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1.0 INTRODUCTION 

Cleanearth Energy Ltd have commissioned Engineering & Development Solutions Ltd (EDS) to 
prepare a Flood Risk Assessment (FRA) for the proposed solar array on land at Pine Tip, Indian 
Queens. The site is situated 1.5km south of the village of Indian Queens, Cornwall, as shown 
in Figures 1 & 2 below. 

  

Figure 1 Site Location & Geographical Area 

  

Figure 2 Site Boundary & Aerial Imagery 

Site Boundary 

Site Location 
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Site Description 

The site comprises a heathland area and was formerly associated with the local china clay 
operations. It is located on land at Pine Tip, south of Indian Queens, Cornwall. The area of the 
site is approximately 6.5 hectares. The approximate Ordnance Survey Grid Reference for the 
centre of the site is SW 91800 57030.The site has a main access via an existing unmade track 
on the eastern boundary of the site, which leads off an access track which runs through the 
China Clay Works situated north-east and south of the site.  

In terms of topography, the site is situated on a plateau, with an elevation of approximately 
224m AOD falling gently towards the south-east to around 216m AOD; the typical site gradient 
is 1:33. 

There are several drainage channels/ditches near the site. These include a drainage channel 
which runs along the south-eastern edge of the site, and drainage channels which run around 
the base of the plateau approximately 200m away from the north and west of the site.  

Flood Risk Context 

Reference to the Environment Agency (EA) flood map for planning shows the site to be within 
Flood Zone 1 (low probability). The site is over 1-hectare (ha) in area, therefore the application 
requires a Flood Risk Assessment (FRA) in accordance with the National Planning Policy 
Framework 2019 (NPPF) paragraph 163.  

The primary aim of the FRA will be to ensure that the development does not increase flood risk 
elsewhere. To address this requirement, EDS have been commissioned to prepare an FRA 
including surface water drainage strategy for the proposed development, in accordance with 
the best practice principles of Sustainable Drainage Systems (SuDS), NPPF, Planning Practice 
Guidance (PPG), and Drainage Guidance for Cornwall (DGfC). This report describes the findings 
of the study. 

  

Figure 3 Environment Agency Flood Map for Planning (Rivers & Sea) Extract  

Site Boundary 
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2.0 ASSESSMENT OF FLOOD RISKS 

Groundwater 

Groundwater flooding is linked to the presence of aquifers and the ability of the underlying 
geological strata to bear water. Flooding occurs when water levels in the ground rise above 
surface elevations. The Cornwall Council Strategic Flood Risk Assessment (SFRA) highlights that 
the geology of Cornwall has only minor aquifers and generally does not experience much 
groundwater flooding.  

Further to the above, as the site is located near to several drainage ditches the groundwater 
level beneath the site is likely to be largely controlled by these features which would act as 
sumps to drain water in the ground away from the site. As such the risk of groundwater flooding 
is low and is not considered further in this report.  

Overland Flow 

The site is situated within a rural area, on a local high point. It is considered that there is limited 
potential for overland flows to develop at the site.  It is anticipated that any overland flows 
would infiltrate directly into the ground or be intercepted by the nearby ditches and conveyed 
away from the site.  

The EA map extract, Figure 4 below, shows the risk of flooding from surface water for the site. 
It indicates that the site is at very low/low risk of flooding from surface water.  

  

Figure 4 EA Flood Risk from Surface Water Map Extract 

Fluvial Flood Risk 

The Environment Agency indicative flood map for planning (Figure 3) shows that the entire 
site is in Flood Zone 1 (less than 1 in 1,000-year annual probability of river flooding) and is 
therefore not at risk from fluvial flooding. 

Site Boundary 
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Tidal Flooding 

The site is situated at a minimum elevation of around 216m AOD and is well outside any areas 
of tidal influence, therefore the site is not at risk from tidal flooding.  

Flooding as a Result of Development 

Development and paving of permeable areas has the potential to increase flood risk to areas 
down slope of the proposed development. Ground-mounted solar PV installations only introduce 
a small area of impermeable surfaces through the post support system and the 
inverter/transformer footings.  

The modules will be elevated above the ground, therefore the ground beneath the development 
remains permeable and vegetated as per the pre-development scenario. Therefore, the site 
continues to drain as per the pre-development scenario with comparable flow rates and 
volumes. 

Site access is proposed to be retained, via the existing track which enters the site from the 
eastern boundary, and therefore will not contribute to increasing runoff rates from the site. The 
solar modules will be supported by a pile system, assumed to comprise six support posts for 
each table. The posts are likely to be around 0.1m in diameter and will elevate the tables 
between 0.8m and 2.5m above ground level. 

The impermeable area introduced by the development has been estimated as follows: 

 3No. inverters  = 144m2 
 Support posts  = 36m2 
 Total   = 180m2 

The impermeable area totals approximately 180m2, which is less than 0.3% of the total site 
area. The proposed drainage system need only contend with the volume of runoff from this 
area to ensure flood risk is not increased. 

By designing the surface water drainage system in accordance with the advice reproduced in 
Section 3, the proposed development will not increase flood risk to third-parties downslope. 
In consideration of the above, the proposed sustainable drainage system to be installed within 
the development is described in more detail in Section 4 of this report. 
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3.0 DESIGN STANDARDS 

Design of the site drainage infrastructure and Sustainable Drainage System (SuDS) is to be 
carried out in line with best practice, and to industry standard design procedures. Several 
publications, including design guidance and best practice guidance will be applied to different 
components of the final SuDS infrastructure. The sections below provide an overview of the 
design standards to be used on this project for various aspects of the SuDS infrastructure 
design. 

The CIRIA SuDS Manual (C753) 

This document is a comprehensive publication covering design, construction, operation and 
maintenance of SuDS. The advice and best practice outlined in this document has been utilised 
in the design of the site SuDS features which have been detailed in this report. 

Building Regulations Part H 

Building Regulations Part H ‘Drainage and Waste Disposal’ covers the design and installation of 
surface water and foul water systems. All private drainage including pipes, manholes, down 
pipes, and other drainage infrastructure on the site should be designed and installed in 
accordance with this document. 

The Wallingford Procedure 

Developed by HR Wallingford, this publication covers the design of urban drainage systems. In 
addition, the document includes regional rainfall data for use in design for varying return period 
events. Basic sizing calculations for the proposed SuDS system and the estimation of the runoff 
volumes have been made using this method. 

National Planning Policy Framework 

The National Planning Policy Framework (NPPF) contains the policy relating to the appropriate 
assessment of flood risk within the UK.  The associated technical guidance provides further 
details on the definitions, classifications and constraints used to apply national policy to new 
developments.  

It contains details on flood zone definition, site specific FRAs, vulnerability classifications, 
appropriate development, climate change allowances, residual risk management, flood 
resilience, the sequential test and the exception test. 

Drainage Guidance for Cornwall 

This document provides advice for Cornwall Council as the Local Planning Authority and those 
involved in developing the built environment on: 

• The location of Critical Drainage Areas, where the flood risks from surface water runoff 
are likely to be most significant.  

• Standards to be achieved by surface water drainage. 
• The content of a FRA considering surface water drainage. 
• Sustainable Drainage techniques (SuDS) 
• Sources of further information 

The Drainage Guidance for Cornwall (DGfC) document is currently under review though until 
an updated version is published, advice appropriate to the proposed development considered 
within this report is reproduced below for ease of reference.  
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The development site is not within a Critical Drainage Area and is over 1 hectare, therefore is 
classified as: ‘E4 - Developments greater than or equal to 1 hectare’. 

Outside Critical Drainage Areas  

E4 - Developments greater than or equal to 1 hectare 

• Following the Building Regulations Drainage hierarchy, surface water should:-  

i. Drain to a soakaway or infiltration system designed in accordance with the SUDS 
Manual - CIRIA C697, using a minimum of a 30-year return period storm.  

Where a FRA demonstrates that infiltration is not possible:- 

ii. A sustainable drainage system shall be provided ensuring flow attenuation, no 
adverse impact on water quality and where possible habitat creation. 

• The total discharge from the site should aim to mimic greenfield rates. These shall be 
no more than the theoretical greenfield run-off rates from each of the corresponding 1, 
10, 30 and 100 year storms. When these values are less than 5 litres/second, a rate of 
5 litres/second can be used. Attenuation may not be necessary if the discharge is 
directly to coastal waters. In these cases the impact on the receiving environment in 
terms of habitat, erosion and water quality should be assessed. 

• The design must take into account the appropriate allowance for increased rainfall from 
climate change. This should be based on the lifetime of the development, the guidance 
in Annex B of PPS25 and the PPS25 Practice Guide. 
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4.0 PROPOSED SUSTAINABLE DRAINAGE SYSTEM (SUDS) 

In view of the small size of impermeable area being introduced across the site (less than 0.3% 
of the total site area), there will be a negligible impact in the runoff rates resulting from the 
development as rainfall will run off the panels and continue to infiltrate into the ground 
underneath the solar panels or be intercepted by the existing drainage ditch. 

Therefore, it has been assumed that the primary function of SuDS will be the interception, 
storage and redistribution of the runoff across the site, which will aid in attenuating the surface 
water runoff from the site and has potential to provide betterment.  

The Greenfield runoff rate for the development site has been calculated using the ADAS 345 
method; results are summarised in Table 1 below and included in Appendix B. 

Annual Probability Greenfield peak 
discharge (l/s) 

1 in 1 97.7 
1 in 30 238.7 
1 in 100 303.1 
1 in 100 + CC* 451.2 

* CC – Climate change allowance (+40% to Average Annual Rainfall AAR values) 

Table 1 Greenfield Runoff Rate 

The impermeable areas introduced by the development are small relative to the site area, 
therefore no positive pipe drainage is required. It is proposed to use open SuDS features such 
as swales, scrapes and bunds aligned with the site contours on the downstream areas of the 
site. This is to ensure there will be no increase in runoff downstream of the site and 
consequently flood risk to downstream properties or interests will not increase. 

Each solar panel array will have a foundation post fixing the array into the ground, which are 
assumed to introduce an impermeable area of 36m2 across the site. Including the inverter 
stations, the total impermeable area is estimated to be 180m2.  

Applying a 20% increase as a conservative approach to account for any inaccuracies in 
estimating the impermeable area, gives an area of 216m2. The volume of runoff from the total 
impermeable area is 19.9m3 for a 1 in 100-year event inclusive of a 40% increase on rainfall 
intensities to account for climate change. 

The small additional volume of runoff from the impermeable areas of the site can be manged 
adequately by a system of swales, as shown on Drawing 3001 in Appendix A.  

It is proposed to install swales with a base width of 0.15m, depth of 0.15m and side slops of 1 
in 4 at the downslope edge of each area of modules. The total length of these swales is 468m, 
which provides a storage volume of around 51m3.  

Provided the swale structures outline above are installed prior to other on-site construction 
works, it is possible that the runoff from the construction phase could be suitable managed. 

Exceedance Events 

In the unlikely event of a storm in excess of the 1 in 100-year return period rainfall event 
(including climate change allowance) or if the capacity of the proposed swales is exceeded, 
water may surcharge from the system. In this case it is considered that the overflowing water 
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would run over ground mainly towards the south-east, as per the pre-developed scenario, and 
infiltrate into the ground underneath the solar panels or be intercepted by the existing drainage 
ditch/channel downstream of the site. 

Due to the storage provided in the proposed drainage system, and design standard used (1 in 
100-year storm with an additional 40% allowance for the effects of climate change), any 
exceedance flows would be lower than would flow off the site in the pre-development scenario 
for a similar storm event. 

Maintenance 

The drainage system will remain in private ownership; therefore, the site operator would be 
responsible for the drainage features within the site. 

Maintenance activities will broadly comprise regular maintenance, monitoring and remedial work 
where necessary, as per the guidance in the CIRIA SuDS Manual C753 which is summarised in 
Table 2 below. Inspection of the surface water drainage systems can generally be undertaken 
during routine site visits e.g. for grass cutting, leaf collection and/or litter collection.  

SWALES 

Regular maintenance 

Remove litter and debris Monthly, or as required 
Cut grass – to retain grass height 100-
150mm 

Monthly (during growing 
season), or as required 

Manage other vegetation and remove 
nuisance plants 

Monthly at start, then as 
required 

Inspect infiltration surfaces for 
ponding, compaction, silt accumulation, 
record areas where water is ponding 
for > 48 hours 

Monthly, or when required 

Inspect vegetation coverage Monthly for 6 months, 
quarterly for 2 years, then 
half yearly 

Inspect surface for silt accumulation, 
establish silt removal frequencies 

Half yearly 

Occasional maintenance 
Reseed areas of poor vegetation 
growth, alter plant types to better suit 
conditions, if required 

As required or if bare soil is 
exposed over 10% or more of 
the swale area 

Remedial actions 

Repair erosion or other damage by re-
turfing or reseeding 

As required 

Relevel uneven surfaces and reinstate 
design profile unless there is a design 
flaw 

As required 

Scarify and spike topsoil layer to 
improve infiltration performance, break 
up silt deposits and prevent compaction 
of the soil surface 

As required 

Remove build-up of sediment on 
upstream gravel trench, flow spreader 
or at top of filter strip 

As required 

Remove and disposed of oils or petrol 
residues using safe standard practices 

As required 

Table 2 Typical Operation and Maintenance Requirements for SuDS 
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Residual Risks After Development 

Rainfall over and above the design event could cause the sustainable drainage system to 
surcharge, however, any exceedance flows would be dealt with as outlined above. 

The sustainable surface water drainage system proposed in this report has been designed for 
the volume of surface runoff resulting from the proposed development alone, thus any 
unauthorised future connections into the soakaway network could potentially overload the 
system. Any future development on the site, beyond the current proposal, should be suitably 
planned and considered. 
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5.0 SUMMARY AND CONCLUSIONS 

This study has investigated mechanisms of flooding and the potential for Sustainable Drainage 
(SuDS) to be installed as part of the Solar PV development on land at Pine Tip, Indian Queens. 

Environment Agency (EA) indicative flood mapping shows that the development site is located 
entirely within Flood Zone 1; at little or no risk from tidal or fluvial flooding and is therefore 
suitable for all types of development. In line with best practice, further consideration of surface 
water drainage has been undertaken. 

The study has investigated alternative mechanisms for flooding at the site and has concluded 
that the site is not at risk of flooding from these sources. It has been shown that the 
impermeable area created by the development is very small, relative to the site area and has 
the potential to cause only a very small increase in runoff rates from the site. A SuDS system 
has been proposed to allow the interception, storage and infiltration of flows from these areas. 

As such a swale system for the site has been outlined and this has been designed to the 100-
year standard with an allowance for climate change.  

Provided the recommendations outlined in this report are adopted in the development proposal 
then there is the capacity to manage the surface water runoff from the development onsite and 
has potential to provide betterment. The proposed drainage infrastructure has been designed 
in accordance with guidance outlined in the NPPF, Drainage Guidance for Cornwall and PPG and 
therefore the development is entirely appropriate on this site from a flood risk perspective. 
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EDS Ltd Page 1
Unit 10, Penstraze Business ... Pine Top
Truro Indian Queens
Cornwall Greenfield Runoff
Date 29-Apr-19 Designed by EC
File Checked by JC
Innovyze Source Control 2018.1

ADAS 345 Mean Annual Flood

©1982-2018 Innovyze

Input

Area (ha) 6.500 Soil Type Factor (St) 1.300
Length (m) 300.000 Paved Area (%) 0.000

Average Slope (1:X) 33.0 Region Number Region 8
AAR (mm) 1150

Results l/s

Q0 - Peak Flood Flow 110.7
Total Q0 110.7

QBAR 125.2

Q100 years 303.1

Q1 year 97.7
Q2 years 110.7
Q5 years 154.0

Q10 years 186.6
Q20 years 219.1
Q25 years 229.9
Q30 years 238.7
Q50 years 265.2

Q100 years 303.1
Q200 years 356.9
Q250 years 373.2

Q1000 years 489.7



EDS Ltd Page 1
Unit 10, Penstraze Business ... Pine Top
Truro Indian Queens
Cornwall Greenfield Runoff + CC
Date 29-Apr-19 Designed by EC
File Checked by JC
Innovyze Source Control 2018.1

ADAS 345 Mean Annual Flood

©1982-2018 Innovyze

Input

Area (ha) 6.500 Soil Type Factor (St) 1.300
Length (m) 300.000 Paved Area (%) 0.000

Average Slope (1:X) 33.0 Region Number Region 8
AAR (mm) 1610

Results l/s

Q0 - Peak Flood Flow 164.7
Total Q0 164.7

QBAR 186.4

Q100 years 451.2

Q1 year 145.4
Q2 years 164.7
Q5 years 229.3

Q10 years 277.8
Q20 years 326.1
Q25 years 342.3
Q30 years 355.4
Q50 years 394.9

Q100 years 451.2
Q200 years 531.4
Q250 years 555.6

Q1000 years 729.0



Project: 

Date: 04-29-19
Location: 

M5-60: 18 mm
r: 0.28

1 2 5 10 20 30 50 100 M5-D
0.1 4.66 5.32 6.34 7.24 8.27 8.94 9.86 11.26 6.21
0.25 7.39 8.54 10.35 11.97 13.84 15.07 16.77 19.40 10.12
0.5 9.88 11.50 14.06 16.36 19.05 20.82 23.28 27.10 13.72
1 12.83 15.00 18.45 21.58 25.23 27.65 31.03 36.29 18.00
2 16.47 19.28 23.74 27.80 32.54 35.68 40.08 46.92 23.16
4 21.21 24.70 30.21 35.17 40.95 44.77 50.08 58.31 29.49
6 24.61 28.52 34.68 40.19 46.59 50.80 56.64 65.66 33.88
10 29.65 34.16 41.19 47.45 54.66 59.38 65.91 75.94 40.28
24 40.89 46.52 55.16 62.75 71.38 76.97 84.65 96.29 54.05
48 52.92 59.48 69.41 78.01 87.68 93.89 102.33 115.01 68.14

1.149 1 2 5 10 20 30 50 100
0.1 53.5 61.1 72.9 83.2 95.1 102.7 113.3 129.4

0.25 34.0 39.3 47.6 55.0 63.6 69.3 77.1 89.2
0.5 22.7 26.4 32.3 37.6 43.8 47.9 53.5 62.3

1 14.7 17.2 21.2 24.8 29.0 31.8 35.7 41.7
2 9.5 11.1 13.6 16.0 18.7 20.5 23.0 27.0
4 6.1 7.1 8.7 10.1 11.8 12.9 14.4 16.8
6 4.7 5.5 6.6 7.7 8.9 9.7 10.9 12.6

10 3.4 3.9 4.7 5.5 6.3 6.8 7.6 8.7
24 2.0 2.2 2.6 3.0 3.4 3.7 4.1 4.6
48 1.3 1.4 1.7 1.9 2.1 2.2 2.5 2.8

D
ur

at
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n 
(H

ou
rs

)

Return Period (years)
Rainfall Intensities derived from above and adjusted to match CIRIA 156 page 51 (mm/hr)

Rainfall Depth in mm for Duration vs Return Period

Wallingford Procedure Depth of Rainfall Generator

England & Wales

D
ur
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n 
(H

ou
rs

)

Return Period (years)

J-908;  PINE TOP;  SW9157



Volume of Runoff Calculations
Site:

Client: Cleanearth Energy Ltd  Date:

Engineer: EC

Location: Indian Queens

65000 m²

65000 m²

0 m²

65000 m²

64784 m²

216 m²

100 year

451.2 l/s

451.2 l/s

6 hrs

91.9 mm

9745920 L

0 L

9745.9 m³

9745920 L

19850.4 L

9765.8 m³

Difference in runoff 19.9 m³

Pine Top

29‐04‐19

Pre‐development permeable area runoff

Pre‐development impermeable area runoff

Pre‐development total area

Pre‐development impermeable area

Post‐development total area

Post‐development impermeable area

SITE INFORMATION

RAINFALL EVENT INFORMATION

Post‐development impermeable area runoff

Total pre‐development runoff

Pre‐development permeable area

Post‐development permeable area

Total post‐development runoff (without mitigation)

Return period

ADAS 345 pre‐development runoff rate inclusive of 40% increase due to climate change (see attached 

MicroDrainage calcs (AAR values multiplied by 1.4))

ADAS 345 post‐development runoff rate inclusive of 40% increase due to climate change (see attached 

MicroDrainage calcs (AAR values multiplied by 1.4))

Duration of rainfall event

Depth of Rainfall (calculated using Wallingford Procedure including 40% increase for climate change)

RUNOFF CALCULATION (1 in 100 yr, 6hr Duration)

Post‐development permeable area runoff
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