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[bookmark: _Toc228915506]Abstract 
Flood risk in the United Kingdom (UK) has increased in recent years due to more frequent and intense rainfall events, placing greater pressure on existing drainage infrastructure. Conventional drainage systems are typically designed to rapidly convey runoff, which can lead to increased peak flows and a higher risk of flooding during extreme events. In contrast, Sustainable Drainage Systems (SuDS) aim to manage runoff through natural processes such as infiltration, evapotranspiration, and evaporation.
This study evaluates the effectiveness of SuDS compared to conventional drainage systems in managing flood risk using hydrological modelling. A comparative analysis was undertaken across three return periods (1 in 1 year, 1 in 30 year, and 1 in 100 year events), all with the inclusion of 40% climate change allowance, and across three different infiltration scenarios (high, low, and no infiltration). Peak flow rate, total discharge volume, and system capacity were used as key performance metrics to evaluate performance.
The results showed that SuDS consistently reduce peak flow rates compared to conventional drainage, with the greatest reductions observed under high infiltration conditions. Even under no infiltration conditions, SuDS continue to provide improved attenuation, although this is accompanied by higher discharge volumes and signs of hydraulic stress under extreme events. In contrast, the conventional system demonstrates limited attenuation and exceeds capacity under higher return periods.
Overall, the findings show that SuDS are more effective in managing flood risk, particularly where infiltration is feasible. However, performance remains dependent on site-specific conditions. Further research should focus on combining hydraulic modelling with field-based monitoring to provide a more robust evaluation of SuDS and conventional drainage performance in managing flood risk.











Contents
Abstract	2
List of Figures	4
List of Tables	5
Abbreviations	5
Chapter 1: Introduction	6
1.1 Research Question	6
1.2 Research Aim	6
1.3 Research Objectives	6
Chapter 2: Literature Review	7
2.1 Flood Risk and Hydrology in the UK	7
2.2 Conventional Drainage Systems	8
2.3 Sustainable Drainage Systems (SuDS)	8
2.4 Existing Comparative Performance of SuDS and Conventional Drainage	9
2.4.1 Twizell Burn Case Study	9
2.4.2 Coventry Case Study	10
2.4.3 Lamb Drove Case Study	10
2.5 Research Gaps and Limitations in Existing Studies	11
Chapter 3: Methodology	13
3.1 Research Approach and Rationale	13
3.2 Site Selection	14
3.3 Modelling Setup	14
3.3.1 SuDS Drainage Strategy	15
3.3.2 Infiltration and Soil Representation	16
3.4 Rainfall and Design Storm Events	17
3.5 Hydrological Performance Metrics	18
3.6 Limitations of the Methodology	18
Chapter 4: Results and Analysis	20
4.1 Conventional Drainage Model Results	20
4.1.1 1 in 1 Year Return Period Results and Analysis	20
4.1.2 1 in 30 Year Return Period Results and Analysis	21
4.1.3 1 in 100 Year Return Period Results and Analysis	21
4.2 SuDS Model Results	22
4.2.1 High Infiltration Results and Analysis	22
4.2.2 Low Infiltration Results and Analysis	23
4.2.3 No Infiltration Results and Analysis	25
4.3 Comparative Analysis	27
4.3.1 Peak Flow Rate Comparison	27
4.3.2 Discharge Volume Comparison	28
Chapter 5: Discussion	30
5.1 Interpretation of Modelling Results	30
5.2 Comparison with Literature	30
5.3 Evaluation of SuDS Performance and Limitations	31
5.4 Practical Implications	31
5.5 Limitations and Uncertainty	32
Chapter 6: Conclusion	33
6.1 Conclusion and Key findings	33
6.2 Conclusion of the Effectiveness of SuDS Compared to Conventional Drainage	33
6.3 Recommendations for Design and Practice	34
6.4 Suggestions for Future Research	34
References	35
Appendices	37
Appendix A Conventional Drainage Layout	37
Appendix A SuDS Drainage Layout	38
Appendix B Conventional Drainage System Results	39
Appendix B Sustainable Drainage Results – High Infiltration	57
Appendix B Sustainable Drainage Results – Low Infiltration	86
Appendix B Sustainable Drainage Results – No Infiltration	114










[bookmark: _Toc228915507]List of Figures
Figure 1 – Natural Catchment versus Urban Catchment (European Platform Urban Greening, 2021) 	……7
Figure 2 – Swale Design Example (Urban Proof, n.d………………………………………………………………………………….9
Figure 3 – Construction of Permeable Paving (NAIOP, 2024)………………….…………………………………………….15
Figure 4 – Example of Detention Basin  (susdrain, n.d)………………………………………………………………………….16
Figure 5 – Infiltration coefficients based on soil texture (Woods-Ballard et al., 2015, p. 546)……………..17
Figure 6 – Graph Showing Peak Flow Rate Comparison between Conventional Drainage Results against SuDS Results under Different Return Periods (Author, 2026)……………………………………………..…..27
Figure 7 – Graph Showing Discharge Volume Comparison between Conventional Drainage Results against SuDS Results under Different Return Periods (Author, 2026)…………………………………………….……28


[bookmark: _Toc228915508]List of Tables
Table 1 – Summary of Conventional Drainage Manhole Performance under Different Return Periods…………………………………………………………………………………………………………………………………………20  
Table 2 – Summary of Conventional Drainage Pipe Performance under Different Return Periods…20
Table 3 – Summary of SuDS Model under High Infiltration Conditions……………………………………...…23
Table 4 – Summary of SuDS Model under Low Infiltration Conditions………………………………………….24
Table 5 – Summary of SuDS Model under No Infiltration Conditions………………………………………………..26


[bookmark: _Toc228915509]Abbreviations 
CC – Climate Change
CIWEM - Chartered Institution of Water and Environmental Management
CSOs - Combined Sewer Overflows
EA – Environment Agency
FEH - Flood Estimation Handbook
FSR - Flood Studies Report
NPPF - National Planning Policy Framework
NRW – Natural Resources Wales
SAB – Sustainable Drainage Approving Body
SuDS – Sustainable Drainage Systems
UK – United Kingdom



[bookmark: _Toc228915510]Chapter 1: Introduction 
Flooding is a growing issue in the United Kingdom (UK), which is driven by urbanisation, climate change, and limited capacity within existing drainage systems. Conventional drainage systems are designed to quickly remove surface water, but they often become overwhelmed during heavy rainfall event, causing surface water flooding. As a result, there is increasing interest in alternative drainage approaches such as Sustainable Drainage Systems (SuDS), which aim to manage rainfall close to where it falls, reduce runoff rates, increase attenuation capacity, and promote natural drainage processes.
This study evaluates the effectiveness of SuDS compared to conventional drainage systems in managing flood risk. It uses hydrological modelling to assess how each system performs under different rainfall return periods and infiltration conditions. The results are used to determine the extent to which SuDS provide flood mitigation compared to traditional drainage design.
1.1 [bookmark: _Toc228915511]Research Question
To what extent are Sustainable Drainage Systems more effective than conventional systems in managing flood risk?
[bookmark: _Toc228915512]1.2 Research Aim 
To assess the effectiveness of SuDS in managing flood risk compared to conventional drainage systems using hydrological modelling.
[bookmark: _Toc228915513]1.3 Research Objectives 
The primary objectives of this study are:

1. To review flood risk and drainage practices in the UK;
2. To explain the key principles and components of SuDS and conventional drainage systems;
3. To compare the hydrological performance of SuDS and conventional drainage systems using key performance metrics; and
4. To evaluate the overall effectiveness of SuDS in reducing flood risk through hydrological modelling. 








[bookmark: _Toc228915514]Chapter 2: Literature Review

[bookmark: _Toc228915515]2.1 Flood Risk and Hydrology in the UK
Flood risk reporting from Natural Resources Wales (NRW) and the Environment Agency (EA) indicates that flooding across the UK has become increasingly frequent and widespread. 
In Wales, the 2020/21 flood risk annual report recorded several high-intensity storm events, such as Storm Christoph in January 2021, which brought 198mm of rain over 72 hours which lead to widespread flooding, evacuations, and travel disruptions. The report indicated that approximately 291,070 properties and key services were at risk of flooding from various types (fluvial, pluvial, and tidal) (Natural Resources Wales, 2021). The most recent report from the 2024/25 period suggests that the trend of rainfall events is continuing, and possibly worsening, with approximately 342,436 properties and key services at risk (Natural Resources Wales, 2025). 
A similar pattern can be seen in England, where the EA’s 2020/21 annual report also refers to Storm Christoph which caused around 900 properties to flood and over 2,000 evacuations in northern England due to rising floodwaters. Approximately 5,671,000 properties were identified as being at risk from flooding from rivers, the sea, and surface water (Environment Agency, 2021). By 2024/25, this had risen to approximately 7,035,600 at-risk properties, with the fifth wettest spring on record, with rainfall levels around 32% more than average (Environment Agency, 2025).
Overall, the combined evidence for Wales and England shows not only recurrent extreme rainfall and storm events but also increasing pressure on existing drainage and flood management infrastructure. This reinforces the need to explore alternative approaches to surface water management, such as Sustainable Drainage Systems (SuDS), which aim to reduce runoff volumes and peak flows in urban catchments.
Urban hydrology studies have consistently shown that increases in flood risk are linked to Climate Change (CC) and changes in urban hydrological processes, where increasing impermeable surfaces reduce infiltration and enhance surface runoff (Parliamentary Office of Science and Technology, 2007). Consequently, rainfall turns into overland flow rather than being stored or infiltrated into the soil, which causes higher peak discharges that can overwhelm existing drainage infrastructure. This is more significant in urban areas where drainage systems rapidly convey the runoff to watercourses which reduces lag times and increases peak flows (Miller and Hutchins, 2017).
[image: Sustainable Urban Drainage Systems (SuDS) versus Conventional Drainage  Systems - European Platform Urban Greening]











Figure 1 – Natural Catchment versus Urban Catchment (European Platform Urban Greening, 2021)
[bookmark: _Toc228915516]2.2 Conventional Drainage Systems
Conventional drainage systems in the UK are primarily designed to remove surface water as quickly as possible through networks of manholes and underground pipes. These systems typically consist of either combined sewers, which carry both foul and surface water, or separate systems which are used in more modern developments. 
Under typical conditions, these systems can be effective; however, they are designed to only accommodate a fixed capacity of water. Many of these systems were developed in the late 19th and early 20th centuries, with design methods based on rainfall prediction and design storm approaches used to estimate peak flows and anticipated runoff from a given area (Leishout, 2025).
As a result of this, it is widely recognised that drainage infrastructure can become overwhelmed during periods of intense or prolonged rainfall, particularly when combined with increasing urbanisation and climate change. These factors contribute to surface water flooding when excess runoff cannot be conveyed efficiently through the systems (Parliamentary Office of Science and Technology, 2007).
Additionally, ageing infrastructure and poor management further reduce the effectiveness of these systems. As a result, these systems are not always able to consistently cope with the combined pressures of increased runoff and changing rainfall patterns, highlighting the need for alternative approaches to urban water management. This is supported by recent flood risk data from NRW and the EA, which indicate a continued increase in the number of properties at risk. 
[bookmark: _Toc228915517]2.3 Sustainable Drainage Systems (SuDS)
Sustainable Drainage Systems (SuDS) are designed to mimic natural drainage processes by managing rainfall close to its source. They can be designed to slow and store surface water, promote infiltration into the ground, and allow evaporation and evapotranspiration from vegetation. They can convey water in a controlled manner and improve water quality through the removal and retention of contaminants (The Flood Hub., 2021).
These processes can alter urban hydrology by affecting how rainfall is managed within a catchment area. Instead of water being rapidly conveyed through underground systems, SuDS aim to reduce volume and speed of runoff by promoting infiltration and temporarily storing water near the surface. Therefore, this increases the time it takes for runoff to reach watercourses, thereby increasing lag times and reducing peak flow rates during rainfall events. The inclusion of attenuation features also release water more gradually over time which help prevent sudden surges in runoff that typically overwhelm conventional drainage systems.
There are a range of SuDS components used in practice to manage surface water runoff in urban areas in England and Wales. These include (but not limited to) permeable paving, swales, green roofs, detention basins and retention ponds, each with their own hydrological function. Permeable paving is commonly used in driveways and car parks as they allow the water to infiltrate through surfaces that would typically be impermeable, thereby managing runoff at the source. Swales convey and temporarily store runoff while promoting infiltration and filtration through vegetation and soil. Green roofs intercept rainfall at source which reduce the volume of water entering drainage systems. Detention basins and ponds provide storage to attenuate peak flows before releasing overflow at a controlled rate. Collectively, these systems aim to mimic natural drainage processes by managing water close to its source which ultimately reduces runoff volumes, slows flow rates, and alleviates pressure on conventional drainage infrastructure (Woods-Ballard et al., [image: Infiltration Trenches and Swales]2015).

Figure 2 – Swale Design Example (Urban Proof, n.d)
“Schedule 3 of the Flood and Water Management Act 2010 requires all new developments to incorporate SuDS to manage runoff water effectively” (House of Commons Library, 2026, p. 4). SuDS have been mandatory in Wales since January 2019 for all new developments over 100m², with approval undertaken separately from the planning process. Approval is obtained via a Sustainable Drainage Approving Body (SAB) application submitted to the local authority, supported by documentation demonstrating compliance with the six statutory standards (Welsh Government, 2018).
However, in England this requirement has not been implemented in the same statutory form. Instead, changes to the National Planning Policy Framework (NPPF) occurred in 2024 to support SuDS delivery in new developments, alongside the introduction of the non-statutory national standards guidance for SuDS in 2025 (House of Commons Library, 2026). This demonstrates a more advisory approach in England compared to the mandatory requirement in Wales, which shows a variation of implementation across the UK.
The performance of SuDS in managing surface water depends on their design, local ground conditions and how they are applied in practice. As a result of this, their effectiveness is assessed using both modelling and field data. 
[bookmark: _Toc228915518]2.4 Existing Comparative Performance of SuDS and Conventional Drainage 
[bookmark: _Toc228915519]2.4.1 Twizell Burn Case Study  
Results from a study carried out in the Twizell Burn catchment in the north east of England demonstrate the effectiveness of SuDS under field conditions, as the scheme was installed in an extremely impermeable residential area that flowed into a combined sewer system and Combined Sewer Overflows (CSOs), which are typical conditions in the UK urban drainage infrastructure.
SuDS tree pits and rear garden attenuation planters were installed, and downstream flow levels were recorded for a 12-month monitoring period. An approximate 25-30% reduction in mean manhole water levels was observed between upstream and downstream monitoring points, with these reductions remaining consistent across multiple rainfall events. 
However, the study also identified key limitations, including incomplete datasets due to telemetry signal issues and the absence of pre-installation baseline flow data. Thus, meaning a clear causal relationship cannot be confirmed. Despite these constraints, the findings demonstrate that SuDS can reduce peak flows and therefore, contribute to reducing the likelihood of sewer surcharge and CSO requirement during rainfall events. Although, they do not fully eliminate flooding risk under higher intensity rainfall conditions (Cotterill and Bracken, 2020).
[bookmark: _Toc228915520]2.4.2 Coventry Case Study  
A modelling study using MicroDrainage, an industry standard software, evaluated the performance of SuDS within a 5ha residential development in Coventry, UK. A SuDS management train was simulated incorporating detention basins, porous pavement, green roofs, and swales. 
The SuDS layout accounted for approximately 34.86% of the total site area, resulting in a net loss of 7.76% of developable space when compared to a traditional drainage layout. 
Detention basins and porous pavement were found to be the most effective in reducing peak flows, with detention basins achieving the highest reduction efficiency by area, reaching up to 0.419L/s/m² under a 30-minute storm and high infiltration conditions. Porous pavement achieved up to 0.145L/s/m² under the same conditions and was found to be particularly efficient when assessed in relation to storage volume, due to its lower overall system volume requirements. However, green roofs showed limited effectiveness during longer duration storm events due to modelled saturation limits within the software. Swales provided comparatively low runoff reduction rates, as their primary function is conveyance rather than storage. 
Overall, the SuDS management train consistently reduced peak runoff compared to conventional drainage conditions; but the model represents an idealised system and does not take into account for real-world constraints such as maintenance, blockages, or retrofit limitations. The results should be interpretated as indicative of potential performance rather than long-term operational conditions (Lashford et al, 2020).
[bookmark: _Toc228915521]2.4.3 Lamb Drove Case Study  
A SuDS ‘showcase’ project, namely Lamb Drove, undertook a monitoring programme between 2008 and 2011 which aimed to assess the performance of a range of SuDS components. The “Study Site” being the one with SuDS features and the “Control Site” with a piped drainage system design. One key observation from the December 2008 rainfall event was the difference in peak discharges between the sites. The Control Site indicated a peak discharge of 0.07m³/s at 20:15 and 0.15m³/s at 22:00 which indicates the rainfall intensity of that event. In contrast, the Study Site produced a significantly attenuated response with a delayed single peak of approximately 0.02m³/s occurring at 00:00. This represents a substantial reduction in peak flow (approximately 85%) and an increased lag time, therefore demonstrating the ability of SuDS to slow runoff before it enters the drainage network and the typical hydrological response of conventional drainage systems.
Further analysis indicated varied maximum discharge rates across the Study Site, ranging from 0.018m³/s at upstream locations with minimal attenuation features to just 0.002m³/s at downstream locations close to the outlet. This reduction in flow further demonstrates how the combined effect of permeable surfaces, swales, and detention features can collectively reduce runoff as water travels through the site. 
However, it should be noted that there were some limitations that may influence the interpretation of these results. Maintenance was not undertaken as per the schedule, especially for the swales and detention basins, which resulted in excessive vegetation overgrowth and changed hydraulic conditions that may impact flow attenuation and infiltration performance. The permeable paving did not receive the level of maintenance as recommended by best practice with no suction cleaning undertaken and only manual sweeping. This creates uncertainty regarding whether recorded infiltration performance fully represents optimal system conditions (Royal Haskoning, 2012).
In addition to hydraulic performance, the study also indicated that the capital costs for the SuDS scheme was £314 per property cheaper than the alternative conventional system. The overall cost to maintain the SuDS scheme per year is £1,340.00 which equated to a total of 56 hours with the conventional system estimating at £1,400.00 per year. While cost is not the primary focus of this research, it further supports the overall effectiveness and practicality of SuDS implementation.
[bookmark: _Toc228915522]2.5 Research Gaps and Limitations in Existing Studies 
Key research gaps and limitations have been identified in all of the previous studies that are cited in this research. The Twizell study emphasises the difficulties in implementing SuDS due to the complexity of multi-stakeholder involvement, especially with regard to ownership, adoption and long-term maintenance responsibilities. When ownership is linked with several separate stakeholders there can be challenges for funding SuDS and their maintenance costs. “A large-scale questionnaire of practitioners, conducted in 2016 by the Chartered Institution of Water and Environmental Management (CIWEM), “The Big SuDS Survey”, echoed this challenge, identified a need for a single adoption method, coordinated by the local authority.” (Cotterill and Bracken, 2020, p. 3). Furthermore, the study identifies problems with data collection, with issues arising from technical constraints and difficulties in capturing consistent long-term monitoring data. These factors reduce the validity of performance evaluation and highlight deeper challenges around the skills, capacity, and resources available within organisations responsible for delivering and evaluating SuDS (Cotterill and Bracken, 2020).
The MicroDrainage study demonstrated the potential effectiveness of SuDS in reducing peak runoff when compared to conventional drainage systems; however, the model is based on idealised conditions and does not take into account for real-world constraints such as maintenance requirements, blockages, or retrofit limitations. As a result, the results may overestimate the performance and should be viewed as indicating potential rather than guaranteeing long-term performance (Lashford et al, 2020). 
Although the Lamb Drove monitoring project provides useful insights into the real-world performance of SuDS, there were certain limitations that may affect the interpretation of the results. Particularly for the swales and detention basins, maintenance was not undertaken in line with the planting schedule, which resulted in excessive vegetation growth and altered hydraulic conditions that could affect flow attenuation and infiltration performance. Furthermore, the permeable pavement was only manually swept rather than suction cleaned, which raises concerns about whether the recorded infiltration performance really reflect ideal system conditions. As a result, the results should be interpreted with caution regarding performance (Royal Haskoning, 2012).
Additionally, wider literature emphasises the limitations currently identified, as well as further challenges associated with SuDS implementation and performance. These challenges include regulatory barriers, financial constraints, and issues relating to public perception and preventive maintenance. The performance of SuDS, and green infrastructure, is highly dependent on site-specific conditions, particularly soil permeability which signifying that effectiveness can vary significantly between locations. Although SuDS are recognised for improving resilience compared to conventional drainage, studies suggest that they may not fully counteract the impacts of climate change, particularly during extreme rainfall events where their capacity can be exceeded. Even when they are implemented extensively, green infrastructure has been observed to reach only 48% adaptive capacity, highlighting the complexity of managing urban drainage systems. Finally, a lack of consistent maintenance and limited public awareness may compromise long-term performance, reinforcing the need for further research and more extensive evidence to support their wider implementation (Monachese et al, 2024).
























[bookmark: _Toc228915523]Chapter 3: Methodology 

[bookmark: _Toc228915524]3.1 Research Approach and Rationale 
This study adopts a comparative modelling approach to assess whether SuDS are more effective than conventional drainage systems in managing flood risk. The modelling is undertaken using InfoDrainage software to simulate the behaviour of a small residential development comprising five dwellings with associated infrastructure, incorporating a range of SuDS features and varying infiltration conditions alongside a conventional piped drainage system for comparison.
The modelling framework enables a direct comparison between SuDS and conventional drainage performance by applying varying soil conditions, including high infiltration, low infiltration, and no infiltration. These conditions represent a more realistic scenario as sites are typically underlain by differing soil types and permeability rates. This allows for the assessment of key hydrological responses, including peak flows, runoff volumes, and overall system attenuation, all under identical rainfall events. 
Rainfall inputs are based on design storm events of 1 in 1 year, 1 in 30 year, and 1 in 100 year return periods, including an additional 40% for climate change allowance to ensure this is in line with current Welsh guidance (Welsh Government, 2026). Rainfall data is generated within InfoDrainage using the Flood Studies Report (FSR) method, which was published in the mid-1970s and uses rainfall data from 1941 to 1970. While the Flood Estimation Handbook (FEH) method is generally considered more up-to-date, it requires licensed point rainfall datasets from external data sources, which are outside the scope of this study (Autodesk, 2022). This research focuses on the comparative performance between SuDS and conventional drainage systems under standardised design storm conditions rather than site-specific observed rainfall data; therefore, the FSR method is considered appropriate for this modelling study. 
Previous studies have shown that infiltration and water retention are highly dependent on soil conditions, with coarse aggregate systems promoting rapid drainage, while finer or mixed soils have greater storage capacity and delayed runoff responses (Archer, 2020). This supports the need to test multiple infiltration scenarios within the model to represent potential site variability and improve the reliability of the analysis.
In terms of software selection, InfoDrainage was selected over MicroDrainage because Autodesk has confirmed that support for MicroDrainage has been phased out, with no further development or updates being provided (Autodesk, 2025a). In contrast, InfoDrainage offers improved SuDS design capability, including faster analysis and enhanced hydraulic modelling functionality. Therefore, its use ensures the study remains relevant, dependable, and consistent with current professional standards (Autodesk, 2025b).
Overall, this approach provides a structured and controlled method for evaluating the effectiveness of SuDS compared to conventional drainage systems in mitigating flood risk under varying hydrological and soil conditions.
[bookmark: _Toc228915525]3.2 Site Selection 
The study is based on a conceptual small residential development comprising five dwellings and associated infrastructure, representing a typical housing layout within a planning context. The site includes a combination of impermeable surfaces such as roofs and an access road, alongside permeable areas for driveways, allowing both conventional drainage and SuDS features to be implemented within the model.
The conceptual site is located within the Clydach area, near the River Tawe. This location was selected due to its gentle slope and proximity to a natural watercourse, providing a realistic setting for assessing surface water drainage pathways. This provides a suitable hydraulic context for comparing the performance of SuDS and conventional drainage systems.
The general location is classified as Flood Zone 2 (rivers and sea) according to NRW flood maps, indicating a 0.1% combined annual probability of flooding including climate change (Natural Resources Wales, 2025). This provides a realistic context for assessing drainage performance, as SuDS systems are typically implemented in areas where surface water and fluvial flood risk are present. However, this study does not include a site-specific flood risk assessment, and the classification if used only to support the choice of location.
Indicative ground levels were derived using the TessaDEM dataset (v1.2, 2024), a digital elevation model with an approximate spatial resolution of 30m and a reported vertical accuracy of around +/- 2m for over half the dataset. The dataset integrates multiple elevation sources and applies corrections for factors such as vegetation and water features (TessaDEM, 2024). As such, the data is considered suitable for conceptual modelling, where relative elevation differences are more important than exact ground levels. This ensures a consistent and controlled modelling framework for comparing the performance of both systems under identical conditions. 
[bookmark: _Toc228915526]3.3 Modelling Setup
The model was developed using InfoDrainage to simulate and compare the performance of a conventional drainage system and a SuDS based system for a residential development with a total impermeable area of 1,460m², comprising of roof surfaces, driveways, and an access road. The software enables the simulation of surface water runoff through each design, allowing key hydrological performance metrics to be assessed.
Runoff was routed through the model in accordance with the drainage layouts, with all components and flow paths represented within InfoDrainage. The layouts for both drainage strategies are provided in Appendix A.
The conventional drainage system comprises a network of pipes and manholes discharging directly to the River Tawe, with no form of flow control. In contrast, the SuDS design follows a source control approach, allowing the water to be dealt with at the source, comprising of permeable paving, swales, and a detention basin. One swale is positioned along the rear end of the plots to convey the roof runoff, while the second captures the runoff from the impermeable access road. These features provide conveyance and temporary storage before the runoff is directed to a detention basin, which acts as the primary attenuation features prior to discharge via a piped outlet to the watercourse, also without a flow control device. 
[bookmark: _Toc228557125]The access road was deliberately modelled as impermeable to reflect a more realistic design scenario, as the use of permeable paving on a larger scale than driveways would likely be cost prohibitive and is not typically adopted in practice.

[bookmark: _Toc228915527]3.3.1 SuDS Drainage Strategy  
The SuDS drainage strategy was designed to manage surface water through a sequence of source control, conveyance, and attenuation features. 
Permeable paving was incorporated within the driveway areas to provide a suitable surface for vehicular loading while also facilitating surface water management. Rainfall is able to pass through the paving and into the underlying layers, where it is temporarily stores before infiltrating into the ground or being conveyed depending on the infiltration scenario (Woods-Ballard et al., 2015, p. 387).
[image: Porous pavement enables high-density projects - NAIOP Maryland Chapter]










Figure 3 – Construction of Permeable Paving (NAIOP, 2024)

Two swales were incorporated within the drainage layout to manage and convey surface water runoff. One swale is located along the rear of the plots to intercept and convey roof runoff and any excess overflow, while a second captures the runoff from the impermeable access road, receiving the water via a series of kerb and swale inlets. The swales are designed as shallow, vegetated open channels that provide both conveyance and temporary storage of runoff. Flow velocities are reduced due to the vegetation and channel roughness which allow for attenuation and treatment (Woods-Ballard et al., 2015, p. 313).
A detention basin was incorporated as the primary attenuation feature within the strategy, receiving runoff from upstream components prior to discharge to the River Tawe. The basin is designed as a shallow, depressed landscape feature that remains dry under normal conditions and temporarily stores runoff during and immediately following storm events (Woods-Ballard et al., 2015, p. 473).

[image: Detention basins]








Figure 4 – Example of Detention Basin  (susdrain, n.d)
The design and configuration of all SuDS components were undertaken in line the CIRIA SuDS Manual C753 guidance, ensuring compliance with Welsh Standards and adherence to current best practice principles. This was intended to ensure a hydraulically robust and appropriately structured SuDS design. Full component design details can be found in Appendix B.
[bookmark: _Toc228915528]3.3.2 Infiltration and Soil Representation  
Different infiltration conditions were incorporated into the model to assess how variations in soil permeability influence the performance of SuDS compared to a conventional drainage system. This approach was adopted to determine whether SuDS remain effective under a range of soil conditions, including both high and no permeability, and whether they continue to perform more effectively than piped systems under less favourable conditions.
Three infiltration scenarios were applied within the modelling framework: high infiltration, low infiltration, and no infiltration. These scenarios were selected to represent a realistic range of ground conditions typically encountered in Wales, and to enable a direct comparison of drainage performance under varying soil permeability conditions.
The high infiltration design was set at 0.25m/hr (6.94 x 10-5m/s), representing freely draining soils such as loamy sand to sandy gravel. The low infiltration design was defined as 0.025m/hr (6.94 x 10-6 m/s), representing moderately to poorly draining soils such as loam to sandy loam. The no infiltration scenario represents impermeable ground conditions, such as clay rich soils or concrete, where all rainfall is assumed to become surface runoff.
[image: ]The soil classification was determined with reference to ISO 14688-1 description, as presented in the CIRIA SuDS Manual (Woods-Ballard et al., 2015), adapted from Blake (2010), and is shown in Figure 5. 















Figure 5 – Infiltration coefficients based on soil texture (Woods-Ballard et al., 2015, p. 546)

[bookmark: _Toc228915529]3.4 Rainfall and Design Storm Events
Design storm rainfall events were generated within InfoDrainage using the built-in FSR method. A location specific rainfall profile was selected by identifying a point within the Clydach area to ensure that the rainfall inputs were representative of the study site. The FSR method was selected as it is integrated within the software and provides a standardised approach for generating synthetic rainfall events suitable for comparative hydrological modelling.
The selected return periods were 1 in 1 year, 1 in 30 year, and 1 in 100 year storm events. These were chosen to represent a range of rainfall severities from frequent, low intensity storms to extreme storm conditions associated with elevated flood risk. To account for future climate change impacts, a 40% allowance was applied to all design storms in accordance with current Welsh Government guidance (Welsh Government, 2026). 
Each return period was simulated across the default list of storm durations (15, 30, 60, 120, 240, 360, 480, 960, and 1440 minutes) to capture the full hydrological response of the system under varying rainfall durations. This approach provides a more comprehensive assessment of system performance under both short and long duration rainfall events. 
The same rainfall inputs were applied to both the SuDS and conventional drainage models to ensure a fair and controlled comparison. This ensures that any differences in performance between the two systems can be attributed solely to the drainage design and not variations in rainfall inputs. 
Overall, the use of multiple return periods and storm durations, together with the climate change allowance, provides a comprehensive framework for assessing drainage performance under realistic conditions. 
[bookmark: _Toc228915530]3.5 Hydrological Performance Metrics 
To evaluate the performance of the drainage systems, a set of hydrological performance metrics were used to enable direct comparison between the SuDS and conventional drainage scenarios under each rainfall and infiltration conditions. These metrics were selected as they can represent key indicators of flood risk, these include flow rates, runoff volumes, and system capacity during storm events.
Peak flow rate was used as the primary performance indicator, measured as the maximum flow (L/s) within the drainage network and at the outfall. Peak flow is a critical parameter in flood risk assessment, as higher discharge rates increase the likelihood of flooding and exceedance of system capacity. Consequently, a reduction in peak flow is taken as an indicator of improved attenuation and overall drainage performance (Bibi et al., 2023).
Total runoff volume, measured as the total discharge volume (m³), was also assessed to quantify the overall volume of water leaving the site during each storm event (Bibi et al., 2023). This provides an indication of how effectively each system manages runoff through storage and infiltration processes, with lower runoff volumes reflecting improved water management and reduce pressure on receiving watercourses.
System performance was further evaluated using indicators of hydraulic capacity, including instances of surcharge and flooding within the network. Outputs such as maximum flooded volume (m³) and system status (‘OK,’ ‘Surcharged,’ ‘Flood Risk,’ and ‘Flood’) were used to determine whether the drainage system exceeded their design capacity under different storm conditions. These indicators clearly show how the system performs under peak conditions and where it begins to fail. 
Overall, the selected performance metrics allow for a comprehensive analysis for evaluating and comparing the effectiveness of SuDS compared to conventional drainage systems in managing surface water and mitigating flood risk. 
[bookmark: _Toc228915531]3.6 Limitations of the Methodology 
This section outlines the key limitations associated with the modelling approach used within this study.
Firstly, the model is based on the TessaDEM dataset rather than detailed site-specific survey data. While this is considered suitable for conceptual modelling, it introduces uncertainty in potential slopes and flow pathways. As SuDS performance can be sensitive to small changes in elevation, this  may affect the accuracy of runoff routes and localised storage behaviours within the system.
Rainfall inputs were generated using the FSR method rather than the FEH approach. Although the FSR method is still recognised as acceptable for analysis, it is based on older rainfall datasets and may not fully represent current rainfall patterns. This introduces a degree of uncertainty in the accuracy of rainfall intensity, particularly when considering future conditions.  
In addition, the SuDS components are modelled under idealised conditions, assuming consistent long-term performance with appropriate maintenance being undertaken. The model does not account for real-world factors such as clogging, blockages, or a reduction in infiltration capacity over time. As a result, the long-term performance of SuDS may be overestimated compared to actual site conditions. 
The analysis is based on a series of design storm events rather than continuous rainfall simulation. This approach does not consider existing soil moisture conditions or consecutive storm events, both of which can influence infiltration and storage performance. Thus, the model represents peak design conditions rather than long-term hydrological behaviour. 
Finally, the conventional drainage model applies standardised manhole sizes (0.6m and 1.2m chambers) and a predefined pipe layout consisting of 100mm, 150mm, and 225mm diameter pipes. While this reflects a typical drainage layout, it does not consider potential design improvements such as larger pipes and manholes, or alternative drainage layouts. As a result, the findings represent the behaviour of a specific design scenario rather than a full range of possible drainage system performances, as a larger or more optimised system may be able to accommodate higher return periods more effectively. 



















[bookmark: _Toc228915532]Chapter 4: Results and Analysis
This chapter analyses the performance of both the conventional drainage system and the SuDS design and shows the results of the modelling scenarios. The results are first presented separately, followed by a direct comparison to assess their relative effectiveness of managing surface water runoff and reducing flood risk.
[bookmark: _Toc228915533]4.1 Conventional Drainage Model Results
The results for the conventional drainage model for manholes and pipes are presented in Table 1 and Table 2 below, respectively. Outlet values are used to determine peak flow rate and total discharge volume, while the worst-case conditions within the network are used to assess flooded volume for the manhole summary and max flow depth for the pipe summary, and overall system performance. 

	Return Period (+40% CC)
	Peak Flow Rate (L/s)
	Total Discharge Volume (m³)
	Flooded Volume (m³)
	Summary of System Performance 

	1 in 1 year
	17.2
	10.455
	0
	Localised surcharge at S2

	1 in 30 year
	38.9
	37.717
	0
	Multiple manholes (S1, S2, S3, S8) surcharged

	1 in 100 year
	47.9
	33.139
	0.012
	Localised flooding at S1



Table 1 – Summary of Conventional Drainage Manhole Performance under Different Return Periods  

	Return Period (+40% CC)
	Peak Flow Rate (L/s)
	Total Discharge Volume (m³)
	Max Flow Depth (m)
	Summary of System Performance 

	1 in 1 year
	17
	10.455
	0.144
	Localised surcharge at S1.001

	1 in 30 year
	38.9
	37.717
	0.150
	Multiple pipes near full capacity (S1.000 -S1.002) 

	1 in 100 year
	47.7
	33.139
	0.150
	Localised flooding at S1.000



Table 2 – Summary of Conventional Drainage Pipe Performance under Different Return Periods 

[bookmark: _Toc228915534]4.1.1 1 in 1 Year Return Period Results and Analysis   
Under the 1 in 1 year return period, the conventional drainage system generally operates within its expected performance range, with only minor indications of hydraulic stress.

The manhole results show that the system remains largely within capacity, with no flooding observed. However, localised surcharging occurs at S2 during the 15 minute winter storm event, indicating the first point of weakness within model. All other manholes remain within acceptable limits, suggesting that under frequent rainfall conditions the system performs satisfactory overall.

The pipe network results show peak flow rates of approximately 17L/s which is a relatively low hydraulic loading for a 225mm diameter pipe. Only one pipe (S1.001) is shown to surcharge, which connects to S2, indicating a localised hydraulic weakness at this point within the design. All other pipes operate within their design capacity, with no further exceedances recorded.

Overall, the system performs adequately under the 1 in 1 year return period, with no flooding and only a single localised surcharge event. However, both the manhole and pipe results indicate an initial sign of hydraulic stress between S2 and S1.001, which may become more significant under high intensity return periods. 

[bookmark: _Toc228915535]4.1.2 1 in 30 Year Return Period Results and Analysis   
Under the 1 in 30 year return period, the system shows a clear reduction in performance with more widespread signs of hydraulic stress.

The manhole results indicate that surcharge conditions become significantly more widespread compared to the 1 in 1 year return period. Multiple manholes, including S1, S2, S3, and S8, are shown to surcharge under the 30 minute winter storm event. Although no flooding is recorded, this indicates that the system is operating close to its capacity across several points within the system.

The pipe results show an increase in hydraulic loading compared to the 1 in 1 year return period. Peak flow rates increase to 38.9L/s which is more than doubling the hydraulic demand on the network. Furthermore, multiple pipes are operating at or near capacity which indicates that the network is no longer operating at comfortable limits.

Overall, the 1 in 30 year results show a clear transition from localised exceedance to widespread hydraulic stress within the model. While flooding is still not recorded, the increase in peak flow and multiple components surcharging, indicate that the system is approaching its design limit during moderate storm conditions.

[bookmark: _Toc228915536]4.1.3 1 in 100 Year Return Period Results and Analysis   
Under the 1 in 100 year return period, the system shows clear evidence of exceedance with both manhole and pipe features operating beyond their capacity.

The manhole results indicate widespread system exceedance compared to the 1 in 30 year return period. Multiple manholes, including S2, S8, and S9 are flagged as being at flood risk, with flooding also occurring at S1. This represents a clear deterioration in system performance when compared to both the 1 in 1 and 1 in 30 year events, where only surcharging was identified.

The pipe results also show full hydraulic loading across several sections of the model. Peak flows increase further to approximately 47.7L/s, indicating that the system is operating at very close to full capacity. Multiple pipes are unable to convey flow without exceeding their capacity limits, meaning the system is functioning under constrained hydraulic conditions throughout the model.

Overall, the 1 in 100 year results indicate clear system failure under extreme storm conditions. The increase in peak flow rate from 17L/s to 47.7L/s, combined with multiple components being flagged as flood risk or experiencing flooding, demonstrates that the drainage system is no longer able to effectively manage surface water under high intense rainfall events.

The results presented above summarises the key performance metrics, with full model outputs provided in Appendix B.

[bookmark: _Toc228915537]4.2 SuDS Model Results
The results for the SuDS model are presented in the following subheadings, summarising the performance of each SuDS component under varying infiltration conditions. The results are grouped by infiltration scenario to allow direct comparison across different return periods without necessary repetition. Key performance metrics include maximum inflow, maximum resident volume (representing the highest volume of water stored within each component (Innovyze, 2022), and the percentage of available capacity, all of which are used to assess how the system performs under different rainfall events. The permeable paving results are presented using the worst-case value due to negligible variation between the individual driveways, while outlet values are used to determine peak flow rate and total discharge volume.
[bookmark: _Toc228915538]4.2.1 High Infiltration Results and Analysis   
A summary of the results for the high infiltration scenario is presented in Table 3 below.
	1 in 1 year Return Period + 40% CC

	Component
	Max Inflow (L/s)
	Max Resident Volume (m³)
	Percentage Available (%)
	Discharge Volume (m³)
	Peak Flow Rate (L/s)
	Summary of Performance

	Swale
	5.1
	0.83
	98
	0.32
	0.7
	OK

	Swale 1
	11.5
	1.34
	97
	1.34
	3.9
	OK

	Permeable Paving
	0.7
	0
	100
	0
	0
	OK

	Detention Basin
	5.7
	2.88
	91
	0
	0
	OK

	Outlet Pipe
	-
	-
	-
	0
	0
	OK

	1 in 30 year Return Period + 40% CC

	Swale
	12.6
	2.28
	96
	4.74
	6.8
	OK

	Swale 1
	21
	4.55
	90
	11.68
	10.1
	OK

	Permeable Paving
	1.4
	0.14
	97
	0
	0
	OK

	Detention Basin
	16.9
	9.19
	70
	6.28
	11.8
	OK

	Outlet Pipe
	-
	-
	-
	6.28
	11.8
	OK

	1 in 100 year Return Period + 40% CC

	Swale
	16.4
	3.5
	94
	7.25
	7.3
	OK

	Swale 1
	27.4
	7.67
	84
	16.05
	11
	OK

	Permeable Paving
	1.9
	0.21
	95
	0
	0
	OK

	Detention Basin
	18.2
	10.2
	67
	11.73
	14.2
	OK

	Outlet Pipe
	-
	-
	-
	11.73
	14.2
	OK, localised surcharging in S2.000


Table 3 – Summary of SuDS Model under High Infiltration Conditions
Across the high infiltration scenario, the SuDS system performs effectively under all return periods, with all components remaining classified as “OK” except for one localised surcharge noted at the highest event. However, it is clear that flow increases and available storage decreases as storm severity increases.
Under 1 in 1 year event, the system operates with minimal loading, with all components retaining high available capacity and no outlet flow recorded. The detention basin shows the highest initial utilisation at 91% indicating its main role as an attenuation feature, while the swales and permeable paving remain largely underused. 
At the 1 in 30 return period, system loading increases noticeably, with inflows roughly doubling across the system and storage capacity reducing, particularly within the detention basin which drops to 70%. Outlet flow is introduced at 11.8L/s, showing that water begins to pass through the system once more of the storage is used.
Under the 1 in 100 year event, the system reaches its highest level of utilisation, with further reductions in available capacity, especially in Swale 1 (84%) and the detention basin (67%). Outlet flow increases to 14.2L/s, reflecting higher overall flow through the system during extreme rainfall conditions. Although the system remains classified as “OK”, localised surcharging at S2.000 is observed, which indicates a little hydraulic stress at peak conditions.
As expected, the results show a steady increase in inflow and utilisation across all components as return periods increase, while the system continues to manage runoff effectively. The detention basin remains the main attenuation feature throughout, with no system failure observed, although localised surcharging occurs under the most extreme event. 
[bookmark: _Toc228915539]4.2.2 Low Infiltration Results and Analysis   
A summary of the results for the low infiltration scenario is presented in Table 4 overleaf.



	1 in 1 year Return Period + 40% CC

	Component
	Max Inflow (L/s)
	Max Resident Volume (m³)
	Percentage Available (%)
	Discharge Volume (m³)
	Peak Flow Rate (L/s)
	Summary of System Performance

	Swale
	5.1
	1.37
	98
	3.8
	4.6
	OK

	Swale 1
	11.7
	1.73
	96
	4.9
	8.5
	OK

	Permeable Paving
	0.5
	0.21
	95
	0.23
	0.2
	OK

	Detention Basin
	0.5
	6.89
	78
	7
	7
	OK

	Outlet Pipe
	-
	-
	-
	7
	9.8
	OK

	1 in 30 year Return Period + 40% CC

	Swale
	12.6
	3.88
	93
	10.46
	7.7
	OK

	Swale 1
	21.2
	7.39
	84
	18.43
	10.8
	OK

	Permeable Paving
	1.4
	0.48
	89
	0.88
	1
	OK

	Detention Basin
	18.5
	7.54
	76
	22.77
	18.1
	OK

	Outlet Pipe
	-
	-
	-
	22.77
	18.1
	OK, localised surcharging in S2.000

	1 in 100 year Return Period + 40% CC

	Swale
	13.8
	5.9
	89
	19.56
	8.5
	OK

	Swale 1
	23.3
	11.5
	75
	34.15
	11.8
	OK

	Permeable Paving
	1.9
	0.6
	86
	1.28
	1.5
	OK

	Detention Basin
	20.2
	8
	74
	46.95
	19.9
	OK

	Outlet Pipe
	-
	-
	-
	46.95
	19.9
	Surcharging at majority pipes


Table 4 – Summary of SuDS Model under Low Infiltration Conditions
Across the low infiltration scenario, the SuDS system continues to operate under all return periods, although the system experiences noticeably higher loading compared to the high infiltration scenario. All components remain classified as “OK” in the lower return periods, but signs of increased hydraulic stress within the pipes and reduced storage capacity become more apparent as storm severity increases.
Under the 1 in 1 year event, the system operates with relatively low loading, although compared to the high infiltration scenario there is a greater use of storage within the system. The detention basin shows a reduced availability at 78%, indicating earlier filling due to reduced infiltration potential. Outlet flow is recorded at 9.8L/s, showing more runoff is being conveyed downstream even under frequent storm conditions.
At the 1 in 30 year return period, the system loading increases significantly, with the detention basin remaining the most heavily utilised feature at 76% available. Outlet flow increases to 18.1L/s, and localised surcharging is identified at S2.000 which indicates the first sign of hydraulic stress within the system.
Under the 1 in 100 year event, the system reaches its highest level of stress. Available capacity continues to reduce across all components, with Swale 1 dropping to 75% and the detention basin at 74%, showing sustained high loading across the network. Outlet flow increases further to 19.9L/s, and surcharging becomes widespread across multiple pipes, indicating those elements of the system is approaching its hydraulic limits under extreme rainfall events.
Overall, the results show a clear reduction in system performance under low infiltration conditions compared to the high one. Higher inflows and reduced storage capacity results in increased downstream discharge and earlier signs of hydraulic stress on pipes. Despite this, the system continues to function without failure or flooding within all components. 
[bookmark: _Toc228915540]4.2.3 No Infiltration Results and Analysis   
A summary of the results for the no infiltration scenario is presented in Table 5 below.
	1 in 1 year Return Period + 40% CC

	Component
	Max Inflow (L/s)
	Max Resident Volume (m³)
	Percentage Available (%)
	Discharge Volume (m³)
	Peak Flow Rate (L/s)
	Summary of System Performance

	Swale
	5.1
	1.42
	97
	4.64
	5
	OK

	Swale 1
	9.8
	1.85
	96
	12.82
	8.3
	OK

	Permeable Paving
	0.6
	0.36
	92
	0.67
	0.6
	OK

	Detention Basin
	13
	6.75
	78
	13.67
	12.6
	OK

	Outlet Pipe
	-
	-
	-
	13.67
	12.6
	OK

	1 in 30 year Return Period + 40% CC

	Swale
	12.6
	4.2
	92
	11.48
	7.99
	OK

	Swale 1
	22.2
	11.06
	76
	34.79
	11.7
	OK

	Permeable Paving
	1.4
	0.73
	83
	1.28
	1.4
	OK

	Detention Basin
	19.2
	7.33
	76
	45.86
	19.2
	OK

	Outlet Pipe
	-
	-
	-
	45.86
	19.2
	OK, localised surcharging in S2.000

	1 in 100 year Return Period + 40% CC

	Swale
	13.8
	6.35
	88
	21.44
	8.6
	OK

	Swale 1
	29.3
	17.9
	62
	45.87
	12.8
	Flood

	Permeable Paving
	1.9
	0.88
	80
	1.68
	1.8
	OK

	Detention Basin
	21.4
	7.5
	76
	62.12
	21.3
	OK

	Outlet Pipe
	-
	-
	-
	62.12
	21.3
	Localised flooding at S2.000


Table 5 – Summary of SuDS Model under No Infiltration Conditions
From these results, the SuDS system shows the greatest level of hydraulic stress across all return periods due to the lack of infiltration capacity. Consequently, a higher amount of runoff is conveyed directly through the system which results in higher values across all performance metrics compared to other scenarios.
Under the 1 in 1 year event, the system still operates within capacity with all components classified as “OK”. However, there are higher discharge volumes observed particularly at the detention basin and the outlet pipe, indicating that more runoff is being transferred through the system rather than infiltrated or stored. The detention basin remains the most utilised component, with available capacity reduced to 78% at the smallest rainfall event.
At the 1 in 30 year return period, the system loading increases significantly with Swale 1 and the detention basin experiencing the greatest reduction in available capacity both at 76% each. Outlet flow rises to 19.2L/s and there is localised surcharging identified at S2.000, showing that the system is beginning to struggle at specific points under moderate storm conditions.
Under the 1 in 100 year event, the system reaches its highest level of stress with Swale 1 showing a significant reduction in performance with available capacity dropping to 62% and a “Flood” classification being recorded. Additionally, flooding is also noted at S2.000 which indicates that hydraulic capacity is exceeded during intense rainfall events.
Overall, the results show a clear decline in system performance under no infiltration conditions compared to the other scenarios. The absence of infiltration leads to significantly higher discharge volumes and causes flooding at extreme rainfall events. This demonstrates that infiltration plays a critical role in controlling runoff and reducing hydraulic stress within the SuDS system.
The results presented above summarises the key performance metrics, with full model outputs provided in Appendix B.

[bookmark: _Toc228915541]4.3 Comparative Analysis
This section compares the performance of the SuDS results against the conventional drainage system to assess their effectiveness in managing flood risk under increasing storm events.
[bookmark: _Toc228915542]4.3.1 Peak Flow Rate Comparison
The comparison of peak flow rates between the conventional drainage system and the SuDS models are shown in Figure 6. 

Figure 6 – Graph Showing Peak Flow Rate Comparison between Conventional Drainage Results against SuDS Results under Different Return Periods (Author, 2026)
The conventional drainage system exhibits a steady increase in peak flow from 17L/s under the 1 in 1 year event to 47.7L/s in the 1 in 100 year event. This indicates that the system responds directly to increasing rainfall intensity providing limited attenuation, resulting in higher peak flows being conveyed through the network.
In contrast, the SuDS system significantly reduces peak flow rates across all return periods, although performance varies depending on infiltration conditions. Under the high infiltration scenario, no measurable outflow is recorded for the 1 in 1 year event, indicating that runoff is fully managed within the system through infiltration and storage. At the 1 in 30 and 1 in 100 year events, peak flows increase to 11.8L/s and 14.2L/s respectively but remain significantly lower than the conventional drainage rates. This demonstrates the ability of SuDS features to attenuate runoff and reduce flow rates during storm events.
Under no infiltration conditions, the SuDS system still demonstrates a reduction in peak flow compared to the conventional system, with values increasing from 12.6L/s to 21.3L/s under the 1 in 1 and 1 in 100 year event respectively. However, these flow rates compared to the high infiltration scenario highlight the reduced effectiveness of the system when infiltration is not possible.
To summarise, the results presented in Figure 6 highlight that the SuDS system is more effective than a traditional system at reducing peak flow rates across all return periods. However, the degree of effectiveness is strongly influenced by infiltration capacity, althoughs no infiltration conditions still offer improved performance compared to conventional systems just with reduced attenuation capacity. 
[bookmark: _Toc228915543]4.3.2 Discharge Volume Comparison
The comparison of discharged volume between the conventional drainage system and the SuDS models are shown in Figure 7.

Figure 7 – Graph Showing Discharge Volume Comparison between Conventional Drainage Results against SuDS Results under Different Return Periods (Author, 2026)
The conventional drainage system shows a moderate increase in discharge volume as the return period intensifies, rising from 10.46m³ and 37.72m³ under the 1 in 1 year and 1 in 30 year event respectively, before slightly decreasing to 33.14m³ during the 1 in 100 year event. This indicates a direct response to rainfall input with little ability to slow the flow down and store water for later release.
In contrast, the SuDS system with no infiltration produces the highest discharge volumes overall, increasing significantly from 13.67m³ to 62.12m³ across return periods. This means the system stores and slows down the runoff at first, but most of the water is eventually released downstream which leads to a higher total amount of water leaving the system over longer storm events.
The SuDS system with high infiltration shows a substantially different behaviour, with significantly lower discharge volumes across all return periods. Discharge goes from 0m³ to 11.73m³, demonstrating the effectiveness of natural drainage processes in reducing the total volume of water leaving the system.
Overall, the results indicate that while conventional drainage provides direct runoff conveyance, SuDS systems fundamentally alter runoff behaviour. SuDS located within high infiltration soils significantly reduces total discharge, whereas no infiltration conditions delays runoff but does not fully reduce total volumes, highlighting the importance of infiltration capacity in achieving effective flood risk mitigation.
To summarise, the comparative analysis demonstrates that the SuDS system provides a more effective approach to managing flood risk than the conventional drainage system, across all return periods. SuDS reduces peak flow rates and alters how runoff is released from the system, particularly under high infiltration conditions where both are significantly reduced. Although performance decreases under no infiltration conditions, the system still provides improved attenuation compared to conventional drainage. These findings highlight the importance of infiltration in maximising SuDS effectiveness, while also demonstrating that SuDS can still offer benefits under less favourable conditions. 






















[bookmark: _Toc228915544]Chapter 5: Discussion

[bookmark: _Toc228915545]5.1 Interpretation of Modelling Results 
The modelling results highlight clear differences in the hydraulic behaviour of conventional drainage and SuDS systems. The conventional drainage system shows are direct response to increasing rainfall intensity, with peak flows and discharge volumes increasing significantly across higher return periods. This reflects the limited ability of the system to attenuate runoff which results in hydraulic stress and a higher likelihood of surcharging and flooding.
In contrast, the SuDS system demonstrates a more controlled response to rainfall events. Peak flow rates are consistently lower, particularly under high infiltration conditions, indicating that runoff is effectively managed through a combination of attenuation and natural drainage processes. The detention basin plays a key role in attenuating flows, while swales and permeable paving contribute to reducing runoff before it reaches the outlet.
The influence of infiltration is particularly evident when comparing high and no infiltration scenarios. While both scenarios reduce peak flow when compared to conventional drainage, the absence of infiltration results in higher discharge volumes and increased system loading. This suggests that infiltration is a critical contributor in maximising SuDS performance.
On the whole, the results indicate that SuDS reduces flow rates and the overall runoff volume, evidently reducing the pressure on downstream systems and lowering flood risk. 
[bookmark: _Toc228915546]5.2 Comparison with Literature 
The results obtained from the modelling are widely consistent with the findings presented in the literature. Previous studies have shown that conventional drainage systems tend to respond instantly to rainfall events, rapidly moving runoff through the network with limited storage capacity. This behaviour is reflected in the results of this study, peak flow rates and discharge volumes increase significantly as storm events intensify, indicating that the system has limited capacity to manage increased runoff. 
In contrast, the SuDS model demonstrates a reduced and more controlled response, which aligns with the fundamental principles outlined in the literature. Studies such as the Lamb Drove project highlight the ability of SuDS to reduce peak discharge and increase lag time, which is consistent with the lower peak flow rates observed in this study. Similarly, the Coventry modelling study identified detention basins and permeable paving as effective components in reducing runoff, which supports the findings of this study where the detention basin plays a key role in attenuating runoff. 
However, the results also highlight that the performance of SuDS is dependent on infiltration rates, which is also widely recognised in the literature as a main factor which affects effectiveness. Under no infiltration conditions, the SuDS system continues to reduce peak flow compared to conventional drainage but shows increased discharge volumes and higher system loading. This supports existing research which indicates that while SuDS can still work as attenuation systems without infiltration, their effectiveness is reduced.
The findings also reflect limitations identified in previous studies, particularly those relating to modelling assumptions and idealised conditions. While the Coventry study demonstrated strong performance of SuDS components, it was noted that results may overestimate real-world effectiveness due to the lack of maintenance and operational constraints. Similarly, this study is based on a controlled modelling approach and does not account for similar factors such as long-term maintenance, blockages, or existing soil moisture conditions.
To summarise, the results of this study support the wider literature which suggests that SuDS provide a more effective approach to managing surface water runoff compared to conventional drainage systems. However, the findings also reinstate that performance is influenced by site-specific conditions, particularly infiltration, and that SuDS should be considered as part of a wider, integrated approach to drainage design.
[bookmark: _Toc228915547]5.3 Evaluation of SuDS Performance and Limitations 
A key finding from the results is the clear influence that infiltration has on SuDS performance. Under high infiltration conditions, the system achieves the lowest peak flow rates and discharge volumes, with no outlet flow recorded during the 1 in 1 year event and only 14.2L/s in the 1 in 100 year event. This demonstrates how effective SuDS are at managing runoff throughout the system through infiltration and storage, which reduces pressure on downstream components.
As infiltration capacity decreases, the system becomes increasingly reliant on storage and with discharging water from the system. Under low infiltration conditions, discharge volumes increase significantly, with the 1 in 100 year event producing 46.95m³ compared to 11.73m³ under the high infiltration, alongside an increase in peak flow to 19.9L/s. This pattern is further amplified under no infiltration conditions, where discharge volumes reach 62.12m³ and peak flow increases to 21.3L/s, indicating greater hydraulic loading and reduced efficiency.
The decrease in available capacity across the SuDS components, particularly Swale 1 (from 84% under high infiltration to 62% under no infiltration), shows that the system is being utilised more and has less available capacity under more unfavourable conditions. This is reflected in the system’s performance where localised flooding occurs in the 1 in 100 year event in the no infiltration scenario, despite some remaining storage capacity. 
Overall, these results demonstrate that while SuDS remain effective in manging peak flows when compared to conventional drainage, its performance is strongly dependent on infiltration.  This highlights a key limitation because the system becomes more susceptible to surcharging and flooding under extreme conditions. 
[bookmark: _Toc228915548]5.4 Practical Implications
The findings of this study highlight the practical benefits of incorporating SuDS into urban areas. The reduction in peak flows and improved runoff control demonstrate that SuDS can help reduce pressure on existing drainage systems and lower the risk of flooding.
The results also show that infiltration plays a key role in system performance, meaning that site conditions should be carefully considered during the design process. Where infiltration is feasible, it should be prioritised to maximise the systems’ effectiveness. However, the results also indicate that SuDS can still provide benefits in areas with limited or no infiltration, provided that there is sufficient storage. 
Overall, the use of multiple SuDS components in a treatment train approach is important to ensure effective runoff management across a range of conditions. 
[bookmark: _Toc228915549]5.5 Limitations and Uncertainty 
This study has a number of limitations that should be taken into account when interpreting the results. The modelling approach may not accurately reflect real-world design optimisation as it is predicted on simplified assumptions, such as fixed design layouts and predetermined component sizes.
Additionally, the infiltration scenarios utilised are also simplified and fail to consider site-wide variations in soil conditions, which can significantly influence SuDS performance in practice. Furthermore, the results rely on simulation inputs, which do not take any existing soil moisture conditions into account.
Moreover, the model does not account for long-term factors that could impact performance over time, such as lack of maintenance, blockages, or system deterioration. These elements are frequently noted in the literature as having an influence on the effectiveness of SuDS in real-world applications.
As a result, the findings should be interpreted as indicative of system performance rather than exact predications.
















[bookmark: _Toc228915550]Chapter 6: Conclusion

[bookmark: _Toc228915551]6.1 Conclusion and Key findings
The aim of this study was to assess the extent to which SuDS are more effective than conventional drainage systems in managing flood risk through hydrological modelling. Across all simulated return periods and varying infiltration conditions, a clear and consistent difference in system performance was observed between the two design layouts.
The conventional drainage system demonstrates a direct and largely unattenuated response to increasing rainfall intensity. Peak flow rates rise steadily from 17L/s in the 1 in 1 year event to 47.7L/s in the 1 in 100 year event, along with increasing levels of surcharging and eventual flooding under extreme conditions. This behaviour reflects a system designed for rapidly moving water rather than long-term storage or reducing flows.
In contrast, the SuDS model consistently reduces peak flows and slows down how quickly runoff leaves the site. Under high infiltration conditions, the system is fully capable of managing runoff during lower return periods, to the point where no measurable outflow in the 1 in 1 year event being recorded and substantially reduced peak flows in the more extreme events. Even when there is low or no infiltration, SuDS continued to provide attenuation compared to the conventional drainage, although with reduced effectiveness and relied on more storage and higher discharges.
[bookmark: _Toc228915552] 6.2 Conclusion of the Effectiveness of SuDS Compared to Conventional Drainage 
When the results are directly compared, it is evident that SuDS provide a more resilient and adaptive approach to surface water management than conventional drainage systems. The conventional system showed limited capacity with performance declining significantly under higher return periods, ultimately leading to the system being exceeded and flooding.
In comparison, SuDS adopt more natural processes and delay the runoff through a combination of infiltration and attenuation. This results in lower peak flows across all scenarios and reduces the level of hydraulic stress on the network. This approach is most effective under high infiltration conditions, where water can infiltrate into the ground with no issues, resulting in lower storage levels and downstream discharge volumes.
Under low or no infiltration conditions, SuDS still outperform the conventional design in terms of peak flow reduction, but the system becomes more reliant on temporary storage which increases hydraulic stress during extreme rainfall events. This highlights that while SuDS are inherently more effective in managing flood risk, their performance depends on the infiltration potential within the ground conditions.
To conclude, the study confirms that SuDS provide a measurable improvement over conventional drainage systems in terms of controlling runoff behaviour and reducing flood risk, particularly under moderate to high rainfall events. However, the degree of effectiveness is strongly dependent on infiltration capacity which heavily influences how efficiently the system reduces flows and total discharge volumes. 
[bookmark: _Toc228915553]6.3 Recommendations for Design and Practice 
The results suggest that SuDS should be prioritised in new urban developments in replacement of conventional drainage systems to improve flood resilience and reduce pressure on existing infrastructure. Their ability to reduce flows and runoff volumes make them a more sustainable alternative, particularly in areas already experiencing increased rainfall intensity due to climate change.
Where infiltration is feasible, it should be maximised through appropriate soil testing and design integration, as it significantly enhances the systems’ performance. In areas with limited infiltration potential, SuDS can still provide meaningful benefits through attenuation features such as swales and detention basins. However, these systems should be sized adequately to accommodate the increased use of temporary storage during harsher events.
A SuDS treatment train approach remains essential to ensure that runoff is manged effectively through multiple stages, reducing the risk of localised hydraulic stress within the network.
[bookmark: _Toc228915554]6.4 Suggestions for Future Research 
Future research should focus on improving how SuDS perform under real-world conditions. This includes incorporating variable infiltration rates, seasonal changes in soil moisture, and groundwater interactions, all of which can influence how effectively water is stored and managed within the system.
Further work is also required to assess long-term performance, particularly the impact if there is a lack of maintenance, blockages, and sediment build up within the system. These factors are often simplified or excluded in modelling studies, but they have already been researched and confirmed at reducing performance overtime. 
In addition, future studies could explore a wider range of site conditions, including different soil types, urban layouts, and catchment sizes, to assess how transferable these findings are. This would help determine whether the benefits of SuDS observed in this study can be consistently achieved across different environments.
Finally, combining both modelling and field-based monitoring over a long term period (roughly 5 years) would provide a more robust set of results, increasing confidence in how effective SuDS are over the long term in managing flood risk. 
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Peak Flow Rate Comparison

Conventional Drainage System	1 in 1 year	1 in 30 year	1 in 100 year	17	38.9	47.7	SuDS with No Infiltration	1 in 1 year	1 in 30 year	1 in 100 year	12.6	19.2	21.3	SuDS with High Infiltration	1 in 1 year	1 in 30 year	1 in 100 year	0	11.8	14.2	Return Period + 40% CC


Flow Rate (L/s)




Discharge Volume Comparison

Conventional Drainage System	1 in 1 year	1 in 30 year	1 in 100 year	10.46	37.72	33.14	SuDS with No Infiltration	1 in 1 year	1 in 30 year	1 in 100 year	13.67	45.86	62.12	SuDS with High Infiltration	1 in 1 year	1 in 30 year	1 in 100 year	0	6.28	11.73	Return Period + 40% CC


Discharge Volume (m³)
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