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1 Introduction 

1.1 Scope of Study 

Wallingford HydroSolutions (WHS) has been commissioned by Axis to produce a 2D pluvial model to 

assess the surface water flood risk to the proposed East Park Energy development. This site-specific 

model has been requested by the Environment Agency as the national surface water depth mapping 

does not provide results for the 2070s climate change epoch.  

The East Park Energy proposed development covers 773 ha of land to the north-west of St Neots 

comprising ground-mounted solar photovoltaic panels and an associated on-site battery energy 

storage system (BESS). The risk of flooding to the site from fluvial sources has been assessed in 

detail within the existing Flood Risk Assessment (FRA)1 for the site using the detailed models from 

the 2015 Lower Great Ouse Flood Risk Mapping study2.  

1.2 Methodology 

A 2D pluvial model of the two catchments covering the site has been developed to assess surface 

water flood risk across the whole panelled area.  

The pluvial model has been produced using TUFLOW hydraulic modelling software with rainfall inputs 

derived using ReFH2. The 3.3% AEP (Annual Exceedance Probability), 1.0% AEP, 1.0% AEP + CC 

and 0.1% AEP events were assessed for several storm durations in line with the EA national scale 

RoFSW flood map, which include the 1hr, 3hr, 6hr, 9hr, 12hr and 18hr storm durations with a summer 

storm profile. 

1.3 Data sources 

The data sources used to inform this hydraulic modelling study are: 

• LiDAR data from the National LiDAR Programme3 

• Catchment data from the FEH web service4 

• EA Risk of Flooding from Surface Water mapping5 

• NaFRA2 New National Modelling Methodology Statement6 

• Ordnance Survey Mapping Data. 

1.4 Assumptions 

The following assumptions have been made during this study: 

• As detailed fluvial modelling has been assessed, it is sufficient to represent the watercourses 

within the catchments in the 2D domain only. A 1D domain is not required. 

 

 

1 East Park Energy (2025) Environmental Statement Appendix 8-1: Flood Risk Assessment. 
2 Environment Agency (2015) Lower Great Ouse Flood Risk Mapping. 
3 Environment Agency (2023) LIDAR Composite Digital Terrain Model (DTM) 1m. Available at: 
https://environment.data.gov.uk/dataset/13787b9a-26a4-4775-8523-806d13af58fc 
4 UK CEH (2026) Flood Estimation Handbook Web Service. https://fehweb.ceh.ac.uk/Map 
5 Environment Agency (2025) Risk of Flooding from Surface Water. 
https://environment.data.gov.uk/dataset/b5aaa28d-6eb9-460e-8d6f-43caa71fbe0e 
6 Environment Agency (2025) NaFRA2 New National Modelling Methodology Statement. 
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2 Site Description 

2.1 Site Location 

The proposed development covers 773 ha of land to the northwest of St Neots. Although the site 

order limits extend further east the closest panelled area to St Neots is located approximately 2.5 km 

from the town. Four main areas of panels are located across the site boundary from east to west 

covering approximately 9-10 km, see Figure 1.  

 

Figure 1 - Site Location 
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3 Hydrology Assessment 

3.1 Catchments 

Due to the scale of the proposed development, two catchments have been defined to cover panel 

areas A and B in the west, and areas C and D in the east, see Figure 2. As this is a pluvial flood 

model, rainfall hyetographs are required for both catchments as inputs to the 2D domain.  

The catchments were predominantly defined using the EA detailed watersheds layer which is part of 

the overland flow pathways dataset7. These initial catchments were then updated to remove areas 

over 300 m downstream of the panelled area, and areas on the opposite bank of the Pertenhall Brook 

and River Kym to the proposed development. These areas were determined to not have an impact 

on pluvial flood risk to the site as they are represented within the fluvial modelling2 and so were 

removed to reduce the computing power required to run the model as the catchment derived is also 

used to define the active area within the model domain. This approach still ensures that all the rainfall 

which may have an impact on the site is accounted for in the assessment. Figure 2 shows the final 

derived catchments with the AB catchment covering 28.8 km2 and the CD catchment covering 

10.5 km2.  

 

Figure 2 - Catchment Boundaries 

 

 

 

7 Environment Agency (2025) Overland Flow Pathways. https://www.data.gov.uk/dataset/c9dd994d-9649-4041-
96d4-cdc0f1a53152/overland-flow-pathways 
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4 Hydraulic Model Build 

The 2D domain is modelled using TUFLOW’s 2025 release (2025.2.2), which runs on a Graphic 

Processing Unit (GPU) using the Heavily Parallelised Compute (HPC) solver. 

4.1 Extent 

The 2D domain covers a total area of 41.8 km2 split across two active areas. These active areas were 

defined by creating a 100 m buffer around each of the two catchments shown in Figure 2. The method 

for deriving these catchments is described above within section 3.1. The 100 m buffer ensures all 

surface water flows are captured. 

4.2 Grid Size and Orientation 

A 4m grid size has been adopted as this is sufficient to represent major flow pathways across the 

large, predominantly rural, catchments. The computational area for both catchments is aligned west 

to east as this is the dominant flow direction across both catchments.  

4.3 LiDAR data 

The topography of the study area is represented by 1 m resolution LiDAR data flown in 2022. This is 

considered adequate to represent the key flow routes across the catchment areas. 

4.4 DTM Modifications 

Existing buildings within the model domain have been represented within the model as both an 

increase in Manning’s n value and a direct change to the DTM. Buildings were added into the model 

as a Z shape which instructs TUFLOW to increase the DTM by 300 mm, to represent the floor slab 

through which no flow can occur. 

4.5 Boundary Conditions 

The inflow boundary conditions for the model are the rainfall hyetographs as discussed in section 3 

and Appendix 1, with the rural and urban land cover extents defined using OS mapping.  

Outflow boundaries have also been used to allow water to leave the model domain when it reaches 

the boundary of the active area. Multiple 2D HQ boundaries have been added to the hydraulic model 

where flood waters would otherwise accumulate. Due to the inclusion of a 100 m buffer around the 

derived catchments, downstream boundaries have only been included within the model where the 

existing watercourses or their floodplains leave the model boundary. 

The gradient of terrain at these locations was determined using 1 m LiDAR data and was used to set 

the ‘b’ value in the 2D boundary. All areas where the terrain gradient was calculated and applied to 

the boundary line can be seen in Figure 3, Figure 4, and Table 4.  
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Figure 3 - 2D Downstream Boundaries – AB Catchment 
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5 Design Runs 

5.1 Summary of Design Runs 

The pluvial model has been run for the following events: 

• 3.3% AEP 1 hr, 3 hr, 6 hr, 9 hr, 12 hr, and 18hr (Summer) 

• 1.0% AEP 1 hr, 3 hr, 6 hr, 9 hr, 12 hr, and 18hr (Summer) 

• 1.0% AEP + climate change 1hr, 3 hr, 6 hr, 9 hr, 12 hr, and 18hr (Summer) 

• 0.1% AEP 1 hr, 3 hr, 6 hr, 9 hr, 12 hr, and 18hr (Summer) 

The climate change allowance has been applied based on the EA’s guidance8 for using peak rainfall 

intensity allowances to assess surface water flood risk. An upper end climate change allowance of 

40% was applied for the Upper and Bedford Ouse Management Catchment.  

Due to the size of the model domain, no single critical duration was identified for the design event 

(1.0% AEP +CC). Therefore, a model script was run within QGIS to create a maximum depth raster 

from all six durations for each design event. 

5.2 Comparison of Modelled Results to EA Mapping 

Figure 5 and Figure 6 show the modelled 1.0% AEP flood extents across the two model domains 

whilst Figure 7 and Figure 8 show the modelled 0.1% AEP flood extents. In all figures the results 

have been overlaid with the corresponding EA Risk of Flooding from Surface Water layer to provide 

a comparison between the two flood extents. To facilitate the comparison, the modelled extents have 

been filtered to remove all flood depths below 75 mm to mirror the national mapping6. 

Comparing the two mapped extents, shows close similarities in some locations and in others, the 

modelled extent is much larger. The areas where the modelled extent is much larger are 

predominantly associated with the watercourses in and around the site. Within the EA national 

surface water model significant watercourses which are modelled within the fluvial national model 

are removed through the addition of a drainage sump. This aims to reduce the overprediction of 

surface water flooding along fluvial floodplains6. Therefore, the areas within the model domain 

located in these drained areas, or those that are located downstream of them, are likely to show a 

greater area of inundation compared to the RoFSW mapping.  

The greatest area of difference is located to the northeast of site sub-section D, see Figure 6 and 

Figure 8, associated with the convergence of multiple small watercourses. 

 

 

 

8 Flood Risk Assessments: Climate Change Allowances. Environment Agency. May 2022. 
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Figure 5 –1.0% AEP modelled results vs EA 1.0% AEP RoFSW extent – AB Model Area 

 

Figure 6 - 1.0% AEP modelled results vs EA 1.0% AEP RoFSW extent – CD Model Area 
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Figure 7 - 0.1% AEP modelled results vs EA 1.0% AEP RoFSW extent – AB Model Area 

 

Figure 8 - 0.1% AEP modelled results vs EA 1.0% AEP RoFSW extent – CD Model Area  
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5.3 Maximum Modelled Flood Depths 

Figure 9 and Figure 10 show the maximum modelled flood depths for model areas AB and CD 

respectively, for the 1.0% AEP event plus a 40% allowance for climate change. They show that flood 

depths outside of the watercourse channels and floodplains remain below 1 m. The maximum 

modelled flood depth within the panelled area is 0.9 m, associated with a depression in the 

topography bounded by higher land that results in flood waters building up over time. This area is 

located in the north of site sub-section B, between Great Staughton Road to the south and Little 

Staughton Road to the northeast (E: 509581, N: 264391). Within the area of the panels covered by 

the modelled flood extent, filtered by 75 mm, the average flood depth is 0.1 m. 

The depth of flooding has been assessed at each solar array to identify any panels that require further 

raising above the standard 800 mm above ground level when considering a 300 mm freeboard, see 

Appendix 2. This was achieved by identifying the maximum modelled flood depth at each array and 

rounding the value up to one decimal place. For example, the maximum depth across the whole solar 

array is 0.903 m, therefore the depth value at those panels was rounded up to 1.0 m. A 300 mm 

freeboard was then applied to these values to produce the final required panel heights above ground 

level, with the maximum height being 1300 mm. Appendix 2 highlights that the majority of the 

proposed solar array achieves a 300 mm freeboard with the standard 800 mm height and that the 

panels requiring raising above this are concentrated within the northern section of site sub-section 

B. 

 

Figure 9 - 1.0% AEP +40% CC Maximum Modelled Flood Depth - AB Model Area 
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Figure 10 - 1.0% AEP +40% CC Maximum Modelled Flood Depth - CD Model Area 
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Figure 11 - Method to derive FLC, Hydraulics of Bridge and Waterways9 

Only layer one of the flow constriction layer is used. The panels have been designed so that they are 

flood free for all events, therefore applying blockage to account for the panels using layer two is not 

necessary. The panels are designed to be positioned above the 100-year +CC with an additional 

300mm freeboard, meaning flood waters will not reach the main panel body, and therefore the main 

panel body does not require representation in the model.  

The cell size of the post-development model was also reduced from 4m to a maximum size of 2m, 

this allows for each row of supports to be represented independently in the model and allows for a 

more granular assessment of impacts. To ensure a like for like comparison the baseline was also re-

run using a 2m grid. 

Some uncertainties were encountered when deriving the FLC. The choice of a series of square shape 

supports used to derive Δkp is the most noteworthy uncertainty. Choosing this pier type is a 

conservative estimate of flow losses, any alternative appropriate pier type would result in a reduced 

Δkp value. Due to the conservative assumption made when defining Δkp, further refinement of the 

risk posed by the panels would likely result smaller impacts. 

6.1.2 Representation of panels supported on concrete footings 

Where panels are located within areas of archaeological constraints (see Table 1, also Figures 1 and 

2 of the outline Archaeological Mitigation Strategy), non-intrusive surface-mounted pre-cast concrete 

ground anchors have been proposed. An indicative cross-section drawing of these is shown in ES Vol 

3, Figure 2-2 (Indicative Engineering Drawings P01). Specification of these concrete footings will be 
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Figure 12 Representation of concrete footings by use of thick z-lines 

 

6.2 Results 

Figure 13 and Figure 14 show the modelled maximum flood depths for the 1.0% AEP plus climate 

change design event for the post-development scenario in the AB and CD model areas, respectively. 

These results show similar risks to the baseline, indicating that the panels are causing minimal 

impacts to the flood regime.  

The depth change plots shown in Figure 15 and Figure 16 reflect this, they show that the vast 

majority of the site is not impacted by the proposed concrete footings and supporting legs. The only 

areas of detriment shown by the modelling are located:  

• North of Site A (approximately E: 507077, N: 265318), which shows a very localised detriment 

around the upstream faces of the concrete footings used in this area. This detriment extends no 

further than 4 m from the panelled area and merely reflects the interruption of the shallow surface 

water flow path in this region. The detriment is at least 20 m from the Order Limits. 

• West of Site B (approximately E:508220 N:263892), which shows a maximum of 42 mm 

detriment. This detriment likely occurs because of a flow route that runs below the panels in this 

location. It is expected that flow constriction has a more pronounced effect here because this flow 

route has a higher velocity compared to the other flow routes under the panels. Head loss is a 
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function of velocity and therefore in areas of higher velocity a greater head loss will occur. This 

detriment is acceptable as it remains wholly within the site boundary. 

• North-east of Site B (approximately E: 509854, N: 264175), which shows minor areas of 

detriment up to 12 mm depth increase upstream of concrete footings. 

• There are areas of scattered detriment within Site C, however these are limited to a only few cells 

(generally no more than 10 m for each cluster and affect only fields within the Order limits). 

• North-west of Site D (approximately E: 514230, N: 263481.54), which shows a very localised 

area of detriment around the upstream faces of the concrete footings. This detriment extends no 

further than 7 m from the panelled area and merely reflects the interruption of a shallow surface 

water flow path in this region. The detriment is at least 40 m from the Order Limits. 
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Figure 13 1.0% AEP +40% CC post-development model results - AB model area 

 

Figure 14 - 1.0% AEP +40% CC post-development model results - CD model area 
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Figure 15 - 1.0% AEP +40% CC depth change analysis - AB model area 
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Figure 16 - 1.0% AEP +40% CC depth change analysis - CD model area 
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7 Sensitivity Analysis 

Sensitivity analysis has been carried out on the 1.0% AEP +40% CC (6hr duration) event on the 

following parameters:  

• Manning’s n value – roughness coefficients for the floodplains have been increased and decreased 

by ± 20%. 

• Rainfall input – the sensitivity of the model to changes in rainfall has been assessed by comparing 

modelled flood depths during the 1.0% AEP and 1.0% AEP +40% CC 6-hr duration events. 

The results of the sensitivity analysis have been assessed at key points within the model domain. 

The sensitivity sample point locations are shown in Figure 17. 

 

Figure 17 - Sensitivity Testing Points 
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8 Model Stability and Limitations 

8.1 2D Model Stability and Limitations 

One of the main indicators of model stability with the HPC solver is the timestep selected by TuFLOW. 

This has been reviewed and plotted in Figure 18 for the 1.0% AEP plus climate change 18-hour 

duration event. 

It is recommended that the timestep should not be less than one-tenth of the timestep that would 

have been used with the classic solver. For this model, a timestep of between 2.0 and 0.8 would 

have been selected for a grid resolution of 4m, hence a healthy HPC timestep would be between 0.2 

and 0.08 seconds. The plot of the evolution of the 2d timestep (dtStar) indicates that the timestep 

does not drop below 0.08 for the duration of the simulation. 

In addition to the 2d timestep, there are three control numbers which must be satisfied: 

• A Nu value of 1.0 or greater indicates that the velocity is unusually high, or the cell size is too 

small or the modelled velocity. 

• A Nc value of 1.0 or higher can be caused by large depths in relation to the cell size.  

• A Nd value of 0.3 or higher could suggest there is a poor boundary setup or insufficient SX cells 

linked to the 1D structure, or the cell size is too small. 

The Nu and Nd parameters lie within the acceptable values for the duration of the model run. The 

Nc value stays at 1.0 for the entire simulation and a review of the outputs shows this is likely due to 

the high depths at the centreline of the watercourses. To compensate for it reaching its limit, TuFLOW 

reduces the model time step. As the time step remains at an acceptable value throughout the 

simulation, the model is considered to be stable.  

 

Figure 18 - Model Stability Indicators 
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9 Conclusion and Recommendations 

This report has detailed the methodology used to produce a pluvial hydraulic model for the proposed 

East Park Energy Solar Farm with the aim to produce higher resolution depth maps for the panelled 

areas.  

• Two model areas were defined to ensure that all the rainfall which may have an impact on the 

site is accounted for in the assessment. Rainfall estimates were produced for both catchments 

including a 40% allowance for climate change, relating to the upper end allowance for the 2070s 

epoch. 

• The modelled results show a greater extent of flooding than the current EA mapping as the Risk 

of Flooding from Surface Water maps remove the impacts of main rivers with the use of a drainage 

sump. The maximum flood depth within the panelled area during the 1.0% AEP +40% CC design 

event is 0.9 m associated with a depression in the topography.  

• A small number of panels will require raising above the standard 800 mm height to provide a 

300 mm freeboard above the maximum modelled flood level. These panels are concentrated 

within the northern section of site sub-section B and are highlighted within Appendix 2. The 

maximum required panel height is 1300 mm.  

• The post-development modelling scenario shows that the constriction caused by the panel legs 

and use of concrete footings in areas of archaeological constraint, has no impacts outside of the 

site boundary and minimal impacts within the site boundary. 

• A sensitivity analysis completed on the baseline hydraulic model for manning’s n and rainfall 

values, indicates that the model is acceptably sensitive to changes in these parameters. 

Therefore, the model is deemed suitable to inform flood depths within the site boundary.  

• A review of the model stability and checks and warning messages indicates that the model is 

stable and suitable for use. 
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Appendix 1 – Pluvial Assessment for East Park Energy 
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Figure 1 – Pluvial catchments  

3 Outline Methodology  

3.1 Rainfall Data 

Catchment FEH22 DDF rainfall was obtained from the FEH Web Service at the same location as the 

catchment descriptor data. The rainfall model is produced at a 1km resolution.  

3.2 Derivation of Net Urban & Rural Runoff 

Separate parts of the model domain were defined as being urban or rural using OS MasterMap to 

allow separate urban and rural input rainfall hyetographs to the hydraulic model.  

The ReFH2.3 software was used to derive the hyetographs. The rainfall-runoff methods underlying 

ReFH2.3 are those first published by Kjelsden3, which were subsequently updated in 2015 and 2019 

and implemented within the software as described in the WHS technical guidance4.  

ReFH2.3 uses the catchment descriptors to calculate loss parameters, which are used to derive net 

rainfall. Three assumptions were adopted: 

 

 

3 Kjeldsen, T. R. 2007. The revitalised FSR/FEH rainfall-runoff method. Supplementary Report No.1. CEH. 
4 https://www.hydrosolutions.co.uk/software/refh-2/ 
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• Rainfall, infiltration and other losses are modelled in ReFH2 

• The resulting Net rainfall (runoff) estimate by ReFH is applied to the 2d model domain 

• Sewer losses are modelled in TUFLOW rather than ReFH2 

Two separate hyetographs were derived for each storm duration, representing net rural rainfall, and 

net urban rainfall. In terms of duration, hyetographs were derived for the following storms: 

• Duration = 1hr, Timestep = 4min 

• Duration = 3hr, Timestep = 12min 

• Duration = 6hr, Timestep = 24min 

• Duration = 9hr, Timestep = 36min 

• Duration = 12hr, Timestep = 48min 

• Duration = 18hr, Timestep = 72min   

 

Two storm profiles were also considered, the 75% winter profile (generally recommended for rural 

catchments) and the 50% summer profile (recommended within urban catchments). These were 

applied to both the rural and urban analysis. Therefore, for each duration event there were a total 

of four separate hyetographs. 

The hyetographs are defined over the area of the pluvial catchments (28.8 km2 and 10.5 km2). The 

Areal Reduction Factor (ARF) is set to 1 and the seasonal correction factor (SCF) is kept at its default 

values as defined for the catchment area and seasonality applied.  

For the urban hyetographs, the impervious runoff factor (IRF) and impervious factor were both set 

at 1.0 to match the values used by the EA5 in their latest national hazard mapping. All other urban 

parameters were maintained at their default values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 Environment Agency (2025) Risk of flooding from surface water – understanding and using the map. 
https://www.gov.uk/government/publications/flood-risk-maps-for-surface-water-how-to-use-the-map/risk-of-
flooding-from-surface-water-understanding-and-using-the-map 
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Appendix 2 - Panel Height Requirements 










