifice outflow diameter (mm)
Level of overflow weir (m)
Level of pond margin (cover level, m)
Results, for 1:100 yr+CC rainstorm
Scenario - Climate change allowance
Max. depth of storage (m)
Critical duration (winter, minutes)

18

https://onlinelibrary.wiley.com/doi/epdf/10.1111/jfr3.12703
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2,360
50 and 77
0.55
0.80
25%
0.484
1,440

40%
0.534
1,440

MicroDrainage calculated the maximum water depth within an attenuation pond of the size
specified below, during a 1:100-year rainstorm, with a 25% climate change allowance as
0.484 m (summary Table 7, with full results in Appendix B). The pond was tested further in
MicroDrainage using an upper end inflow, the 1:100-year rainstorm with a 40% increment
and water depth in the pond rose to 0.534 m, still well below the level of the overflow weir.
The essential features of the recommended attenuation system are listed in Table 6 and
summarised diagrammatically in Figure 17, which represents the principal structures of the
MicroDrainage design as a cross-section. These levels are shown in Table 7 for clarity and
the structures mapped in Figure 20.
Figure 17 Diagrammatic cross-section of the recommended attenuation pond
Cover Level,
Pond rim at 0.80 m

1:100 yr+CC upper
end design water
level 0.484 m

1:100 yr+CC
extreme water
level 0.534 m

Maintenance Outflow
cover
chamber

2.0 m wide
Emergency
overflow weir
at 0.55 m

Orifice plate
(50 mm)
Perforated riser
Orifice plate
(50 mm)

Spillway with
Concrete or
Grasscrete
lining (drains
to stream)

Outflow pipe

Pond invert
Level 0.0 m

Attenuation pond
(1,800 m2 base
area)

Pond
outflow
pipe

Outflow Channel
or culvert to
existing stream

Note: For clarity, only the lower outflow is shown, the other would be nearby

Two outflows from the pond, including the flow control orifices, would be located within the
outflow chamber in Figure 20, set within the bank to facilitate maintenance (Figure 17). The
emergency overflow weir should be located nearby but not immediately above the chamber.
It would be used only following exceedance of rainfall, above predicted levels or severe
blockage of an outflow orifice. Perforated riser tubes have been included, as these provide
suitably rigorous filtration, as described in Section 6.5. The lower perforated section would
have 50 mm orifice plates located at the top and bottom of the tube. The upper tube would
use 77 mm orifice plates. Both would provide a considerable level of reassurance, over the
avoidance of blockage.
Table 7 Proposed Attenuation Pond residual risk specifications summary

Structure
Embankment crest
Pond emergency weir level
Pond 1:100 yr+40%CC water level
Pond 1:100 yr+20%CC water level
Pond 1:30 yr+20%CC water level
Pond 1:2 yr+20%CC water level
Pond minimum base invert level
Pond outflow orifice (invert level)

Ht. above pond base (m)
0.80
0.55
0.534
0.484
0.406
0.265
0.000
0.000

All levels in the table are above the outflow orifice base level, the attenuation invert of the pond.
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A.4 Attenuation Achieved
The graphs in Figure 18 were taken from the MicroDrainage output in Appendix B and
illustrate the flow from impermeable surfaces on the site, before and after passing through
the recommended attenuation pond, following the critical duration rainstorms. In each case,
the outflow hydrograph, the red line in Figure 18, peaks at or below the calculated Greenfield
runoff, on the fully rural site (Table 5).
Figure 18 Attenuation modifies the outflow hydrograph at the three return periods examined
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A.5

Interception and conveyance of runoff from impermeable surfaces

The existing drainage plan for the site was devised by Hydro-Logic Services and is available
on the Planning website19, under Planning Ref: P1054/18/FUL. It is reproduced below as
Figure 19. The existing, Phase 1 sheds are south of the proposed new sheds. These are
the subject of this report and are located using a red outline.
Figure 19 Drainage design recommended for Phase 1, the existing two sheds. Phase 2 sheds outlined in red

Source: FRA and surface water management plan by Hydro-Logic Services (2020)

Based on this earlier drainage design, the outline drainage plan for Phase 2 (Figure 20) only
shows the outflow route to the enlarged attenuation pond from the proposed sheds. The
existing sheds use a system a little different from that shown by Hydro-Logic in Figure 19.
Instead of routing the runoff between the sheds and the apron (Figure 19), the perforated
plastic pipe within each filter drain (Figure 15) connects with a section of closed pipe where it
passes the apron. This ensures that water that could contain pollutants is excluded from
washing off the apron and into the attenuation pond. Apron runoff is subject to Environment
Agency permitting and is described in Section 7.
It is recommended that runoff from the new sheds uses the same system as the existing
sheds, as mapped in Figure 20. Runoff would fall off the roofs on to filter drains, which would
convey it towards the east. Sections of closed piping would convey it past the apron, where
a north to south flowing carrier pipe would convey the flow to the attenuation pond. Since
the system would also serve the existing sheds, this carrier pipe in particular would need to
be able to manage design outflows from the combined impermeable areas.

19

https://publicaccess.fdean.gov.uk/online-applications/applicationDetails.do?activeTab=documents&keyVal=PBEFTNHIJIV00

26

Figure 20 Map of the site and immediate surrounds, showing the outline drainage design
Filter drains flow
into carrier pipe

Closed piping
past the apron

Carrier pipe

Proposed phase 2
Sheds, 3 and 4

Existing, phase 1
Sheds, 1 and 2
Attenuation pond
Inflow chamber
Outflow chamber
and channel to
existing stream

Emergency overflow
weir and spillway

The recommended surface water management plan is described in the caption of Figure 20
as an outline drainage design . The plan shows significant features in outline, recognising
that the site engineer may find it necessary to modify elements, to better accommodate any
ground features. Recommended pipe dimensions are shown in Table 8. Filter drains and
ditches should be graded to at least 0.5% (a slope of 0.005 or 1:200), to maintain flow
towards the pond. The internal diameter of the filter drains is calculated below.
Table 8 Recommended Channel and pipe Dimensions

Length (each half of roof)
Filter drains / closed pipes, minimum slope
Filter drains, internal diameter
Filter drains, roughness coefficient
Carrier pipe, minimum slope
Carrier pipe, internal diameter
Carrier pipe, roughness coefficient

114 m
0.01 (1:100)
250 mm
2 mm
0.01 (1:100)
450 mm
2 mm

In order to determine the dimensions of the filter drains and the carrier pipe and confirm
whether those suggested in Table 8 would convey the 1:100-year rainstorm, with allowance
for climate change, the Wallingford Modified Rational Method is used to calculate peak flows
entering the channel, using the equation:
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Equation 2, The Wallingford Modified Rational Method

Q

2.78 Cv Cr i A

1,000

Where: Cr = routing coefficient (1.3 for urban areas)
Cv = runoff coefficient (a value of 1 is used, indicating 100%)
i = average rainfall intensity (mm/hr)
A = Area to be drained (ha)

The results for 1:100-year rainfall durations up to 1 hour are shown in Table 9. Taking the
allowance for climate change as 25% and the area being drained as the roof
half
its width (91.4 m x 10.7 m), the peak flow shown in Table 9 is 0.046 m3/s or 46 l/s.
Table 9 Peak flows from one side of a single shed, from the Wallingford Modified Rational Method

Duration

FEH Rainfall
Depth

FEH Rainfall
Depth + CC

Intensity (+CC)

Peak Flow Rate
+ CC

(mins)
15
30
60

(mm)
26.07
35.45
45.82

(mm)
32.5875
44.3125
57.275

(mm/hr)
130.35
88.625
57.275

(m3/s)
0.046
0.031
0.020

Once runoff has dropped off each roof, it would enter the filter drains bounding both sides of
each shed. In order to confirm the dimensions of the perforated plastic pipes set within each
filter drain, the Colebrook-White equation has been used, ensuring that they could convey
peak inflow during the 1:100-year+25%CC rainstorm, to where they enter the carrier pipe
that conveys runoff to the attenuation pond. A roughness height (k) of 2 mm has been used
to represent friction in the pipe. The Colebrook-White equation is normally given as:
Equation 3, The Colebrook-White Relationship

where:
k = roughness height (mm)
R = hydraulic radius (m)
f = Friction factor (dimensionless)
Re = Reynolds number (dimensionless)
Having the same expression on both sides, the square root of the dimensionless friction
factor, the Colebrook-White equation can only be solved iteratively. There are however a
number of explicit approximations of the Colebrook-White equation, whose solution is well
within the limits of accuracy of the estimates made here. One such approximation has been
used to solve the equation for the perforated plastic pipes set within filter drains.
The results (Table 10) show that a 250 mm diameter plastic pipe, at a gradient of 1:100,
would convey the peak flow rate of 46 l/s during the 1:100-year, 15-minute duration
rainstorm, with a 25% allowance for climate change. These calculations suggest that the
250 mm diameter pipe would fill to a depth of 170 mm, conveying some 46.46 l/s. Any
additional flow would probably pass through the crushed stone aggregate set around the
pipe (Figure 15).
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Table 10 Flow parameters associated with the design pipe dimensions, based on pipe dimensions in Table 8

Once runoff has reached the end of these pipes, it would flow along the north to south
trending carrier drain shown in Figure 20. The slope, measured at about 1:25 on Figure 11,
conveyance is expected to be rapid. The dimensions of this pipe were also calculated in the
same way as for the filter drains, except that runoff from impermeable surfaces over the
entire site were used (10,640 m2, Table 2), as was the upper end climate change allowance
of 40% (Section 3).
Table 11 Peak flows from impermeable surfaces on the entire site, from the Wallingford Modified Rational Method

Duration

FEH Rainfall
Depth

FEH Rainfall
Depth + CC

Intensity (+CC)

Peak Flow Rate
+ CC

(mins)
15
30
60

(mm)
26.07
35.45
45.82

(mm)
36.498
49.63
64.148

(mm/hr)
145.992
99.26
64.148

(m3/s)
0.561
0.382
0.247

It can be seen from Table 12 that the 1:100-year, 15-minute rainstorm with a 40% allowance
for climate change would be managed by a 450 mm carrier pipe, down the circa 0.04 (1:25)
regional slope. Water level would rise to a depth a little above 300 mm, in the 450 mm pipe.
A 400 mm pipe was tested (Table 13) and although this proved insufficient during the 1:100year, 15-minute rainstorm, it did manage this return period with a longer duration. During
such an extreme event, the filter drains would become saturated with roof runoff. Flow would
back up into the filter drains, providing considerable attenuation into the carrier drain. For
these reasons, it is considered likely that an internal diameter of 400 mm would be sufficient
for the carrier drain.
Table 12 Maximum flow in the Carrier Pipe, calculated using the Colebrook White methodology
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Table 13 Maximum flow in a 400 mm diameter Carrier Pipe, from the Colebrook White method

A.6

Residual Risks

Residual risks include possibilities such as blockage of the outflow pipe or orifice and storms
of magnitude greater than the 1:100-year design storm or the upper end, 40% climate
change increment. In order to mitigate against blockage, it is recommended that outflow
orifices should be set within a perforated riser with protected orifice plates, designed to filter
out solid material such as vegetation, which could enter the pond. The enclosure, orifice and
outflow pipe should be checked periodically, using the maintenance schedule in Table 4 and
any collected debris removed. High magnitude rainstorms arriving at the pond could overtop
at the emergency weir, which may be mitigated by the fact that, as shown by MicroDrainage
(Appendix B), any climate change increment up to 40% would not reach high enough to
overtop.
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Appendix B MicroDrainage output
The tables shown below were generated by MicroDrainage Source Control to calculate the optimum
pond geometry and flow control arrangement for the recommended attenuation system at Chessgrove
Farm. They are arranged in three parts, showing the 1:2-year, 1:30-year and 1:100-year rainstorms.
In each case, 25 percent has been added as an allowance for climate change. The 1:100-year event
was run with a 40% allowance for climate change and MicroDrainage modelling shows that this too
would be contained within the pond.
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Appendix B MicroDrainage output

Appendix C, Infiltration Testing

