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1. Introduction  
Background 

1.1. Pegasus Group has been appointed by Exagen Development Ltd to undertake a Flood Risk 
Assessment (FRA) and surface water drainage strategy for a proposed renewable energy 
development (Old Wood Energy Park) consisting of ground mounted solar photovoltaic (PV) 
arrays with associated infrastructure, a Battery Energy Storage System (BESS) and substation 
(the Development). The Development is located on two parcels of land to the west of Wysall 
which will be connected via a buried cable that would be laid in the public highway (the Site). 

1.2. This assessment considers the risk of flooding from all sources, including tidal, fluvial, surface 
water, historic, groundwater, sewer and artificial sources.  

National and Local Policies  

1.3. The National Planning Policy Framework (NPPF) states that a site-specific Flood Risk 
Assessment (FRA) will be required for proposals:   

a) that are greater than 1 hectare (ha) in area within Flood Zone 1;   

b) that are located in Flood Zone 2 or 3 (including minor development and change of use);  

c) in an area within Flood Zone 1 which has critical drainage problems;  

d) in an area within Flood Zone 1 identified in a Strategic Flood Risk Assessment as being at 
increased flood risk in the future; 

e) in an area in Flood Zone 1 that may be subject to other sources of flooding, where its 
development would introduce a more vulnerable use. 

1.4. The site is approximately 101ha in area. The vast majority of the site is located in Flood Zone 
1, at low risk of flooding from rivers and the sea. There are small areas of the site located within 
Flood Zone 2 and 3. A full FRA is therefore required for the proposals.   

1.5. As of April 2015, the legislation for dealing with FRAs changed, with additional emphasis 
placed on the use of Sustainable Drainage Systems (SuDS) within drainage schemes for new 
developments. 

1.6. In February 2016, the Environment Agency (EA) introduced new guidance relating to the 
climate change allowances that must be considered within an FRA. Since 2016, the allowances 
for sea level rise, peak river flow and peak rainfall have each been updated.  

1.7. Given the above, any new planning application that requires an FRA will also require a surface 
water drainage strategy to be submitted. The drainage strategy must demonstrate the use 
of SuDS within the design and should be in line with the requirements as set out within the 
National Planning Policy Framework Technical Guidance (NPPFTG). The drainage strategy 
must also account for climate change over the lifetime of the development, in accordance 
with the climate change allowances published by the EA. 



 

 

1.8. In addition to the requirements from the NPPF and EA, as discussed above, this assessment 
has also reviewed the information and requirements included in the Greater Nottingham 
Strategic Flood Risk Assessment (SFRA) (2017). 

1.9. The RuĊÞÄìßÙÙÍƇ*øĆøĔÚÞƇ+øĔóÄßìƇŷpøì·ĆƇ?·ĆòƇ0ÍğÍìøăòÍóĐƇiì·óóßóÚƇ@ĔßÉ·óÄÍŸƇŪŇŅŇŇūƇÞ·ĊƇ·ìĊøƇ
been reviewed. The guidance highlights the need to consider the impact of proposed solar 
developments on surface water runoff, with mitigation measures expected in any areas of 
identified flood risk. The guidance also highlights the need to incorporate Sustainable 
Drainage Systems (SuDS) as part of site proposals. This FRA assesses the impact of the 
proposals on surface water runoff, highlights mitigation measures that will be implemented 
and provides a surface water drainage strategy to management surface water runoff from 
the proposed development.  

  



 

 

2. Existing Site & Hydrology 
Site Location & Existing Conditions  

2.1. The Development is located over two land parcels to the west of Wysall, the northern parcel 
which will host solar arrays and associated solar farm infrastructure and the southern parcel 
which will also host solar farm infrastructure as well as the BESS and substation, towards the 
south. 

2.2. The site is bordered by Bunny Old Wood to the north, Wysall to the east, Costock Road to 
the south and agricultural land then the A60 to the west. Kingston Brook runs through the 
southern part of the southern land parcel.  

2.3. The northern parcel is centred at X: 459472 Y: 328041. The southern parcel is centred at X: 
459568 Y: 327099. The nearest post code to the site is NG12 5QR. 

2.4. The site location is shown in Figure 2.1. 

Figure 2.1 Ų Site Location   

 

  



 

 

Existing Drainage and Hydrology  

2.5. There are no Main Rivers located within the site boundary. The nearest Main River to the site 
is the River Soar approximately 11km to the south of the site.  

2.6. There are, however, several Ordinary Watercourses flowing through the site. Kingston Brook 
flows through the southern part of the southern parcel and is considered a primary Ordinary 
Watercourse. 

2.7. There are also several field boundary ditches (Ordinary Watercourses) across the site 
assumed to assist with the drainage of the existing agricultural fields.  

2.8. Watercourses on site and in the immediate vicinity are shown in Figure 2.2. 

2.9. As the site is currently used for agricultural farming, it is unlikely that there is an existing 
underground drainage network located within the site boundary, however there may be 
private land drains.  

2.10. Geological data from the British Geological Survey (BGS) shows that the majority of the site 
ßĊƇĔóÉÍĆì·ßóƇÃĦƇŹBarnstone Member - Mudstone and limestone, interbeddedźƇÃÍÉĆøÄêƇÚÍøìøÚĦ 
with small amounts of 'Barnby Member Ų Mudstone' along the eastern perimeter. BGS also 
record superficial deposits at the site comprised of ŹAlluvium - Clay, silt, sand and gravel'. 

2.11. SoilScapes mapping ĊÞøĠĊƇÃøĐÞƇŹSlowly permeable seasonally wet slightly acid but base-rich 
loamy and clayey soilsź with 'impeded drainage' ·óÉƇŹSlightly acid loamy and clayey soils with 
impeded drainage' present at the site.  

2.12. It is also noted that there are gypsum works in area and mineral rights beneath the site for 
gypsum. 

2.13. The topography of the northern parcel generally falls to the southeast from roughly 90mAOD 
to 75mAOD.  

2.14. The topography of the southern parcel falls to the south from roughly 68mAOD to 58mAOD. 
The topographic survey of the site is included in Appendix A. 

  



 

 

Figure 2.2 ŲWatercourses 

 
  



 

 

3. Proposed Development 
3.1. The site is proposed for ŷrenewable energy development" comprising a solar farm and BESS 

along with associated infrastructure including:  

¶ Solar panels mounted on frames raised off the ground on poles 
¶ Perimeter deer fencing of wooden post and wire mesh construction around the solar 

arrays 
¶ Palisade fencing around the BESS and substation compounds  
¶ Access tracks of impermeable type 2 aggregate construction   
¶ Central inverters  
¶ Battery storage containers 
¶ Battery storage inverters  
¶ Auxiliary transformer  
¶ CCTV  
¶ Substation infrastructure  
¶ POC infrastructure  
¶ POC cable connection 
¶ Solar connection infrastructure including a buried cable linking the two land parcels 

that would be laid in the public highway.  

3.2. The site layout is in included in Appendix B. 

 
 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

4. Development Vulnerability & Flood Zone 
Classification 
National Planning Policy Framework (NPPF)  

4.1. Local Planning Authorities, (LPAs) have a statutory obligation to consult the Environment 
Agency (EA) on all applications in the flood zones. The EA will consider the effects of flood 
risk in accordance with the NPPF.  

4.2. NPPF requires that, as part of the planning process:  

ŤƇ ƇŹĊßĐÍƇĊăÍÄßÙßÄźƇ?ìøøÉƇlßĊêƇ ĊĊÍĊĊòÍóĐƇĠßììƇÃÍƇĔóÉÍĆĐ·êÍóƇÙøĆƇ·óĦƇĊßĐÍƇĐÞ·ĐƇÞ·ĊƇ·ƇÙìøøÉƇĆßĊêƇ
potential.  

ŤƇ?ìøøÉƇĆßĊêƇăøĐÍóĐß·ìƇßĊƇòßóßòßĊÍÉƇÃĦƇ·ăăìĦßóÚƇ·ƇƀĊÍąĔÍóĐß·ìƇ·ăăĆø·ÄÞƀƇĐøƇìøÄ·ĐßóÚƇƀğĔìóÍĆ·ÃìÍƀƇ
land uses.  

ŤƇpĔĊĐ·ßó·ÃìÍƇÉĆ·ßó·ÚÍƇĊĦĊĐÍòĊƇ·ĆÍƇĔĊÍÉƇÙøĆƇĊĔĆÙ·ÄÍƇĠ·ĐÍĆƇmanagement where practical.  

ŤƇ?ìøøÉƇĆßĊêƇßĊƇò·ó·ÚÍÉƇĐÞĆøĔÚÞƇĐÞÍƇĔĊÍƇøÙƇÙìøøÉƇĆÍĊßìßÍóĐƇ·óÉƇĆÍĊßĊĐ·óĐƇĐÍÄÞóßąĔÍĊŚƇ 

ŤƇlÍĊßÉĔ·ìƇĆßĊêƇßĊƇßÉÍóĐßÙßÍÉƇ·óÉƇĊ·ÙÍìĦƇò·ó·ÚÍÉŚƇ 

4.3. Table 1 of NPPF defines each flood zone based on the probability of river and sea flooding in 
that area, as summarised below: 

ŤƇ³øóÍƇņ- Low probability (< 1 in 1000 years)  

ŤƇ³øóÍƇŇ- Medium probability (1 in 1000 - 1 in 100 year for fluvial events and 1 in 1000 Ų 1 in 
200 year for tidal events) 

ŤƇ³øóÍƇň·- High probability (> 1 in 100 years for fluvial events and > 1 in 200 year for tidal 
events)  

ŤƇ³øóÍƇňÃ- The functional floodplain (>1 in 30 years)  

4.4. The NPPF sets out a matrix indicating the types of development that are acceptable in 
different Flood Zones (see Table 4.1). The Development is a solar farm and BESS which is 
Äì·ĊĊßÙßÍÉƇ·ĊƇŹ4ĊĊÍóĐß·ìƇEóÙĆ·ĊĐĆĔÄĐĔĆÍźŚƇThe vast majority of the Site is located in Flood Zone 1 
with only small areas of Flood Zone 2 (see further details below). Essential Infrastructure is 
appropriate in all flood zones (see Table 4.1). 

 

 

 

 

 



 

 

Table 4.1 Ų NPPF Guidance 

Flood 
Zones 

Flood Risk Vulnerability Classification 

 Essential 
Infrastructure 

Highly 
Vulnerable 

More 
Vulnerable 

Less 
Vulnerable 

Water 
Compatible 

Zone 1 
V V V V V 

Zone 
2 

V Exception 
Test 
Required 

V V V 

Zone 
3a 

Exception Test 
Required 

U Exception 
Test 
Required 

Exception 
Test 
Required 

V 

Zone 
3b 

Exception Test 
Required 

U U U V 

 

Sequential Test  

4.5. The Sequential Test is required for all developments proposed in Flood Zone 2 or 3 unless 
the proposals are for minor development or change of use.  

4.6. As mentioned above, the Development is generally entirely located in Flood Zone 1. There is 
a very small encroachment of a proposed battery storage unit just on the edge of Flood Zone 
2. Approximately 8m2 (0.0008ha) of development across the approximately 101ha site is 
proposed in Flood Zone 2 (see Figure 6.1). As the battery is right on the edge of the defined 
Flood Zone 2 outline, it is also possible that a higher resolution hydraulic model than that used 
for the Flood Map for Planning here would not define this battery to be at risk.   It is therefore 
not considered necessary to conduct a Sequential Test for the proposed development.  

Exception Test  

4.7. There is no development proposed in Flood Zone 3. The Exception Test is therefore not 
required for the proposals (see Table 4.1 above).  

 

  



 

 

5. Site Specific Flooding Issues and Existing Flood 
Records 
National Planning Policy Framework (NPPF)  

5.1. In accordance with the National Planning Policy Framework, this Flood Risk Assessment 
considers all sources of flooding including:  

a) Tidal Flooding Ųfrom the sea;  

b) Fluvial Flooding Ų from rivers and streams;  

c) Surface Water Flooding Ų from overland surface water flow and exceedance;  

d) Historic Flooding Ų known historic flooding issues;  

e) Groundwater Flooding Ų from elevated groundwater levels or springs;  

f) Flooding from Sewers Ų exceedance flows from existing sewer systems; and  

g) Artificial Sources Ų reservoirs, canals etc. 

Tidal Flooding  

5.2. The Flood Map for Planning (see Figure 5.1) defines the probability of river and sea flooding 
and defines the majority of the site as Flood Zone 1, at Low risk of flooding. 

5.3. Small areas of Flood Zone 2 and 3 are defined at the southern end of the southern parcel. 
Flood Zones on site are however, associated with fluvial flooding (see below) and not 
reflective of tidal flooding at the site.  

5.4. The site is also located inland, with the nearest coastline sited approximately 80km east of 
the site.   Overall, tidal flood risk at the site is considered to be Very Low.   

Fluvial Flooding  

5.5. The Flood Map for Planning (Figure 5.1) defines the majority of the Site to fall within Flood 
Zone 1, at Low risk of fluvial flooding, not predicted to be affected by a 1 in 1,000 year fluvial 
flood event.   

5.6. There are small areas at the southern end of the site defined as Flood Zone 2 and 3, at Medium 
to High fluvial flood risk, respectively. Risk here is associated with Kingston Brook. In general, 
Flood Zone 2 and 3 are not developed, with fluvial flood risk mitigation measures discussed 
further in Section 6.   

5.7. Overall, given the above, the fluvial flood risk at the site is considered to be Low.  

 

 

 



 

 

Figure 5.1 Ų Flood Map for Planning    

 

Surface Water Flooding  

5.8. The Risk of Flooding from Surface Water (RoFSW) dataset shows large areas of the site are 
not predicted to be impacted by a 1 in 1,000 year rainfall event and are at Very Low risk of 
surface water flooding (see Figure 5.2). The dataset also highlights areas of High to Low risk, 
impacted by a 1 in 30 and 1 in 1,000 year rainfall event, respectively, throughout the site.  

5.9. The RoFSW dataset also predicts the depths of surface water flooding across the site during 
a 1 in 1000 year rainfall event. Within the site, 1 in 1,000 year surface water flood depths 
generally remain shallow and are typically predicted to remain below 300mm (see Figure 5.3). 
Maximum surface water flood depths of 900-1200mm are predicted on site, located at the 
southern end of the southern parcel (see Figure 5.3).  

5.10. The lowest edge of all proposed solar panels will be raised above the predicted 1 in 1,000 
year surface water flood depths. Solar panels are therefore not predicted to be impacted by 
surface water flooding, nor negatively impact flood risk elsewhere. Purposefully through 
design, there are no inverters within the solar area proposed on site within the 1 in 1,000 year 
surface water flood extent. The proposed BESS area has also been located outside of the 1 in 
1,000 year surface water flood extent. The proposed solar connection infrastructure in the 
northern parcel just encroaches the 1 in 1,000 year surface water flood extent, with depths 
of less than 150mm here predicted during a 1 in 1,000 year rainfall event.  

5.11. Given the above, the site is considered to be at Low risk of flooding from surface water. 

 



 

 

Figure 5.2 Ų RoFSW Extents 

    

Figure 5.3 Ų RoFSW 1 in 1000 year Depths 

 



 

 

Historic Flooding  

5.12. vÞÍƇ4 źĊƇDßĊĐøĆßÄƇ?ìøøÉƇX·ăƇÉøÍĊƇóøĐƇĆÍÄøĆÉƇ·óĦƇÞßĊĐøĆßÄƇÙìøøÉƇÍğÍóĐĊƇßòă·ÄĐßóÚƇĐÞÍƇĊßĐÍ. 

5.13. The Greater Nottingham SFRA (2017) has no mention of the site area regarding historical 
floods.  

5.14. Overall, the historic flood risk to the site is considered to be Very Low.  

Groundwater Flooding  

5.15. BGS data show that most of the site is underlain by mudstone and limestone bedrock 
geology. Mudstone is generally impermeable. The hydrogeology aquifer classification defines 
the site entirely as 'rocks with essentially no groundwater'. There is therefore very little 
potential for groundwater emergence on the site. 

5.16. BGS record superficial deposits at the site comprising of 'alluvium - Clay, silt, sand and gravel'. 
Soilscapes mapping defines soils on site to have impeded to slightly impeded drainage. Any 
clay in the superficial deposits and the poorly draining soils on site will further prevent 
groundwater emergence on site. 

5.17. Topography on site is also not conducive to groundwater flooding Ų any groundwater to 
emerge would follow the existing site topography towards the south of the site, and towards 
the various watercourses on site and in the immediate vicinity. 

5.18. The Greater Nottingham SFRA (2017ūƇĊĐ·ĐÍĊƇĐÞ·ĐƇŷareas with the greatest susceptibility to 
groundwater emergence [are] along the River Soar and River Trent corridors, followed by 
areas along the corridor of the River Smite". These locations are far enough from the site to 
not be considered. 

5.19. Overall, the risk of groundwater flooding at the site is considered to be Low. 

Flooding from Sewers  

5.20. The Greater Nottingham SFRA (2017) does not include any records of sewer flooding 
occurring at the site.  

5.21. As the site is entirely agricultural land, it is unlikely that there is an existing underground 
drainage network located within the site boundary. Additionally, any flood water from sewers 
in the close vicinity of the site would follow local topography and would not be expected to 
accumulate within the site boundary.  

5.22. The risk of flooding from sewers to the site is therefore considered to be Low.  

Flooding from Artificial Sources  

5.23. vÞÍƇ4 źĊƇlÍĊÍĆğøßĆƇ?ìøøÉƇ4ĥĐÍóĐĊƇÉ·Đ·ƇĊÞøĠĊƇĐÞ·ĐƇa small portion the site at the southern end 
of the southern parcel is at risk of reservoir flooding should a catastrophic breach occur 
ÉĔĆßóÚƇ·ƇŹ0ĆĦƇ0·ĦźƇĠÞÍó watercourses are flowing under normal conditions (see Figure 5.4). 
There is no infrastructure proposed in this risk area, with just an access track and buried 
cable located here.  



 

 

5.24. The site is shown to have no risk ÉĔĆßóÚƇ·ƇŹ§ÍĐƇ0·ĦźƇĠÞÍóƇìøÄ·ìƇĆßğÍĆĊƇÞ·ğÍƇ·ìĆÍ·ÉĦƇøğÍĆÙìøĠÍÉƇ
their banks. Risk is contained at the southern end of the site. 

5.25. The Reservoirs Act 1975 requires that all reservoirs are inspected regularly by competent 
persons to assess the likelihood of failure. The SFRA also details that provided the inspections 
are carried out regularly and to a high standard, the likelihood of reservoir failure is considered 
minimal. As such, the risk of reservoir flooding impacting the site is considered to be Low.  

5.26. There are no other artificial bodies of water near the site that pose any risk. The site is 
therefore considered to be at Low risk of flooding from artificial sources.  

Figure 5.4 Ų Reservoir Flood Extents Ų Wet & Dry Day 

 

Post Development Flood Risk Summary 

5.27. The risk of flooding to the site from all sources has been assessed above, with the conclusions 
summarised in Table 5.1: 

  



 

 

Table 5.1 Ų Flood Risk Summary  

Flood 
Source 

Flood Risk Mitigation/Comments 

Tidal Very Low ŤƇThe areas of site predicted to be at risk by the Flood 
Map for Planning are not reflective of tidal flood risk. 

ŤƇ vÞÍƇ ĊßĐÍźĊƇ ßóì·óÉƇ ìøÄ·ĐßøóƇ ÍóĊĔĆÍĊƇ ĐÞ·ĐƇ ßĐƇ ßĊƇ well 
beyond the extent of any tidal influences. 

Fluvial Low ŤƇ The Development is generally entirely located in 
Flood Zone 1.  

Surface 
Water 

Low ŤƇ Large areas of the site are at Very Low risk, not 
predicted to be impacted by 1 in 1000 year rainfall 
event. 

Ť Generally, no vulnerable infrastructure is proposed 
in areas predicted to be at risk of surface water 
flooding.  

ŤƇ ƇvÞÍƇ ìøĠÍĊĐƇÍÉÚÍƇøÙƇ·ììƇ Ċolar panels will be raised 
above the predicted 1 in 1000 year surface water 
flood depths.  

ŤvÞÍƇăĆøăøĊÍÉƇ ĊĔĆÙ·ÄÍƇĠ·ĐÍĆƇÉĆ·ßó·ÚÍƇ ĊÄÞÍòÍƇĠßììƇ
manage surface water arising on site.  

Historic Very Low  ŤƇvÞÍƇp?l  and EA data do not include records of any 
historic flood events impacting the site. 

Groundwater Low Ť Mudstone bedrock on site is likely to be 
impermeable. The hydrogeology consists of rocks 
with essentially no groundwater. Additionally, clay 
deposits and soils with impeded drainage are 
expected to limit any groundwater emergence on 
site. 

ŤƇ Topography on site is not conducive to 
groundwater flooding. 

Ť Information included in the SFRA shows the site to 
be at low risk of groundwater flooding. 

Sewers Low ŤƇvÞÍĆÍƇ·ĆÍƇno records of sewer flooding occurring at 
site included in the SFRA.  



 

 

ŤƇ vÞÍƇ ĊßĐÍƇ ßĊƇ ÄĔĆĆÍóĐìĦƇ agricultural land with no 
existing sewer network expected within the site 
boundary. 

Artificial Very Low Ť A small section at the southern end of the southern 
parcel is predicted to be at risk of reservoir flooding. 
Only an access track and buried cable is proposed 
here.  

Ť The likelihood of reservoir failure is considered 
minimal. 

 Ť There are no artificial bodies of water surrounding 
the site.  

 

Access & Egress 

5.28. Access to the Northern parcel will be via a new access to the south of the farm access. 
Access the Southern parcel will be via tan upgrade to the existing field access opposite the 
Rempstone Lane / Costock Road junction to the south.  

5.29. The access to the southern parcel is located in Flood Zone 2, at risk of fluvial flooding, and 
also highlighted as an at-risk area by the RoFSW dataset (see above assessment of flood 
risk).  

5.30. The access point to the northern parcel is located in Flood Zone 1, at Very Low risk of fluvial 
flooding. The access is also predicted to be at Low risk of flooding from surface water by the 
RoFSW dataset.  

5.31. Neither access point is at significant flood risk from any other source. 

5.32. Although the site is beyond the coverage of Environment Agency Flood Warnings, it is 
recommended that those potentially working on site avoid access to the southern parcel if 
significant rain is expected. The provision of safe refuge at the southern parcel could also be 
considered to ensure that if the proposed access is flooded whilst anyone is on site, they will 
have safe refuge to remain on site until the flood waters subside along the access. A flood 
emergency management plan for the southern parcel should be provided during detailed 
design. 

5.33. It is also noted that during an extreme flood event when access/egress at the southern parcel 
may be limited, that the risk of fire will be reduced and as such, it is considered unlikely that 
emergency services will need access during an extreme flood event.  

5.34. Access and egress for the northern parcel will not be impaired during an extreme flooding 
event. In addition to the above, the site will be managed remotely and only visited 
occasionally for maintenance. Site access and egress should therefore not be needed during 
an extreme flood event. 

  



 

 

6. Mitigation Measures and Surface Water Drainage 
6.1. This section summarises the proposed mitigation measures required on site to ensure that: 

a) The development is not at significant risk of fluvial flooding.  

b) The development is not at significant risk of surface water flooding. 

c) Maintenance access to Ordinary Watercourses is not impacted by the development. 

d) The potential impacts of the development on surface water runoff are minimised.   

6.2. This section also considers if, with proposed mitigation measures in place, any further 
measures (such as a surface water drainage strategy) are required to ensure that the 
Development is safe and does not increase flood risk elsewhere.  

Solar Farm  

Solar Panels 

6.3. The majority of the proposed solar farm extent site will comprise of solar panels. The solar 
ă·óÍìĊƇ·ĆÍƇăĆøăøĊÍÉƇĐøƇÃÍƇ·Ƈ ŹÙßĥÍÉƇĊĦĊĐÍòźśƇĠßĐÞƇğÍĆĐßÄ·ìƇĊĔăăøĆĐĊƇÉĆßğÍóƇÉßĆÍÄĐìĦƇ ßóĐøƇĐÞÍƇ
ground and no need for concrete foundations. There will be a gap of between 2.5 and 6.5m 
between the rows of solar panels. Generally, the lowest edge of solar panels will be 0.8m 
above the ground, extending to 3.1m above the ground at their highest point. There will be 
some exceptions to these levels, as discussed below.  

6.4. The RoFSW dataset generally predicts surface water flood depths on site to remain shallow 
during a 1 in 1,000 year rainfall event. The flood depths generally range between 150-300mm. 
Maximum surface water flood depths of 900-1200mm are predicted on site. These greater 
flood depths are located at the southern end of the southern parcel on land surrounding 
Kingston Brook.  

6.5. Furthermore, where solar panels are located, 1 in 1,000 year surface water flood depths are 
not predicted to exceed 600 to 900mm. All proposed solar panels will be raised so that the 
lowest edge is above the predicted surface water flood depths, allowing surface water to flow 
freely beneath.  

6.6. Where greatest surface water flood depths are predicted in solar panel locations, the lowest 
edge of solar panels will therefore be raised 1.2m above the ground, accounting to 0.9m of 
predicted flooding and 0.3m of freeboard. It is noted that where greater surface water flood 
depths are predicted, land is generally lower. As a result, panel height here will be similar to 
those areas with standard raising of 0.8m above the ground (see above). 

6.7. No solar panels are proposed within the areas indicated to be in Flood Zone 2 or 3.   

6.8. Overall, the proposed solar panels will be safe from fluvial flooding and will be raised 
sufficiently so as not to be at risk from surface water flooding. 

6.9. No further mitigation measures, beyond those mentioned above and currently included in 
the site design, are considered necessary. 



 

 

Central Inverters, Solar Connection Infrastructure, Transformers and Auxiliary Transformers 

6.10. In addition to solar panels, central inverters, solar connection infrastructure, transformers and 
auxiliary transformers are proposed within the proposed solar farm site. This proposed 
infrastructure is very small in area. 

6.11. Typical dimensions of the central inverters are approximately 6m x 2.5m. There are 25 central 
inverters distributed across the two land parcels. 

6.12. There are two 15m by 5m buildings associated with the solar connection infrastructure, 
totalling an area of 150m2.  

6.13. There are two transformers 4.5m x 5m in size and two auxiliary transformers 3m x 3m in size.  

6.14. In addition to being small, these units are well distributed across the site (see site layout in 
Appendix B).  

6.15. It is proposed to site the central inverters on concrete plinths or screw piles off the ground 
ĠßĐÞƇ ăÍĆòÍ·ÃìÍƇ ·ĆÍ·ĊƇ ÃÍóÍ·ĐÞŚƇ lĔóøÙÙƇ ÙĆøòƇ ĐÞÍƇ ÄøóĐ·ßóÍĆźĊƇ ĆøøÙƇĠßììƇ ĐÞÍĆÍÙøĆÍƇ ÃÍƇ ·ÃìÍƇ ĐøƇ
discharge into the surrounding ground, as per existing. It is expected that the same approach 
is taken for auxiliary transformers. To be confirmed at detail design stage.  

6.16. The two buildings associated with the solar connection infrastructure have the potential to 
increase surface water runoff from the site. As such, these areas have been included in the 
surface water drainage strategy presented in Section 7.  

6.17. There are generally no proposed central inverters, solar connection infrastructure and 
auxiliary transformers within Flood Zone 2 or 3 or within an area of surface water flood risk 
identified by the RoFSW. The solar connection infrastructure is just located in an area 
predicted to be at risk of surface water flooding.  Flood depth here are not predicted to 
exceed 150mm in depth during a 1,000 year rainfall event. It is noted that during detailed 
design, it is expected that the site layout is amended to move the solar connection 
infrastructure outside of the area predicted to be at risk of surface water flooding.  

6.18. The proposed solar farm infrastructure will therefore not be at significant risk of flooding, nor 
will it significantly impact the existing surface water drainage patterns as they are small in 
area, sited on concrete plinths or screw piles with the permeable areas beneath and are well 
distributed across the site whilst also avoiding the areas at greatest flood risk. The more 
significant solar connection infrastructure buildings are also included in the proposed surface 
water drainage strategy.  

6.19. No further mitigation measures are considered necessary. 

  



 

 

Access Tracks 

6.20. Proposed access tracks will be constructed with permeable materials, expected to be type 
1 or 2 crushed stone. Surface water runoff will therefore be able to discharge into the crushed 
stone before soaking into the surrounding ground, as per existing. It is also noted that traffic 
volumes will be low during the operational phase of the development. This will ensure 
significant compaction is avoided and infiltration is not resticted. 

6.21. Where access tracks are proposed to cross Ordinary Watercourses on site, they will be 
designed to be clear-span to ensure flows are not impacted. There are currently 3 proposed 
instances of access roads crossing Ordinary Watercourses on site, including 1 over Kingston 
Brook. The exact design of these access crossings will be confirmed during detailed design.  

6.22. As discussed above in Section 5, access to the southern parcel in through Flood Zone 2 and 
3 and also an area predicted to be at risk of surface water flooding. The exact track 
requirements for this section will be confirmed during detailed design. A flood emergency 
management plan for the southern parcel should also be provided during detailed design. 

6.23. No further mitigation measures are considered necessary. 

Proposed Land Use Change 

6.24. The proposals will result in the cessation of agricultural activities at the site which will in turn, 
result in a variety of beneficial effects which will serve to reduce soil compaction and runoff 
rates from the site, as listed below: 

¶ The site will not be left without vegetation cover during the winter as experienced 
with arable farming; 

¶ The site will not be intensively trodden or over grazed; and 

¶ The site will not be regularly traversed by heavy machinery 

6.25. It is also recommended that following installation of the panels, the site is chisel-ploughed or 
similar cultivated and seed with native meadow grass and wildflowers. Chisel-ploughing will 
reduce soil compaction on the site and promote seed growth; it has been proven to 
significantly increase infiltration rates thereby reducing runoff rates from the site. 

6.26. If grazing is undertaken on site following development, the grazing density will be kept low to 
limit compaction and ensure a varied grassland and sward establishes.  

6.27. Additionally, larger meadow type grasses and wildflower vegetation provide high levels of 
natural attenuation which wills serve to reduce the risk of erosion and limit surface water 
flows across the site. With the implementation of chisel-ploughing, changióÚƇ ĐÞÍƇ ĊßĐÍźĊƇ
primary function to solar power generation will have several potential loner-term benefits 
regarding surface water runoff rates.  

6.28. A Landscape Strategy has also been developed for the site and is included elsewhere in the 
planning submission. The strategy includes woodland areas, new hedgerows, new trees and 
varied grassland and wildflower meadow. These features will also help to manage surface 
water runoff from the site.  



 

 

Ordinary Watercourses Easements  

6.29. To ensure maintenance access is not impacted by the proposed development a 3m 
easement from the top of bank from all Ordinary Watercourses has been kept clear of all 
development. These easements have been based on LiDAR data and an estimated width of 
5m for most Ordinary Watercourses and 6m for the Kingston Brook. 

6.30. The site is not located in an Internal Drainage Board Area nor are there any Main Rivers on 
site. As a results, a maintenance easement of more than 3m is not considered necessary.   

Surface Water Drainage Strategy 

6.31. As discussed above, the solar farm infrastructure will generally not significantly impact 
surface water runoff rates and patterns at the site, with a slight exception with regard to the 
solar connection infrastructure buildings.  

6.32. In addition, the cessation of intensive agricultural activities at the site will have beneficial 
effects which will help reduce soil compaction and surface water runoff rates from the site. 
The Landscape Strategy also proposes features that will help manage surface water runoff, 
as discussed above. Overall, the proposed solar farm development at the site therefore has 
the potential to provide betterment in terms of surface water runoff rates and downstream 
flood risk. 

6.33. The solar connection infrastructure buildings will be managed with the proposed surface 
water drainage strategy detailed in Section 7. It is not considered necessary to provide 
drainage features for the other solar infrastructure.  

BESS and Substation Compound 

6.34. Compared to the proposed solar farm site, the proposed BESS and substation has the 
potential to increase surface water runoff from the site. 

Battery Storage Containers and Inverters 

6.35. As discussed in Section 5, there is a band of Flood Zone 2 and 3 at the southern end of the 
site. In general, the BESS is located in Flood Zone 1 and Flood Zones 2 and 3 are kept 
undeveloped. There is a very small encroachment of a proposed battery storage unit just on 
the edge of Flood Zone 2. Approximately 8m2 (0.0008ha) of development across the 
approximately 101ha site is proposed in Flood Zone 2 (see Figure 6.1 below). As the battery is 
right on the edge of the defined Flood Zone 2 outline, it is also possible that a higher resolution 
hydraulic model than that used for the Flood Map for Planning here would not define this 
battery to be at risk.    

6.36. The RoFSW dataset does not predict the BESS area to be at risk of surface water flooding. 

6.37. As a large proportion of the proposed BESS site will comprise rows of battery storage 
containers and battery inverters which will increase the impermeable area of the site and 
have the potential to increase surface water runoff, a surface water drainage strategy will be 
required to manage surface water runoff from the proposed battery storage container and 
inverters (see Section 7).  

 



 

 

Figure 6.1 Ų Flood Zone 2 and BESS 

 

Access Tracks 

6.38. The proposed BESS access tracks will be constructed with permeable materials, expected to 
be type 1 or type 2 crushed stone. Surface water runoff will therefore be able to discharge 
into the crushed stone before soaking into the surrounding ground, as per existing.  

6.39. Taking a conservative approach, the proposed surface water drainage strategy defined the 
full BESS compound, including access tracks here, to be impermeable. As a result, proposed 
SuDS on site will be designed to manage surface water runoff from the proposed access 
tracks.  

6.40. No further mitigation measures are considered necessary. 

Substation 

6.41. A substation is proposed at the southern end of the southern parcel. There is potential that 
this infrastructure increase surface water runoff from the site.  A conservative approach has 
therefore been taken and the entire substation area will be assumed impermeable and 
managed with suitable SuDS features (see Section 7) to ensure surface water runoff from the 
site does not increase. 

 

 



 

 

Surface Water Drainage Strategy 

6.42. As discussed above, left unmanaged, the proposed BESS has the potential to increase 
surface water runoff from the site and as such, to ensure flood risk downstream does not 
increase, a surface water drainage strategy will be required for the BESS and Substation. The 
surface water drainage strategy is discussed in detail in Section 7. 

  



 

 

7. Proposed Surface Water Drainage Strategy  
7.1. As discussed above, the BESS and substation infrastructure will increase the impermeable 

area on site and has the potential to increase the surface water runoff from the site. A surface 
water drainage strategy is therefore required for the proposals to ensure flood risk elsewhere 
does not increase.  

Surface Water Management  

7.2. The SuDS hierarchy demands that surface water run off should be disposed of as high up the 
following list as practically possible:  

ŤƇEóĐøƇĐÞÍƇÚĆøĔóÉƇŪßóÙßìĐĆ·ĐßøóūƇ·óÉƇĆÍ-use, or then;  

ŤƇvøƇ·ƇĊĔĆÙ·ÄÍƇĠ·ĐÍĆƇÃøÉĦśƇøĆƇĐÞÍóŝƇ 

ŤƇvøƇ·ƇĊĔĆÙ·ÄÍƇĠ·ĐÍĆƇĊÍĠÍĆśƇÞßÚÞĠ·ĦƇÉĆ·ßóƇøĆƇ·óøĐÞÍĆƇÉĆ·ßó·ÚÍƇĊĦĊĐÍòśƇøĆƇĐÞÍóŝƇ 

ŤƇvøƇ·ƇÄøòÃßóÍÉƇĊÍĠÍĆŚƇ 

7.3. In order to determine the most suitable method of surface water disposal from the site the 
options listed above have been considered as follows:  

Infiltration  

7.4. BGS data show that most of the site is underlain by mudstone and limestone bedrock 
geology. Mudstone is expected to be impermeable. Additionally, BGS record superficial 
deposits at the site comprising of 'alluvium - Clay, silt, sand and gravel'. Soilscapes mapping 
shows ĐÞÍƇ*4ppƇßóÙĆ·ĊĐĆĔÄĐĔĆÍƇĐøƇÙ·ììƇĔóÉÍĆƇŹìø·òĦƇ·óÉƇÄì·ĦÍĦƇĊøßìĊƇĠßĐÞƇßòăÍÉÍÉƇÉĆ·ßó·ÚÍŚź 
These ground conditions are not considered suitable for infiltration-based SuDS. Therefore, 
infiltration-based SuDS have been ruled out as the source of surface water disposal. 

Surface Water Body 

7.5. The next option in the SuDS hierarchy is to discharge surface water runoff into an existing 
surface water body.  

7.6. It is proposed to discharge surface water runoff from the BESS infrastructure into the existing 
Kingston Brook via an attenuation basin. 

SuDS selection process  

7.7. Various methods of SuDS (Sustainable Drainage Systems) should be considered for use as 
different methods have constraints attached to them and may not be suitable for this 
development.  

7.8. An assessment of the suitability of different SuDS techniques is summarised in Table 7.1 
ÃÍìøĠŚƇ @ĔßÉ·óÄÍƇ ÙĆøòƇ ŹvÞÍƇ pĔ0pƇò·óĔ·ìźƇ +ŌŊňƇ Þ·ĊƇ ÃÍÍóƇ ĔĊÍÉƇ ĐøƇ ÙøĆòƇ ĐÞÍƇ Ã·ĊßĊƇ øÙƇ ĐÞßĊƇ
assessment. 

  



 

 

Table 7.1 Ų Assessment of SuDS Suitability 

SuDS 
Technique 

Potentially suitable 
for this 
development 

Justification 

Rainwater 
Harvesting 

No Not considered suitable for BESS 
developments. 

Green Roofs No Not considered suitable for BESS 
development. 

Infiltration 
Systems 
(Soakaways, 
etc.) 

No The ground conditions on site are not 
considered suitable for infiltration-based 
SuDS. 

Filter Drains Yes Could be used to help convey surface water 
runoff on site. 

Swales Yes Could be used to help convey surface water 
runoff on site. 

Bioretention 
Systems 

No Not considered suitable due to land take. 

Trees Yes Could be considered but would not 
significantly reduce the storage requirements.  

Underground 
storage 

Yes Proposed to store fire suppression water 
supply and to contain contaminated fire 
suppression water. 

Detention 
basins & 
ponds 

Yes Proposed as the main source of surface water 
storage from the BESS infrastructure on site. 

Wetlands No Not considered suitable due to land take. 

Permeable 
Paving 

Yes Could be used for the proposed access tracks. 

 

 



 

 

BESS and Substation Compound  

7.9. The BESS and substation compound is 1.322ha in area and will comprise type 1 or type 2 
crushed stone. Taking a conservative approach, it has been assumed for the purpose of this 
surface water drainage strategy that the full BESS and substation area (1.322ha) will be 
impermeable. This area includes the BESS and substation infrastructure, as well as the 
associated access tracks.  

7.10. Surface water runoff will be collected from the BESS and substation compound with a system 
of perforated collector pipes running through the BESS and substation area. Perforated pipes 
located on the eastern side of the BESS infrastructure will discharge directly into a proposed 
fire water storage pipe (discussed in further detail below). Perforated pipes located on the 
western side will first connect into a main storm water drain, prior to discharging into the fire 
water storage pipe.  

7.11. After passing through the fire water storage pipe, surface water flows will be conveyed to the 
proposed attenuation basin via a storm water drain. The basin will discharge surface water 
runoff into the existing Kingston Brook at a restricted QBAR greenfield runoff rate and has 
been designed to manage flows for all storm events up to and including the 1 in 100 year 
event plus 40% allowance for climate change. The proposed attenuation basin is located in 
Flood Zone 1.  

7.12. The QBAR greenfield runoff rate has been calculated using the IH124 method via Micro 
drainage. Rates have been calculated for 50 hectares and then factored down to an area of 
1.567 hectares. This area represents the BESS and substation compound comprising  1.322ha, 
plus a slight boundary buffer. An area of 1.567 ha results in a rate of 5.8 l/s. A hydro-brake is 
proposed near the outfall to restrict the flow to the calculated greenfield runoff rate of 5.8 
l/s.  

7.13. The proposed drainage strategy drawing can be found in Appendix C. Micro Drainage Source 
Control Calculations are included in Appendix D. Further drainage strategy details could be 
secured by a planning condition.  

Solar Connection Infrastructure Buildings  

7.14. As discussed in Section 6, the two buildings associated with the solar connection 
infrastructure have the potential to increase surface water runoff from the site. As such, these 
areas have been included in the surface water drainage strategy presented here. 

7.15. It is proposed to locate a gravel trench 22.5m long, 1.0m wide and 0.7m deep around the 
proposed buildings. These gravel trenches will help store surface water runoff from the small 
buildings, aiding infiltration into the ground below. Any surface water exceeding the capacity 
of the gravel trench will slowly overtop and disperse into the surrounding ground. 

7.16. The proposed drainage strategy drawing can be found in Appendix C. As mentioned above, 
further drainage strategy details could be secured by a planning condition. 

Fire Water Storage Pipe  

7.17. In case of a fire event at the site, the National Fire Chiefs Council BESS guidance (see 
Appendix E) requires as a minimum supply of 1,900 litres per minute of water for at least 2 
hours to be readily available at the site. This is equivalent to a volume of 228m3. As discussed 



 

 

above, a fire water storage pipe (tank) is proposed to supply the site with water in case of a 
fire event. The tank will have a diameter of 2.1m and length of 84m, which gives a total storage 
volume of 290.79m3. The fire water storage pipe is modelled to always store 228m3 of water, 
with the additional space for surface water runoff from the BESS infrastructure to help 
circulate water within the tank. In this instance, stagnant water will be avoided within the tank. 
Any additional flows in the tank will simply pass through the outfall and continue towards the 
attenuation basin.  

7.18. A penstock is proposed downstream of the fire water storage pipe which, in a case of a fire 
event would be shut. This feature is proposed to ensure potentially contaminated fire 
suppression water does not reach the proposed attenuation basin and subsequently enter 
the Kingston Brook. Instead, water will continue to circulate through the proposed drainage 
system as it is pumped out of the tank onto site, and re-circulated through the fire water 
storage pipe until the fire is extinguished. Contaminated water would then be manually 
pumped out and taken away from the site and the fire water storage pipe would be re-filled.  

Water Quality  

7.19. The SuDS Manual (CIRIA C753) states that the design of surface water drainage should 
consider minimising contaminants in surface water runoff discharged from the site. The level 
of treatment required depends on the proposed land use, according to the pollution hazard 
indices.  

7.20. Table 7.2 shows the pollution indices for the Development. 

Table 7.2 Ų Pollution Hazard Indices  

Pollutant Pollution 
hazard 
level 

Total 
suspended 
solids 
(TSS) 

Metals Hydrocarbons 

Other roofs (typically 
commercial/industrial roofs) 

Low 0.3 0.2 0.05 

7.21. Table 7.3 shows the pollution mitigation indices for the proposed attenuation basin. It is 
shown that each individual pollution mitigation indices exceeds the Development pollution 
indices. Therefore, the mitigation measures are deemed adequate for the site. 

Table 7.3 Ų Indicative SuDS Mitigation Indices  

Type of SuDS component Total suspended 
solids (TSS) 

Metals Hydrocarbons 

Attenuation Basin 0.7 0.7 0.5 

 



 

 

8. Summary 
8.1. The site is approximately 101ha in area is currently entirely greenfield and predominantly used 

for arable farming with some smaller areas of modified grassland. The site is proposed for a 
solar farm and BESS development.  

8.2. The site is generally located in Flood Zone 1, with small areas of Flood Zone 2 and 3 at the 
southern end of the southern parcel, associated with the Kingston Brook. Flood Zone 2 and 3 
are generally left undeveloped. Areas of surface water flood risk are also predicted on site. 
Mitigation measures are proposed to help protect the Development from flooding over its 
lifetime. Mitigation measures include raising the lowest edge of proposed solar panels above 
proposed flood depths and ensuring vulnerable infrastructure is sequentially located in areas 
of lowest flood risk. 

8.3. The site is not considered to be at significant risk of flooding from any source. Access and 
egress to the northern parcel is not predicted to be impeded during an extreme flood event. 
Flooding may restrict access and egress at the southern parcel during extreme events, 
although as the site will be operated remotely, it is unlikely that access during an extreme 
flood event will be required. Furthermore, a Flood Emergency Management plan should be 
complete during detailed design.  

8.4. Surface water runoff from the solar connection infrastructure buildings, BESS and substation 
will be managed with the proposed surface water drainage strategy to ensure surface water 
runoff rates and associated flood risk does not increase as a result of the development. 

8.5. With mitigation measures and the proposed surface water drainage strategy in place, the 
Development will not increase flood risk on site or elsewhere.  

8.6. The proposal is considered to accord with the requirements of the National Planning Policy 
Framework (NPPF) with residual risk to the site fully mitigated, and as such considered low 
risk. 

  



 

 

Appendix A Ų Topographic Survey 
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Appendix B Ų Site Layout  
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Appendix C Ų Drainage Strategy Drawing  
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