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Summary 
This document is a Flood Consequence Assessment and Surface Water Management Plan 
for an agricultural development in an area south west of Penybont, Powys.  It has been 
proposed that two poultry sheds are built at the site, near to two existing sheds.  In the text 
below, references to ancillary documentation is provided by hyperlinks, shown as footnotes 
for clarity.  The main findings are as follows: 
 

1. Two new poultry units with associated feed bins and other infrastructure have been 
proposed at Brynthomas, Penybont, Llandrindod Wells, Powys LD1 5SW.  These 
would be located close to two existing poultry sheds.   
 

2. The proposed sheds would be on land that is already used for agriculture, so there 
would be no change in vulnerability.  Land and buildings used for agriculture are 
classified as “Less Vulnerable”, under TAN15 guidelines. 
 

3. The sheds would be located in Flood Zone A, on land considered to be at little or no 
risk of tidal / coastal flooding and beyond the extent of 1:1,000-year fluvial flooding.   
No other flood risks are known which could affect the site.   
 

4. Neither the Development Advice Map, the more detailed map of Flood Risk from 
Rivers nor the map of Surface Water and Small Watercourses Extent show flood risk, 
either from the River Ithon, from smaller streams or from any other source. 
 

5. Regional soil mapping shows the soil underlying the proposed sheds to be slowly 
permeable.  Geological mapping shows the area to be underlain by superficial 
deposits of Pleistocene till, a diamicton containing a variety of grain sizes.   
 

6. Flood Estimation Handbook (FEH), has assigned descriptors to this catchment, 
including a Standard Percentage Runoff (SPRHOST) value of a little over 40%.    
This is consistent with the indicated low surface permeability. 
 

7. In view of this evidence, it appears unlikely that surface water could be managed 
using infiltration alone.  It is recommended that runoff from the proposed shed roofs 
should be managed using attenuation, as it already is with the existing sheds. 
 

8. The design life of poultry sheds is less than 50 years, over which time the Welsh 
Government predicts that peak rainfall intensity will have increased by 10%.  Their 
upper estimate suggests a 20% increase in rainfall intensity over that period.  
 

9. A 10% allowance for climate change has been assumed for the calculations with the 
design tested against a 20% allowance.  The 1:100-year rainstorm would be retained 
by the attenuation pond under both climate change scenarios. 
 

10. The existing sheds drain directly into guttering, which conveys runoff to downpipes 
and underground plastic pipes to the attenuation pond.  A similar system is proposed 
for use around the proposed sheds.   
 

11. The sheds have been laid out in such a way that clean and dirty water would be kept 
entirely separate.  Clean roof runoff would be conveyed westward.  An apron at the 
sheds’ eastern ends would be used during shed cleaning. 
 

12. Water used during the cleaning operations and all rainfall over the aprons would drain 
into dirty water tanks, compliant with the current British Standard for storage of slurry 
(BS 5502: part 50 1993).   



 3 

 
13. These tanks would periodically be pumped out and their contents transported to a 

local AD Plant and used for further manufacture of biogas and / or fertiliser. 
 

14. In contrast, roof runoff would drain to the attenuation pond.  MicroDrainage has been 
used to calculate the dimensions of a drainage design, to manage runoff up to the 
1:100-year rainstorm, with allowance for climate change. 
 

15. The existing attenuation pond could not be approached but since it would be required 
to manage runoff from approximately twice the existing catchment, it is considered 
likely that it would need to be heavily modified or replaced with a larger pond.   
 

16. The impermeable area from which clean water would runoff was found, together with 
the total catchment area, including both existing and proposed sheds and the pond 
itself.  Rates of Greenfield runoff were then determined using ReFH2.2. 
 

17. Using the existing attenuation pond, MicroDrainage was used to calculate that outflow 
could be maintained at or below Greenfield rates using an outflow orifice with a 77mm 
internal diameter. 
 

18. In order to manage risks associated with blockage of the outflow, it is recommended 
that two orifice plates are set either end of a perforated riser, located within an outflow 
chamber that is accessible from the pond margin. 
 

19. Provision should be made for an emergency overflow route from the pond, in order to 
manage residual risks of exceedance and blockage.  The overflow weir and slipway 
should be made of a resilient material, such as concrete or Grasscrete. 
 

20. A series of maintenance tasks are suggested, based on recommendations in the 
SuDS Manual.  These should be compiled together with any supplier-specific 
maintenance tasks into a single maintenance schedule for the site. 
 

21. Following Natural Resources Wales guidance, roof runoff should be separate from 
dirty water, leaving little scope for further improvement in water quality.  The amenity 
value of the SuDS is limited by its remote location on agricultural land. 
 

22. There is scope to improve biodiversity however, by deepening the attenuation pond to 
create a semi-permanent water body.  Suitable vegetation should be encouraged, to 
create conditions suitable for a range of animal and bird species in the area.  
 

23. In summary, flood risk at the site is very low and a less vulnerable agricultural use is 
appropriate.  As with the existing sheds, clean surface water can be managed using 
runoff attenuation and the existing pond and the drainage system on site can be 
extended or replaced for the use of all four sheds.  If the surface water management 
system recommended within this report is adopted, then the approved new sheds 
would comply with all the provisions of TAN15. 
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1 Development site and location 
 

The proposed development is for the erection of two poultry units with associated feed bins 
and infrastructure at Brynthomas, Penybont, Powys LD1 5SW (Figure 1), a little over 2 km 
SSW of Penybont and some 5 km east of Llandrindod Wells.  The site is located (Figure 2) 
on land already used for agriculture (Figure 3).  The site is adjacent to and immediately north 
of two existing sheds which can be seen on the air photograph in Figure 3.  The coordinates 
locating the site are shown in Table 1.  The site was visited on 16th July 2021, in order to 
better understand flood risk and photograph existing arrangements. 
 
Figure 1 Location of Brynthomas, south west of Penybont, Powys 

 
Source: https://maps.the-hug.net/  
 
 
Table 1 Approximate location of the proposed new sheds 

OS X (Eastings) 310850 
OS Y (Northings) 261840 

Nearest Post Code LD1 5SW 
Lat (WGS84) 52.25632 

Long (WGS84) W-3.30957 
Nat Grid Ref SO 10850 61840 

Site of the 
proposed 

new sheds  

Builth Wells  

Penybont  

Knighton  

Llandrindod 
Wells  
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Figure 2  Location of Brynthomas, existing and proposed poultry sheds  

 
Source: https://osmaps.ordnancesurvey.co.uk/52.25632,-3.30957,15/pin  
 

Figure 3 Air photo of the site and surrounding area 

Source: Google Maps 

Existing sheds 

Proposed sheds  

Proposed sheds 
(approx. location) 

 

River Ithon 

River 
Ithon 

 

Existing sheds  

Brynthomas 

Existing 
entrance 
(Figure 5) 
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2 Proposed Development  
 
The layout of the site and its key features are shown in Figure 4.  The existing development 
includes two sheds, each measuring about 104 m x 26 m, an area a little under 2,600 m2.   
The same sized sheds are proposed in the land to the north.  The two proposed new sheds 
would share a concrete apron, located at their eastern ends.  Four new feed bins would also 
be required.  Runoff draining from the new impermeable surfaces would be managed using 
attenuation, as it already is for the existing sheds.  Like the existing sheds, it is proposed that 
runoff from the new sheds should drain via guttering, both sides of the sheds’ length, along 
downpipes to underground plastic piping, which conveys it towards the pond.   
 
The existing attenuation pond would receive runoff from all four sheds and their associated 
impermeable surfaces.  The surface areas of existing and proposed impermeable surfaces 
are treated together in Table 2.  The development is “Less vulnerable” in terms of TAN15 
and buildings such as this are regarded as having a design life of some 30 to 50 years1.  The 
existing entrance (Figure 5) would be retained, with the new sheds located on the relatively 
flat land to the north (Figure 6).  The proposed new sheds would be located slightly further 
west than the existing sheds, in order to preserve access over an enlarged apron (Figure 4). 
 
Figure 4 Block Plan of the proposed development, showing its relationship to existing features 

 
 

                                                 
1 https://www.chickenfarmequipments.com/supply/design-and-building-design-modern-chicken-farm.html  

Existing 
poultry sheds  

Existing 
entrance 

Existing 
apron 

Proposed 
poultry sheds  

Attenuation pond, 
indicative location  

Proposed 
new apron  
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Table 2 Impermeable areas and catchment for the attenuation system 

Building / Structure Length (m) Width (m) Area (m2) No.  Total (m2) 
Poultry sheds 103.65 24.69 2,559.17 4 10,236.67 
Control rooms 14.35 3.05 43.72 4 174.89 
Feed Bins     30.23 8 241.81 
Existing apron 42.61 7.86 334.91 1 334.91 
      Impermeable  Area 10,988.29 
Attenuation Pond         1,000.00 
      Catchment   Area 11,988.29 

 
Figure 5 View of the entrance to the existing sheds.  Looking southward, along the access road 

 
 
Figure 6 View from the west, showing the site of the proposed new sheds to the left of an existing shed 

 

Location proposed for the new sheds, 
in land to the north of existing sheds 
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3 Climate Change 
 
Natural Resources Wales (NRW) and TAN15 require a consideration of the impacts of 
climate change on flood risk, for any new development2.  In August 2016, the climate change 
allowances required in Flood Consequence Assessments3 were updated, revising previous 
allowances in support of TAN15.  Allowances to be used in flood consequence assessments 
were published by the Welsh Government in 20184, confirming that: 
 

“In line with TAN15, the climate change allowances have been informed by latest 
available information on climate change projections and different scenarios of carbon 
dioxide (CO2) emissions to the atmosphere. Allowances are provided for different 
epochs (periods) of time over the next century. This guidance will be reviewed when 
more up-to-date climate change research is available” 

 
This policy clarification covers river flows, sea level and wave heights but does not include 
updates to rainfall allowances.  Allowances for rainfall are provided by a Welsh Government 
publication “Adapting to Climate Change: Guidance for Flood and Coastal Erosion Risk 
Management Authorities in Wales” (December 2017)5.  Table 3 shows the anticipated 
changes for rainfall, recommending a progressive increase, reaching 10% for the ‘Central 
estimate’ allowance by 2069, the likely design life of the shed and 20% for the ‘Upper 
estimate’ over that period.  The 10% allowance would appear to be appropriate for this 
development, in view of the low vulnerability and relatively minor consequences of 
exceedance.  In order to investigate the effect of an ‘Upper estimate’ allowance for climate 
change, the recommended drainage system is also checked against that allowance.  
 
Table 3 Change to extreme rainfall intensity compared to a 1961-90 baseline 

Applies across 
all of Wales  

Total potential change 
anticipated for 2020s 

(2015-2039) 

Total potential change 
anticipated for 2050s 

(2040-2069) 

Total potential change 
anticipated for 2080s 

(2070-2115) 
Upper estimate 10% 20% 40% 
Central estimate 5% 10% 20% 

Source: Guidance for Flood and Coastal Erosion Risk Management Authorities in Wales (Dec 2017)  
 
 
The two proposed sheds are located in Flood Zone A, beyond the extent of 1:1,000-year 
fluvial flooding.  Climate change allowances for increase in peak streamflow and other 
sources of flooding are not relevant to this assessment.  The effects of climate change on 
rainfall and management of surface water runoff are calculated in Section 6. 
 
 
 
 
 
 

                                                 
2 https://gov.wales/sites/default/files/publications/2018-09/tan15-development-flood-risk.pdf  
3 https://gov.wales/topics/planning/policy/policyclarificationletters/2016/cl-03-16-climate-change-allowances-for-planning-
purposes/?lang=en  
4 https://gov.wales/sites/default/files/publications/2018-11/flood-consequence-assessments.pdf  
5 https://gov.wales/docs/desh/publications/180326-adapting-to-climate-change-guidance-for-flood-and-coastal-erosion-risk-management-
authorities-in-wales-en.pdf  
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4 Topography and Drainage 
 
Located between the Rivers Severn and Wye, which it joins upstream of Builth Wells, the 
River Ithon has a catchment of some 200 km2 to the site (Figure 7)6. As shown in Figure 8, 
the river flows southward past Penybont and the site, before taking a circuitous route west of 
Llandrindod Wells.  At its closest approach, the site is about 200 m south of the River Ithon, 
within the low land of the valley floor (Figure 8).  The River Ithon has an active alluvial 
channel (Figure 9), with the topography rising to its immediate south (Figure 10). 
 
Figure 7 Catchment of the River Ithon within Wales 

 
 
Figure 8 The River Ithon and major tributaries, locally 

 
Source: WWF UK Rivers Map7 
                                                 
6 https://fehweb.ceh.ac.uk/GB/map  
7 https://www.wwf.org.uk/uk-rivers-map  

Site of the 
proposed 

new sheds  

Clywedog 
Brook 

Mithil 
Brook 

River Ithon 

River Edw River Ithon 

Camio 
Brook 

River 
Ithon 

Brynthomas 
Road Bridge 
(Figure 10) 
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Figure 9 River Ithon, upstream of the Brynthomas Road Bridge 

 
 
Figure 10 View across the Brynthomas Road Bridge, looking towards the south 
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The layer-shaded map in Figure 11 has been drawn from LiDAR digital elevation data, 
placed over OS mapping.  Each of the colours in Figure 11 represents a 1 m thick layer, 
derived from LiDAR digital terrain model (DTM) data.  The black dots in Figure 11 use LiDAR 
digital surface model (DSM) data to show where surface features such as buildings and 
hedgerows rise more than 0.5 m above the terrain.   
 
It can be seen that the existing sheds are located on the south western end of a low ridge, 
trending approximately south west to north east and rising towards the north east.  Higher 
land can be seen rising above the sheds in Figure 6.  Both the existing and the proposed 
sheds would be on land above 225 mAOD, which puts them about 15 m above river level, 
shown to be around 210 mAOD on Figure 11. 
  
 
Figure 11 Topography of the River Ithon valley, where it passes Brynthomas 

 
 
 
 
 
 
 

Proposed sheds  

Existing sheds  

River Ithon 

Land rising steeply 
to the south of the 
access road bridge 

(Figure 10). 
Brynthomas 

farmyard 
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5 Flood Risk and Flood Consequences 
 
The Development Advice Map shows that the site would not be affected by river flooding, as 
does the map of Flood Risk from Rivers covering the site (Figure 12), which has a qualitative 
indication of flood risk (High, Medium and Low).  Another measure of flood risk is provided by 
the “Surface Water and Small Watercourses Extent Map”, shown in Figure 13. It can be seen 
that the proposed sheds would be located on land that is not shaded at all in Figure 12 or in 
Figure 13.  Risk of flooding is here described as “Very Low” and is defined in the guidance8 
for Figure 13 as follows: 
 

“Very low means that each year, this area has a chance of flooding of less than 1 in 
1000 (0.1%) for surface water and small watercourses.” 

 
This probability is equivalent to the unshaded areas on the map of Flood Risk from Rivers 
(Figure 12), which are beyond the limits of 1:1,000-year fluvial flooding.     
 
 
Figure 12 Map of Flood Risk from Rivers covering the site 

 
 

                                                 
8 https://naturalresourceswales.gov.uk/flooding/managing-flood-risk/flood-risk-map-guidance/low-risk-of-
flooding-from-surface-water-and-small-watercourses/?lang=en#:  

Proposed sheds  

Existing sheds  
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Figure 13 Surface water and small watercourses extent map. 
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6 Surface water management 

6.1 Surface Characteristics 
 
Regional soil mapping (Figure 14) shows the soil to be “slowly permeable”, with a loamy and 
clayey texture.  Geological mapping (Figure 15) shows superficial deposits locally, with the 
sheds being underlain by Pleistocene till.  The till is described as a “diamicton”, meaning that 
it is poorly sorted, with a variety of grain sizes and was formerly called “boulder clay”.  The 
variation in grade leads to a corresponding variation in permeability.   
 
 
Figure 14 Soil map of the site and surrounding area 

 
Source: http://www.landis.org.uk/soilscapes/  
 
 
A measure of the average permeability across the catchment is provided by Flood Estimation 
Handbook (FEH), which has mapped Britain in terms of catchment descriptors.  The map in 
Figure 16 locates the FEH catchment of some 1.25 km2. The best single indicator of surface 
permeability is provided by Standard Percentage Runoff, SPRHOST, which has been 
assessed at a little over 40% in this catchment (Table 4).  This is high in a UK context, 
indicating low surface permeability, with a relatively high percentage of rainfall going into 
runoff.   
 
Under the conditions described above, it appears unlikely that runoff from the impermeable 
surfaces on the site could be managed using infiltration alone.  Some infiltration may occur 
through the more permeable parts of the till but these may themselves be underlain by less 
permeable zones, making it impossible to sustain infiltration over the longer time periods that 
may be required.  No infiltration is assumed in the calculations to determine the configuration 
of a drainage design based around attenuation, in Appendix A. 
 

Site of the 
proposed 

new sheds  
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Figure 15 Superficial geology of the site and surrounding area 

 
Source: British Geological Survey, 1:50,000 mapping9 
 
 
Table 4 Catchment Descriptors for the catchment mapped in Figure 16 

CATCHMENT SO 10700 61800 310700 261800 
CENTROID SO 10756 60758 310756 260758 
Catchment Area AREA 1.2475  
Mean Elevation in m  ALTBAR 293  
Mean Aspect (orientation) in Degrees ASPBAR 349  
Aspect Variance in Degrees ASPVAR 0.68  
Base Flow Index BFIHOST 0.452  
Base Flow Index BFIHOST19 0.393  
Mean Drainage Path Length DPLBAR 1.35  
Mean Drainage Path Slope DPSBAR 143.6  
Flood Attenuation by Reservoirs & Lakes FARL 1  
Floodplain Extent FPEXT 0.0261  
Mean Floodplain depth, 1:100-year event (m) FPDBAR 0.273  
Location of Floodplains within Catchment FPLOC 0.303  
Longest Drainage Path (km) LDP 2.77  
Time Soil Moisture Deficit < 6mm PROPWET 0.49  
annual max rainfall for duration of 1 hour RMED-1H 9.3  
annual max rainfall for duration of 1 day RMED-1D 33.3  
annual max rainfall for duration of 2 days RMED-2D 47.8  
Average Annual Rainfall (1961-1990) SAAR 987  
Average Annual Rainfall (1941-1970) SAAR4170 1088  
Standard Runoff Percentage SPRHOST 40.25  
Extent of Urban Land Cover (2000) URBEXT2000 0  

 

                                                 
9 http://mapapps.bgs.ac.uk/geologyofbritain/home.html  

Pleistocene 
till, forming 
a diamicton 

Recent 
alluvium 
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Figure 16 FEH Catchment map, showing the area described in Table 4 

 
Source: FEH Web Service 
 
 
 

6.2 Site Drainage Arrangements 
 
Existing surface water drainage arrangements at the site reflect the drainage associated with 
the existing sheds, which are in full operation.  As shown in Figure 17, the sheds use gutters 
to intercept runoff, which is directed along downpipes at the western-most corners of each 
shed.  Runoff is then conveyed along underground plastic pipes towards the west, from 
where it enters the attenuation pond.  Outflow pipes and other elements of the attenuation 
system could not be inspected during the site visit.  Outflow from the attenuation system is 
conveyed to the unnamed stream shown in Figure 16, reaching the River Ithon downstream 
of Brynthomas farmyard.  The dimensions of the attenuation pond were not measured but it 
is anticipated that the pond will need to be expanded or replaced, to manage the additional 
runoff from the four sheds and associated hardstanding. 
 
 

Sheds existing (blue) 
and proposed, 

approx. locations 

Brynthomas 
farmyard 

Unnamed 
stream 

River Ithon 
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Figure 17 Drainage on the existing sheds, this same system has been proposed for the new sheds 

 
 
 
Figure 18 Area used for the attenuation pond, could not be inspected for health and safety reasons 

 
 
 

Guttering collects 
clean water runoff 
from the shed roof 

Downpipe conveys 
runoff below ground 
to attenuation pond 
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Figure 19 Existing and proposed drainage arrangements at the site 

 
 
As shown in Figure 19, the design of the sheds provides complete separation between clean 
and dirty water, with the clean roof runoff flowing via the attenuation pond to the stream in 
the west.  Dirty water, generated when the sheds are washed out, would be stored in an 
underground tank to the east of the sheds.  This water would be transported by tanker to a 
local anaerobic digester (AD Plant), for conversion into bio-gas and pellet fertiliser.  Rain 
falling over the apron itself would be routed to this storage tank, which would comply with the 
Water Resources (Control of Agricultural Pollution) (Wales) Regulations 2021, as described 
in Section 7 of this report.  The tank would be of sufficient capacity to manage the volume of 
effluent, being emptied periodically for use in a licenced AD Plant.   
 
 

6.3 Runoff Attenuation 
 
Evidence from soil and geological mapping and from FEH all shows that the soil in this area 
has a low permeability.  Although some infiltration may occur, it is unlikely that surface water 
can be managed using infiltration alone.  For this reason, it is recommended that runoff from 
the roofs is attenuated using the existing pond, which may need to be enlarged.  TAN15 
requires that peak outflow from the pond is below Greenfield rates at all return periods, once 
allowance has been made for climate change. As described in Section 3, outflow is designed 
to the “central” climate change allowance category.  For the 50-year design life of the sheds,  
this is a 10% increment on the current design rainfall, which is tested against the “upper end” 
20% allowance.   

Underground 
dirty water tank 
for waste and 

wash-out water  

Attenuation 
pond  

Unnamed 
stream 

Proposed guttering,  
to convey clean runoff 

from shed roofs 

Drainage channel for 
attenuated outflow. 

Existing underground piping, 
(indicative locations) 
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Roof runoff would need to be conveyed to the pond, whose outflow would be regulated using 
a flow control.  Attenuated outflow from the pond would continue to discharge into the 
unnamed stream, on the site’s western margin.  Detail of structures that are recommended to 
manage conveyance are described in the next section.  MicroDrainage software has been 
used to design an attenuation pond, capable of managing runoff from the surface area 
associated with all the sheds and the attenuation system, a total catchment area of almost 
12,000 m2, as listed in Table 2.  Further details of the assumptions and design calculations 
are given in Appendix A, results output by the software are included as Appendix B. 
 
 

6.4 Orifice Plates and Perforated Riser 
 
The outflow chamber, located within or immediately adjacent to the pond margin, should be 
set within a water-tight concrete pipe or box, inset into the surface and accessible from a 
manhole above it.  This arrangement is necessary for orifice plates, set within a perforated 
riser.  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 21, 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, commonly used as a restriction device to regulate flow downstream.  Flow through an 
orifice is governed by the Orifice Equation, based on the Torricelli equation10: 
 

𝑄 = 𝐶  𝐴  2푔ℎ 
 
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 20. 
 
Outflow from the attenuation pond, to the right of Figure 20, 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 20, at an attenuated rate defined by the orifice’s internal diameter.   
 
 

                                                 
10 Nicolas G. Adrien, 2003, Computational Hydraulics and Hydrology, An Illustrated Dictionary, CRC Press. 
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Figure 20 Example perforated riser, set within outflow chamber to facilitate maintenance 

 
Source: CIRIA C753 (2015), Figure 28.19, p.620. 
 
 
Within the riser, perforations are designed to prevent particles reaching the orifice, which 
could contribute to blockage.  Solids may drop to the base of the chamber or become 
ensconced within the perforations, forcing inflow to the top of the tube where Figure 20 
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 perforated riser in filtering debris would be much reduced.   
 
 

6.5 Emergency Overflow 
 
A 2 m wide emergency overflow weir is recommended, at least 300 mm below the pond’s 
rim, to manage the residual risk of overtopping.  This should be able to resist overflow, being 
made of a material such as concrete or Grasscrete.  It should be bounded on its outside 
margin by a spillway, in order to direct emergency overflow down towards the outflow stream, 
the unnamed stream to the west.  
 
 

6.6 Maintenance 
 
The proper maintenance of ponds is described in the SuDS Manual, reproduced below as 
Table 5.  This Table shows generic guidance, applying to a wide range of site conditions and 
mitigation measures.  It is recommended that a site-specific maintenance schedule is based 
along these lines, combining those elements that apply with any supplier-specific guidance.  
Other features requiring maintenance should be added, such as the sheds, roads and slurry 
tank(s).  In this way, a single schedule of the maintenance tasks will be produced, to ensure 
that they are completed as required, within the defined schedule.   
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Table 5 Operation and maintenance requirements for ponds and wetlands 

 
Source: The SuDS Manual, CIRIA C753 (2015), Table 23.1, p.50211. 
 
 
 
 
 
 
 
 
 

                                                 
11 https://ciria.sharefile.com/share/view/f0969d1215b248fe  
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7 Sustainable Drainage Opportunities and Benefits 
 
Under the heading “What are SuDS?”, Page 6 of the SuDS Manual explains: 
  

“Sustainable drainage systems (SuDS) are designed to maximise the opportunities 
and benefits we can secure from surface water management.  There are four main 
categories of benefits that can be achieved by SuDS: water quantity, water quality, 
amenity and biodiversity.  These are referred to as the four pillars of SuDS design”. 

 
The reason for ensuring that SuDS methods are used, is to ensure that the principles of 
sustainable drainage are incorporated into this proposal, making the four pillars of SuDS 
design an important consideration. 
 

7.1 Surface water runoff:  
 
As explained above, runoff from impermeable surfaces is very much more rapid than from 
most natural surfaces.  Flood risk from developments which add a significant impermeable 
area should therefore be mitigated.  The first choice would be to infiltrate runoff into the 
surface but as explained in Section 6.1, the soil locally is “slowly permeable”, with a loamy 
and clayey texture.  Geological mapping shows the sheds to be underlain by Pleistocene till.  
The FEH catchment descriptor “Standard percentage runoff” (SPRHOST) shows a value of 
about 40%.  This is high in a UK context, confirming that there is limited scope for infiltration 
at this site. 
 
MicroDrainage modelling shows the effect of attenuation, using a pond whose characteristics 
are calculated in Appendix A.  Shown graphically in Figure 22, the 1:100-year critical duration 
rainstorm over the 1.2 ha impermeable catchment of the four poultry sheds and the pond 
itself would generate runoff peaking above 80 l/s.  The pond attenuates this six-hour event 
over more than 24 hours, peaking at 11.3 l/s. This is less than half the calculated “Greenfield” 
or fully rural peak expected on this catchment (Table 6), indicating that the pond should be 
significantly more effective at mitigating flood risk than the natural vegetation.     
 

7.2 Water quality: 
 
Following guidance provided by the Water Resources (Control of Agricultural Pollution) 
(Wales) Regulations 202112, the sheds are designed to ensure complete separation between 
water that is clean and water which could contain pollutants.  It is assumed that all runoff 
from the shed roofs falls in the former category, being essentially rainwater, with perhaps a 
little dust and small particles carried there by air currents.  Under these circumstances, there 
is a limit to the water quality benefits which could accrue through SuDS practice. 
 

7.3 Amenity benefits: 
 
When implemented in residential and particularly in public or community areas, there may be 
scope to provide leisure or other amenities for residents or visitors.  In the context of SuDS 
on private land, in agricultural use, there is little opportunity to provide such benefits. 
 

                                                 
12 https://gov.wales/sites/default/files/publications/2021-03/water-resources-control-of-agricultural-pollution-
wales-regulations-2021-guidance-for-farmers-and-landmanagers.pdf  
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7.4 Biodiversity: 
 
Although the structure that has been recommended to facilitate attenuation is described in 
this report as a “pond”, it is only likely to hold a significant volume of water during the period 
immediately after a rainstorm.  It is important to the functionality of the system for this volume 
to become available for temporary storage as soon as possible after each rainstorm.  The 
graphs in Figure 22 show that outflow will drop to almost nothing after about 24 hours (1,440 
minutes). 
 
This is a pity, since if the water was allowed to persist, it could provide significant benefits to 
biodiversity locally.  A permanent or semi-permanent water body (drying up, to some extent 
in the heat of summer) would allow the development of aquatic plant communities.  These in 
turn provide benefits to certain animal and bird populations.  The map in Figure 14 shows the 
soil to be seasonally wet, due to impeded drainage.  The fact that the surface is underlain by 
glacial till suggests that digging a small part of the pond significantly below its invert (the level 
of the outflow orifice) could kick-start this process.   
 
For these reasons and in order to maximise the benefits to biodiversity, it is recommended 
that a part of the attenuation pond should be dug below the pond invert that is specified in 
the MicroDrainage calculations (Appendix A).  The pond invert level is specified here as zero 
metres, since the optimum location needs to be determined by the site engineer, who may 
enlarge the existing pond or prefer to move its location, to take advantage to local features.  
It is recommended, in order to create a semi-permanent water body that is able to enhance 
biodiversity locally, that additional soil be removed from part of the pond’s bed.  The area and 
volume removed may depend on site conditions but it is suggested that one quarter to one 
half of the 500 m2 base area of the pond could be lowered in this way, by up to about 1 m.  
The lowered area should be in the eastern part of the pond, where runoff enters. 
 
 

8 Foul Water Management 
 
The existing sheds at the site work on a seven-week cycle.  At the end of this period, after 
the flock is moved away, the sheds are thoroughly cleaned out.  High-pressure hoses are 
used to wash waste from the sheds, to a containment vessel.  All such liquids would be 
diverted via drains on the apron, into this dirty water tank, which should be located at the 
eastern end of the proposed sheds.  The Water Resources (Control of Agricultural Pollution) 
(Wales) Regulations 202113 have been introduced to mitigate pollution of the environment by 
slurry and other agricultural waste.  These Regulations replace the Water Resources 
(Control of Pollution) (Silage and Slurry) (Wales) Regulations 201014 and would apply to the 
proposed sheds.  Since April 2021, farms have been required to notify Natural Resources 
Wales (NRW) of the construction of any new silo or slurry storage system. 
 
Although the standards of storage capacity and storage period for slurry do not come into 
force until August 2024, it is recommended that any system adopted to serve the proposed 
sheds should be compliant before that date is reached.  Schedule 6 of the regulations covers 
construction, based on standards for protection against corrosion and the ability to withstand 
loadings specified in the current British Standard (BS 5502: part 50 1993), and summarised 
online15.  The 2021 regulations state, on p.79, that:  
                                                 
13 https://gov.wales/sites/default/files/publications/2021-03/water-resources-control-of-agricultural-pollution-
wales-regulations-2021-guidance-for-farmers-and-landmanagers.pdf  
14 https://gov.wales/sites/default/files/publications/2021-03/storing-silage-and-slurry.pdf  
15 http://adlib.everysite.co.uk/adlib/defra/content.aspx?id=000HK277ZW.0A77EGH3J2A6XZ9  
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“The need to comply with the design requirements in Schedule 6 of the Regulations 
means that professional advice will almost certainly be needed for the design and 
construction of all slurry installations including earth-banked compounds”. 

 

Areas listed in the 2021 regulations document as being of particular concern include: 

1) Drainage – the system should include perimeter drains to catch any escaped slurry, 
which must then drain into an effluent tank. 

2) Outlet pipes - must have two valves in series, each capable of shutting off the flow of 
slurry and each being kept locked shut when not in use. 

3) High water-table could cause underground installations to float, unless additional 
measures are put in place to reduce that risk. 

4) Volume - the ‘storage period’ requirements of the regulations, accounting for rates 
and times of utilisation of slurry and the capacity of slurry storage tanks should be 
considered.  

5) Dilution – volume of rainfall should be considered, together with the need to provide 
at least 750 mm of freeboard for earth-banked stores or 300 mm for tanks.   

6) Storage – The requirements will vary, based on the above factors.  The document 
helpfully advises however that: 

“Local NRW area offices will provide general guidance on storage capacity.  
However, you may find it useful to take additional professional advice on storage 
requirements from an agricultural consultant” 

 
It is recommended that an underground tank should be sourced that conforms with current 
British Standard (BS 5502: part 50 1993) and provides the features listed above.  A volume 
of about 45,000 litres seems to be about right but as they suggest, the NRW area offices 
should be consulted as a starting point, before seeking further guidance from an appropriate 
agricultural consultant. 
 
 
 

9 Residual risk 
 
Residual risks include exceedance of design flow along the unnamed tributary stream to the 
west of the site and failure of the surface water management system, possibly as a result of 
blockage or partial blockage of the outflow.  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. 
 
In the event of exceedance of design flow along the unnamed tributary stream, it appears 
very unlikely that floodwater from such a small stream could reach the sheds or even the 
attenuation pond.  The layer shaded map in Figure 11 shows the brook to be about 6 m 
below the lowest point beneath the lower of the two proposed sheds.  Floodwater is very 
unlikely to be able to rise that high.  As stated in Section 2, buildings used for agriculture are 
classified as “Less Vulnerable” in terms of TAN15 and are regarded as appropriate in the 
Flood Zone.  People working at the site would normally have adequate notice of flooding and 
be able to walk away from the floodwaters.  That is not expected to be necessary at this site. 
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10 Surface water management credentials 
 
This surface water management plan was written by Chris Nugent of Lidar-Logic.  Chris has 
worked since 1981 in areas of hydrology and fluvial geomorphology, specialising in flood risk 
and flood consequence assessment and surface water management in 2007.  Since then, 
working for Hydro-Logic Services (HLS), he has written and / or managed well over 500 such 
assessments across the UK, most of which included a surface water management plan.  
Chris left HLS to form Lidar-Logic in August 2018, in order to benefit from the detailed 
mapping that he produces, from LiDAR digital elevation data.  The current work was 
prepared for submission to Planning in July 2021. 
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Appendix A Drainage design for the proposed impermeable areas on the site 

A.1  Greenfield Runoff 
The “rural” 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.  
Greenfield runoff rate was estimated using the procedure described on the “refhdocs” 
website17, summarised below:   
 

1) Catchment descriptors derived from FEH (Table 4) were read into ReFH2. Equations 
for “plot scale” are different from those used for “catchment scale” calculations, so the 
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 pond, which would receive 
rainfall directly.  The calculated Greenfield runoff values are shown in Table 6 for a range of 
return periods: 1:2-years, 1:30-years and 1:100-years.  The last column in Table 6 shows 
attenuated rates, derived from the MicroDrainage calculations described below.  Attenuated 
runoff is at or below Greenfield rates at all the return periods listed.   
 

Table 6 Greenfield and attenuated runoff from proposed impermeable areas 

1.20 Peak Flow Attenuated  
Return Period l/s/ha l/s l/s 

1:2 year 6.20 7.44 7.4 
1:30 year 16.05 19.26 10.1 
1:100 year 22.03 26.43 11.3 

                                                 
16 http://nora.nerc.ac.uk/id/eprint/7367/1/IH_124.pdf 
17 https://refhdocs.hydrosolutions.co.uk/Drainage-Design-Applications/Greenfield-Runoff-Rates-and-Volumes/   
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A.2 Attenuation Pond Design  
 
The purpose of the attenuation pond is to receive the runoff from impermeable surfaces on 
the site and release it slowly, at a rate at or below the Greenfield runoff rate.  In that way, the 
development cannot increase flood risk elsewhere.  The existing sheds already drain to the 
attenuation pond and, since the proposed sheds would be at approximately the same level, 
they will also be able to do so.  Since the existing pond could not be approached and there 
was no record of its dimensions, the calculations have started from scratch on the basis that 
whatever is already built will need to be modified anyway.   
 
Several different flow control devices were tried at the outflow but discharge was kept below 
Greenfield rates, using a 77 mm diameter orifice at the pond invert. This ensures that outflow 
after 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 associated measures that were modelled in MicroDrainage are listed in Table 7.  
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 6.   
 
Table 7 MicroDrainage, summary of assumptions, settings and results 

Summary  -  Brynthomas Poultry Unit, Penybont  LD1 5SW 
Inflow Rainfall 
Storage structure Attenuation Pond 
Outflow Orifice 
Overflow Weir 
Design life (years) 30 to 50 

Details 
Rainfall model FEH, 2013 

Catchment area (m2) 12,000 

Area of storage at invert level (m2) 500 

Area of storage at cover level (m2) 1,000 
Orifice outflow diameter (mm) 77 
Level of overflow weir (m) 1.00 
Level of pond margin (cover level, m) 1.30 

Results, for 1:100 yr+CC rainstorm 
Scenario - Climate change allowance 10% 20% 
Max. depth of storage (m) 0.874 0.945 
Critical duration (winter, minutes) 360 360 

 
 
The maximum water depth within an attenuation pond of this size, during a 1:100-year 
rainstorm, with a 10% climate change allowance, was calculated as 0.874 m, during the 
critical duration. 6-hour rainstorm (summary Table 8, with full results in Appendix B).  The 
pond was tested in MicroDrainage using an “upper end” inflow, the 1:100-year rainstorm with 
a 20% increment (Table 3) and water depth in the pond rose to 0.945 m.  At this depth, 
Appendix B shows that the pond would contain some 628 m3 of rainwater, rising to 55 mm 
below the emergency overflow weir.   
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The features of the recommended attenuation system listed in Table 7 are summarised 
diagrammatically in Figure 21, which represents the principal structures of the MicroDrainage 
design in two-dimensions.  These levels are shown in Table 8 for clarity and the structures 
mapped in Figure 23.  As described in text under residual risks (Section A.5) a rise in water 
level within the pond may be an indication of partial blockage of the perforated riser.  As 
such, it serves as a potentially valuable indicator.  This should be explained to staff at the 
site, so that they take the appropriate measure to inspect the perforated riser after having 
observed such a rise in water level and clean out the filtration system, if necessary. 
 
 
Figure 21 Diagrammatic cross-section of the recommended attenuation pond 

 
   Note: Features shown are diagrammatic and not to scale 
 
The outflow from the pond, including the flow control orifice, would be set within the outflow 
chamber located in Figure 23, set within the bank to facilitate maintenance (Figure 21).  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 the outflow orifice.  Perforated risers have been included, as these provide 
rigorous filtration, as described in Section 6.4.  The perforated section would have 70 mm 
orifice plates located at the top and bottom of the tube, providing a considerable level of 
reassurance over the avoidance of blockage. 
 
 
Table 8 Proposed Attenuation Pond residual risk specifications summary 
Structure Ht. above pond base (m) 
Embankment crest 1.300 
Pond emergency weir level 0.950 
Pond 1:100 yr+20%CC water level 0.945 
Pond 1:100 yr+10%CC water level 0.874 
Pond 1:30 yr+10%CC water level 0.701 
Pond 1:2 yr+10%CC water level 0.399 
Pond minimum base invert level 0.000 
Pond outflow orifice (invert level) 0.000 

All levels in the table are above the pond base level, the invert of the outflow orifice. 
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A.3 Attenuation Achieved 
 
The graphs in Figure 22 were taken from the MicroDrainage output in Appendix B and 
illustrate the flow from the impermeable surfaces on the site, before and after passing 
through the recommended attenuation pond, following rainstorms of the critical duration.  In 
each case, the outflow hydrograph is at or below the calculated “Greenfield” runoff, on the 
fully rural site (Table 6). 
 
Figure 22 Attenuation modifies the outflow hydrograph at the three return periods examined 
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A.4  Interception and conveyance of runoff from impermeable surfaces 
 
It is proposed that like the existing system (Section 2), roof runoff would be conveyed by 
guttering bounding the sheds.  Downpipes would route runoff via underground pipes, into the 
attenuation pond.  The recommended dimensions are shown in Table 9.  Gutters should be 
graded to a minimum of 0.5% (a slope of 0.005 or 1:200), to allow water to flow towards the 
attenuation pond.  Located within the earth bank to the west of the sheds, underground pipes 
can be steeper.  Calculation of dimensions are shown below.   
 
Figure 23 Diagram showing the recommended outline drainage system 

 
Note: Routes are indicative and structures are not to scale 
 
 
Table 9 Recommended guttering and closed plastic pipe specifications 

Peak flow with CC allowance 0.052 m3/s 
Guttering  

Guttering, minimum slope 0.005 (1:200) 
Guttering, internal diameter 300 mm 

Guttering, Roughness, Manning n 0.009 
Peak flow depth 149 mm 

Closed Plastic Pipe  
Plastic Pipe, minimum slope 0.01 (1:100) 

Plastic Pipe, internal diameter 300 mm 
Plastic Pipe, Roughness Coefficient  2 mm 

Peak flow depth 335 mm 
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overflow weir 
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stream 
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(dashed lines) 

Guttering 
(solid lines) 
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Ditch 
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Error! 
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In order to determine the dimensions of the guttering and underground pipes and confirm 
whether those suggested in Table 9 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: 
 

000,178.2 AiCrCvQ uuuu  
 
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 4 hours are shown in Table 10. Taking the 
allowance for climate change as 20% and the area being drained as the shed’s length x half 
the shed’s width (106.7 m x 12.3 m = 1,317 m2).  A peak flow rate of 0.049 m3/s or 49 l/s can 
be anticipated for the 1:100-year+CC rainstorm with a duration of 15 minutes.    
 
Table 10 Peak flows entering the channel, from the Wallingford Modified Rational Method 

Duration 
FEH Rainfall 

Depth 
FEH Rainfall 
Depth + CC Intensity (+CC) 

Peak Flow Rate 
+ CC 

(mins) (mm) (mm) (mm/hr) (m3/s) 
15 21.57 25.884 103.536 0.049 
30 30.66 36.792 73.584 0.035 
60 41.74 50.088 50.088 0.024 
120 49.24 59.088 29.544 0.014 
240 56.95 68.34 17.085 0.008 

The dimensions of the guttering has been set for the existing sheds but this is checked to 
ensure that it will be adequate for the proposed sheds, using current rainfall estimates.  In 
order to confirm whether the 300 mm guttering shown in Table 9 would convey the 1:100-
year rainstorm, with allowance for climate change, the Manning equation is used: 
 

2/13/2 SR
n
kAQ  

 
 
Where:       Q is flow, in m3/s. 
       A is the cross-sectional area of the flow in m2; 
       k is a constant, which should be taken as 1, if SI units are used;   
        S is the energy slope, which can be represented by the downstream slope;  
        R is the hydraulic radius of the channel at that section; 
        n, known as Manning’s n, describes channel roughness. 
 

The Manning equation is solved using the channel parameters shown in Table 9, to give the 
results shown in Table 11.  This table show that the peak flow rates associated with the 
1:100 year+30%CC rainfall event (Table 10) would produce flood depths less than the 
channel depths recommended within Table 11. The recommended channel is therefore 
capable of conveying runoff from the 1:100 year+30%CC rainfall event into the attenuation 
basin.  
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Table 11 Manning parameters, showing depth and flow in a 300 mm diameter gutter 

 
 

In order to confirm the dimensions of the plastic pipes, The Colebrook-White equation has 
been used, ensuring that they could convey peak inflow to the attenuation basin during the 
1:100-year rainstorm, with allowance for climate change.  This is then used to show the 
cross-sectional area of flow within the pipe and its velocity, giving a total flow for the pipe as 
a whole.  A roughness height (k) of 2 mm has been used to represent the friction in the 
plastic pipe.  The Colebrook-White equation is normally given as: 

 
1
𝑓

 =  −2 log 푘
14.8𝑅

+
2.51

𝑅𝑒 𝑓
 

  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 plastic pipes described above.  The results (Table 12) 
show that a 250 mm diameter plastic pipe, constructed at a 1:200 gradient would convey the 
peak flow rate of 0.052 m3/s (52 l/s) during the 1:100-year, 15-minute duration rainstorm, with 
a 20% allowance for climate change.  These calculations suggest that the 250 mm diameter 
pipe would fill to a depth of a little under 200 mm during this event.   
 
Table 12 Flow parameters associated with the design pipe dimensions (Table 9) 

Depth (mm) 
 Cross-sectional 
Flow Area (m2) 

 Hydraulic 
Radius (mm) 

 Wetted 
Perimeter (m) 

 Mean 
Velocity (m/s)  Flow (l/s) 

240 0.04843 70.73 0.685 1.276 61.812 
220 0.04575 75.18 0.609 1.329 60.801 
200 0.0421 76.05 0.554 1.339 56.372 
180 0.03784 74.69 0.507 1.323 50.063 
160 0.03318 71.56 0.464 1.286 42.675 
140 0.02828 66.9 0.423 1.23 34.795 
120 0.02329 60.87 0.383 1.155 26.91 
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A.5  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+CC design storm.  In order to mitigate against 
blockage, it is recommended that the outflow orifice 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, 
according to the maintenance schedule (Table 5) and any collected debris removed.   
 
As pointed put in Section A2, above, a rise in water level within the pond may indicate partial 
blockage of the perforated riser.  As such, it serves as a potentially valuable indicator.  This 
should be explained to staff at the site, so that if they notice water levels within the pond 
rising to unusually high levels, they take the appropriate measure to inspect the perforated 
riser.  This can then be cleaned out during the next dry period, as necessary. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 attenuation system at Brynthomas.  They are 
arranged in three parts, showing the 1:2-year, 1:30-year and 1:100-year rainstorms.  In each case, 10 
percent has been added as an allowance for climate change.   The 1:100-year event was run with a 
20% allowance for climate change and MicroDrainage modelling shows that this too would be 
contained within the pond.   
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Storm
Event

Max
Level
(m)

Max
Depth
(m)

Max
Control
(l/s)

Max
Overflow
(l/s)

Max
Σ Outflow
(l/s)

Max
Volume
(m³)

Status

180 min Summer 0.301 0.301 6.3 0.0 6.3 165.6 O K
240 min Summer 0.319 0.319 6.6 0.0 6.6 176.1 O K
360 min Summer 0.342 0.342 6.8 0.0 6.8 190.1 O K
480 min Summer 0.355 0.355 7.0 0.0 7.0 198.2 O K
600 min Summer 0.362 0.362 7.0 0.0 7.0 202.6 O K
720 min Summer 0.366 0.366 7.1 0.0 7.1 204.9 O K
960 min Summer 0.367 0.367 7.1 0.0 7.1 205.7 O K
1440 min Summer 0.358 0.358 7.0 0.0 7.0 200.3 O K
180 min Winter 0.338 0.338 6.8 0.0 6.8 188.0 O K
240 min Winter 0.357 0.357 7.0 0.0 7.0 199.7 O K
360 min Winter 0.380 0.380 7.2 0.0 7.2 213.8 O K
480 min Winter 0.392 0.392 7.4 0.0 7.4 221.5 O K
600 min Winter 0.397 0.397 7.4 0.0 7.4 224.8 O K
720 min Winter 0.399 0.399 7.4 0.0 7.4 225.5 O K
960 min Winter 0.394 0.394 7.4 0.0 7.4 222.5 O K
1440 min Winter 0.373 0.373 7.2 0.0 7.2 209.5 O K

Storm
Event

Rain
(mm/hr)

Flooded
Volume
(m³)

Discharge
Volume
(m³)

Overflow
Volume
(m³)

Time-Peak
(mins)

180 min Summer 7.593 0.0 201.0 0.0 180
240 min Summer 6.380 0.0 225.5 0.0 208
360 min Summer 4.971 0.0 264.0 0.0 272
480 min Summer 4.143 0.0 293.6 0.0 340
600 min Summer 3.588 0.0 318.0 0.0 410
720 min Summer 3.188 0.0 339.0 0.0 478
960 min Summer 2.640 0.0 374.3 0.0 616
1440 min Summer 2.023 0.0 429.7 0.0 888
180 min Winter 7.593 0.0 225.5 0.0 176
240 min Winter 6.380 0.0 253.0 0.0 230
360 min Winter 4.971 0.0 296.0 0.0 286
480 min Winter 4.143 0.0 329.2 0.0 364
600 min Winter 3.588 0.0 356.6 0.0 442
720 min Winter 3.188 0.0 380.1 0.0 518
960 min Winter 2.640 0.0 419.7 0.0 666
1440 min Winter 2.023 0.0 481.7 0.0 954

Appendix B MicroDrainage output
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Rainfall Details
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Rainfall Model FEH
Return Period (years) 2
FEH Rainfall Version 2013

Site Location GB 311000 262000 SO 11000 62000
Data Type

Summer Storms Yes
Winter Storms Yes
Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 180
Longest Storm (mins) 1440

Climate Change % +10

Time Area Diagram

Total Area (ha) 1.200
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Model Details

©1982-2019 Innovyze

Storage is Online Cover Level (m) 1.300

Tank or Pond Structure

Invert Level (m) 0.000

Depth (m) Area (m²) Depth (m) Area (m²) Depth (m) Area (m²) Depth (m) Area (m²)

0.000 500.0 0.700 746.6 1.400 1042.4 2.100 1387.5
0.100 532.2 0.800 785.8 1.500 1088.7 2.200 1440.8
0.200 565.4 0.900 826.1 1.600 1136.0 2.300 1495.2
0.300 599.6 1.000 867.3 1.700 1184.3 2.400 1550.5
0.400 634.9 1.100 909.6 1.800 1233.6 2.500 1606.8
0.500 671.1 1.200 952.9 1.900 1283.9
0.600 708.3 1.300 997.1 2.000 1335.2

Orifice Outflow Control

Diameter (m) 0.077 Discharge Coefficient 0.600 Invert Level (m) 0.000

Weir Overflow Control

Discharge Coef 0.544 Width (m) 2.000 Invert Level (m) 1.000
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Summary of Results for 30 year Return Period (+10%)
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Storm
Event

Max
Level
(m)

Max
Depth
(m)

Max
Control
(l/s)

Max
Overflow
(l/s)

Max
Σ Outflow
(l/s)

Max
Volume
(m³)

Status

180 min Summer 0.610 0.610 9.4 0.0 9.4 367.9 O K
240 min Summer 0.622 0.622 9.5 0.0 9.5 376.3 O K
360 min Summer 0.628 0.628 9.5 0.0 9.5 380.7 O K
480 min Summer 0.629 0.629 9.5 0.0 9.5 381.3 O K
600 min Summer 0.627 0.627 9.5 0.0 9.5 380.0 O K
720 min Summer 0.624 0.624 9.5 0.0 9.5 377.6 O K
960 min Summer 0.614 0.614 9.4 0.0 9.4 370.7 O K
1440 min Summer 0.590 0.590 9.2 0.0 9.2 353.6 O K
180 min Winter 0.678 0.678 9.9 0.0 9.9 416.9 O K
240 min Winter 0.693 0.693 10.0 0.0 10.0 428.1 O K
360 min Winter 0.701 0.701 10.1 0.0 10.1 434.2 O K
480 min Winter 0.698 0.698 10.0 0.0 10.0 431.7 O K
600 min Winter 0.694 0.694 10.0 0.0 10.0 429.0 O K
720 min Winter 0.688 0.688 10.0 0.0 10.0 424.3 O K
960 min Winter 0.671 0.671 9.8 0.0 9.8 411.9 O K
1440 min Winter 0.631 0.631 9.5 0.0 9.5 382.8 O K

Storm
Event

Rain
(mm/hr)

Flooded
Volume
(m³)

Discharge
Volume
(m³)

Overflow
Volume
(m³)

Time-Peak
(mins)

180 min Summer 15.946 0.0 425.6 0.0 182
240 min Summer 12.801 0.0 455.7 0.0 242
360 min Summer 9.378 0.0 500.8 0.0 312
480 min Summer 7.509 0.0 534.8 0.0 372
600 min Summer 6.322 0.0 562.7 0.0 436
720 min Summer 5.495 0.0 586.9 0.0 504
960 min Summer 4.417 0.0 628.6 0.0 642
1440 min Summer 3.265 0.0 695.5 0.0 916
180 min Winter 15.946 0.0 477.0 0.0 180
240 min Winter 12.801 0.0 510.7 0.0 236
360 min Winter 9.378 0.0 561.3 0.0 342
480 min Winter 7.509 0.0 599.3 0.0 390
600 min Winter 6.322 0.0 630.6 0.0 464
720 min Winter 5.495 0.0 657.7 0.0 542
960 min Winter 4.417 0.0 704.4 0.0 694
1440 min Winter 3.265 0.0 779.2 0.0 990
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Rainfall Details
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Rainfall Model FEH
Return Period (years) 30
FEH Rainfall Version 2013

Site Location GB 311000 262000 SO 11000 62000
Data Type

Summer Storms Yes
Winter Storms Yes
Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 180
Longest Storm (mins) 1440

Climate Change % +10

Time Area Diagram

Total Area (ha) 1.200
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Model Details

©1982-2019 Innovyze

Storage is Online Cover Level (m) 1.300

Tank or Pond Structure

Invert Level (m) 0.000

Depth (m) Area (m²) Depth (m) Area (m²) Depth (m) Area (m²) Depth (m) Area (m²)

0.000 500.0 0.700 746.6 1.400 1042.4 2.100 1387.5
0.100 532.2 0.800 785.8 1.500 1088.7 2.200 1440.8
0.200 565.4 0.900 826.1 1.600 1136.0 2.300 1495.2
0.300 599.6 1.000 867.3 1.700 1184.3 2.400 1550.5
0.400 634.9 1.100 909.6 1.800 1233.6 2.500 1606.8
0.500 671.1 1.200 952.9 1.900 1283.9
0.600 708.3 1.300 997.1 2.000 1335.2

Orifice Outflow Control

Diameter (m) 0.077 Discharge Coefficient 0.600 Invert Level (m) 0.000

Weir Overflow Control

Discharge Coef 0.544 Width (m) 2.000 Invert Level (m) 1.000
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Summary of Results for 100 year Return Period (+10%)
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Storm
Event

Max
Level
(m)

Max
Depth
(m)

Max
Control
(l/s)

Max
Overflow
(l/s)

Max
Σ Outflow
(l/s)

Max
Volume
(m³)

Status

180 min Summer 0.779 0.779 10.7 0.0 10.7 493.8 O K
240 min Summer 0.789 0.789 10.7 0.0 10.7 501.1 O K
360 min Summer 0.785 0.785 10.7 0.0 10.7 497.9 O K
480 min Summer 0.775 0.775 10.6 0.0 10.6 490.8 O K
600 min Summer 0.766 0.766 10.6 0.0 10.6 483.7 O K
720 min Summer 0.757 0.757 10.5 0.0 10.5 476.6 O K
960 min Summer 0.739 0.739 10.4 0.0 10.4 462.8 O K
1440 min Summer 0.704 0.704 10.1 0.0 10.1 436.5 O K
180 min Winter 0.861 0.861 11.2 0.0 11.2 559.0 O K
240 min Winter 0.874 0.874 11.3 0.0 11.3 569.2 O K
360 min Winter 0.874 0.874 11.3 0.0 11.3 569.6 O K
480 min Winter 0.861 0.861 11.2 0.0 11.2 558.3 O K
600 min Winter 0.848 0.848 11.1 0.0 11.1 548.2 O K
720 min Winter 0.836 0.836 11.1 0.0 11.1 538.5 O K
960 min Winter 0.810 0.810 10.9 0.0 10.9 518.1 O K
1440 min Winter 0.758 0.758 10.5 0.0 10.5 477.7 O K

Storm
Event

Rain
(mm/hr)

Flooded
Volume
(m³)

Discharge
Volume
(m³)

Overflow
Volume
(m³)

Time-Peak
(mins)

180 min Summer 20.995 0.0 561.3 0.0 184
240 min Summer 16.638 0.0 593.1 0.0 242
360 min Summer 11.935 0.0 638.2 0.0 338
480 min Summer 9.412 0.0 671.0 0.0 392
600 min Summer 7.833 0.0 697.9 0.0 452
720 min Summer 6.747 0.0 721.1 0.0 518
960 min Summer 5.349 0.0 761.8 0.0 654
1440 min Summer 3.891 0.0 829.0 0.0 928
180 min Winter 20.995 0.0 629.0 0.0 180
240 min Winter 16.638 0.0 664.6 0.0 238
360 min Winter 11.935 0.0 715.1 0.0 348
480 min Winter 9.412 0.0 751.8 0.0 446
600 min Winter 7.833 0.0 781.9 0.0 476
720 min Winter 6.747 0.0 807.9 0.0 552
960 min Winter 5.349 0.0 853.4 0.0 706
1440 min Winter 3.891 0.0 928.3 0.0 1004
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Rainfall Details
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Rainfall Model FEH
Return Period (years) 100
FEH Rainfall Version 2013

Site Location GB 311000 262000 SO 11000 62000
Data Type

Summer Storms Yes
Winter Storms Yes
Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 180
Longest Storm (mins) 1440

Climate Change % +10

Time Area Diagram

Total Area (ha) 1.200
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Model Details

©1982-2019 Innovyze

Storage is Online Cover Level (m) 1.300

Tank or Pond Structure

Invert Level (m) 0.000

Depth (m) Area (m²) Depth (m) Area (m²) Depth (m) Area (m²) Depth (m) Area (m²)

0.000 500.0 0.700 746.6 1.400 1042.4 2.100 1387.5
0.100 532.2 0.800 785.8 1.500 1088.7 2.200 1440.8
0.200 565.4 0.900 826.1 1.600 1136.0 2.300 1495.2
0.300 599.6 1.000 867.3 1.700 1184.3 2.400 1550.5
0.400 634.9 1.100 909.6 1.800 1233.6 2.500 1606.8
0.500 671.1 1.200 952.9 1.900 1283.9
0.600 708.3 1.300 997.1 2.000 1335.2

Orifice Outflow Control

Diameter (m) 0.077 Discharge Coefficient 0.600 Invert Level (m) 0.000

Weir Overflow Control

Discharge Coef 0.544 Width (m) 2.000 Invert Level (m) 1.000
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Summary of Results for 100 year Return Period (+20%)
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Storm
Event

Max
Level
(m)

Max
Depth
(m)

Max
Control
(l/s)

Max
Overflow
(l/s)

Max
Σ Outflow
(l/s)

Max
Volume
(m³)

Status

180 min Summer 0.840 0.840 11.1 0.0 11.1 541.8 O K
240 min Summer 0.851 0.851 11.2 0.0 11.2 550.9 O K
360 min Summer 0.849 0.849 11.1 0.0 11.1 549.0 O K
480 min Summer 0.839 0.839 11.1 0.0 11.1 541.2 O K
600 min Summer 0.830 0.830 11.0 0.0 11.0 533.7 O K
720 min Summer 0.821 0.821 10.9 0.0 10.9 526.3 O K
960 min Summer 0.803 0.803 10.8 0.0 10.8 512.0 O K
1440 min Summer 0.767 0.767 10.6 0.0 10.6 484.7 O K
180 min Winter 0.927 0.927 11.7 0.0 11.7 613.1 O K
240 min Winter 0.942 0.942 11.8 0.0 11.8 625.5 O K
360 min Winter 0.945 0.945 11.8 0.0 11.8 628.0 O K
480 min Winter 0.932 0.932 11.7 0.0 11.7 617.3 O K
600 min Winter 0.918 0.918 11.6 0.0 11.6 605.6 O K
720 min Winter 0.906 0.906 11.5 0.0 11.5 595.7 O K
960 min Winter 0.881 0.881 11.4 0.0 11.4 575.0 O K
1440 min Winter 0.829 0.829 11.0 0.0 11.0 533.1 O K

Storm
Event

Rain
(mm/hr)

Flooded
Volume
(m³)

Discharge
Volume
(m³)

Overflow
Volume
(m³)

Time-Peak
(mins)

180 min Summer 22.904 0.0 612.6 0.0 184
240 min Summer 18.150 0.0 647.3 0.0 242
360 min Summer 13.020 0.0 696.5 0.0 350
480 min Summer 10.268 0.0 732.2 0.0 400
600 min Summer 8.545 0.0 761.6 0.0 462
720 min Summer 7.360 0.0 786.9 0.0 524
960 min Summer 5.836 0.0 831.2 0.0 660
1440 min Summer 4.245 0.0 904.2 0.0 932
180 min Winter 22.904 0.0 686.4 0.0 182
240 min Winter 18.150 0.0 725.3 0.0 238
360 min Winter 13.020 0.0 780.4 0.0 348
480 min Winter 10.268 0.0 820.3 0.0 450
600 min Winter 8.545 0.0 853.2 0.0 484
720 min Winter 7.360 0.0 881.5 0.0 558
960 min Winter 5.836 0.0 930.9 0.0 712
1440 min Winter 4.245 0.0 1012.0 0.0 1012
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Rainfall Details
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Rainfall Model FEH
Return Period (years) 100
FEH Rainfall Version 2013

Site Location GB 311000 262000 SO 11000 62000
Data Type

Summer Storms Yes
Winter Storms Yes
Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 180
Longest Storm (mins) 1440

Climate Change % +20

Time Area Diagram

Total Area (ha) 1.200
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Model Details

©1982-2019 Innovyze

Storage is Online Cover Level (m) 1.300

Tank or Pond Structure

Invert Level (m) 0.000

Depth (m) Area (m²) Depth (m) Area (m²) Depth (m) Area (m²) Depth (m) Area (m²)

0.000 500.0 0.700 746.6 1.400 1042.4 2.100 1387.5
0.100 532.2 0.800 785.8 1.500 1088.7 2.200 1440.8
0.200 565.4 0.900 826.1 1.600 1136.0 2.300 1495.2
0.300 599.6 1.000 867.3 1.700 1184.3 2.400 1550.5
0.400 634.9 1.100 909.6 1.800 1233.6 2.500 1606.8
0.500 671.1 1.200 952.9 1.900 1283.9
0.600 708.3 1.300 997.1 2.000 1335.2

Orifice Outflow Control

Diameter (m) 0.077 Discharge Coefficient 0.600 Invert Level (m) 0.000

Weir Overflow Control

Discharge Coef 0.544 Width (m) 2.000 Invert Level (m) 1.000
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