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Abstract 
Recent flooding events including the February Storm Dennis and June 17th floods have shown that 

the situation faced by the RCT County Borough will only worsen with the advent of climate change, 

increasing the frequency and damage caused by the occurrence of repeated winter storms. One of 

the key factors contributing to the occurrence of surface water flooding is the mismanagement of 

culvert networks. RCT culvert policy indicates that culverting of watercourses should be carried out 

as a last resort, and constructed culverts should be able to handle a Q100+30 year event.  

Analysis using digital VectorMaps and GIS software revealed numerous culvert networks that lie 

within vulnerable areas. Identified culvert inlets were recorded and compared to pre-existing data 

from the Environment Agency. EA culvert inlet numbers were found to be only a third of what was 

recorded in this study (1150 inlets compared to 3434 inlets), with the actual number expected to be 

much higher still due to a lack of sufficient documentation or archives. Observations of such culvert 

inlets fall to those who are responsible for their maintenance, with measures needing to be put in 

place to ensure that the culvert networks are not neglected and kept up to standard. Those culverts 

which lie under the responsibility of the RCTCBC should be prioritised based on their vulnerability 

and relative importance. Surface water risk within the RCT County Borough was found to be closely 

related to the steep topography combined with highly dense urban environments.  

The environmental characteristics for the Rhondda and Cynon basins were analysed using a series of 

maps constructed from shapefile data. Percentages of slope angle and land use coverage was 

determined using spatial analysis within QGIS. Analysis showed that while manmade land use cover 

was similar for the two basins (11.48% for the Rhondda basin, 13.48% for the Cynon Basin), the 

slopes for the Rhondda basin were far steeper than those within the Cynon basin (coverage for angle 

of slope greater than 10 degrees being 56.44% and 35.71% respectively). This paired with the 

reports of surface water flooding during 2020 in areas like Pentre indicate a greater importance in 

general topography in the causation of surface water flooding in these areas. 

The risk of surface water flooding within the Nantgarw and Pentre communities was observed using 

NRW flood models and simulation created using HEC-RAS software, then compared to existing 

images of the Storm Dennis floods. This indicated widespread flood risk within these key sites, and 

that existing flood defences were not sufficient in preventing the damages from a Storm Dennis 

scale flood. The vulnerability and Importance of 51 culvert inlets within the Pentre Community have 

been mapped using a custom-made index based on environmental observations, analysis within this 

study, and background research to compare their location patterns. The conditions of observed 

culverts were often inconsistent and prone to blockage, greatly increasing the risk of surface water 

flooding within the Pentre Community. Annual inspections are advised for key culvert inlets to 

prevent blockages occurring through the building up of debris or the presence of unauthorised 

structures. A complete comprehensive archive of culvert networks should be pursued by the 

relevant authorities; however, this is a project that could take many years to complete. 
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Chapter 1 – Introduction 
The County Borough of Rhondda Cynon Taff in South Wales is significantly affected by surface water 

flooding caused by a range of hydrological factors, as well as culvert blockage. Recent and repeated 

examples of severe flooding took place in 2020, with Storm Dennis occurring through late February, 

and a period of intense precipitation on June 17th. These indicate that flood risk management needs 

to be improved. 

1.1. Background Information 
Flooding in its various forms has proven to be a significant problem throughout history (Griffiths and 

Salisbury, 2013) yet has gained much more attention in recent years. Even since ancient times, 

human civilisation has sought to manage the stormwater flow (Barbosa et al, 2012). The issues 

created by flooding are felt around the world with 48,000 killed and 697 million people affected by 

flooding between the years of 2009-2019 (Scoullos et al, 2019). Usage of the land, changes within 

local and regional climates, and the limited capacity of urban drainage result in instances of flooding 

occurring more frequently (Wang et al, 2019). Throughout the entirety of Wales, there are 

approximately 163,000 properties at risk from surface water flooding. Furthermore, flooding had 

caused an estimated £71 million in damages between November 2011 and March 2014 (Natural 

Resources Wales, 2019). This has most likely been caused by periods of increased rainfall, a pattern 

that has continued into 2019. This issue has proven more severe during February of 2020 with the 

arrival of Storm Ciara, and particularly Storm Dennis which caused widespread flooding throughout 

the RCT County Borough, and again in June of the same year during a period of heavy rainfall. 

Throughout the lifetime of the Welsh Government, £350 million has been invested in flood and 

coastal erosion risk management (Griffiths, 2019a).  

Greater emphasis had been placed on flood management following the summer floods of 2007, 

which saw 55,000 properties flooded and £3.2 billion lost (Liu et al, 2018; Wang et al, 2019). This 

greatly exceeded previous estimations on the financial losses of between £1-2 billion for a serious 

flood event made by earlier studies (Finlinson et al, 2000). Events like this show that the risk of 

flooding will only worsen going into the future. The Pitt Review in 2008, and the Flood and Water 

Management Act of 2010 set out the responsibilities and powers of various authorities and 

organisations associated with different types of flooding. Further climate change will continue to 

change precipitation patterns and increase the flood risk in both urban and rural areas alike, as such, 

drainage systems must be adapted to cope with this (Zhou et al, 2012). The need for flood risk 

management has been identified by the UK Climate Risk Assessment as one of the key priority areas 

for action within the next 5 years (Jenkins et al, 2017). 

1.2. Aims and Objectives 
The focus of this study can in a sense be divided into two distinct yet related aspects, these being the 

conditions of surface water flooding and the drainage network within the RCT County Borough. The 

aims of this thesis are: 

Aim 1: Locate and analyse the culverted drainage across the RCT County Borough compared to 

existing data. Investigate these culvert networks within the field. 

The completion of these aims required the creation of a hydrologically sound DTM model for the 

RCT County Borough. This would serve as a base data set for much of the following analysis and 

providing important context (Chapter 4.1). Once this was completed the culvert inlets throughout 

RCT was mapped using OS VectorMap and plotted within ArcMap. These culverts were then 

compared to existing data from the Environment Agency, represented across various produced maps 
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(Chapter 4.2). The locations and patterns of the existing drainage had to be understood using 

context from RCTCBC drainage maps (Chapter 4.3). Following this, the existing system of culvert 

responsibility was explained, including how it affected the management of existing culverts (Chapter 

4.4). Finally, the identified culverts required validation and analysis during groundwork, using 

specific sites including Pentre and Treherbert (Chapter 4.5). A discussion on management of 

specifically culvert networks will follow this (Chapters 4.6 and 4.7), which will detail explain the 

management strategies that may need to be implemented based on information gathered within the 

literature review (chapter 2) and the analysis of culvert networks (Chapter 4). This will all go into 

providing information for the final discussion of this thesis (Chapter 6). 

 

Aim 2: Assess the pattern of risk from both surface water and riverine flooding for RCT including 

through the comparison of various models. Use all collected data to create a vulnerability and 

importance index for Pentre culvert inlets. 

This aim was accomplished through first providing spatial and historical analysis of previous flooding 

events within the RCT County Borough (Chapter 5.1). Next was to analyse land use both across the 

RCT County Borough and within the specific community of Pentre (Chapter 5.2). Following this, the 

importance of land use was compared to the general topography of the Rhondda and Cynon 

drainage basins in relation to the occurrence of riverine and surface water flooding (Chapter 5.3). A 

spatial analysis of the existing flood defences was carried out (Chapter 5.4), which was used to 

create the HEC-RAS flood models needed for the assessment of flood risk (Chapter 5.5). Finally, 

aspects from all the previous sections could be brought together to aid in the creation of a culvert 

vulnerability and importance index for the Pentre culverts (Chapter 5.6). In this context vulnerability 

refers to the likelihood of a particular culvert failing during a period of intense precipitation, while 

importance refers to how serious the impacts would be if the culvert were to fail. These were 

measured using an index score based on several factors presented in the method (Chapter 3.3). The 

relatively basic nature of the index means that it should be adaptable to other areas, although this 

requires further testing. 

 

Aim 3: Assess the suitability and future sustainability of culverts and land management practices to 

handle surface water flooding in high-risk areas. 

To achieve the final aim an assessment of the actions taken to mitigate and manage surface water 

flooding events (using previous examples) as well as ensuring the maintenance of culverts had to be 

considered. This was presented following the structure of hazard cycle to address specifically where 

adjustments to the existing strategies could be made (Chapters 6.1-6.4). Finally, this research 

investigated how climate change could impact the drainage systems of the RCT County Borough and 

influence surface water flooding (Chapter 6.5). An assessment on the level of success met by these 

three aims will be reflected upon within the conclusion (Chapter 7.2). 

1.3. Types of Flooding 
Surface water flooding has grown more serious within recent years due to increased levels of 

urbanisation, land use, and climatic extremes (Webber et al, 2018; Bruwier et al, 2020). This type of 

flooding often occurs on a small scale due to the exceedance of infiltration or saturation capacity. 

What is most troubling is that this can occur far beyond the limitations of riverine or coastal 

flooding. As such, this type of flooding is often a major cause of insurance claims (Wheater and 

Evans, 2009). This is often the result of Pluvial flooding, caused by direct rainfall before it enters any 
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ordinary watercourse. Many locations within urban settlements show potential for surface water 

flooding, with the main affected areas including vital infrastructure (roads, railways, etc) as well as 

areas of exceptionally flat land such as recreational or agricultural fields (Priest et al, 2011a). Despite 

many locations showing a high vulnerability for localised surface water flooding, most wider areas 

possess a low risk. These types of floods are predicted to be 1 in a 100- or 1000-year event, with a 

1%-0.1% chance of them happening annually (Natural Resources Wales, 2020a; Natural Resources 

Wales, 2020b). The most problematic aspect of this kind of flooding is that a general understanding 

of it is rather poor, as limited information is available. Despite this, anecdotal evidence from the 

Environment Agency suggests that it is a problem throughout the RCT County Borough (Kathrens and 

Curwen, 2008). 

The Flood Risk Management Plan created by the RCTCBC (2015) explains that there are two types of 

surface water flooding, these being ordinary watercourse flooding and surface runoff flooding 

(pluvial flooding). Ordinary watercourse flooding occurs whenever the capacity of local drainage is 

exceeded by the volume of water travelling into it. This is a common problem due to the RCT County 

Borough’s history of culverting ordinary watercourses for the sake of convenience during 

development. As a result, blockages become a much greater issue at culvert inlets and trash screens 

(Powell et al, 2012a; Griffiths, 2019a). This type of flooding is the most common source within the 

RCT County Borough. Pluvial flooding, on the other hand, occurs when precipitation pools upon the 

ground and has not yet entered any ordinary watercourse or drainage system (Bruwier et al, 2020). 

This most often occurs after periods of intense rainfall and can be exacerbated by impermeable 

surface layers. This can happen if either the ground is saturated from previous rainfall events, dry 

and hardened (usually clay-rich soils), or vast amounts of urban development have been undertaken. 

Soil moisture is generally known as another major factor contributing to the magnitude of flooding 

events (Massari et al, 2014). Pluvial flooding serves as a constantly increasing problem for urban 

areas due to rising population densities, the development of impermeable infrastructure, and a 

reliance on power supply dependant technology (Sörensen and Mobini, 2017). 

Riverine flooding often occurs when high volumes of surface runoff along with other factors greatly 

increase the channel discharge within a noticeably short period and can prove to be highly damaging 

(Rudari et al, 2014). There has been significant evidence that both riverine and ordinary watercourse 

flooding within Wales will only worsen as the general climate of the UK will proceed to get warmer 

and wetter into the future (Beven, 1993; Environment Agency, 2018; Kendon et al, 2020). This is 

worsened due to rivers and other water bodies being routinely modified to comply with urbanised 

development (Rubinato et al, 2019). An example of the River Severn shows an increase in flood 

frequency which can be attributed to increased volumes of heavy summer rainfall. Additional causes 

also relate to inappropriate land drainage techniques, and persistent records of deforestation over 

the past 6000 years (Higgs, 1987; Brown, 1991). The occurrence of Storm Dennis shows how 

damaging riverine flooding can be, with areas like Nantgarw, Taff’s Well, Pontypridd, and Mountain 

ash being hit severely due to overflow from the River Taff (Figure 1). 
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Figure 1 – A) Storm Dennis flooding of a car park in Mountain Ash (RCTCBC, 2020g). B) Taff Street flooded during Storm 
Dennis (BBC, 2020e). C) A car park in Pontypridd flooded during Storm Dennis (BBC, 2020f). D) Houses flooded in 
Pontypridd during Storm Dennis (BBC, 2020g). 

Another type of flooding affecting the RCT County Borough is the occurrence of Sewer flooding. 

Combined Sewer flooding occurs when the volume of rainfall entering the sewer exceeds its 

capacity, leading to flooding of the surface (Wheater and Evans, 2009; Webber et al, 2018). 

Sediment and other forms of solids can accumulate over time within the sewer system, reducing its 

capacity to contain overflow surface water (Ashley et al, 2000). The Flood Risk Management Plan 

created by the RCTCBC (2015) expresses that the management of combined sewer flooding is the 

responsibility of Dwr Cymru, although it seeks to work closely with them to manage the issue 

effectively. It also highlights that Dwr Cymru has identified 293 locations across the authority that 

are at risk from combined sewer flooding. Combined sewer flooding is intricately linked with the 

advent of pluvial or ordinary watercourse flooding, as excess water prevalent during surface water 

flooding would runoff down drains, putting additional strain on the capacity of the sewer. This builds 

up pressure within the sewer system, resulting in the discharge of sewer floodwaters within other 

locations through manhole covers and other points of exit (Wheater and Evans, 2009). The risk of 

combined sewer flooding can also be heightened by the presence of blockages within the sewer 

system. Although currently there is insufficient evidence proving that this is a serious issue within 

the RCT County Borough. 

Much like surface water flooding, groundwater flooding was often neglected by past studies 

(Kreibich and Thieken, 2008). Groundwater flooding is sourced from subsurface water contained 

within cavities and pores of the underlying rock strata and is caused when it rises to the surface from 

aquifers and through springs. This type of flooding commonly occurs when the water table is at a 

shallow depth, often after prolonged periods of rainfall. Like surface water flooding, groundwater 

flooding can affect areas away from the extent of riverine flooding and can be quite damaging if the 

regular groundwater level is exceeded (Macdonald et al, 2012). The RCT Flood Risk Management 

Plan (2015) explains that groundwater flooding does happen in the authority, where cutting into 

hillsides and slopes occurs without adequate drainage being implemented. Additionally, it occurs 
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when there is a cessation of pumping within mine audits. Despite posing a serious risk to many areas 

of the UK (Macdonald et al, 2008), there is limited evidence towards severe risk from groundwater 

flooding and it is notoriously difficult to quantify the amount of groundwater. The Environment 

Agency has identified key areas at greater risk from groundwater flooding, particularly in the lower 

catchment where the water table may be at a shallower depth. However, there are limited 

documented cases of this type of flood occurring (RCTCBC, 2013a). 

1.4. Rhondda Cynon Taf 
Rhondda Cynon Taf is a county borough located within the South Wales area with a population of 

239,127 (Welsh Government, 2017a). The area of the county is 424km² and includes four main 

catchments present within the RCT County Borough, the Rhondda, Cynon, Taff, and Ely, the largest 

of which is the Taff catchment (Kathrens and Curwen, 2008). The RCT County Borough also contains 

several smaller sections of basins including the Ogmore, Neath, Thaw, and Ewenny (Figure 2). 

Average rainfall proves to be vastly different between the upper catchment and lower catchment 

areas, however, the average rainfall is believed to be around 1,850 mm/yr compared to the 1,310 

mm/yr of Wales as a whole (Kathrens and Curwen, 2008). Changing climate patterns, however, are 

expected to raise this value in the coming years. 

 

Figure 2 - The various catchments contained within the borders of the RCT County Borough. Shapefiles sourced from 
National River Flow Archive (2021). 
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Multiple watercourses run through the RCT County Borough, with many of them being unnamed 

within higher altitude areas. Many of the minor watercourses are subject to alterations or 

developments such as culverting so that their flows do not interfere with important sections of 

infrastructure. Recent alterations to the watercourses are required to follow the guidelines set out 

by the RCTCBC (Powell and Webb, 2012a). These adjustments came from an additional phase of the 

Flood and Water Management Act (2010) introduced in 2012. It is along many of these minor 

watercourses that large numbers of culvert networks are found (Powell and Webb, 2012b). 

The Rhondda Cynon Taf is often under threat of localised flooding events. The reasons for this can 

be split into physical and manmade causes (Rudari et al, 2014). Physical causes include the 

roughness of the general topography, the underlying geology of the area, and the frequently high 

volumes of rainfall. These physical factors are key in determining the duration, intensity, and 

frequency of rainfall, as well as the amount and rate of runoff (Jenkins et al, 2017). Manmade causes 

for flooding in this area include increased urbanisation within specific sections, as well as a history of 

culverting the main watercourses, often allowing for blockages and poor maintenance to instigate 

ordinary watercourse flooding events (Griffiths, 2019a). Typically, these factors work together to 

exacerbate the impacts created by surface water flooding events. 

The Rhondda Cynon Taf bedrock predominately consists of the South Wales Upper Coal Measures, 

which contains various sedimentary features including mudstones, sandstones, siltstones, and coals 

(British Geological Survey, 2019). The bedrock in this area is not particularly permeable which speeds 

up the transfer of water to the various watercourses due to slower percolation rates, in addition to 

the rising of water through underlying aquifers which pose an increased risk to areas in which the 

water table is at a shallower depth. However, groundwater flooding is considered to be of a minimal 

threat as there are limited documented cases for this kind of flooding within the County Borough 

(RCTCBC, 2013). Soil types vary somewhat, with most of the soils in the central and southern areas 

of the county consisting of acidic loamy soils (often with a wet peaty surface), while soils in the 

northern areas are similar with slow permeability (UKSO, 2015). 

The topography of Rhondda Cynon Taf is very steep, dominated by valleys formed from glacial 

activity. The catchments that make up the Rhondda Cynon Taf allow for riverine and flash flooding 

events to occur very soon after peak rainfall, as the encouraged runoff reduces the lag time to mere 

hours (RCTCBC, 2015). Most settlements are constructed at the central, lowest parts of the valleys, 

along the rivers which run through them. The steep slopes of the hills often hold thin layers of soil, 

increasing the volumes of runoff after rainfall as the saturation capacity is limited. Much of the 

resulting runoff gathers around the central urbanised areas at the lowest parts of the valleys 

(Tehrany et al, 2019). 

Issues toward flooding have also been presented by the definite change in habitats because of 

human development, dating back to Bronze and Iron Age agricultural practices (RCTCBC, 2015). This 

has seen areas of woodland transform into wetlands, which in turn have been dried out for 

agricultural usage. Even continuing into modern times there is substantial evidence that commonly 

used agricultural practices enhance the generation of surface runoff, at least at a local scale 

(O’Connell et al, 2007). Deforestation has also occurred in response to a larch disease outbreak in 

spruce trees (BBC, 2018), which as a result reduces the volume of rainfall being intercepted before it 

reaches the ground. In addition to these changes, the low-lying areas of the RCT County Borough 

have experienced increased urbanisation and development within recent years. This spread in 

impermeable surfaces both increases the risks posed by pluvial flooding as well as the speed into 

which runoff can reach any of the ordinary watercourses. 
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1.5. Recent Storm Events Within RCT 
The RCT county has recently been affected by instances of surface water flooding, due to increased 

rainfall intensities during 2018/19. The issue of surface water flooding is a serious problem for the 

RCT County Borough (Kathrens and Curwen, 2008). Around 48 properties are believed to have 

flooded in September 2018, and 1,785 throughout 2020 (Tables 1 and 2). This number has seen an 

extraordinary increase in 2020, with 1,576 properties directly impacted in February alone 

throughout three storms (Bradshaw, 2020). Increased volumes of rainfall have often resulted in 

greater strain being placed on the ordinary watercourses and culverts throughout the County. 

Additionally, prolonged periods of rainfall result in various rivers bursting their banks at specific low 

points. These storms do not occur without sufficient warning ahead of time. Prior to the advent of 

Storm Callum, the Met Office sent out 7 weather warnings (5 before and 2 during), accompanied by 

amber alerts (Griffiths, 2019a). Amber alerts like these generally indicate a potential risk to life and 

property (Met Office, 2021a). Following the 2018 Storm Callum, the flood mitigation projects in RCT 

all worked properly. However, the issues arose from a lack of understanding of where the water 

comes from. Mountain culverts and sewer systems were not able to handle the sheer volumes of 

water (Lewis, 2018). Further information on historical flood events is present within the flooding 

analysis section (Chapter 5.1). 

Table 1 - Number of properties that flooded across the RCT County Brough during the major storm/rainfall events 
throughout 2020. 

 

Table 2 - Number of residential and commercial properties in the RCT County Borough flooded during Storm Dennis 2020. 

 

1.6. Practice of Culverting 
The presence of culverts is widespread throughout the RCT County Borough, particularly within 

more urbanised areas. This is an issue that is shared with the rest of the UK (Balkham et al, 2010). 

Most of these culvert networks are to allow for the movement of surface water under important 

paths and roads (Powell and Webb, 2012b). It is apparent that many drains, particularly curved 

drains on hillsides, do not clearly connect to a culvert network. It is also apparent from inland water 
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recordings on digital maps that culvert inlets are much easier to spot than the outlets, meaning that 

identifying the exact path of the culvert network is rather difficult. 

Despite the vast implementation of culvert networks within the RCT County Borough, many of them 

are presently unidentified or unknown. This is the result of many of them being constructed during 

times of rapid development before standard policies were put in place (Powell and Webb, 2012b). 

There would have been no clear uniform design, with older culverts likely failing to meet modern 

standards of being able to handle a 1 in 100-year event. The fact that many of these culvert 

networks are unrecognised on many maps makes it difficult to accurately plot their paths, and 

record who possesses responsibility for them. Further issues are presented if the hydraulic designs 

of the culverts do not consider the presence of urban floodways, which cause further damage 

(Balkham et al, 2010; French and Jones, 2015). As a result of this, many of the modern recorded 

flood events throughout the RCT involve the failure of particular culvert networks and drainage 

channels. The 2018 Brook Street flood, 2020 Storm Dennis Pentre floods, and the June 17th 2020 

Pentre floods are a few examples of this (Griffiths, 2019; RCTCBC, 2020e; Stephans, 2020a). 

Culvert networks should be adapted to handle a 1 in 100-year flood event. This is what is 

encouraged under the new culverting policies of the RCTCBC. However, many different places will 

have varying standards toward culvert implementation. There is a UK-wide standard in place for the 

condition of culverts (Balkham et al, 2010), as well as a more specific standard laid out within the 

RCTCBC’s own culvert policies and investigations (Powell and Webb, 2012b; Griffiths, 2019a). 

However, blockages that proceed to build up over time can often greatly reduce the culvert's 

efficiency, meaning that when the time comes it cannot be expected that all or even most culverts 

would perform to peak performance. There are limitations within the existing RCTCBC culvert policy, 

particularly regarding how vague it is on many of the technical aspects. There is little knowledge on 

the frequency of maintenance, or how any of this maintenance is carried out. This is a problem 

shared by many of the surrounding counties and even organisations such as NRW (Natural Resources 

Wales, 2021). Aspects of these issues will be explained further following the initial analysis of the 

culverts (Chapters 4.6-4.7) and again in the discussions section (Chapters 6.3-6.4). 

This study seeks to address some of the issues surrounding culvert maintenance and vulnerability, 

using specific examples, and potentially suggest solutions to certain problematic culverts. This was 

partially achieved, as the investigation of culverts within Pentre revealed the typical standards of 

maintenance, providing some ideas for potential improvements. However, a full county-wide policy 

would require a broader archiving of culvert details across RCT.  

1.7. Chapter Summary. 
The occurrence of flooding presents a serious issue across Wales, highlighted in documents such as 

the Pitt Review (2008) and the Flood and Water Management Act (2010). Within the RCT County 

Borough, surface water flooding is the most prominent hazard, with riverine flooding also 

considered likely. Other types of flooding including groundwater are regarded as insignificant by 

RCTCBC flood reviews (RCTCBC, 2015). The geographic characteristics and hydrology of the RCT 

County Borough increase the likelihood of flooding, due to high volumes of surface water runoff, and 

the speed in which this surface water can reach the main watercourses. To counter this, 

improvements to community resilience need to be pursued. Serious flooding events throughout 

2020 resulted in 1,785 properties being impacted, with the vast majority of these being caused by 

Storm Dennis. In response the RCTCBC, as the LLFA, has pledged to take further action to reduce the 

risk posed by future flooding events. The presence of undocumented culvert networks is also 

thought by RCTCBC to contribute to the risk of surface water flooding, as there is no real evidence 
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that they are properly maintained (Griffiths, 2019a; Powell and Webb, 2012a). This problem exists 

throughout RCT as there are few locations that are not within proximity of one. Evidence of this was 

also seen following field investigations of the Pentre and Treherbert sites (Chapter 4.5). This problem 

has been highlighted within previous RCT documents (Griffiths, 2019a; Bradshaw, 2020; RCTCBC, 

2020e), and serves as one of the driving factors for this research. Despite efforts made by the 

RCTCBC, it is expected that flood events will only worsen as climate change will result in increased 

frequencies of winter storms, like what was seen during 2020. 
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Chapter 2 - Literature Review 
Traditionally studies of flooding have typically focussed on riverine flooding, however, surface water 

flooding has gained greater attention in recent years. Despite this, there is still a clear bias towards 

urban environments due to their high importance. Strategies such as improved forecasting and 

warnings have been investigated to reduce the severity of surface water flood events. Investigations 

by the RCTCBC and other studies from around the world into recent flood events have revealed that 

mismanagement of culverts can directly cause damaging surface water flood events (Rigby, et al. 

2002; Griffiths, 2019a; Bradshaw, 2020). Guidance on how to manage culverts differs depending on 

the level of authority from local councils to the UK Government (Balkham, et al. 2010; Powell and 

Webb, 2012b). While culverts can be beneficial in some instances, there are often numerous 

drawbacks including greater potential for blockages within the watercourse. To predict the severity 

of flooding, models and GIS tools have been created for use by relevant authorities during flood 

planning.  

2.1. Sources of Flooding in South Wales. 

2.1.1. Importance of surface water flooding. 
Many studies which investigate flooding events generally focus on the occurrence of riverine or 

coastal flooding, often because these are the most understood and potentially damaging (Rudari, et 

al, 2014; Tehrany et al, 2019). However, an increased frequency of winter storms has led to higher 

volumes of rainfall in recent years (National River Flow Archive, 2020), encouraging surface water 

flooding as well as the damage that it causes. This type of flooding often receives less attention due 

to a lack of clear understanding, and difficulty in its predictability. Information regarding cases of 

surface water flooding prove to be largely qualitative (Hurford et al, 2012), an issue that is present 

within the RCT County Borough as information on previous surface water flooding events is severely 

lacking. Tehrany et al (2019) explains that these qualitative sources surrounding past flooding events 

provide further issues in the possibility of being biased, with some sources potentially seeking to 

tweak the information to push towards a specific agenda. It is crucial for an increasing number of 

studies and research projects to be carried out on the topic so that it can be better understood and 

managed. 

In recent years, the importance of looking into the implications of surface water flooding has 

become vital as the number of well-documented cases becomes greater. The June 17th, 2020 floods 

within the areas of Pentre, Maerdy, and Treherbert (ITV News, 2020c; Stephans, 2020a) indicate that 

surface water flooding proves to be an ever-existing threat regardless of the time of year and are not 

bound to the occurrence of winter storms (BBC, 2020c; BBC, 2020d). Further research into this 

aspect of flooding may reveal or identify crucial factors affecting its occurrence and severity. 

2.1.2. Other forms of flooding. 
Apart from surface water flooding, other forms have been investigated within the RCT County 

Borough (RCTCBC, 2015). Most publications put greater emphasis on the effects of riverine flooding, 

with many identifying it as the most prominent form of flooding with the greatest risk (Rudari et al, 

2014). Groundwater flooding has also been investigated by various sources; however, its effects are 

thought to be minimal within RCT and will therefore not be considered within this report (RCTCBC, 

2015). This is not to say that there are not locations within the RCT County Borough where 

groundwater does not rise to the surface through vulnerable spaces within the bedrock, but their 

impact on flooding in general within these areas is considered to be negligible (RCTCBC, 2013a). 

Riverine flooding, on the other hand, holds much greater importance in turns of risk and therefore 

will be considered somewhat in this report. Instances of riverine flooding will be referenced, 
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including the recent flooding of the River Taff during Storm Dennis, as well as instances throughout 

the historical record where appropriate. 

Multiple studies have been carried out to seek management strategies to mitigate the impacts of 

riverine flooding. These often compare management strategies by looking at two distinct locations 

and observing their faults and benefits, examples of which include comparisons of urban flooding 

between the UK and China (Rubinato et al, 2019). Information uncovered during this research could 

see some benefit when compared to data and information from similar areas or surrounding 

counties such as Bridgend or Merthyr Tydfil. Each county within Wales has produced documents 

highlighting the issues with flooding and their plans to manage it (RCTCBC, 2015; Muntus and 

Athanasia, 2016), such as required by the Flood and Water Management Act (2010). Some factors 

and aspects such as flood management could be compared to more urban areas, however, focus on 

comparisons such as these will be quite limited as reliance on vastly different areas could prove 

misleading in the end. Most areas of interest (particularly the site of Pentre) are classed as suburban, 

with many of the surface water flood issues affecting rural to peri-rural areas. 

2.1.3. Vulnerability and Risk 
There are various factors attributed to the flooding event itself and the background of the affected 

area that greatly influence the extent of the damage experienced. One of the most important 

conditions in estimating the level of damage experienced by a location is the vulnerability of both 

the location itself as well as its inhabitants. Vulnerability is dependent on the characteristics of 

people and place and can vary depending on the type of flooding. 

When considering the vulnerability of a community towards flooding it is important to look at their 

history of flooding events, and more crucially how they dealt with them. Populaces that frequently 

experience flooding events will possess a higher resilience to such hazards (Mavhura et al, 2013). 

This is primarily because they have a greater sense of experience and understanding of how to act 

during a serious flooding event. The vulnerability of people may also be influenced by their financial 

situation. In many circumstances those who are poorer are considered more vulnerable to flooding 

due to lack of adequate shelter or options for flood defences, possibly increasing the chances for loss 

of life. However, in some other circumstances, particularly in developing countries, those who 

possess little will recover from a flooding event faster than someone wealthier, who would be set 

back much further as a result of damages. Many studies that investigate the vulnerability of areas 

towards flooding typically prioritise the economic damages over the social ones (Van Der Veen and 

Logtmeijer, 2005). However, when looking at the vulnerability of people towards flooding numerous 

factors must be considered including population density (Milanesi et al, 2015), financial situations, 

ethnicity, and many others. 

Exposure (the measure of impacted assets) can vary quite significantly depending on the type of 

flooding that occurs (UNISDR, 2009). The easiest to understand is riverine flooding, as generally 

locations and structures that are close to the river channel are more vulnerable than those located 

quite a distance away or uphill (Hubbard et al, 2014). Other forms of flooding prove significantly 

more difficult to estimate locations of high vulnerability due to their more unpredictable nature. 

Pluvial flooding may be one of the most difficult to pin down as it can occur far from main bodies of 

water, wherever there is a downpour more severe than what the local infiltration rates can handle. 

Areas which are highly urbanised with limited options for water storage space are significantly more 

vulnerable (Abebe et al, 2018). This can lead to the occurrence of other forms of flooding such as 

sewer flooding which would greatly increase the area of vulnerability (Falconer, 2009).  
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Another key factor involved in determining the extent of damage is the suddenness of the flood 

event. Flash floods can often cause a high level of damage due to their fast movements (Gruntfest 

and Handmer, 2001). This ties into the overall vulnerability of the area, with those living in areas that 

encourage rapid flooding events more vulnerable than others. This is modified by the physical 

characteristics of the surrounding landscape, as well as regional climate. Floods are more likely to be 

sudden in areas of uneven topography (steep-sided valleys) with thin, impermeable topsoil which 

encourages greater rates of surface water runoff (He et al, 2018). The same applies to highly 

urbanised areas, for the same reasons relating to limitations on infiltration. Additionally, a flood will 

more likely be sudden if there is an extremely high volume of rainfall within a relatively short period, 

as the volume of water reaching the ground will be greater than the infiltration rates of even quite 

porous soils. Sudden floods can be particularly dangerous for those who are caught travelling, 

whether that be on foot or within a vehicle (Ruin et al, 2009). 

Risk is determined through the simple formulae of vulnerability × hazard and is a key factor that 

must be considered when managing any form of natural disaster (Knighton et al, 2017). More people 

are at risk from surface water flooding than most others (Jenkins et al, 2017). Defra (2011) found 

that surface water flooding causes an estimated £1.3-£2.2 billion in property damages, making it one 

of the most likely causes according to the UK National Risk Register. This is due to the wide expanses 

that can be affected by surface water flooding, and how it is not limited by proximity to fluvial or 

other key water sources. Within the RCT County Borough, the areas at the greatest risk are within 

the lower catchment, as these serve as the main areas where runoff will collect. Areas which contain 

localised depressions within the ground are also prone to the occurrence of surface water flooding, 

as they serve as areas where runoff water can collect and pool. 

Reducing the overall risk is a key concept that is prioritised when managing any form of natural 

hazard or disaster. This can only be achieved through an in-depth understanding of the affected 

peoples and their cultures (Krüger et al, 2015). Disaster risk strategies must also be communicated 

effectively to ensure that further harm is not inflicted (Bradley et al, 2014). Failure to achieve this 

can result in advice being given out that could put people at more risk rather than reducing it. 

Examples can be brought up from numerous case studies associated with all forms of natural 

hazards to bolster this idea (US Department of Homeland Security, 2018). This is often the case 

during the occurrence of pre-emptive warnings and evacuations of vulnerable areas.  

There are many ways in which flood risk can be managed, with many of these associated with 

alterations to the local environment. The funding of flood risk management by partnerships can 

result in public and private benefits (Geaves and Penning-Rowsell, 2016). The most effective 

strategies for managing the risk from disasters such as surface water flooding in the long term are 

often proactive, rather than reactive. Reactive strategies can be useful in swift recovery following an 

incident, however, do little to mitigate the effects of the event in the first place. The implementation 

of proactive strategies requires an in-depth understanding of how surface water flooding works and 

what areas are the most vulnerable to its impacts. From there, proper plans can be formulated to 

reduce the risk of flooding within those areas. Failure to carefully plan ahead of time could easily 

result in too little being achieved to mitigate the effects of flooding, too much being spent on 

something that provides very little assistance, or even other areas being negatively impacted due to 

the strategies put in place. In response to this, many projects have switched their attention away 

from hard engineering systems to green infrastructure (Alves et al, 2018), or at the very least finding 

a balance between the two (Kundzewicz et al, 2019). 

Improving community resilience is one of the main strategies that is employed by the UK 

Government to manage the issue of flooding (Ntontis et al, 2018). This can be achieved through 
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multiple actions that are often interlinked with each other. Resilience is not often correlated with 

areas that are the most advanced and developed, rather with peoples who are more experienced 

and proactive (Lamond and Proverbs, 2009). For a community to be resilient towards flooding it 

requires ample knowledge and experience with it and how to act during a situation. Frequently 

affected areas such as the Bang Yi Khan district within Bangkok have had an almost annual 

experience of riverine flooding, being located on a confluence within the Chao Phraya River. This 

experience allows them to act effectively under such circumstances through the creation of 

proactive plans including the organisation of evacuation points, increasing their community 

resilience even though they reside in a distinctly poorer area. Another important factor contributing 

to community resilience is a strong sense of unity and cooperation. A community that is deeply 

divided or lacking in the understanding of the complex intertwining factors cannot act at full 

efficiency when disaster does strike (Mullins and Soetanto, 2011).  

2.1.4. Flooding Damages 
Flooding causes distinct damage to the affected area through both direct and indirect means. 

Cumulative costs for frequent flooding, even small-scale, can be comparable to severe yet 

infrequent floods (Moftakhari et al, 2017; Jamali et al, 2018). Surface water flooding events, 

particularly within urban areas, can cause great economic, environmental, and social damage (Liu et 

al, 2018). The prediction of damages caused by flooding can be difficult due to several varying 

factors (Kelman and Spence, 2004). The direct cause of damage includes impacts created by both 

primary and secondary hazards such as damage to buildings and structures, environmental 

disruption, and loss of life. Indirect means of damage can include issues such as longer-term 

economic damage through impacted business or tourism, displacement of the population, and 

potential loss of confidence in bodies of authority (Tehrany et al, 2019). 

Primary hazards in the instance of flooding refer to the floodwaters themselves. Depending on the 

type of flooding this can come from different sources, with the primary hazard from surface water 

flooding resulting from inadequate drainage to deal with the volume of rainfall (Met Office, 2020), 

and the primary hazard for fluvial flooding being the overtopping of natural or man-made flood 

defences along the riverbanks (Hammond et al, 2013). Factors such as velocity and flow depth cause 

much of the damage during a flood event (Penning-Roswell et al, 2005; Kreibich et al, 2009). Water 

damage can even reach areas above the level of the floodwaters, due to a process known as 

‘capillary rise’ (Kelman and Spence, 2004). This process causes contact damage to the materials 

within a building or structure through the pores and other accessible gaps. This means that 

structural damage can still occur even from minimal levels of flooding, although the damage at this 

scale would be minimal and easy to repair. Surface water flooding can also block or damage crucial 

pieces of infrastructure such as roads or railways. 

Secondary hazards of flooding usually follow the peak of an event when the primary hazards start to 

subside. These are hazards that are generally caused by the main primary hazard and can trigger 

other environmental hazards such as landslides (Gill and Malamud, 2014). The occurrence of 

landslides has proven to be a serious problem following the occurrence of the Storm Dennis floods 

during February 2020 (BBC, 2020a; BBC, 2020b). One of the most worrisome secondary hazards is 

the potential spread of diseases such as tetanus or E-coli (Scoullos et al, 2019), with others including 

instability of weak structures and the disruption of vital services. These secondary hazards can prove 

to be more disastrous and damaging than the primary hazards as they can affect areas that do not 

experience any of the primary hazards. Stormwater can often transport waste and pollution that can 

have damaging effects on the environment as well as public health. The spread of waterborne and 

infectious diseases such as tetanus can cause health complications for even those that are hardly 
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affected by floodwaters. This occurs due to contamination of water sources, and difficulty in 

accessing medical centres (Scoullos et al, 2019). In small to medium scale flooding events disease 

proves to be a minor issue, with the main problems arising from sewer material or the growth of 

mould. Diseases present more of a severe issue in lesser developed areas that lack sufficient medical 

capabilities. Further studies have also found that those living within flooded properties are four 

times more likely to come down with an illness (Du et al, 2010). 

Direct damage is relatively easy to identify no matter the scale of the flood event. It is acknowledged 

as the immediate social, economic, or environmental loss as a response to the flooding event 

(Oubennaceur et al, 2019). Prolonged exposure of structures to floodwaters can cause damage 

through various forms. Direct damage from flooding is positively correlated with the depth and 

velocity of flooding, with an increase in these factors correlating with an increase in damage (Pistrika 

and Jonkman, 2009). Severe flooding as seen with the case of Storm Dennis can see properties 

inundated and cars submerged and swept away. Properties, vehicles, infrastructure, and many other 

facilities are all prone to direct damage from flooding (Martínez-Gomariz et al, 2018). The worst-case 

scenario regarding direct damage is loss of life, however, this might only occur within the RCT 

County Borough during cases of severe floods (Figure 1). Structural and immediate financial damage 

is a lot more common. Delays and difficulties in transportation often occur as well, due to roads 

being blocked by floodwaters. Attempted movement through serious floodwaters can be potentially 

dangerous for those who attempt it. Misconceptions that the use of vehicles can get you through 

badly impacted areas can prove to be a fatal mistake (Shah et al, 2019). In Australia, it was found 

that 53% of flood-related deaths resulted from driving through floodwaters. (Hamilton et al, 2018). 

Forms of indirect damage caused by floods can be sometimes difficult to identify in smaller scale 

flood events (Oubennaceur et al, 2019), but exist and can occur even long after the floodwaters have 

subsided. Indirect damages can typically occur because of the direct damage that has been inflicted 

(Hammond et al, 2013). Power cuts are a common form of indirect damage caused by medium and 

large-scale flooding events. Storm Dennis resulted in power cuts to more than 20,000 properties 

across South Wales (BBC, 2020b). Areas surrounding severe flooding could potentially be left more 

vulnerable as additional emergency services are drawn away to deal with the main impact site. As a 

result of the Storm Dennis Floods, the Fire Service in South Wales received nearly 1,400 calls in 

under 12 hours (BBC, 2020a), which could put a severe strain on the service. Indirect damage from 

flooding can also be psychological in severe circumstances, with the loss of important items or even 

loved ones traumatising for those that are forced to go through it. One of the most troublesome 

types of indirect damage would be a loss of confidence in authorities and emergency services to 

handle such situations. This is primarily dependant on how such flooding events are handled, yet a 

loss of confidence could see less cooperation from locals in flood management schemes. One of the 

main problems of this is it could lead to people ignoring official instructions and potentially putting 

themselves in danger, such as sheltering in place during severe or hazardous situations (Haynes et al, 

2018). 

2.2. Aspects of Surface Water Flooding and Subsequent Studies 

2.2.1. Flood warnings and forecasts. 
In recent years, a greater emphasis has been placed on the study of surface water flooding, as well 

as the strategies in place to manage it. The effectiveness of the ERA (Extreme Rainfall Alert) issued 

by the Met office at predicting surface water flooding was investigated and was found that it was 

designed to warn for severe surface water flooding within urban areas but is not applicable to all 

areas (Priest et al, 2011a; Priest et al, 2011b; Hurford et al, 2012). A further issue arises from the fact 

that the ERA cannot consider factors that are unknown even to the Lead Local Flood Authorities 



15 | P a g e  
 

(LLFA’s) such as blockages within ordinary watercourses. The development of a surface water flood 

alert system is feasible, however, significantly easier when adapted to pluvial sources rather than 

other forms of surface water flooding (Priest et al, 2011a). Currently, despite recent advances, it has 

been uncommon for it to be used for the forecasting of localised surface water floods (Priest et al, 

2011a). Studies such as that by Ryan (2018) assist previous works by focussing on how people 

involved in slow and flash floods received information and initial alerts. This study insists that the 

development of warning and response strategies consider the general media landscape to allow for 

the prioritisation of communication by public information officers in response to flooding. 

Studies associated with flood warnings and their benefits are quite plentiful (Parker et al, 2007), and 

cover a myriad of factors. Functional and effective flood warning systems are crucial in providing 

people with chances to prepare, mitigating potential damage and loss of life (Priest et al, 2011b). 

The main issue facing the RCT County Borough as well as other flood-prone regions is that the 

technology and methods in predicting potential floods and warning those affected are far from 

perfect (Parker et al, 2011). Flooding itself can be wildly unpredictable, with every little change in 

topography needing to be accounted for. Surface water can collect along small structures such as 

pieces of wall to cause unforeseen complications and damages. For a warning or forecast system to 

be truly effective it must undergo the enormous task of taking these differences in landscape and 

topography into account. 

2.2.2. Biases within flood research. 
Despite such a greater focus on surface water flooding in recent years, there is still much bias in 

research towards urban areas (Rubinato et al, 2019) as these areas often prove to be of greater 

importance. While Chen et al (2009) claims that historically focus on urban flooding has been rather 

limited, this is clearly no longer still the case (Zhang and Pan, 2014). This is due to the rapid increase 

in urbanisation in recent times. Projects such as the ‘Sponge City’ strategy established by the 

Peoples Republic of China serve as an example of how surface water is managed within heavily 

urbanised areas, using blue and green spaces to manage stormwater and urban runoff (Chan et al, 

2018). Although, this does result in the issue that surface water flooding within rural areas is 

relatively unexplored, an issue that could arise seeing how many points in the study area can be 

described as rural. A large portion of the drainage network also exists within rural land, which also 

has a responsibility to be maintained to prevent complications within the lower sections of the 

catchment. Information relating to urban and rural areas will be utilised to assess the conditions 

facing sites within the RCT County Borough, such as Pentre and Taff’s Well. These locations are 

vulnerable to flooding; as well as the fact that existing data for these areas is a lot more prevalent. 

There has also been a surge within recent years to find new ways of analysing the characteristics 

that could lead to flooding. This is simpler to achieve within urban environments, due to a greater 

extent of data being available. One of the lesser-used methods used to analyse some of the relevant 

characteristics is the data possessed within insurance claims, although this is explored by some 

studies (Sörensen and Mobini, 2017). The insurance industry has become a real focal point for this 

topic as flood-related claims only continue to rise, due to the changing climate and further 

development into the floodplains (Finlinson et al, 2000). Insurance policies for inland flood risk are 

handled by the Association of British Insurers (ABI), and they have worked with external sources to 

achieve a more proactive approach towards flood risk management (Finlinson et al, 2000). It can be 

found that focus on flood insurance can allow for the possibility of incentivising risk prevention and 

adaptation options (Jenkins et al, 2017). 
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2.2.3. Reactions to flooding and subsequent management. 
Aspects of surface water flooding have been investigated by various sources, all focusing on 

different topics. Studies such as those by White and Howe (2004) observe issues within the 

management of surface water, highlighting that drainage philosophy within the UK has hardly 

changed since the industrial revolution. While other studies research potential causes of surface 

water flooding and how it can be mitigated, such as the study by O’Connell et al (2007) which 

identifies links between land management and runoff generation within local catchments. Care must 

be taken, however, in highlighting potential causes of flooding. Flooding can only be adequately 

managed through cooperation between all concerned parties, as assigning blame upon specific 

parties can lessen their goodwill and cooperation (Wynne-Jones, 2016). Even though a wider UK 

scene will be acknowledged and utilised, the primary focus of this work will be on the RCT County 

Borough and the issues that it faces regarding surface water flooding. Only areas of the UK sharing 

similar characteristics as the RCT county borough will be brought into consideration. 

Another key topic that is gaining increased attention from various research articles is the responses 

and reactions of the people both directly and indirectly affected by flood events. Changes in human 

behaviour are not very well understood because of limited previous research into the topic (Ryan, 

2018). A proper understanding of how individuals within impacted communities will respond to a 

flooding event will enable leading authorities to act more appropriately and assist them in ensuring 

people's safety. Studies that focus primarily on the reactions of people in these events enable more 

accurate planning to take place and help us in understanding why people do what they do. A study 

by Haynes et al (2018) explores why people affected by flooding often choose to shelter in place 

rather than evacuate. Several reasons were highlighted such as community culture and warning 

fatigue. Generally, it is unsafe to stay within a property severely damage by flooding for an extended 

period due to several reasons affecting both physical and mental health. 

One of the most important factors within the consideration of surface water flooding management 

is the implementation of sustainable urban surface drainage (SUDS). SUDS are often important for 

the management of surface water flooding (Woods et al, 2015; Welsh Government, 2018), 

particularly within urban communities. The implementation of these sustainable solutions has been 

significantly more popular in recent times as a method to combat the ever-growing issue of flooding. 

Alternatively, people investigate the implementation of property-level protection measures (PLPMs) 

which focus more on the reduction of the volume of water that can enter a building or household, or 

at least reducing the amount of damage that occurs when floodwater does breach the property 

(Jenkins et al, 2017). These strategies are more commonly utilised by property owners for reducing 

the risk of damage to their homes or livelihoods. This type of flood mitigation strategy can take 

many forms, with one of the simplest being the placement of sandbags to block points of entry from 

encroaching floodwaters. Despite being a potential alternative to the SUDS solutions, they should 

not be considered as entirely separate entities. The SUDS and PLPMs can often be used 

complimentary of each other to reduce the potential risk of flood damage (Jenkins et al, 2017). 

2.3. The Impact of Recent Flooding Events on the RCTCBC. 

2.3.1. Actions taken by RCT residents and authorities. 
Both the RCT County Borough and its people have proven to be rather resilient to the effects of 

flooding. The RCTCBC has put forward in its local flood risk management strategy (2013) that 

improving the resilience of its communities, infrastructure, and the wider environment are its 

preferred methods for handling the issue of flooding. This is a goal that is pursued by various other 

concerned organisations (Natural Resources Wales, 2016). Despite any potential danger and 

damages to livelihoods both the people on a local and authoritative level have shown to be 
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significantly active following such events. This can be seen following the recent occurrence of Storm 

Dennis, with local businesses raising around £30,000 in 24 hours, providing essential supplies for 

tackling the flooding, and opening their doors for those in need (ITV News, 2020a). Volunteers also 

moved into the streets to clear away flood water and mud. People in these areas understand that 

without active participation the situation will take much longer to be resolved.  

According to both the local people and local authorities within the RCT County Borough resilience 

can only go so far without sufficient support from the Welsh Government (ITV News, 2020b). Further 

instances of surface water flooding within the areas of Pentre, Maerdy, and Treherbert during June 

are an example of this. In response to this event, the RCTCBC had deployed additional resources to 

the impacted areas to support the emergency services and the local authority’s highway crews (ITV 

News, 2020c). The provision of resources is often complicated by various areas of the RCT County 

Borough demanding greater priority, with perhaps the most vocal area being the Cynon Valley. The 

Welsh Government does provide financial relief for flood victims, with households able to claim 

£500 if internal flooding has occurred, and an additional £500 for those either without insurance or 

if the insurance does not cover flood damages (RCTCBC, 2020a). 

Despite a relative awareness of flooding being shared amongst the authorities and local populace, it 

is apparent that many are not exactly aware of where or what the exact causes are. Communities 

often prove to be too focused on the advent of main river flooding and inadvertently ignore the 

additional risks of pluvial and ordinary watercourse flooding. This lack of awareness could stem from 

the limited in-depth history available about previous flooding events within the RCT County 

Borough. The website for the Rhondda Cynon Taf County Borough contains brief but important 

points on how individuals can deal with the instances of flooding, relating to the various stages such 

as before, during, and after (RCTCBC, 2019). A lack of awareness or confidence among an affected 

populace could prove to be problematic as national flood risk policies shift towards a more people-

centred approach (Parker et al, 2007). The RCTCBC also provides the information necessary for the 

community itself to report instances of flooded gullies or culverts on their website (RCTCBC, 2020b), 

with the information including the emergency and non-emergency contact details for the 

organisations responsible. People receive most flood warnings through different sources depending 

on whether the flood event is a slow type or a flash type. The predominant sources during flash 

floods being weather websites, television, and other people; while the predominant sources during 

slow flood events being online websites, television, and radio (Ryan, 2018). 

The RCTCBC has committed more and more resources to adequately monitor and mitigate the 

effects of surface water and riverine flooding. Many of their aims and objectives are laid out within 

their Flood Risk Management Plan (2015). The RCTCBC has spent £250,000 on CCTV surveys of 

various ordinary watercourses during times of expected heavy rainfall. From the ordinary 

watercourses, some 300 tonnes of debris and material have been extracted. However, this can only 

be accomplished in recognised culverts and ordinary watercourses, and many culverts within the 

county are currently unlisted. To handle flooding in certain areas the council has created various 

short flood alleviation schemes for locations like Rhydyfelin (RCTCBC, 2020c), which creates an 

informal framework for response and highlighting the efforts in place to mitigate the effects of 

flooding events. The Cwmaman Flood Alleviation Scheme seeks to alleviate flood risk to 37 

residential properties and 3 critical infrastructure sites as part of the upper catchment plan (RCTCBC, 

2013b). This plan seeks to achieve its aim through various modifications to the upper silt trap pond 

and outlet structure, allowing for peak discharge to be reduced by 6.4% in a 1 in 30 events, or by 

1.2% in a 1 in 100-year event. The alleviation schemes are designed to provide both plans for 



18 | P a g e  
 

mitigating the effects of potential flooding, as well as providing benefits to the local community to 

aid in bringing them on board. 

The RCTCBC takes on the role of responsibility for the management of surface water flooding within 

the County Borough as the LLFA (Local Lead Flood Authority). Flood management policy within 

Wales favours a more cooperative approach between multiple agencies (Pottier et al, 2005), to allow 

specific factors to be looked at in more depth. The roles and powers held by each concerned agency 

are laid out within the Flood and Water Management Act (2010). However, issues can often arise 

between individual agencies and organisations relating to potential difficulties in communication. In 

the event of major flooding such as the case with Storm Dennis, all links to the RCTCBC website will 

redirect the user to a page instructing those who may be affected on what to do and providing 

updates on the situation (RCTCBC, 2020d). 

2.3.2. Recent flooding incidents. 
The RCTCBC has carried out many investigations into instances of flooding, as is the case for the 

Storm Callum flooding on the 12th and 13th of October 2018. As the LLFA the RCTCBC are required to 

do this under Section 19 of the Flood and Water Management Act (2010). In this example, the cause 

was determined to be the result of an ‘unconsented structure blocking the inlet of a 200mm 

rectangular culvert within the Brook Street area of Aberaman, reducing the capability of the culvert 

to handle Q100 + 30% events to Q30 + 30% events (Griffiths, 2019a). The management of this 

culvert came under the responsibility of a riparian owner, and not the responsibility of the RCTCBC.  

Even more recent examples exist including the ongoing investigations into the Storm Dennis floods 

in February 2020. Although the main hazard during this was riverine flooding (Natural Resources 

Wales, 2020h; Stephans, 2020b), significant areas were impacted by the occurrence of surface water 

flooding. Another flooding incident occurred only four months later with the areas of Pentre, 

Maerdy, and Treherbert being impacted by heavy rainfall during a thunderstorm on the 17th June 

2020 (BBC, 2020c). Around 13mm of rainfall fell within 30 minutes, which was too much for local 

infiltration rates to handle. Resulting in the flooding of around 209 properties, creating further 

difficulties for those who were only just managing to recover from the February Strom Dennis floods 

(ITV News, 2020c). According to sources from the RCTCBC, 70% of the impacted areas during the 

June 17th floods were different from the areas affected by the February Storm Dennis floods. Pentre 

being the main area that was impacted by both. There have been debates into the exact cause of 

these floods, however, it is generally accepted that the sheer volume of rainfall simply overwhelmed 

the pre-existing drainage systems. 

2.3.3. The influence of culverts and drainage networks. 
This incident highlights a serious and often overlooked issue, that being the condition of present 

culvert systems. The RCTCBC believes that culverting may be a national issue (Balkham et al, 2010). 

The council has also created documents highlighting its policies on the maintenance and 

implementation of culverts (Powell and Webb, 2012a; Powell and Webb, 2012b). However, many of 

the present culverts were implemented long before any form of appropriate monitoring or 

management was introduced. As a result, the network of culverts running through the county is 

often unknown to the local populace and council alike. This issue is further exacerbated by the fact 

that many land ownership deeds or documents come with little or no information on the presence 

of culverts. The culverting of watercourses reduces the storage capacity of the watercourse as well 

as creating a more hazardous environment by trapping toxic and potentially explosive gases (Powell 

and Webb, 2012b). For the purposes of environmental restoration and flood mitigation, the RCTCBC 

encourages the removal of culvert systems in favour of open-air watercourses. The culverting issue 
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stems from the major influences affecting surface water flooding highlighted by White and Howe 

(2004), including the demand for new housing within the authority. Despite the population of the 

RCT County Borough decreasing after the closure of the mines, it has started to increase once again 

due to the housing market.  

To handle the issues presented by a poorly managed drainage system, various documents must be 

produced to set guidelines and evaluate the effectiveness of the existing system and a transition 

needs to be made towards more sustainable drainage development (Kathrens and Curwen, 2008; 

Welsh Government, 2018). The RCTCBC has repeatedly acknowledged that the current culvert 

networks are an ever-present issue, and in recent years steps have been taken to try and ensure that 

the problem does not get any worse (Powell and Webb, 2012b). This resulted in clearer guidelines 

and policies regarding the implementation of future culvert networks, indicating them as essentially 

the last resort if a more sustainable solution cannot be determined. Managing the conditions of the 

County Boroughs existing culvert networks has been met with far more complications. Adaptations 

to the culvert networks need to be made to ensure that they are suitable for the current 

environment. The RCTCBC recommends in their reports and documents that culverts are kept up to 

modern Q100+30 year standards to adapt to increased frequencies of winter storm events (Powell 

and Webb, 2012b; Griffiths, 2019a). Recent developments within the RCT County Borough may have 

rendered previously required culverts obsolete while creating new areas which require management 

of drainage. These outdated or unnecessary culverts need to be sought out and removed when the 

time is convenient with up-to-date drainage systems or even open watercourses.  

2.3.4. Policies of the Welsh Government regarding flooding. 
The Welsh Government has produced documents and statements commenting on recent cases of 

flooding (Griffiths, 2020). While they acknowledge that areas such as RCT, Bridgend, and the Vale of 

Glamorgan in general have been impacted, they are confident in their flood defence assets (Griffiths, 

2019b). It is likely, however, that these recent events will inspire further policy changes (Johnson et 

al, 2005) to cover the issues highlighted within areas such as South Wales. The Welsh Government 

have collected data regarding this, with 2014 showing that in the RCT County Borough around 

10,363 properties are at risk of flooding, with 4,558 of those being at medium to high risk of 

primarily riverine flooding (Welsh Government, 2017b). The Welsh Government cannot suitably 

prepare for many of the causes for surface water floods, as they are not often known until the 

incident happens. This research will in part look into the condition of existing strategies to manage 

surface water flooding and determine whether other options are necessary. 

Policies managing the issue of flooding have seen substantial development in recent years. Often, 

policy change is influenced by the onset of a serious flood disaster (Johnson et al, 2005). This comes 

about due to pressure from important stakeholders, political opposition, or public outcry. 

Authorities are aware of the necessity to adapt their policies to keep up with changing conditions.  

The most influential document is the Flood and Water Management Act (2010) which followed the 

Pitt Review (2008) and the 2007 summer floods. It is crucial to prepare for the challenges presented 

by the risk of flooding and the changing climate. 

2.3.5. Company involvement in surface water management. 
Numerous companies have come out with solutions and ideas on how to mitigate surface water 

flooding, usually involving flood barriers and prevention solutions and advice recommended by a 

specialist provider (Flood Defences, No Date). The RCTCBC encourages communities to invest in 

these personal flood defences to improve the resilience of local properties (RCTCBC, 2013b). While 

considering some of these more personal flood defences, the focus of this study will be primarily on 
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the management of ordinary watercourses, culverts, as well as searching for broader solutions to 

mitigation. Some of these plans, including the implementation of sustainable drainage systems 

(Welsh Government, 2018) are present within the flood risk management strategies of the RCTCBC. 

A case study in Melbourne by Jamali et al (2020) finds that the use of rainwater harvesting tanks can 

reduce expected annual damage in that catchment by 30%. While that research does state that this 

strategy is effective at reducing the damage of small to medium scale flood events (what would most 

likely be experienced within the RCT County Borough), caution is required in adapting solutions 

tested within different areas; as there would be many differences in the climatic, economic, and 

geographic characteristics that would have to be considered. 

2.3.6. Climate Change. 
Perhaps the most troubling factor relating to this issue is the unpredictable effects of climate change 

and how it would impact the RCT County Borough Council in terms of future occurrences of surface 

water flooding. Climate change has become a prominent issue on both a global and local scale with 

its impacts reaching various aspects of society including hydrology (Kay et al, 2014; Wilhere et al, 

2017). This is an issue that can never be truly stopped on both a physical and man-made level. As 

both natural and manmade factors continue to influence the climate, further change is inevitable, 

and as such a greater emphasis for many concerned parties has been placed on adaptation to future 

climates.  

It is expected that the ongoing occurrence of climate change will bring greater difficulties for the RCT 

County Borough in the coming years, as severe weather events become more common and further 

strain is placed on the local drainage systems (DEFRA, 2018). More frequent flooding events would 

likely cause increased chances for blockages within the numerous culvert networks through the 

deposition of sediment and debris (Rigby et al, 2002). As a result of this, an increased budget would 

be required to ensure that crucial drainage networks are kept clear. An increase in flooding 

frequency would also bring about many of the other primary and secondary issues that often 

accompany flooding events such as property damage, disruption to local businesses, and even a 

potential loss in confidence of the general populace towards the authorities. 

All actions taken by associated organisations and groups in mitigating the effects of surface water 

flooding must always consider climate change. This can be seen in standard RCT culvert policy as 

newly constructed culverts must be able to handle a 1 in a 100-year event with the addition of 

another 30 years to adapt for future climate change (Powell and Webb, 2012b; Griffiths, 2019a). The 

RCTCBC has addressed the issue of climate change in many of its documents and local development 

plans (RCTCBC, 2008). It shows that there is a general awareness of the potential risks posed by 

climate change among the RCTCBC. This is an understanding shared by all associated authorities up 

to the Welsh Government. 

2.4. The Implementation of Culverts 

2.4.1. The need for culverts within modern infrastructure. 
Culverts perform a crucial role in managing the flow of surface water and are therefore unavoidable 

in various circumstances. These cases involve short-distance piping where watercourses intersect 

important infrastructure including highways or rail lines (Balkham et al, 2010; Powell and Webb, 

2012a). These culverts serve as conduits for the movement of surface water (Fragkakis et al, 2015). 

This has become necessary due to a general increase in roadways and important infrastructure in 

recent times (Fragkakis et al, 2015). They are often implemented as their construction cost is 

generally lower than that of bridges, which is vital as a large number are often needed (Fragkakis et 

al, 2015). One risky and unintentional benefit of culverts that run under roadways involves an 
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alternate passage for small animals to avoid traffic, although this is only effective for adequately 

designed culvert networks (Yanes et al, 1995). 

2.4.2. Types of culverts and their controlling factors. 
There are many factors that must be brought into consideration when implementing a culvert 

network, such as the engineering and technical aspects of the culvert as well as those of the local 

area (Kang et al, 2009). A standard culvert is defined as a covered channel or pipeline that is used to 

direct or continue a watercourse under a present obstruction (Powell and Webb, 2012b). This can 

pose complications with the definition of a bridge which is classified as an open-span structure that 

crosses a watercourse (Powell and Webb, 2012b). Culverts can in some cases be identified by their 

diameter although this factor can vary greatly from around six inches to several feet (Meegoda et al, 

2009). Culverts should be designed to allow for the passage of both water and sediment under a 

range of flows, and considerations should be made regarding the advent of partial or complete 

blockage (Balkham et al, 2010).  

Policies regarding culvert implementation and management often differ, with the RCTCBC and the 

UK Government possessing their own documents regarding this (Balkham, et al. 2010; Powell and 

Webb, 2012b). While NRW does provide advice to riparian owners on its website with a small 

section on culverts (Natural Resources Wales, 2021). The exact design of culvert networks can also 

vary significantly, however, two of the most common designs include cylindrical or box culverts 

constructed from reinforced cast-in concrete (Fragkakis et al, 2015). The design of a culvert network 

is predominately determined through hydraulic calculations using a design flood, which typically 

involves the average maximum rainfall intensity during storm events or peak runoff rate (Kang et al, 

2009). Constructed culverts must meet a set of performance requirements based around structural, 

hydraulic and legislative factors. These are often subject to change over the lifespan of a culvert 

(Balkham et al, 2010). Structural requirements are dependent on the culverts use, while hydraulic 

requirements are determined by factors including the nature of the watercourse and history of 

flooding. It is often necessary for the LLFA or a relevant regulatory authority to determine the level 

of performance. During a hydraulic performance assessment, it is regarded as satisfactory if there is 

likely to be no damage to infrastructure during a design flood. During expected extreme floods it is 

considered satisfactory if there is no risk to human life (Balkham et al, 2010). 

Culvert flow can either be controlled by the inlet or outlet depending on whether the nature of the 

flow is subcritical, supercritical or surcharged (Balkham et al, 2010). Inlet control involves hydraulic 

control within the inlet with supercritical flow through the barrel, with culvert performance being 

affected by upstream surface level and inlet geometry. Outlet control is more common and is 

controlled by the culvert barrel, outlet, or open watercourse being subject to subcritical free flow or 

full flow, performance is instead influenced by barrel geometry and tailwater depth at the outlet 

(Balkham et al, 2010). 

2.4.3. The drawbacks of culverting a watercourse. 
Culverting ordinary watercourses create several problems relating to maintenance, environmental 

damage, and the risk of flooding. The RCTCBC has highlighted in their culvert policy the various 

reasons why this practice should be avoided when possible (Powell and Webb, 2012b). Amongst 

these are the difficulties in clearing the culvert networks of debris and sediment which costs 

significantly more than what is needed for open watercourses. Culverts also present an increased 

risk to health and safety due to the possibility of drowning or suffocation for anyone stuck within, as 

water levels can change rapidly and there is the possibility of toxic gas build-up. Culvert design is 

encouraged to eliminate or reduce any of these hazards (Balkham et al, 2010). Aspects implemented 
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to achieve this include warning signs, fences, or other obstacles to discourage unauthorised entry of 

the inlet and outlet. Factors that result in a culvert being more hazardous include a longer length, 

smaller size, rate of water flow changes, and the type of flow (Balkham et al, 2010). Additionally, a 

loss in environmental features due to the removal of open watercourses can result in increased 

levels of water pollution, as natural processes of purification can no longer occur (Powell and Webb, 

2012b). Although, perhaps the most important factor in terms of flood risk management is the 

impact blocked culverts have on the occurrence of surface water flooding. This is because culverted 

channels have been far more likely to fail under periods of intense rainfall. 

It is because of these various factors that the RCTCBC has implemented much stricter policies 

regarding culvert implementation, reducing the construction of new culverts to a last resort. 

Construction of new culverts is strictly regulated under the Land Drainage Act (1991) with ordinary 

watercourse consent needed from the RCTCBC. The exception to this lies within main river channels, 

which instead requires the consent of either the EA or NRW (Powell and Webb, 2012a).  

2.4.4. Culverted watercourses compared to open watercourses. 
The RCTCBC website highlights the issues of culverting as well as their policies towards it (Powell and 

Webb, 2012b). The main problems arise because many of the culvert networks were established 

well before such policies were implemented. The practice of culverting has noticeable negative 

effects on flood management, with the most significant being the difficulties in monitoring and 

maintaining them. Instances such as the Brook Street, Aberaman flood of 2018 (Griffiths, 2019a), as 

well as the flooding within the Australian city of Wollongong on 17th August 1998 (Rigby, et al. 2002) 

demonstrates the issues cause by partial or complete blockages of culvert systems. These are issues 

that can exist within open watercourses but are significantly less common and can be managed 

much easier. Open watercourses can easily be observed without the need for complicated 

equipment and cleaned at a relatively low cost compared to that of culverted channels. Open 

watercourses possess some other environmental benefits, one being that open watercourses do not 

trap potentially toxic or explosive gasses. 

2.4.5. Issues surrounding culvert network removal. 
Potential culvert networks for removal exist within agricultural lands or field environments. These 

short-distance culverts could be replaced with open-air channels with a small bridge constructed to 

allow for an easy crossing. The RCTCBC states in its culvert policy that there should be an effort to 

remove unnecessary culverts (Powell and Webb, 2012b). This does not mean that the RCTCBC is 

against the idea of constructing new culverts, as is seen with the implementation of a new culvert 

inlet to prevent future flooding of Pentre Road (RCTCBC, 2020e). To accomplish the task of culvert 

removal, negotiations would have to be made with the landowners. Many would likely prove to be 

resistant due to the relatively high cost of having a culvert removed, and potentially having to find 

an alternative method of channelling water around key assets. If the culvert maintenance costs 

prove to be higher than the one-time instance of culvert removal, then convincing the responsible 

party to go along with the plan may be significantly simpler. However, ensuring that existing culverts 

are kept up to current standards will always take precedence over culvert removal. 

2.4.6. The existing system of culvert responsibility. 
The responsibility of culvert maintenance falls to whoever owns the land under which the culvert 

runs. This works well in most cases, especially for short-distance culverts where ownership can 

clearly be defined (Powell and Webb, 2012a). This is generally representative of who initially 

installed the culvert. However, this system becomes a lot more complicated when several factors are 

considered. Some culvert networks span a surprising distance, running under a few properties and 
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structures that could have been constructed long after the culvert itself (Balkham et al, 2010). In 

theory, the responsibility would fall under multiple parties, with each property responsible for the 

section of culvert located directly beneath them. Such a system leads to a severe lack of 

maintenance being conducted, as it would require all involved property owners to agree to pay for 

the rather extensive process of clearing a lengthy culvert system. As a result, these culverts are often 

poorly maintained prone to failure. 

2.4.7. Factors influencing culvert failure. 
Culvert failure can be influenced by numerous factors, usually determining the likelihood of 

blockages. Blockages can occur due to the build-up of sediment within the culvert, collection of 

vegetational debris, abrupt presence of large urban debris, or in rare cases large mobile items (Rigby 

et al, 2002). The effect debris can have on culvert blockage is also dependant on its orientation and 

position within the culvert (Kramer et al, 2016). The risk of culvert blockage can increase over time 

because of the decaying structural fabric (Balkham et al, 2010). These factors are often considered 

by studies observing culvert maintenance, however, aspects including culvert size, location 

comparative to other culverts, upstream land use, and stream slope also prove to be important 

regarding the flow of surface water (Rigby et al, 2002). Upstream water levels are also crucial in 

determining the likelihood of culvert failure (Kramer et al, 2016), an issue that is likely to worsen 

with increased winter storm frequency. The type of flow can also greatly influence culvert blockage. 

Flow can generally be regarded as free flow which most culverts are designed around, full flow 

(Surcharged flow) which increases the risk of culvert blockage, and overtopping flow at periods of 

exceptionally high discharge which can cause potential damage or disruption to infrastructure 

(Balkham et al, 2010). 

Culvert failure can also be greatly influenced by the nature of debris moving through it. It is highly 

likely that debris moving down a watercourse will inevitably cause partial culvert blockages (Balkham 

et al, 2010). When considering culvert blockages, the sudden presence of debris is often more 

problematic than the gradual build-up of sediment (Balkham et al, 2010). The build-up of debris can 

be grouped into four types; sedimentation, gradual accumulation of vegetation, abrupt blockage by 

urban materials, and sudden blockage by large debris. Problems created by debris can be alleviated 

with preventative measures such as trash screens at the culvert inlets. 

Blockages can themselves be differentiated between visual blockages and hydraulic blockages 

(Kramer et al, 2016). Visual blockages often refer to what can visibly be seen causing an obstruction 

to flow, while hydraulic blockages are based on an increase in upstream total head as a result of 

debris blockage relative to the unblocked conditions (Kramer et al, 2016). Generally, the opening of 

structures that are greater than 6m is very much unlikely to block unless under the most severe 

circumstances (Rigby et al, 2002). Such events that would cause this extent of devastation occur 

rarely within the RCT County Borough, so there is little need to be concerned for instances such as 

this. Serious winter storm events can occur, and in some of their worst instances, river flow can carry 

many large trees or logs causing them to collide with bridges. However, culvert networks and storm 

drains are much more prone to blockages from various causes (Balkham et al, 2010). 

2.5. Uses of GIS Software in Flood Management. 

2.5.1. Basic and specialised GIS usage. 
One of the key tools commonly used within research associated with flooding is Geographical 

Information Systems (GIS). There have been advancements in the development of GIS applications 

and systems within the field of water resources management (McKinney and Cai, 2002). This study, 

along with many others, use ArcGIS or QGIS (Tehrany et al, 2019) due to their versatility. The spatial 
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analyst toolset in ArcGIS can be used to produce maps containing information such as altitude, 

slopes, curvature, and various other aspects of the topography (Tehrany et al, 2019). It can also be 

used to create digital terrain models. Other GIS include ErdasImagine which can be used to analyse 

Landsat Imagery in order to create maps of land use. These GIS systems are broader and tend to 

cover numerous different features, and can, therefore, be utilised across various studies. This comes 

at the expense of them being less effective at specialised tasks. For more specific functions to be 

carried out around a particular topic, then advanced GIS Programs are needed.  

In terms of flooding, there are a plethora of useful GIS systems, whether they are free to access or 

require professional licencing. Topographic maps, useful for the analysis of surface water flow can 

be produced using ISIS software through the processing of 2D images. This software was developed 

by the USGS, and often utilised by organisations such as NASA (USGS, 2018a). ArcGIS (Esri, 2021) 

provides its own software titled ArcHydro, which is more specialised in the processes and modelling 

of floods. In addition to this, external toolkits and plugins such as TUFLOW can be integrated into 

these GIS systems to better visualise spatial results and create models (BMT, no date). Other forms 

of software include HEC-RAS developed by the United States Army Corps of Engineers (2021). This 

software is widely available due to its free status and provides numerous tools associated with 

flooding and drainage modelling (Cisneros et al, 2017; Thapa et al, 2020). However, this software 

specialises in riverine flooding. HEC-RAS is often used by other studies to assess the accuracy of 

existing flood hazard maps and to provide realistic perspectives on flood events (Huţanu, et al. 

2020). While it can perform pluvial flooding simulations, it is recommended by multiple studies that 

HEC-RAS should be utilised in combination with the HEC-HMS software (David and Schmalz, 2020). 

HEC-HMS is useful for simulating the hydrological properties within a drainage basin and can provide 

some of the information to aid in the generation of flood models within HEC-RAS. This study intends 

to make use of HEC-RAS software to accomplish the flood modelling aspects of the second aim of 

this study (present within chapters 5.4 and 5.5) as it is capable of modelling both riverine and 

surface water flooding. HEC-HMS was not used during this study due to the focus placed on the HEC-

RAS software, use of the HEC-HMS software is an improvement that could be made for future 

studies. However, a greater reliance has been placed on the more standard forms of GIS software 

(ArcMap and QGIS) for culvert and drainage mapping.  

2.5.2. Individual creations of flood models. 
Many other studies have even created their own models to aid in analysing existing drainage 

systems. Others look to review the reliability of currently used models. Most of these models are 

designed to tackle urban drainage (Schmitt et al, 2004), as that typically takes priority over lesser 

populated rural areas. Many other models are also more adapted for riverine flooding inundation 

(Bates and De Roo, 2000). There is a degree of difficulty when integrating models within GIS, as the 

GIS environment and interface can be distinctly different from what was used in the original design 

(McKinney and Cai, 2002). Types of drainage models used will also vary depending on the region, as 

different factors need to be brought into consideration. However, there are models out there that 

are more focused on the occurrence of surface water flooding. Rudari, et al (2014) presents a 

ponding model used to determine the extent of surface water flooding. Their model is performed 

using easy to acquire data including DTM models, precipitation maps, as well as land use/soil type 

maps. Although this model was calibrated in central Italy, similar datasets will be utilised to create 

the flood models within HEC-RAS for the Pentre and Nantgarw areas (chapter 5.5). 

2.6. Chapter Summary. 
A review of the existing literature revealed that there is a growing emphasis on the research of 

surface water flooding, although this is primarily for urban areas. These flooding events can cause 
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serious damage to buildings and key infrastructure, as well as posing potential hazards to health. 

Death is often unlikely, with the exception being during the highest magnitude events. Studies and 

organisations have developed and improved systems for modelling and mapping the flow of surface 

water and the risks it provides. Adaptations including SuDS and PLPM’s are being widely utilised by 

different authorities, as the general attitude towards flood risk management shifts. The RCTCBC has 

pushed for a policy of culvert restriction and removal, although this may not be possible for many 

areas. Planning around culverts require investigations into the potential geomorphological or 

hydrological impacts any works result in, for reasons like this maintenance of existing culverts should 

always take priority over removal. Overall, there is a general awareness of the seriousness of the 

issue among all involved parties and proactive methods of management are being pursued. The 

information presented by previous studies provides key ideas for the methods of this research.  
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Chapter 3 – Methodology 
Analysis of flood risk and management requires the review of documentation, followed by analysis 

of the terrain and location of culverts. Once this has been achieved, flood models for Nantgarw and 

Pentre can be created using HEC-RAS software, which can be compared to existing NRW models and 

images taken during recent flood events. Using this data, an index for culvert vulnerability and 

importance can be implemented for the Pentre community. 

3.1. Analysis of Official Documentation 
A combination of reports, journal articles, and pages created by the RCTCBC and other leading 

authorities provide the information required to build a sufficient understanding of the impact that 

surface water flooding has on the chosen locations of Pentre and Taff’s Well. Analysis of the geology, 

topography, and urban development within the county aid in determining factors such as the rate at 

which runoff can reach the main channels and the likelihood of localised surface water flooding. This 

required personal investigations at the sites of Pentre and Taff’s Well to assess factors such as 

existing culverts, flood defences, and land use. This is because many potential culvert networks are 

obstructed from aerial or satellite view by the presence of trees and other thick vegetation. 

However, culverts that lie within public land have been monitored and recorded using satellite 

imagery. The satellite imagery used possessed a resolution of 0.25m, providing a clear image for 

most exposed watercourses. Where this was not possible due to vegetational obstruction analysis of 

watercourse locations within OS Mastermaps was used. 

This study was performed with the assistance of the RCTCBC and sought to assess the extent of the 

issues posed by surface water flooding. RCTCBC provided some of the key datasets used for analysis 

such as the drainage maps and the EA culvert shapefiles, however, due to the restrictions presented 

because of Covid lockdowns, much of the analysis and fieldwork (chapters 4 and 5) had to be carried 

out personally. From there, solutions were proposed and discussed. Issues did arise, however, as 

sources of information associated with the RCT county borough are relatively limited (excluding 

documents provided by a select few organisation, primarily the RCTCBC). This is where information 

must be interpreted from other similar locations and surrounding counties (Bridgend, Merthyr Tydfil, 

etc) or more distant yet geographically similar areas. The wide expanse of journal articles proved to 

be useful in this endeavour. 

3.2. DTM Development 
The production of a DSM or DTM model for the RCT County Borough. This was achieved using lidar 

data which had been gathered from two different sources, 2m resolution data from the NRW, and 

5m resolution from the Ordnance Survey. Unfortunately, the exact accuracy of the lidar data was not 

stated in either dataset. This will require further consideration within future studies. Using ArcGIS 

the lidar data could be merged into a complete raster mosaic and used to create a terrain model. 

This accompanied other datasets to determine which areas are more prone to surface water and 

riverine flooding. The 2m resolution data proved to be missing key sections of data, often within 

high altitude locations in the west of the RCT County Borough. To circumnavigate this issue the 5m 

resolution data from the Ordnance Survey had to be resampled using a cubic interpolation method 

within ArcGIS to a complete set of higher resolution data, and it was decided that 0.5m would be 

ideal for riverine modelling, as it creates more coherent river channels (Figure 3). The produced DTM 

had to undergo further processing to make it hydrologically sound, and thus usable in future flood 

modelling. To achieve this the sinks in the DTM were filled using the Wang and Liu fill tool within 

QGIS 3.16.3 (QGIS Development Team, 2021). This tool is present within the SAGA module of QGIS, 

identifying and filling surface depressions using an algorithm proposed by Wang and Liu (Wang and 
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Liu, 2006). Filling the DTM removes many of the small sinks and depressions that would cause water 

to become trapped within the model, allowing for more natural flow particularly with river channels 

and larger watercourses. However, one problem created by this, along with the interpolation of less 

detailed Lidar data, is that many smaller watercourses and channels may be underrepresented or 

even filled in. Many of the smaller watercourses, particularly those in the upper catchment, with a 

cross-sectional diameter of 1m or less would not form accurately within the original 2m or 5m lidar 

data. The algorithm for the fill tool may determine these watercourses to be sinks, and subsequently 

fill them. This makes analysis of their effects much more difficult. 

 

Figure 3 - A) 2m resolution lidar data with RCT outline. B) 0.5m resolution lidar data interpolated from 5m data with RCT 
outline. Lidar data sourced from NRW (2020e). 

3.3. Culvert Mapping 
The location map of the culverted drainage networks required the conversion of the EA assumed 

culvert data into a usable format for ArcGIS. The fact that the provided culvert data was created by 

the EA and not NRW potentially shows that the county wide culvert data for RCT is out of date. 

Additionally, the locations of culvert inlets and pathways were plotted using OS VectorMap data and 

then exported into QGIS 3.16.3 to produce a single map where the two sets of data can overlap 

(Figure 4). Annotations made highlighting the locations of the culvert inlets within the OS VectorMap 

were exported into shapefile data which could be mapped and analysed within QGIS. Identified 

culvert networks were linked together through either direct evidence or in many cases through 

simple estimation of their pathways concerning the locations of inlets and outlets, as well as the 

general topography. Local RCTCBC drainage maps show culvert networks that are not represented 

by the EA or VectorMap data, so manual identification of culvert inlets was necessary. Culvert inlets 
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plotted using OS VectorMap had their coordinates recorded within a spreadsheet for use in future 

investigations. 

 

Figure 4 - Flow chart showing the usage of GIS software for different tasks. 

The locations of the culvert networks derived from analysed maps were validated for specific areas 

of the RCT County Borough. Where possible culvert inlets and outlets were investigated to ensure 

whether they are part of a culvert network. This was partially achieved through field observations to 

verify whether the collected information was accurate. Conditions of the culvert networks were 

noted, with all of this compared to the culvert inlet data from both the OS VectorMap and the 

Environment Agency to spot any clear inconsistencies. Conditions of the culverts refers to whether 

the maintenance of the culverts is kept up to RCT policy standards. Unfortunately, the existing data 

possessed no information regarding the condition of maintenance for the identified culvert 

networks. The accuracy of these sources needed to be validated through significant amounts of 

groundwork. This process was severely hindered by multiple Covid-19 lockdowns, meaning that the 

amount of fieldwork that was carried out was less than desired. The initial goal for the Pentre 

community was to ground truth around 50% of the VectorMap identified culverts, however, 

restrictions led to only 9 culvert inlets being observed (just short of 20%). This resulted in further 

observations needing to be made within nearby communities such as Treherbert (a further 10 

culvert inlets). Speculation was then made as to why any inconsistencies may exist. The use of 

satellite or Google StreetView imagery (Keyhole Inc, Google, 2021) was also used to aid in the 

validation of the assumed culvert networks, particularly when an in-person investigation is not 

possible. Culvert inlets positioned along main roads or within exposed areas can be easily identified 

using these methods, although the usefulness of StreetView was questionable as there is little 

control over what can be seen. Since Covid lockdowns greatly reduced the amount of groundwork 

this form of identification had to be used frequently to validate the existence of culverts where 

possible. 

After this, it was possible to determine which culvert networks within Pentre were most vulnerable 

to failure, which allowed for the creation of a map representing this factor, deduced from 

investigations into previous instances of culvert flooding recorded by the RCTCBC and other 

variables. Pentre was the decided area for this as it experienced multiple flooding events during 
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2020 and is a site of key interest for the RCTCBC. Particular attention had to be given to the specific 

locations and reasons for culvert failure. Conditions surrounding the culvert networks can be 

compared with data from NRW showing the hazard level of certain areas under different flood 

intensities (these being 1 in 30 years, 1 in 100 years, and 1 in 1000 years). From this, a vulnerability 

scale for the culvert inlets was determined from factors such as their expected maintenance and 

characteristics, as well as the features of the surrounding areas. Maps and figures were then created 

to present a visual representation of the risk ratings of the culvert inlets within Pentre. While the 

vulnerability and importance index maps in this study only show Pentre, it can be utilised for other 

areas within RCT. 

Determining the risk of culvert networks required the consideration of numerous factors including 

the environment in which it exists, the amount of vegetation or potential rubble surrounding the 

culvert, the length of the culvert network, and many more (Table 3). Many of these factors were 

derived from documents relating to culvert policy and design (Balkham et al, 2010). The factors for 

the index had to be simple to identify given the restrictions on groundwork and had to be applicable 

for all identified culverts. Unfortunately, lack of available data resulted in construction variables such 

as maintenance of culvert interiors being absent from the index despite its importance. Factors such 

as the slope angle, land use, and flood risk were determined using point-in-polygon analysis. 

Influence on necessary factors was taken from a selection of previous studies regarding culvert 

maintenance. A score of one to three was assigned for each factor depending on how 

vulnerable/important it is. A total score was calculated and represented within culvert location 

maps. 
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Table 3 - Culvert vulnerability and importance index used for giving each recorded culvert a score for mapping. 

 

The index table identifies the factors that decide the vulnerability and importance of the recorded 

culverts. Changes in the variables are not so sensitive that a slight adjustment in one of the factors 

alters the vulnerability or importance index score drastically. The variables in the index are equally 

weighted, and this requires further testing to determine how this should be adjusted. While 

significant groundwork would have been useful in validating many of the variables including ease of 

access and population density, a combination of Covid restrictions and the presence of culverts 

within private land made this difficult and often completely impossible. The index requires further 
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validation, which can only be achieved through additional testing within other locations, and 

potentially comparing the results to previous flooding events regarding culverts. Other studies have 

worked on identifying factors that would contribute to the blockage of culverts from elements such 

as debris or sedimentation (Kramer et al, 2016; Xu et al, 2019), however, this study instead 

investigates culvert vulnerability in general terms. This study also seeks to investigate the 

importance of specific culverts, which is a factor often overlooked by much of the existing research. 

3.4. Flood Modelling 
A set of surface water flood maps were obtained using data from NRW comparable to 1in30 year, 

1in100 year, and 1in1000 year events and presented using ArcMap. NRW River flood data was 

modelled using JFLOW developed by JBA Consulting, with the hydrology inputs coming from the 

Wales Fluvial Flood Database. NRW created their surface water flood models were created using 

FEH13 rainfall data, as well as ReFH2 runoff profiles and land use grids (NRW, 2020a). Much of the 

data collected was created on a national scale. As such, much of it required clipping so that only data 

relating to the RCT county borough (and potentially some of the surrounding areas) is present. 

Unlike NRW this study intends to use HEC-RAS to model the extent and depth of riverine and surface 

water flooding for the Pentre and Nantgarw areas. The HEC-RAS and NRW models can then be 

compared to each other to ensure the reliability of the produced HEC-RAS simulations so they can be 

used for the analysis of flood risk within RCT (Chapters 5.7, 5.8, and 6). 

The produced 0.5m resolution DTM model was imported into HEC-RAS 6.0 software (United States 

Army Corps of Engineers, 2021). From here geometries including river systems and flow areas with 

10m² cell sizes had to be included, using the imported terrain as reference (Figure 5). Cross-sectional 

data for river channels was derived from the lidar data that was imported into HEC-RAS, this was 

achieved using the geometric data editor within RAS mapper. River reaches, banklines, and cross-

section locations were drawn onto the lidar data, creating cross-sections of the river profile at 

various stations within the geometry editor. The 2D flow areas determine what parts of the lidar 

data would be part of the flood simulations and is divided into a grid of cells. The size of these cells 

can be manually adjusted, however, 10m² was suitable for the scale of the simulation. Outflow 

boundaries were drawn where the perimeters of the 2D flow areas lower in elevation, allowing the 

simulated flood water to leave the model instead of becoming trapped. Manning n values were 

implemented into the relevant geometries using the land use shapefile data at a resolution of 0.5m. 

Lateral structures were used to connect the river reach to the adjacent 2D flow area, with the 

elevation of the lateral structures adjusted depending on the presence and elevation of flood 

defences. This data was collected through in-field investigations of the Nantgarw and Pentre sites. 

Building data was manually implemented using cross-sections elevated by 5m surrounded by break 

lines to better direct the flow of water (Figures 6-7). The presence of break lines was crucial to 

prevent water flow from passing straight through buildings and other obstacles. The created 

simulations were then compared to the NRW flood maps. The input of flood water for the riverine 

and pluvial models was controlled using a flow rate hydrograph based on data from NRW 

precipitation records and NRFA flow data. Unsteady flow simulations for the pluvial and riverine 

models were run separately within the Pentre and Nantgarw areas using the diffusion equation set. 

The simulations were run separately to reduce the chances for errors to occur from how intensive 

the processing is. There were some limitations regarding the use of HEC-RAS, predominately 

surrounding pluvial flood modelling concerning the existing lidar data. This issue could have been 

resolved with greater implementation of HEC-HMS which is more specialised for that type of flood 

modelling. 
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Figure 5 - HEC-RAS model geometry for Nantgarw and Treforest Industrial Estate riverine flooding. 
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Figure 6 - A) Break lines surrounding constructed buildings within 2D mesh. B) Cell spacing of 2D mesh affected by break 
lines. 
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Figure 7 - A) Building constructed using river cross sections. B) Original elevation of Lidar data. C) Adjusted elevation to 
simulate presence of buildings. 
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These models were further compared to actual photographs and drone imagery of real flooding 

examples such as the 2020 Storm Dennis floods. Images of the flooding are easily acquired from 

internet sources and news articles. While they do require some necessary knowledge of the area, 

they are invaluable in providing an accurate analysis of the impacts of flooding. 

3.5. Land Use Analysis 
Land use maps were classified for the RCT County Borough which was accomplished using Landsat 8 

data collected from the GloVis website (USGS, 2018b). The images taken possessed limited cloud 

cover from 2018. Land use was analysed through basic observation of the Landsat imagery in a false 

colour spectrum; however, further steps were needed. The Landsat data was processed using ERDAS 

Imagine software (Hexagon Geospatial, 2020) using layer-stack and pan-sharpening tools, and 

supervised classification was utilised to create a map of the RCT County Borough which could 

separate the existing land use into easily identifiable colours. From here the relative proportions of 

different land surface cover within the RCT County Borough were determined. 

The relative importance of topography and land use on the generation of surface water flood risk 

was also determined. For this DTM is needed to assess the importance of the topography, while the 

land use classification maps are vital for determining the importance of land use. Shapefile data was 

also collected to create a vector map of the Pentre community to observe a more localised example 

of land use. The shapefiles were sorted and dissolved into their descriptive characteristics, for 

example, agricultural land or railways. The CRS (OSGB National Grid) was then used to calculate the 

area of each geometry and this data was transferred from the attribute table into a spreadsheet so 

that percentages of natural to manmade land use could be calculated. 

A similar process was carried out to determine the coverage of slopes across much of the RCT 

County Borough. The previously used lidar data was clipped using shapefiles of the Rhondda and 

Cynon basins as mask layers. Using the slope tool in the raster analysis toolbox, a raster file of the 

slopes presented in degrees was created. This data was then reclassified by table with every ten 

degrees separated into a unique value, with this new raster layer being converted into a vector 

layer. From this point, it follows the same method as the land use shapefiles. 

3.6. Chapter Summary 
To achieve the goals presented within the aims and methodology a selection of data is required from 

numerous sources (Table 4). The information gathered from this data provides then necessary 

material for this research, however, it still needed to be processed and supplemented with personal 

investigation. The methodology for achieving the three aims of this study is relatively simple, and 

open to improvement in subsequent research. Despite this, it still managed to achieve the aims and 

objectives highlighted within the introduction (Chapter 1.2). 

Table 4 - Data utilised within the method, aligned with their aims. 

 Method Data Used Data Type Data Source 

Aim 1 Creation of DTM 
model 

5m Lidar data Raster files Ordnance Survey 

2m Lidar data Raster files NRW (Lle 
Geoportal) 

Identification of 
culverts 

EA Culvert data DAT files RCTCBC 

OS VectorMap VectorMap Ordnance Survey 

OS VectorMap 
culverts 

Shapefiles Created 
personally 

RCT community 
boundaries 

Shapefiles Ordnance Survey 
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Determining 
culvert patterns 
and responsibility 

RCT culvert 
drainage maps 

PDF RCTCBC 

Google Earth 
Imagery 

Image Google Earth + 
personal editing 

Assessing culvert 
validity 

OS VectorMap VectorMap Ordnance Survey 

Satellite imagery 
(25cm resolution) 

JPEG image Ordnance Survey 

Google Street View Online Service Google Street 

On-site Imagery JPEG images Taken personally 

Aim 2 Researching 
historical flood 
instances 

Historical flood 
extents 

Shapefiles NRW (Lle 
Geoportal) 

Background 
information 

Documents Multiple sources, 
including RCTCBC 

Creation of land 
use and slope maps 

Landsat satellite 
imagery 

Landsat 8 
imagery 

GloVis 

Drainage basin 
boundaries 

Shapefiles NRFA  

RCT community 
boundaries 

Shapefiles Ordnance Survey 

Land use types Shapefiles Ordnance Survey 

Building locations Shapefiles Ordnance Survey 

DTM model (0.5m 
resolution) 

Raster files Created using 
NRW lidar data 

Identification of 
existing flood 
defences 

RCT flood defences 
with attributes 

Shapefiles NRW (Lle 
Geoportal) 

Watercourse 
networks 

Shapefiles  Ordnance Survey 

Creation and 
assessment of 
flood models 

NRW riverine and 
surface water 
flooding (extents 
and depths) 

Raster files NRW (Lle 
Geoportal) 

River flow rates Database files NRFA 

Precipitation 
records 

Database files NRFA + NRW 

Building locations Shapefiles Ordnance Survey 

DTM model (0.5m 
resolution) 

Raster files Created using 
NRW lidar data 

Satellite imagery 
(25cm resolution) 

JPEG image Ordnance Survey 

Storm Dennis 
flooding images 

Image files Multiple online 
sources 

Creation and 
implementation of 
the culvert 
vulnerability index 

Riverine and 
surface water flood 
extents 

Raster files NRW (Lle 
Geoportal) + 
Personal HEC-RAS 
model 

OS VectorMap VectorMap Ordnance Survey 

Satellite imagery 
(25cm resolution) 

JPEG image Ordnance Survey 

Land use types Shapefiles Ordnance Survey 
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Slope aspect data Shapefiles Created using 
DTM model 

Background culvert 
information 

Documents Official research 
and organisations 
including RCTCBC 
and UK Gov 

Aim 3 Discussion on 
surface water 
flooding 
management 

Existing flood 
management 
documentation 

Documents Sources identified 
in table 10 

Background 
research and 
articles 

Documents Sources identified 
in references 
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Chapter 4 - Analysis of Culverts in Rhondda Cynon Taf. 
From background research it is clear that the presence of culverts serves a crucial role in controlling 

the rate of flow for surface water, and thus the likelihood of flooding events. As such it is vital to 

learn of their locations and conditions within the RCT County Borough. Pre-existing culvert data is 

compared to evidence gathered through this research, revealing that the problem may be far more 

extensive than originally thought. This presents the possibility of worse surface water flood events if 

these issues are not dealt with. Responsibility for culvert maintenance is proven to be complicated 

when multiple parties are involved, and field investigations show that culvert conditions vary greatly. 

Records of existing culvert networks should be created for use in future planning. 

4.1. Modelling Surface Topography. 
A filled DTM model was required for proper analysis of flood risk and mapping of culverts. Filling in 

the missing sections of the DTM model allowed for a clearer view of the RCT County Boroughs 

general topography, particularly along the west and southern sections of the map. The DTM models 

show a high proportion of upland areas, with few sections existing within the RCT County Borough 

that are relative lowland (Figure 8 and Table 5). These locations exist predominately in the south 

where the main Taff River flows. The obvious characteristics of steep-sided valleys are present, such 

as the consistent presence of steep slopes surrounding the lowland areas representing the main 

river channels. All these factors play a crucial role in affecting the hydrology of the various basins 

that run through the RCT County Brough which can be analysed accordingly. The characteristics that 

are shown by the DTM reinforce the evidence that surface water flooding would provide serious 

problems, resulting from an expected high occurrence of surface runoff following periods of 

precipitation. 

 

Figure 8 - Elevation map of the RCT County Borough. 
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Table 5 - Percentage of elevation cover across the RCT County Borough. 

 

The produced DTM models of the RCT County Borough, as well as the individual drainage basins, 

show a clear general flow direction towards the southeast (Figure 9). This is where the majority of 

water networks eventually link up with the main Taff River that flows through the heavily urbanised 

areas of Pontypridd and Taff’s Well. Some of the watercourses are shown to flow into or from the 

county boroughs of Merthyr Tydfil and Bridgend. Watercourses within these two county boroughs 

are not considered for this study as they do not lie within the borders of the RCT County Borough. 

 

Figure 9 - Main watercourses running through the RCT County Borough. 
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First-order streams (often located within higher altitudes or more rural sections of the wider basins) 

are heavily influenced by localised drainage networks and instances of land use. This is due to a 

greater presence of small-scale culverting causing restrictions within the natural watercourses, 

allowing for more opportunities for localised surface water flooding if any of these culvert networks 

fail. While the individual impact each of these first-order streams have on the wider context of 

flooding within the RCT County Borough may be minimal, during intense rainfall events the collective 

runoff and the behaviour of each of these ordinary watercourses can greatly impact the lower areas 

of the catchment, this can either be problematic or beneficial. For example, if a series of drainage 

networks surrounding these first-order streams fail then excess surface water could be diverted 

along a new path and cause damage further down the catchment, however, in some cases the 

surface water could be held back by drainage failures preventing it from reaching the main river 

channel as fast, reducing the potential for serious riverine flooding. The acknowledgement of these 

localised basins is crucial in understanding why certain areas prove to be more vulnerable to 

flooding events than others. 

4.2. Identification of Existing Culvert Networks. 
Most identified culverts are located within the outer parameters of urbanised settlements. The 

presence of culvert networks tends to reduce in undeveloped areas or rural lands and towards the 

main channel within the urban areas. The reason for this is likely due to a greater presence of 

tributary systems and small channels within this type of environment. That combined with a general 

increase in important urban infrastructure results in an increased demand for culvert 

implementation. However, it could just be that culvert networks within other areas are simply much 

more difficult to identify due to an increased number of obstructions and restrictions. Many culverts 

are also short distance, often used to pass under roads, paths, or brief areas of high elevation. More 

long-distance culverts are usually seen within many of the more urbanised environments, where 

opportunities for open-air watercourses are rather limited if even possible at all. 

Environment Agency data suggests that there are an estimated 1150 culvert inlets throughout the 

RCT County Borough. Investigations carried out using manual identification through OS VectorMaps 

identify 3434 culvert inlets, a number almost three times greater (Figures 10-11). RCT follows similar 

culvert management policies as the surrounding counties leading to the possibility that this problem 

is consistent across South Wales, an issue that will require further investigation through future 

studies. Both numbers are estimations into the number of culvert inlets using ordnance survey data, 

which can be overlapped to see where locations are the same. These matching locations become a 

strong indicator of the likelihood of an existing culvert. All recorded culverts do not provide data on 

their condition but are expected to live up to the standards set about for rectangular culvert 

openings by the RCTCBC. That being equivalent to being able to handle a Q100 + 30y (adapted for 

future climate change) event. 
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Figure 10 - A) Culvert inlet locations recorded using OS VectorMaps. B) Culvert inlet locations recorded by the EA. 
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Figure 11 – OS VectorMaps culvert inlets overlapped by EA culvert inlets. 

This difference is also reflected within local settings (Figures 12-14). For Example, the Pentre 

community revealed 22 EA culvert inlets, and 51 potential culverts identified by this study; as well as 

18 EA culvert inlets for the Taff’s Well community, and 45 potential culvert inlets identified during 

this study. These prove to be expected locations for culvert existence, considering the general 

topography and flow of the various watercourses. Breaks in various small watercourses, streams, or 

drains by a road or path for example are usually clear signs of the existence of a culvert. However, 

this method only provides the locations of the culvert networks. Information such as who possesses 

responsibility for their maintenance and their general characteristics relies heavily on other forms of 

data and in-field investigation. 
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Figure 12 - The locations of the Pentre and Taff's Well communities in relation to RCT as a whole. 
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Figure 13 - A) OS VectorMap identified culvert inlets within the Pentre community. B) EA identified culvert inlets within the 
Pentre community. C) OS VectorMap and EA identified culvert inlets within the Pentre community.
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Figure 14 - A) OS VectorMap identified culvert inlets within the Taff's Well community. B) EA identified culvert inlets within the Taff's Well community. C) OS VectorMap and EA identified 
culvert inlets within the Taff's Well community.
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There are numerous culvert inlets from both datasets that perfectly overlap each other, and there 

are many others located in different areas. The likely reason for this is attributed to the accessibility 

of the culvert inlets. EA identification of culvert inlets is insufficient, with a majority located along 

the perimeters of the urban areas which can be easily investigated on the ground.  The remote 

identification of culvert inlets using OS VectorMaps indicates a broader spatial scale of the culvert 

networks, with them being far less centralised within the lower catchments as shown within EA data. 

4.3. Understanding Culvert Locations and Patterns. 
Culverts are generally required within built-up urban areas as the pre-existing watercourses prove to 

be an obstruction for vital infrastructure. Culverts are often a cheaper and less intrusive solution to 

this problem, allowing them to be implemented in large numbers. However, because of this many 

culverts may have eluded the Environment Agency as well as this study during the accompanying 

investigations. County wide drainage maps prove to be rather limited, with more focus being placed 

within localised examples (Figure 15). 

 

Figure 15 - The existing drainage network within Pentre recorded by RCTCBC. 

The RCTCBC drainage plan for Pentre provides key details absent from both the EA and OS 

VectorMap data. Additional culvert networks are identified within the RCTCBC records, which are 

not visible within the data presented through OS VectorMap or the EA. The exact route of the 

culvert networks is also plotted for many of the longer culverts, although there is still some 

speculation indicated by the dashed lines. 

There are various difficulties in identifying culvert networks using maps. Within physical maps, the 

flow direction may be obscure or even missing, leading to difficulties in determining the culvert inlet 

and outlet. Generally, this is only a problem for smaller culvert networks that are located far from 
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the main river channel, as most will be oriented towards their associated watercourse. Fortunately, 

this is not an issue for digital maps and OS data, as it can be paired with other sources of data such 

as contour lines to assist in determining culvert orientation. What can be a problem is determining 

whether particular drains are part of a culvert network or individual systems designed to delay 

surface water runoff within certain areas. To resolve his problem field observations of the drains in 

question would have to be made. 

4.4. The Responsibility for Culvert Maintenance. 
The RCTCBC do identify existing culvert networks within specific sections of the RCT County Borough 

through their various drainage plans (Figures 15 and 16). Larger scale projects are usually carried out 

by engineering companies working alongside organisations such as the EA or NRW. 

 

 

Figure 16 - RCTCBC document detailing the drainage network within Treorchy. 

Previously recorded culverts are mostly located within more centralised urban areas. These 

urbanised culverts are recorded as part of development plans. Rural culverts, particularly those 

within private land that may not have been constructed under RCTCBC guidelines (constructed to 

handle a Q100 + 30-year flood event), are highly unlikely to be properly documented. In addition to 

this, while the specifications of these specific examples are recorded within the documents it is 

unlikely that they are regularly inspected. When this is considered, it is possible that many have 

experienced partial obstruction or fallen into disrepair.  

Through the application of land use shapefiles, culvert ownership or responsibility could be 

attributed to a selection of broad groups, including the RCTCBC, riparian owners, Highway authority, 

etc. Recognition of these various groups is crucial to understand the main issue surrounding culvert 

maintenance. Riparian owners who have implemented new culverts within recent years should have 
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existing documentation detailing the standards of the implemented culverts, as these are required 

for consent to be given under RCTCBC ordinary watercourse policy (Powell and Webb, 2012a). 

The key challenge surrounding the identification of culvert maintenance responsibility is explained 

within the RCT Culvert policy. Under the existing rules, the responsibility for culvert maintenance lies 

with whoever owns the land directly above the culvert passage, rather than whoever owns the inlet 

or outlet (Figure 17). This presents two clear problems. Firstly, while it ensures that responsibility 

does not lie unfairly with one party who may not be able to afford it, it does mean that a significant 

amount of coordination, consent and effort must be practised ensuring that the culvert is kept in 

good condition. This policy ensures that long-distance culverts under the responsibility of multiple 

parties will seldom be properly maintained, as it would take only one property owner to refuse 

participation for the whole procedure to fall through. Secondly, while it is already challenging to 

identify the locations of culvert inlets and outlets, issues are presented when mapping the exact 

route of the culverts. While culverts typically follow a linear, straight path to avoid potential 

blockages, questions can arise from what direction the culvert takes, what outlet it connects to, or 

whether there are brief areas of open watercourse allowing the culvert to change direction. Some 

culvert networks as seen within the RCT Pentre drainage plan will have a longer constructed route, 

following the layout of the main streets. While this does increase the length of the culvert and 

makes it more difficult to maintain, it does remove some of the potential problems that could arrive 

from mixed responsibility, putting the entirety of it with the RCTCBC. Without clear records on 

specific culvert routes, the door is left open for disputes to be made on culvert responsibility.  

 

Figure 17 - The red line shows the direct path between a culvert inlet and outlet. This path passes under seven different 
properties, each responsible for the section of the culvert beneath their property. Eight separate groups possess some 
responsibility. 
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Observing the state of maintenance for the numerous culverts throughout the RCT County Borough 

has proven to extremely difficult at this time due to frequent lockdowns preventing travel to the site 

of study. This means that only a handful of culverts within key areas could be investigated in person. 

Assumptions on culvert maintenance had to be made using the relatively few personally recorded 

culverts as examples, as well as evidence recorded using services such as Google Maps Street View 

and existing documents detailing culvert maintenance case studies. The use of systems like Google 

Street View proved to be limited as it could only provide a partial view of culvert networks along 

main roads at certain intervals. However, it was a necessity at times as Covid lockdowns prevented 

in person investigations of these culverts for extended periods of time. From what was seen, the 

state of culvert maintenance can vary quite significantly depending on a multitude of factors. A full 

county wide investigation on the maintenance of identified culverts should be carried out in the near 

future so that this information can be added to a complete culvert and drainage archive. With the 

maintenance information archived, it can be used further to improve the culvert vulnerability index 

used later in the study (chapter 5.6). 

4.5. Field Observations of Existing Culverts. 
Complications arrived with the investigations of the OS VectorMap assumed culverts. These were 

often located in difficult to reach areas or required passage through private property to investigate. 

Additionally, some of the OS VectorMap assumed culverts do not follow orthodox definitions 

present within RCTCBC culvert policy (Powell and Webb, 2012b) and were more akin to low-lying 

bridges. However, questions on whether the label of culvert takes precedent over the condition of 

the conduit could be brought up. While some of the assumed OS VectorMap culverts were by 

definition bridges, the main issues still applied. These being that their low-lying nature (around 50cm 

above the bed of the watercourse) was still prone to blockages during major storm events, with a 

limited amount of vegetational debris being required to obstruct the flow of the watercourse. 

Drainage networks that possess these identified shortcomings are often located within more 

important, urban locations. Unfortunately, due to restrictions presented by Covid-19 and the 

presence of private property only nine OS VectorMap culvert inlets within the Pentre community 

could be reliably observed (around 20%), far less than the desired number (around 50%). To ensure 

that validity of identified culverts was sound a further ten culvert inlets were investigated within the 

Treherbert community, with similar restrictions being present there. All identified culverts proved to 

be real, though varied greatly in condition. 

Some of the constructed culverts have been adapted to cope with the possibility of vegetational 

blockage, with screens being constructed to cover the inlet of the culvert (Figure 18). Screens such as 

these enable the culvert inlet to be cleaned of large debris relatively easier before it has the 

potential to get stuck within the piping itself. The implementation of security screens can be useful 

in regard to preventing unauthorised entry of the culverts, as well as enabling easier clearing of 

blockages. However, screens can result in a greater flood risk as they can trap a higher proportion of 

debris than would normally be caught within the culvert, creating a regular need for maintenance. 

This can increase the likelihood of gradual or abrupt blockages. Implementation of these should be 

considered a last resort, with greater emphasis needing to be placed on reducing the overall risk 

(Balkham et al, 2010). 
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Figure 18 - A) Culvert inlet within Ton Pentre protected by screen. B) Location of the culvert inlet (yellow marker). 

The locations in which many of the culverts were located made accurate recordings on their 

dimensions almost impossible due to frequently impassable or dangerous terrain. While this may 

not prove to be a serious problem for an official investigation by relevant authorities, it does serve as 

an issue for this study. Conditions of visited culverts were rather poor due to frequent instances of 

overgrowth, particularly among culverts located somewhat outside of the main urban areas, in often 

forgotten locations (Figures 19 and 20). This was not the case for all of them, however, with some of 

the larger culvert inlets being clear of significant vegetation (Figure 21), whether that is due to 

recent maintenance or protective structures. Estimations had to be made from photos taken on-site, 

yet even then it would not be possible for some of the recorded culverts. Conditions such as these 

would make any official investigation into the condition of existing culverts even more challenging, 

particularly for those which lie within private land.  
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Figure 19 – A) Culvert outlet within Ton Pentre, partially obstructed by vegetational growth. B) Location of the culvert 
outlet (yellow marker). 
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Figure 20 – A) Culvert inlet located nearby the Treherbert railway. Significant obstruction through vegetational growth. B) 
Location of the culvert inlet (yellow marker). 
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Figure 21 – A-C) Two culvert inlets along Rhigos Road within the Treherbert community. Culverts are mostly clear of debris 
and vegetation. B-D) Location of the culvert inlets (yellow markers). 

The standard of maintenance was between culverts is somewhat dependent on their size and 

relative location. Near identical culvert inlets can present vastly different conditions despite being a 

similar size and within proximity to each other (Figure 22). This was observed with one culvert inlet 

being partially blocked with vegetation and possessing a collapsed debris grate, while a culvert 

positioned a few metres away had none of these issues. Some culverts have received much-needed 

attention, with a particular example being within Pentre that was responsible for the second Storm 

Dennis Flood (Figure 23).  
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Figure 22 - A) Culvert inlet with intact cage cover. B) Culvert inlet with collapsed cage cover. C) Location of culverts 
indicated with a yellow marker. These culverts were not identified within EA culvert data. 
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Figure 23 - A) Culvert Inlet CI3433. B) Evidence of maintenance being carried out on this particular culvert. C) Location of 
culvert indicated by a yellow marker. This culvert was not identified within EA culvert data. 
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Determining which breaks within inland water paths are the result of culvert or bridge networks, can 

be determined through street imagery such as Google Maps. Most issues associated with culvert 

identification occur in more rural areas away from key roads.  

The results of the field investigations show that a comprehensive review and field recordings of the 

assumed culverts must be undertaken at some point in the near future. From the observed culverts, 

it was clear that not all of them if not the majority do not comply with the established maintenance 

standard of being able to handle a Q100 + 30-year event, due to partial blockages by vegetation. 

Future investigations should begin with culvert networks closest to the main watercourses and 

important infrastructure, eventually moving outward to more distant rural culverts which do not 

pose a serious risk if blocked or in poor maintenance. Unfortunately, culverts that exist within 

private land may not be able to be observed even during an official investigation and may have to 

rely on participation by numerous riparian owners.  

4.6. Improving Culvert Performance. 

4.6.1. Current culvert standards and blockages. 
Modern culverts should be able to handle a 1 in a 100-year event (Griffiths, 2019a). Complications 

mainly arise due to unforeseen blockages within the system, as was the case for the second Storm 

Dennis flood within Pentre (RCTCBC, 2020e). Instead of focussing on the current design of the 

culverts, maintenance and reparation should take priority. Even with low estimates, the number of 

individual culverts easily reaches over 1000, this is evidenced by the EA assumed culvert inlet data. 

Investigations into the existing conditions of the culverts, particularly within urban locations, should 

be carried out. Consideration should then be given to removing many of the unnecessary culvert 

systems that run through undeveloped wood or parkland. Many culverts (primarily those that run 

under crucial infrastructure) cannot be removed as it would be too costly and disruptive, while more 

rural culverts located in the farther reaches of the catchment have limited reasons to be removed, as 

blockages or failures of these culverts would do relatively little damage. 

While the current Q100 + 30-year standard of modern culverts is suitable for handling serious flows 

of surface water, this is due to the much stricter culvert policies put in place by the RCTCBC (Powell 

and Webb, 2012b). However, many culverts present within the RCT County Borough are not 

compliant with these standards. This is especially the case for rural culverts or those which exist 

within private lands (evidenced within chapter 4.5). Without the strict regulations, many of these 

culverts would have been constructed haphazardly or even altered unknowingly (Griffiths, 2019a). 

This leads to issues such as the piping not being able to handle the flow of water or inlets being too 

small or blocked to properly function. Efforts should be made to rectify this issue, encouraging 

modifications to existing culverts to comply with modern standards. Since this would serve as an 

economic drain on those many of the involved parties may be resistant to making these 

adjustments, as such a level of coercion must be utilised to persuade them to comply. This can be 

achieved by limiting their options on future implementation of culverts if previously constructed 

ones do not comply with current regulations. Those which lie within the RCTCBC’s responsibility are 

far more likely to apply with current standards. Since these policies are relatively recent further 

investigations will have to be carried out. At least some of these culverts will likely require 

improvements. 

Hydraulic performance of the culvert networks could be improved in a number of ways. Reactive 

methods of debris removal should always be pursued where possible to remove any accumulation of 

material, as long as safety issues are considered. Active measures can take many forms. Primary 

screens could be constructed for important watercourses to prevent large debris from reaching the 
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culvert inlets. Stopping such material from reaching the culvert can reduce the costs of reparations 

following high flow events, with strategies like this proving to be successful in areas like Morayshire 

with their Mosset Burn Flood Alleviation Scheme (Balkham et al, 2010). This would require more 

regular inspections and maintenance. Culvert size could be altered, but this is economically 

demanding and could greatly change the nature of surface water flow, potentially increasing flood 

risk within certain areas. Boundaries could be erected around urban culverts to prevent the unlawful 

disposal of material that may cause blockages. This could be complicated by the constant issue of 

land ownership and necessary agreements would have to be made.  

Evidence suggests that except for serious storm events, the drainage systems and culverts are 

adequate. Inlet sizes of box culverts are capable of handling annual average rainfalls. However, this 

assumes that the systems are running as intended without unforeseen factors inhibiting their 

efficiency. Investigations following the 2018 Brook Street Flooding show that there were indeed 

culverts that had fallen into disrepair and have partially filled up with debris (Griffiths, 2019a). Such 

factors could easily include sediment and debris accumulation, as well as obstructions created by the 

property owners of where the inlets are located. Frequent maintenance of identified culverts is 

required to ensure that this does not become an ever-present issue. Evidence shows that there exist 

many culverts that have fallen into disrepair as a result of their unknown and unmonitored status. 

While some of this disrepair may be considered negligible there still lies the potential that some of it 

could be serious enough to impact or even trigger a flooding event, such as what occurred during 

the 2018 Brook Street flooding (Griffiths, 2019a). 

4.6.3. The potential for further regulation. 
Even with the tougher regulations in place, there are still likely instances of culvert implementation 

that goes against the standard policies. It is expected that only around 20% of activity is caught by 

authorities, as a large proportion of culverts are built within private lands. People try to bypass the 

regulations to avoid inconvenience and costs. This will likely lead to potentially hazardous situations, 

particularly as extreme weather events and winter storms become more frequent. Greater pressure 

may need to be placed on those intending to install culvert networks into following the required 

protocol (Powell and Webb, 2012a; Powell and Webb, 2012b). This can be done using fines for 

bypassing standard regulations. Actions such as this should not be pursued until an in-depth 

investigation has been carried out into the existing culvert networks on when they were originally 

constructed. This must be done to ensure that unjust fines for pre-existing culverts are not handed 

out. Carelessly pressuring those responsible for culvert maintenance to remove them could result in 

reduced cooperation in the future. 

Actions that are taken to ensure culvert maintenance should be proportionate with the extent of 

damage already present. If a culvert inlet is partially blocked by a build-up of sediment or vegetation, 

then personal action should be taken by the responsible party to clear it. However, there are 

instances where personal removal of any obstruction is not advised, and instead, contact the 

relevant services to have the blockage removed. Large scale debris such as fallen trees or trapped 

vehicles for examples should not be attempted to be removed by hand due to the possibility of harm 

being brought upon whoever is taking action or the culvert itself. Personal removal of blockages 

should also not be conducted if the cause is located within the culvert network itself. Proper 

equipment and care would be needed to avoid causing damage to the culvert interior. While the 

exteriors of the culvert inlets and outlets can be cleaned with ease, contacting more qualified and 

specialist cleaners would be required to remove any blockage. Despite this, if blockages are detected 

deeper within the culvert network they should be reported as soon as possible so they can be 

removed promptly before any situation arises (RCTCBC, 2020f). 
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4.6.4. Possibility of culvert removal. 
It may be simple to suggest the removal of culverts in exchange for alternative drainage sources, but 

that is not possible in various cases. Some culvert systems cover large areas or run through sections 

of important infrastructure (Powell and Webb, 2012a), making the decision to remove them 

extremely difficult (Chapter 4.4). This is the case for culvert networks that run beneath road 

networks or highways. Additionally, culverting can have some advantages. Some culvert networks 

can be useful for removing surface water swiftly from an important area and preventing its flooding 

(RCTCBC, 2020b). Implementing short sections of culverts can prove to be more cost-effective when 

compared to alternative solutions, such as larger-scale bridges or retaining walls (Fragkakis et al, 

2015). Additionally, the removal of a culvert network can result in adverse impacts to the 

morphology and sediment dynamics of the watercourse, leading to an impact on the integrity of 

nearby flood defences and an increase to downstream flood risk (Balkham et al, 2010). Any 

consideration for culvert removal must be require a proper geomorphological assessment including 

analysis of existing data and conditions in the field. Shorter sections of the culvert networks could 

potentially be diverted around key infrastructure, allowing for them to become open-air 

watercourses. This would be costly in the short term, and within the more heavily urbanised areas, it 

would be difficult to locate an adequate route for future open-air watercourses (Powell and Webb, 

2012a; Powell and Webb, 2012b). What would be more financially feasible is instead projects which 

slow the rate of flow of runoff (McAlinden, 2016), leading to less water reaching the culvert inlets at 

any one point, or allowing some culvert to become blocked in the upper catchment to encourage 

intentional flood storage areas. While intentionally under sizing a culvert may succeed in creating 

upland water storage it also creates the risk of inadvertently increasing headwater elevation 

upstream allowing for uncontrolled flooding. On the other hand, oversizing a culvert could increase 

peak discharge further down the catchment (Balkham et al, 2010). 

4.7. Management of Culvert Information. 

4.7.1. Managing culvert records. 
Identification of present culvert networks is important, enabling better judgement on how to act. 

Across the entirety of the RCTCBC, there are numerous culvert systems, both within urban and rural 

settings (Fragkakis et al, 2015). Blockages and poor maintenance among any of these culverts prove 

to be problematic, to some extent. Overflow of culvert networks located in the upper areas of the 

catchment would prove to be far less damaging than overflows within the more urban, lower areas 

of the catchment (Rigby et al, 2002). This is where any resulting surface water flooding would cause 

the most damage. Urban culvert networks require much more attention and management to ensure 

that they are running efficiently, and infrastructure is not damaged (Powell and Webb, 2012a). This 

does not mean that culvert networks within more rural areas should simply be ignored in favour of 

urban culvert networks. While the more permeable surfaces surrounding these culvert systems 

would assist in mitigating the impacts of surface water flooding, distinct complications could still 

easily arise leading to increased strain on downstream networks. Hydraulic performance 

assessments should be carried out for any identified culvert networks, with inspections being 

conducted on the inlets, interiors, and outlet by trained staff. The method of the assessment can be 

determined by the location, with culverts in urban areas prone to surface water flooding requiring a 

full hydrological survey and model, while rural areas not prone to flooding may only require analysis 

of the watercourse and similar culverts using existing data (Balkham et al, 2010).  

Records should be kept providing information on the various culverts including their locations and 

parties who possess responsibility for them, taking the form of a map or log. The Environment 

Agency records culvert inlets, which is currently used by the RCTCBC (Figure 10). However, this 
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record does not fully acknowledge all the culvert systems and does not detail factors including 

maintenance responsibility, and design specifications. These details are often made available on a 

local scale by the RCTCBC (Figures 15 and 16). It would be useful to track the reliability of those 

responsible for culvert maintenance, to ensure that inspections are carried out at a necessary rate. 

Subsequent inspections of these culvert networks should be carried out by experienced staff, with 

the frequency being determined by factors including the likelihood of blockage and ease of access. It 

is a common principle for culvert networks to be inspected every five or six years, however, given 

the current conditions this may prove to be too long of a timespan. A good practice for culvert 

owners to follow is to inspect the culvert following high flows within the watercourse to ensure 

there is not a build-up of debris (Balkham et al, 2010). It could take many years for the relevant data 

to be accumulated into one clear record or document, however, the possession of such a vital piece 

of information will make future investigations into the varying culverts a simpler task, removing the 

need for excessive searching.  

4.7.2. Improving management of culvert maintenance. 
Once previously hidden culvert networks have been uncovered the main priority should be on 

raising awareness of proper maintenance. This should not prove to be such an issue for culvert inlets 

located in areas within the RCTCBC’s responsibility. Many other culvert inlets and outlets are located 

within private property or areas outside of the jurisdiction of the RCTCBC. Since little can be done to 

actively take control of the culvert networks from their previous owners, steps should be taken so 

that they understand the importance of taking measures to prevent blockages, or at the very least 

knowledge of the consequences of failing to do so (Griffiths, 2019a). Positions of existing culverts 

should be made clear (possibly to the public on the RCTCBC website) in a similar way done for 

obtaining ordinary watercourse consent (Powell and Webb, 2012a), this way those unknowingly 

responsible for culvert networks will not make potentially damaging mistakes seen during the 2018 

Brook Street flood (Griffiths, 2019a). The owners of culvert inlets and outlets which are not the LLFA 

(particularly riparian owners) should be notified of the precautions they must take and the penalties 

they will incur if they fail to do so. Should a blockage be detected by a responsible party then the 

next course of action should be considered carefully. A wider campaign should also be pursued to 

promote cooperation between relevant parties to tackle issues such as the unlawful disposal of 

material within culverts (Balkham et al, 2010). Penalties for those caught disposing of material in this 

way could be harshened. 

Culvert inlets and outlets that fall under the responsibility of the RCTCBC should be monitored 

annually by a selected team if possible before any potential complications arise. For an appropriate 

level of culvert performance to be achieved then adequate monitoring is needed to assess the 

possibility of remedial works (Balkham et al, 2010). For key urban culverts, the implementation of 

CCTV could be utilised to monitor the present conditions. The RCTCBC should be somewhat 

concerned about the condition of the culvert networks across the entire county, although only 

obligated to maintain culverts under their jurisdiction. This adheres to the belief stressed by the 

Flood and Water Management Act (2010) that no single body or organisation should hold sole 

authority over managing the risk of flooding events. Difficulties emerge due to the sheer number of 

culvert inlets and outlets, so priority should be given to the culvert networks that are of high 

importance and vulnerability. Culverts located within high-risk areas would have to be cleaned and 

maintained more frequently. 

4.7.3. The need for further investigations. 
Additional research should be conducted into how these culvert network’s function, their 

effectiveness, and how blockages can impact the local surroundings. There are somewhat limited 
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quantities of literature surrounding this field (Rigby et al, 2002). The main source being individual 

investigations made by local authorities. While the problems towards surface water flooding caused 

by culvert networks are generally well known, specific examples from key case studies can be drawn 

on to understand their significance. Just like the Brook Street flooding in 2018 (Griffiths, 2019a), 

other examples of flooding caused or influenced by culvert blockages should exist and have been 

recorded during subsequent investigations, as is set out by the Flood and Water Management Act 

(2010). Inspiration and further strategies could be brought in from areas facing similar situations, 

and how they acted upon them. 

4.8. Chapter Summary. 
Many issues are surrounding the problem of culverts within the RCT County Borough. Surface water 

runoff is worsened by the steep-sided nature of the valley slopes, creating additional strain on the 

culvert networks. The extensive presence of culverts is also a problem, with the number of recorded 

culverts being 3434, around three times greater than the number presented by the EA. In reality, the 

number of culverts is expected to be much higher still. Culverts are supposed to be designed to 

handle a Q100+30 year event, however, inconsistencies within culvert maintenance are present 

regardless of their location or size. Generally, the maintenance of smaller culverts has shown to be 

poorer, as it requires less material to create a blockage. Depending on the number of properties a 

culvert runs under, the number of complications for maintaining the culverts changes drastically. 

Since responsibility falls upon who owns the land directly above the path of the culvert, it is often 

shared among multiple parties. These issues require an extensive review once field investigations 

can be carried out more reliably. Culverts are often difficult to record using maps, although 

problematic terrain and private property can make field investigations troublesome. The initial focus 

should be placed on recognised urban culvert networks, which are usually recorded within official 

maps. Determining the locations and standards of the culvert networks is crucial for analysing their 

vulnerability and the flood risk within the area. A transition back to open watercourses is 

encouraged by the RCTCBC, however, such changes can bring unforeseen problems to the rest of the 

watercourse. As such, priority should remain around maintenance of culverts rather than removal. 

Stricter policies aimed at preventing unlawful obstructions must be pursued. The ultimate goal 

should be a full comprehensive record of culvert networks within the RCT, although this could take 

many years to accomplish. Proper management of the existing culvert systems is crucial for 

adequate flood risk management to be achieved.  
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Chapter 5- Assessment of Flooding Risk. 
To identify which culverts possess a higher vulnerability, the pattern of flood risk must be identified. 

Through analysis of historical flood instances and existing flood models, areas that are at high risk 

from surface water and riverine flooding can be determined. This information is compared to the 

geographic characteristics of the area including topography and land use, and how these impact 

flood risk. From this, the vulnerability and importance of a localised set of culverts can be presented, 

and suggestions for management opportunities can be made. 

5.1. Historical Instances of Flooding. 
Information on previous flood events within the RCT County Borough is limited, with most of the 

main documented cases coming from recent years (Bradshaw, 2020). The most useful examples 

being the February and June floods that happened in 2020. These show that instances of surface 

water flooding occur frequently within the Rhondda drainage basin, due to a steeper profile of the 

surrounding valley compared to that of other areas within the RCT County Borough. Although not as 

widely urbanised as many other catchment areas such as the Cynon or Taff Basins, these relatively 

steep slopes are believed to make up for that factor, with an immediate response to rainfall events 

that subside in hours rather than days (RCTCBC, 2015).  

This was seen particularly during the June 17th Flood that hit the Pentre Community. During this 

event, 9.4mm of rainfall fell within 30 minutes just after 6 pm (Figure 24). Alex Burkhill, a 

meteorologist for the Met Office, explained that while the volume of rainfall was lower than that of 

Storm Dennis the intensity was greater over a shorter period (Stephans, 2020a). This resulted in the 

flooding of 209 properties, as localised drainage was swiftly overwhelmed. Despite all this there is 

limited official information surrounding this flood event, seemingly being overshadowed by the 

occurrence of Storm Dennis just a few months earlier. There is no official report into this period by 

the NRW and RCTCBC (although statements have been made), and even the Met Office does not 

acknowledge June 17th as a case study of severe weather on their website (Met Office, 2021b). 

 

Figure 24 - Precipitation levels recorded during the June 17th 2020 Flood. Data sourced from NRW rainfall gauges (Natural 
Resources Wales, 2020d). 
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Instances of surface water flooding within the eastern sections of the RCT County Borough have 

been shown through previous case studies to be more dependent on the state of the existing 

drainage networks (Griffiths, 2019a). A key example of this being the Brook Street Aberaman flood 

that occurred from the 12th to the 13th of October 2018. A combination of an extreme rainfall event 

(Storm Callum) and unauthorised modification of a local culvert resulted in the flooding of four 

properties as well as the nearby highway. An unconsented structure was erected by a riparian owner 

who was unaware of the culvert or its importance, reducing the effectiveness of the culvert network 

from being able to handle a Q100 + 30%-year event to a Q30 event. Following a formal warning by 

the RCTCBC, the obstruction was removed which restored the original standard of the culvert.  

This is not exclusive to locations within the Cynon Basin. During the Storm Dennis floods, the town of 

Pentre was hit by a severe instance of surface water flooding caused by the failure of a particular 

culvert located close to pleasant Street (RCTCBC, 2020e). The culvert collapsed due to the presence 

of felled tree material that had accumulated following efforts by NRW to combat the spread of Larch 

disease within the area. Surface water overflowing from the culvert washed down the steep slopes 

of Pentre, causing additional culverts to burst. RCT MP Chris Bryant explained that 60 tonnes of 

material had to be removed from the culvert, which consisted mostly of branches and tree trunks 

(CIWEM, 2020). Additionally, a flash flood hit the Treorchy area during 2013 caused by a 

combination of severe precipitation failures within a local pumping station (BBC, 2013). 

Unfortunately, there is limited official documentation surrounding events like these due to their 

small-scale nature, with most information regarding the impacts and causes present being derived 

from the media and news articles created at the time. This was the case for the June 17th, 2020, 

flood in Pentre (Stephans, 2020a). 

Recent instances of riverine flooding, including for the Taff during the February 2020 Storm Dennis 

event, occurred predominately within the southern sections of the County Borough (Bradshaw, 

2020). This is because they are located downstream from the Rhondda and Cynon basins, putting 

strain on the River Taff. While riverine flooding can occur within other areas of the RCT County 

Borough, the focus should be given particularly to the Taff area. Older case studies of riverine 

flooding prove that depending on the severity of the storm event river channels higher up the 

catchment can flood. This was evident during the 1979 Penywaun flood event, which saw 

widespread flooding of the Cynon basin, along with sporadic flooding of sections of the Afon 

Rhondda river (Figure 25). Despite this, the river level passing through Pontypridd for the 1979 

Penywaun floods was still 78cm lower than what was seen during the Storm Dennis flood (Natural 

Resources Wales, 2020h) 
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Figure 25 - Areas of RCT impacted by historical flood events that occurred during the 20th century. 

Features such as flood defences are much more prevalent around major settlements such as 

Pontypridd and Taff’s Well (Figure 26). Flood defences are more crucial here as it is the location of 

the highest order river channels for the RCT County Borough. Despite this, the flood defences cannot 

be expected to work entirely during serious flooding events, as was seen during the recent February 

2020 floods (Bradshaw, 2020). The number of major flood defences within the RCT County Borough 

is rather limited, with vast sections of the main watercourses being devoid of them. Implementing 

unnecessary engineering projects to manage flooding could prove to be counterproductive in its 

efforts to prevent serious flooding by causing either direct or indirect damage to plans and 

structures already in place.  
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Figure 26 - Locations of spatial flood defences (Orange) in relation to main watercourses (Blue). Data sourced from NRW 
(Natural Resources Wales, 2020f; Natural Resources Wales, 2020g). 

The implementation of flood defences such as walls or levees can be deemed to have limited 

effectiveness if not carried out across the entirety of the affected or vulnerable area. Shapefile data 

from NRW, as well as in-field investigations, show that while there are areas within Taff’s well with 

sufficient defences for large scale floods, there are also clear gaps within these defences, creating 

areas of vulnerability. These have typically been shown to be located at bends in the main river. 



65 | P a g e  
 

5.2. Land Use Within the RCT. 
Land use maps show that the urban centres within the RCT County Borough are primarily located 

within various pockets in the lower catchment of the valleys, presenting a very real risk from surface 

water and riverine flooding (Tehrany et al, 2019). Most of the urbanised landscape is further located 

within the southern and eastern sections of the RCT County Borough. Impermeable and manmade 

surface extent between the Rhondda and Cynon basins are comparatively similar, although it is 

slightly greater for the Cynon Basin (Figures 27 and 28). Percentages of manmade land cover differ 

by just 2%, with both basins being a comparable size (Table 6). Main urban settlements such as 

Pontypridd, Aberdare, and Treorchy follow the main river channels resulting from the distinctive 

topography of the South Wales valleys, putting most urban areas at high risk.  

 

Figure 27 - Natural and manmade land cover for the Cynon Basin. 
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Figure 28 - Natural and manmade land cover for the Rhondda Basin. 

 

Table 6 - Land cover percentages for the Cynon and Rhondda Basins. 

Landsat images clearly show that most of the development occurs within the southern and eastern 

areas of the County Borough (Figures 29 and 30), with a greater presence of wetlands and tree cover 

surrounding the Rhondda Basin in the north-west of the RCT County Borough.  
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Figure 29 - Landsat false colour image of the RCT County Borough. 



68 | P a g e  
 

 

Figure 30 - Supervised classification of the RCT County Borough. 
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Green areas have been implemented within the lower areas of the valleys, predominately for 

recreational use within urban planning. This provides greater infiltration capacity within the more 

urbanised locations (Li et al, 2020). Furthermore, the addition of greenspaces can also provide 

greater benefit for the environment and local community. Towns and settlements such as Ferndale 

in the centre of the county lack many greenspaces. While this could represent a distinct lack of 

greenspace within the area, it could also potentially indicate a lack of available data. The presence of 

greenspaces is crucial in increasing the infiltration rates to help prevent the occurrence of surface 

water flooding (Wheater and Evans, 2009). 

Greater cover of impermeable surfaces increases the overall volume of surface water runoff within 

an area as it prevents any infiltration from occurring (Abebe et al, 2018). Even permeable surfaces 

have vastly different infiltration rates depending on the characteristics of the soil profile, such as its 

porosity, depth, and wetness (Rudd et al, 2019). The vegetational cover also influences the volume 

of surface water, as more developed roots can open the soil allowing for greater infiltration rates as 

well as absorbing water from the soil profile which increases the infiltration capacity. Rough 

grasslands can be more effective in this regard as 9% more annual precipitation consumed by annual 

evapotranspiration than forests (Williams et al, 2012). Manmade and impermeable surfaces do not 

allow this, increasing the volume of surface water following a period of infiltration. With similar 

coverage of impermeable surfaces between the Rhondda and Cynon Basin other factors likely play a 

larger role in impacting surface water flooding. Attention should be given to the locations where 

these impermeable surfaces exist. The density of manmade and impermeable surfaces is far greater 

for the Rhondda Basin, with most of them condensed around the main river channels. 

While land cover shapefiles and Landsat imagery show what the land type is, but it only partially 

reflects other factors that influence surface runoff such as the angle of the slope or the depth of the 

topsoil, both greatly influence the infiltration rate and therefore the total volume of runoff following 

a period of precipitation. It is these other factors that play a crucial role in explaining why certain 

areas like Pentre were so severely impacted by periods of intense precipitation like June 17th. 

5.3. The Importance of Topography Versus Land Use. 
Topography is generally acknowledged as an important factor that contributes to flooding, often 

increasing the volume of surface runoff that occurs (He et al, 2018). This is certainly the case for the 

RCT County Borough which is dominated by numerous steep-sided valleys, a problem shared by 

numerous County Boroughs throughout South Wales. 

The DTM models as well as contour data assist in identifying the lowest points within the county, 

aligning themselves with major settlements. The created DTM models also show a general lower 

elevation within the more southern areas of the county. While these areas may experience reduced 

volumes of rainfall, they do serve as points in which much of the water collects and flows towards. 

The degree of slopes serves as a crucial factor influencing the occurrence of surface water flooding. 

The Rhondda basin possesses a far greater percentage of steeper slopes compared to others in the 

area such as the Cynon Basin (Figures 31-32 and Table 7).  
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Figure 31 - Shapefile map of slope angles for the Rhondda Basin. 

 

Figure 32 - Shapefile map of slope angles for Cynon Basin. 
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Table 7 - Percentages of slope angles for the Cynon and Rhondda Basins. 

The topography is not the sole factor affecting the occurrence of surface water flooding within the 

RCT County Borough (Priest et al, 2011a). According to the NRW flood hazard maps, some of the 

most affected areas follow sections of infrastructure where surface water collects. Urbanised areas 

are usually some of the only areas within the RCT County Borough with a low gradient. Local 

topography influences the surface water in urban areas, which pools within slight depressions. The 

Rhondda basin is most prone to instances of surface water flooding due to a combination of steep 

valley slopes, and a limited amount of low-gradient valley floor (Dale, 2005).  

The importance of drainage implementation in controlling the severity of surface water flooding to 

allow runoff to bypass areas of difficult terrain and important infrastructure, as well as speeding up 

the time it takes for much of the runoff to reach the main watercourses (Powell and Webb, 2012a; 

Fragkakis et al, 2015). While this does help to prevent obstructions by localised surface water 

flooding, it does also allow for a greater risk of riverine or watercourse flooding as the lag time 

between peak rainfall and peak discharge is drastically reduced. Failure of certain culverts and other 

drainage areas within non-essential areas can reduce the severity of certain flood events. 

The importance of topography and urbanisation changes depending on what section of the RCT 

County Borough is being considered. The slopes surrounding the Rhondda Basin are significantly 

steeper than other parts of the RCT County Borough. This area is overall less urbanised in general 

with buildings being concentrated around the main river channel (Figures 33-34), reducing the 

importance of that factor. However, the more southern and eastern sections of the RCT County 

Borough reverse these variables, as urbanisation becomes more spread out, leading to it being much 

more important (Figure 35). The balance between surface water flooding and riverine flooding is 

primarily based on the length of time for pluvial runoff to reach the main river channel. Both the 

gradient of the landscape and the level of urbanisation aid in increasing or decreasing the speed at 

which surface water moves towards the main river channel. However, the density of the urban 

environment can interfere with this balance (Bruwier et al, 2020). As surface water moves with 

speed down steep gradients an urban environment with a high building density could provide 

numerous barriers to the flow, causing surface water to collect within these areas. This would shift 

the balance towards a greater risk of surface water flooding. 
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Figure 33 - Shapefile map for types of land cover within the Pentre community. 

 

Figure 34 - Shapefile map for Natural and manmade land cover within the Pentre community. 
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Figure 35 - Comparison of building locations throughout the Rhondda and Cynon Basins. 

The shape of the topography and the urbanisation of the lower areas of the valleys play crucial roles 

in influencing the occurrence of flooding events, and neither should be discredited in favour of the 

other when planning for such events. Despite this, the shape of the topography likely plays a more 

important role in the causation of riverine flooding (RCTCBC, 2015). This is for a few reasons, one 

being that the steep-sided nature of the valleys is consistent throughout the RCT County Borough, 

while urbanised settlements are not. 
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5.4. Spatial Analysis of NRW Flood Data and Riverine Defences. 
Around 9% of the RCT County Borough is at least vulnerable to low-risk flooding (Figure 36), with the 

widest range being covered by surface water flooding (Approximately 5.17%). Riverine flood risk is 

shown to be more prevalent in the east and southern sections of the RCT County Borough, 

particularly within the Cynon basin and along the Taff River. Another significant area of risk posed by 

riverine flooding surrounds Pontyclun and the River Ely. While there is a risk from riverine flooding 

within the Rhondda basin, it is significantly lesser than in other sections of the RCT County Borough. 

It was expected that flood risk areas were aligned more along the east and southern sections of the 

RCT County Borough as this is where many of the main rivers converge. It is also the most widely 

urbanised areas, especially when compared to the more rural western regions. This is mainly 

because these areas lie within the lower catchments of the valleys that run through the RCT County 

Borough and are therefore within proximity to the main river channels and watercourses. This was 

demonstrated during the 2020 Storm Dennis floods which brought significant damages to areas such 

as Pontypridd and Nantgarw. Peak level of the Taff River within Pontypridd during Storm Dennis was 

recorded around 5.3m (Natural Resources Wales, 2020h). 

Existing riverine flood defences are mostly located in the southern sections of the RCT County 

Borough, primarily following the Taff river, and consist of various types (Figure 26). Not all of these 

take the form of raised embankments or constructed levees (Figures 37-42), with some likely having 

limited impact on flood water reduction (Figure 39). What is clear is that these defences were unable 

to prevent the damages caused by the Storm Dennis floods, as there are clear gaps within the 

defences that allow riverine flooding to occur unimpeded. While none of the defences structurally 

failed, many were still overtopped by the unprecedented river levels (Natural Resources Wales, 

2020h). Some of these flood defence areas potentially increase the risk of riverine flooding as the 

overbank was cleared of vegetation. Despite an obvious distribution bias of flood defences for the 

Taff’s Well community, they are present in other parts of the RCT County Borough such as the Gelli 

community.  
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Figure 36 - Cover of RCT County Borough impacted by low-risk flooding (1 in a 1000-year event). Figure uses NRW flooding 
extent data for riverine (Blue) and surface water (Orange).
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Figure 37 - A-B) Raised embankment to protect from Taff overflow. C) Location of the raised embankment near Oxford 
Street, Nantgarw. D) HEC-RAS simulation of 805m³/s river flow. 
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Figure 38 - A-B) Small floodwall constructed along the Taff riverbank. C) Location of the flood wall within the Treforest 
Industrial Estate. D) HEC-RAS simulation of 805m³/s river flow. 
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Figure 39 - A-B) Area marked as a flood defence, yet the bank is not raised. Removal of trees creates greater vulnerability. 
C) Location of images along the A4054 at the Treforest Industrial Estate. D) HEC-RAS simulation 805m³/s river flow. 
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Figure 40 - A-B) Slightly raised embankment along Taff River. C) Location of the raised embankment near the car park of 
the Upper Boat Inn. D) HEC-RAS simulation 805m³/s river flow. 
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Figure 41 - A) Slightly raised embankment along Taff River. B) Location of the raised embankment near Tonteg Road along 
the Treforest Industrial Estate. C) HEC-RAS simulation 805m³/s river flow. 
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Figure 42 - A-B) Levee constructed along Taff riverbank. C) Location of Levee near Taffs Fall Road within the Treforest 
Industrial Estate. D) HEC-RAS simulation 805m³/s river flow. 
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5.5. Analysis of HEC-RAS Flood Modelling 
Simulation of riverine floods using the HEC-RAS software was used to analyse where flood waters 

are expected to break the riverbanks (Brunner, 2020). This allowed for greater attention to be made 

towards defences within specific areas of interest along the affected watercourses. Simulation of the 

Nantgarw and Treforest Industrial Estate (TIE) area show that the outside bends of the riverbanks 

where there was an absence of flood defences or raised embankments, which proved to be some of 

the most vulnerable areas. The northern sections of the Treforest Industrial Estate were also shown 

to be vulnerable to riverine flooding, despite the presence of flood defences present in this area. 

However, field investigations of these flood defences show them to be potentially incapable of 

handling large magnitude events such as Storm Dennis (Figures 37-42), allowing for riverine flooding 

to occur during periods of intense precipitation. This is seen within the NRW data, as well as the 

HEC-RAS simulations (Figure 43). The Environment Agency were hesitant to raise flood defences 

within certain areas as it could disconnect the local community from the watercourse (Environment 

Agency, 2008), this belief is still held by NRW. 

The Pentre community has distinct areas of vulnerability to both riverine and surface water flooding. 

Even in the event of a 1 in a 30-year flood event, NRW data shows that the Afon Rhondda runs the 

risk of breaking through the left overbank, (Figure 44) with two key areas of interest. First is the 

northern section of the Pentre community, which is shown in both NRW data and HEC-RAS 

simulations as being the worst impacted area. The overbank of this position, relative to the rest of 

the channel, is not highly raised above the riverbed (lidar data showing a height of around 2m). The 

second area of interest is located around the Gelli area, where flood waters are shown to flow into 

Taff Street, despite the presence of flood defences. Impacts of surface water flooding within Pentre 

are broader in scope, with a significant increase in affected areas on the right side of the channel. 

However, the worst impacted location is shared with that of riverine flooding, this being Pentre Park 

as it serves as a key location for runoff storage. Even during a 1 in a 30-year surface water event, 

there are areas where depth can be close to or even over 1m. 

The extent of surface water flooding proves to be much greater than that of riverine flooding, 

although not often as severe in terms of depth. Surface water flooding is more significant within the 

steeper topography of the Pentre area, as it encourages greater rates of surface runoff. There are 

key sites within Pentre that are shown to be particularly vulnerable according to NRW flood maps, 

with in of these locations being around Robert and Baglan Streets. Areas surrounding key ordinary 

watercourses are also shown to be vulnerable during serious rainfall events (Figure 45). This type of 

flooding is shown not to be as much of a problem for more industrialised areas where there is plenty 

of room for surface water to flow and disperse (Figure 46). 
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Figure 43 - A-C) NRW riverine flood depth models of the Nantgarw and TIE area. D-F) HEC-RAS simulations of the Nantgarw and TIE area.
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Figure 44 - A-C) NRW river flood depth maps for the Pentre and Gelli areas. D-F) HEC-RAS river simulations for the Pentre and Gelli areas.
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Figure 45 - A-C) NRW surface water flood depth maps for the Pentre and Gelli area. D-E) HEC-RAS precipitation simulations for the Pentre and Gelli area.
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Figure 46 - A-C) NRW surface water flood depth maps for the Nantgarw and TIE area
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HEC-RAS simulations for pluvial flooding are shown to be extensive, creating an image that may be 

more severe than what would normally occur. This can be related to two separate reasons. The first 

being that depth is not well represented within images, with much of the cover being a few 

centimetres or less. The other issue being that HEC-RAS does not handle sudden changes well, 

including elevation. This can cause unusual surface water flow, particularly within upper areas of the 

catchment. These issues can be alleviated by using an integrated approach with both HEC-HMS and 

HEC-RAS, allowing for highly dynamic and interconnected flow processes of runoff formations (David 

and Schmalz, 2020). Simulations for pluvial flooding could also be improve by smoothing the lidar 

data prior to the construction of the buildings. This would hopefully prevent flow within the 2D flow 

area from being caught around areas of sudden elevation change, allowing for a more natural 

movement of water. 

There are plenty of areas where the impacts of both types of flooding overlap, demonstrating which 

areas are at the greatest risk. Most of these areas lie alongside the various river channels that run 

through the RCT County Borough. This is primarily because these are the only areas within the RCT 

County Borough where the topography is more even, allowing for both the collection of runoff along 

with paths for riverine floodwaters. 

Comparisons between HEC-RAS simulations, NRW flood models and images of the real flooding 

events show some degree of similarity (Figures 47-52). The extent of both the NRW models and the 

HEC-RAS simulations cover the affected areas within the images, although the cover of HEC-RAS 

flooding can appear patchy (likely resulting from sudden changes in lidar elevation). There are some 

inconsistencies between the models and reality. NRW 1 in 1000-year riverine extent for the 

Nantgarw area most appropriately represents what is shown within the images for Storm Dennis, 

although this is likely due to a lack of representation in the models for a 1 in 270-year event. The use 

of HEC-RAS does provide some advantages that are not present within the NRW model, including the 

ability to see which areas of the riverbanks are most prone to being overtopped. This allows for 

greater attention and development to be placed on key strategic areas. The HEC-RAS models can 

also be adjusted to represent very specific flood events or scenarios, while the available NRW flood 

models are designed around three types of flooding events (1 in 30 year, 1 in 100 year, and 1 in 1000 

year events). 

The similarities between the produced HEC-RAS model and the existing NRW models present a 

suitable justification for the HEC-RAS model to be utilised for the consideration of flood 

management strategies. However, further improvements to the HEC-RAS model must be sought out. 

Other models can and should be used to provide greater context and understanding into the nature 

of flood event within the RCT area, this is another topic that should be pursued within future studies. 
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Figure 47 - A) Lewis Street following Storm Dennis (Melen, 2020). B) Location and orientation (gold arrow) of image A. C) 
NRW riverine (blue) and surface water (purple) flood extent. D) HEC-RAS simulation of Storm Dennis precipitation with 
60m³/s river flow. 

 

 

Figure 48 - A) Pleasant Street following Storm Dennis culvert failure (Lewis, 2020). B) Location and orientation (gold arrow) 
of image A. C) NRW riverine (blue) and surface water (purple) flood extent. D) HEC-RAS simulation of Storm Dennis 
precipitation with 60m³/s river flow. 
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Figure 49 - A) Price Street following June 17th 2020 flood (Wales News Service, 2020). B) Location and orientation (gold 
arrow) of image A. C) NRW riverine (blue) and surface water (purple) flood extent. D) HEC-RAS simulation of June 17th 
precipitation. 

 

Figure 50 - A) Treforest Industrial Estate following Storm Dennis (National Police Air Service, 2020). B) Location and 
orientation (gold arrow) of image A. C) NRW riverine (blue) and surface water (purple) flood extent. D) HEC-RAS simulation 
of Storm Dennis river flow (805m³/s). 
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Figure 51 - A) Cardiff Road following Storm Dennis (Martin, 2020). B) Location and orientation (gold arrow) of image A. C) 
NRW riverine (blue) and surface water (purple) flood extent. D) HEC-RAS simulation of Storm Dennis river flow (805m³/s). 

 

 

Figure 52 - A) Rhyd-Yr-Helyg following Storm Dennis (Newman, 2020). B) Location and orientation (gold arrow) of image A. 
C) NRW riverine (blue) and surface water (purple) flood extent. D) HEC-RAS simulation of Storm Dennis river flow 
(805m³/s). 
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5.6. Assessing the Vulnerability and Importance of Culverts. 
From all the gathered information it is possible to estimate the vulnerability and importance of 

culverts throughout the RCT County Borough. Culvert vulnerability refers to the likelihood of 

blockage and potential damage or disruption that such a blockage could cause. Some of the main 

factors contributing to this are the amount of vegetation surrounding the culvert, how isolated the 

culvert is, the expected length of the culvert network, and many more (Rigby et al, 2002; Kramer et 

al, 2016). 

Culverts located near areas of significant vegetation were identified using satellite imagery and 

recorded as culvert inlets possessing higher vulnerability, due to collected debris or overgrowth. This 

is a greater problem for more rural culverts, which would likely receive significantly less 

maintenance. Satellite imagery proved to be very useful in determining many of the vulnerability 

index factors including how accessible the culvert inlet is, proximity to important infrastructure, and 

amount of surrounding vegetation. Unfortunately, satellite imagery could not provide a view of the 

interior conditions of the culverts structure and their current condition, such information would 

have to be acquired by specialised teams on the ground. Factors such as surrounding land use and 

flood risk were observed using shapefile and raster data (Table 8). 

Culverts that exist outside of those parameters, but within the limits of the 1 in a 1000-year event 

were not considered highly vulnerable due to the rarity of floods like these, although are noted 

within key situations. In theory, the recorded culverts should be able to handle the flows present 

during the 1 in 30 and 1 in 100-year events (Griffiths, 2019a), which would give the impression that 

the risk of failure would be rather low. However, in reality, only a fraction of existing culvert 

networks are expected to be in peak condition (Griffiths, 2019a). In addition to the NRW flood maps, 

HEC-RAS simulations were used to highlight which culverts are located within areas vulnerable to 

flooding, whether that be surface water or riverine flooding (Figure 53). 
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Table 8 - Culvert inlets within the Pentre community assigned land cover and flood risk. 
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Figure 53 - A) Culvert inlet locations in relation to surface water flood extent. B) Culvert inlet locations in relation to 
riverine flood extent. 



94 | P a g e  
 

The final aspect considered was the relative importance of the culvert itself. It should be noted that 

the failure of certain culverts can cause significantly greater damage than others. Failure of some 

culverts can in some way be beneficial. While culverts excel in transferring surface water out of a 

specific area, this can cause a greater strain on the main riverine watercourse, as more water can 

reach the channel at an accelerated rate (Powell and Webb, 2012b). This in turn increases the risk of 

riverine flooding for the area. Culverts located in low-risk areas, where blocking could be considered 

useful in slowing the flow of surface water, were recorded as low importance. 

After the consideration of all these factors, a selection of culverts was identified and recorded from 

the culvert ID list within the already produced spreadsheet. These were mapped within the Pentre 

community (Figures 54 and 55). Culvert importance (how necessary it is to ensure maintenance) and 

vulnerability (likelihood of the culvert failing during periods of intense precipitation) were assigned 

to each of the 51 recorded culvert inlets within the Pentre community (Table 9). These two variables 

cannot be combined into one within the index and must be represented separately. Proximity to the 

main river channel does not necessarily correlate with the culvert’s importance, with infrastructure 

and the expected route of the overland flow playing a greater role. Culvert vulnerability is at its 

highest surrounding the perimeters of urban settlements where the presence of developed 

vegetation and private or inaccessible lands. Culverts further up the catchment within agricultural 

lands possess a lower vulnerability score. There is also a clear correlation between proximity to 

urban centres degree of culvert importance. Culverts within the upper sections of the catchment are 

often of little importance. 

 

Figure 54 - Location of culvert inlets and their vulnerability score. 
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Figure 55 - Location of culvert inlets and their importance score. 

Action should be taken to ensure that the culvert networks that have been identified with high 

vulnerability and importance are investigated as soon as possible, ensuring sufficient time to deal 

with any blockages that may be present. This is particularly the case for more densely populated 

areas, and areas surrounding key sections of infrastructure such as main roads. Failure to do so will 

inevitably lead to severe complications during periods of intense rainfall (Griffiths, 2019a), whether 

this is due to direct flooding damage or the disruptions that could be caused to the movement of 

people and vehicles. Keeping maintenance up to a decent standard is the most that can be done for 

many culvert networks, as they are simply too vast or run through areas of vital infrastructure 

preventing their removal without damaging consequences (Powell and Webb, 2012b).  

There are many limitations to the created culvert vulnerability and importance index, with one of 

the most significant being the difficulty in securing data relating to the construction of the culverts. 

Information regarding the condition of the culvert interiors and the date of initial construction was 

unavailable, and only indices that could be utilised for all identified culverts were selected for the 

index. Improvements to the index could be made through the addition of construction information 

as well as greater fieldwork to ascertain the current maintenance of the identified culverts. The 

index also needs more testing across RCT to properly ascertain its reliability, and whether the indices 

were suitably weighted against each other. Groundwork would have proven useful for accurately 

determining factors such as vegetational cover, however, extended Covid lockdowns made this 

impossible through much of this study. 
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Table 9 - Culvert Vulnerability and Index scores. Higher scores indicate greater vulnerability or importance. 
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5.7. The Risk of Surface Water Flooding, and Subsequent Management. 

5.7.1. Prioritising management. 
From the data that has been collected that 5.17% of the RCT County Borough is at direct risk from 

surface water flooding (NRW, 2020b), although certain areas are more vulnerable than others. This 

issue combined with more frequent and damaging winter storms will cause an enormous increase in 

risk towards all forms of flooding events (Watts, 2020). This risk will only worsen over time as the 

continued development of the region occurs. Only the implementation of proactive methods in 

reducing surface water flood risk can stem this rising issue. These methods can take numerous 

forms, and their implementation can vary greatly in difficulty. Culverts identified as both highly 

important and vulnerable require priority when it comes to future management, to prevent future 

costly failures. Instances such as the June 17th, 2020, flood, and the Storm Dennis floods, show how 

culvert failure can cause a chain reaction, worsening conditions during flood events. An exact 

proportion of floods within RCT caused by culvert failure cannot be determined due to a lack of 

available information on previous flood events (highlighted in chapter 5.1). Although, while not all 

flood events will be caused by culvert failure, most serious floods will be worsened by the 

occurrence of culvert failure. 

Consideration on efforts that should be undertaken should be prioritised within areas where steep 

topography and more urban sections of the RCT County Borough come together, as this is where the 

highest proportion of flood risk areas lie with higher population densities within relatively low-lying 

environments. While intense periods of precipitation may result in a similar volume of rainfall 

distributed across the RCT it is these inherent factors that result in a form of surface water flooding 

bias towards particular areas (Kaźmierczak and Cavan, 2011). The occurrence of surface water 

flooding is not restricted to areas surrounding the main river channels of the RCT County Borough, 

making it much more problematic and frequent for much of the population. Instances of surface 

water flooding can occur within most settled areas, where the natural flow overland or through 

culverts can be tampered with (Griffiths, 2019a). Another reason is that improper management of 

flood risk can result in mistrust towards associated officials and authorities in their ability to handle 

serious flooding situations (BBC, 2020c), making future cooperation with these areas much more 

difficult. This problem is already complicated by various regions within the RCT County Borough 

vying for greater investment into flood protection, with some of the most vocal groups being from 

the Cynon valley areas. 

5.7.2. The need for a balanced approach. 
It is often common for mismanagement of surface water flooding to occur. In most cases, this is due 

to an over-reliance on hard engineering solutions to alleviate surface water pooling in key areas 

(White and Howe, 2004). These engineering solutions may prove to be useful in the short term but 

are unable to cope with the uncertainty presented by conditions in the future (Liu et al, 2018). This 

has already shown itself to be a significant problem within the RCT County Borough, particularly due 

to the vast and outdated drainage networks that lie hidden from general knowledge.  

To succeed in alleviating the risks posed by surface water flooding a balance needs to be achieved 

between slowing the rate at which surface runoff meets the main river channel and preventing too 

much of this runoff from pooling within unwanted areas and causing obstructions around buildings 

and vital infrastructure (Jenkins et al, 2017). This is vital for steeper areas such as the Rhondda Basin. 

One way this can be managed is through the implementation of water retention areas. This is a 

commonly utilised tactic within many urban areas (Sörensen and Mobini, 2017), often taking the 

form of greenspaces or drainage ditches. The intentional flooding of certain unnecessary spaces is 

also a commonly used tactic, however, within the confines of urban valley settlements like 
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Pontypridd, this option would not be possible. In areas of steep slopes, the runoff of surface water is 

often managed and delayed using drainage ditches at the base of the slopes. Observation of inland 

waters using digital maps shows that these drainage ditches are commonly used along the slopes of 

the RCT County Borough, particularly around urbanised areas. It must be ensured that any retention 

areas or methods to slow the flow of surface water does not occur within proximity to culvert 

networks identified as both high vulnerability and importance within the index.  

5.8. The Risk of Riverine Flooding, and Subsequent Management. 

5.8.1. Where attention should be prioritised. 
While sharing many similarities with surface water flooding, there are distinct differences that need 

to be considered within its management. This primarily relates to the extent of potential flooding, as 

well as the types of defences needed to handle the overflow of the natural embankments. The risk 

of flooding from riverine sources is significantly more obvious, particularly for those living near them 

(DEFRA, 2018). Certain strategies such as slow the flow schemes can be implemented and maybe 

more important in preventing this type of flooding (McAlinden, 2016). 

Areas in need of greatest attention include settlements such as Pontypridd and Taff’s Well. This is 

because it is where large volumes of water will eventually converge, as many of the main river 

channels run into the Taff River. This was seen during the February 2020 floods, as the Taff River was 

the one to burst its banks and devastate the surrounding areas (Bradshaw, 2020; Stephans, 2020b). 

This was evident through the HEC-RAS analysis for the Nantgarw area (Chapter 5.5). Highly 

urbanised areas possess a greater population that would be vulnerable to flooding events. 

Fortunately, these areas often subject to existing research and review, allowing for a large collection 

of existing data to be made available (Bradshaw, 2020). Prioritised attention is needed due to a 

larger and denser population within urbanised areas, as well as the importance of industrial centres 

such as in Treforest. This means that these areas would contain the highest proportions of people at 

risk from riverine flooding as well as the other forms including surface water and combined sewer 

flooding. Regardless of this, it would be foolish to place all effort in its entirety on these areas, as 

riverine flooding can prove to be a problem further up the catchment depending on localised 

conditions such as blockages and obstructions to flow. 

5.8.2. Potential for upper catchment management. 
It could be argued that putting a greater emphasis on the upper areas of the catchment could slow 

the movement of water to the lower sections of the catchment. The method of increasing the 

overall lag time between peak rainfall and peak discharge is often key in reducing the risk of riverine 

flooding. These areas will have greater infiltration rates than the urbanised areas of the lower 

catchment due to the presence of natural environments with much greater soil coverage. This is a 

common tactic that has been utilised throughout much of the world, including the RCT County 

Borough (RCTCBC, 2013b). The Cwmaman alleviation scheme details the need to reduce the risk of 

exposure to flooding by modifying the upper silt trap pond as well as existing outlet structures. Local 

people in areas such as Pickering have pursued various ‘slow the flow’ schemes to try and reduce the 

likelihood of riverine flooding (McAlinden, 2016). However, doing this could put greater strain on the 

upper areas of the catchment, which may not be capable of handling increased volumes of water in 

its current state. Infiltration rates within the upper catchment areas could be significantly lower than 

expected due to how thin the topsoil layer may be on the various valley slopes. There is also the 

potential that an increased volume of water stored within the higher altitudes of a catchment could 

cause the surrounding slopes to lose stability. This is an uncommon risk for the hills and slopes 

surrounding the RCT County Borough, with only the most severe of weather events running the risk 
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of triggering landslides. Increasing the lag time for river flow in the upper areas of the catchment 

provides a crucial knock-on effect for the lower, more at-risk areas of the catchment. 

5.9. Chapter Summary. 
The RCT County Borough, through the examination of historical flood accounts and more recent 

flood mapping, has shown to be rather susceptible to instances of both riverine and surface water 

flooding. While the percentage of coverage may be somewhat low (3.74% riverine extent and 5.17% 

surface water extent), the locations of these vulnerable areas put a high proportion of the 

population at some risk. NRW flood maps and HEC-RAS simulations are shown to match the extent 

of flooding present during Storm Dennis, although inconsistencies are present regarding depth. This 

is often shown to be due to sudden changes in elevation, as HEC-RAS does not handle sudden 

changes well, leading to instabilities in the model. Improvements could still be made to the HEC-RAS 

model, particularly regarding the flow from precipitation. This could be achieved through numerous 

methods, including a greater incorporation of HEC-HMS software. While the percentage of 

impermeable surface land cover is similar for the Rhondda and Cynon basins (11.48% and 13.48% 

respectively) the differences in the slope profile is quite drastic, with the Rhondda Basin possessing 

higher percentages of slopes with angles greater than 10 degrees. More significant flooding of the 

Rhondda Basin during 2020 likely indicates that topography plays a more crucial role than land use, 

though both remain important. Culvert vulnerability within the Pentre community is typically highest 

around the perimeters of urban settlements and is generally more sporadic than culvert importance 

which gets lesser the further you move from the urban centre. The limitations within the index need 

to be addressed with the addition of greater culvert information surrounding their construction. 

Further groundwork and testing is needed to ensure that the indices are properly weighted. 

From this method of managing surface water and riverine flood risk were determined which could 

be compared to existing frameworks and strategies. Successful managing of surface water flooding 

for these areas requires proper balancing the slowing of rate in which runoff meets the main river 

channel and preventing too much of this runoff from pooling in unwanted areas. It is crucial that this 

is implemented within future flood management plans, alongside any considerations for the impact 

future climate change may have.  
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Chapter 6 - Current and future management of flooding within the 

RCT County Borough. 
To combat the growing risk of flooding within the RCT County Borough, and uncontrolled conditions 

of the numerous culvert networks, several schemes and frameworks have been published covering 

different types of management and strategies (Table 10). Using these frameworks and information 

gathered from previous chapters, key ideas can be determined regarding preparation, response, 

recovery, and mitigation of flood events. Consideration is given to how such strategies would affect 

an area with similar characteristics to the Rhondda Basin. The occurrence of climate change and the 

increased frequency of winter storms must be considered when discussing surface water 

management strategies, which may cause greater disruption in the near future. 

Table 10 - Selected schemes and policies, highlighting aspects of surface water management (RCTCBC, No Date a-d; Pitt, 
2008; Kathrens and Curwen, 2008; RCTCBC, 2008; Flood and Water Management Act, 2010; Environment Agency, 2010; 
Balkham et al, 2010; Powell and Webb, 2012a; Powell and Webb, 2012; RCTCBC, 2013a; RCTCBC, 2013b; RCTCBC, 2015; 
Woods et al, 2015; Natural Resources Wales, 2016; Welsh Government, 2018; RCTCBC, 2018; DEFRA, 2018; RCTCBC, 2020c; 
Bradshaw, 2020). 

Name of 
Scheme/Policy 

Date of 
Publication 

Authority/ 
Organisation 

Key Surface Water Flood Management Aims and Key 
Ideas 

Bwllfa Road Flood 
Alleviation Scheme 

No Date RCTCBC - Encourage official means of rubbish disposal. 
- Construction of new inlet system at Bwllfa Road to 

increase capacity by 400%. 

Nant Cae-Dudwg 
Flood Alleviation 
Scheme 

No Date RCTCBC - Encourage official means of rubbish disposal. 
- Raising of flood wall with reconfiguration of inlet 

grill. Reduce downstream transport of natural 
debris. 

- Warning system installed on culvert inlet for 
maintenance teams. 

Nant Gwawr Flood 
Alleviation Scheme 

No Date RCTCBC - Encourage official means of rubbish disposal. 
- Increasing capacity of watercourses with scour 

protection increasing damage resilience to heavy 
storms. 

- Overflow systems used to provide resilience to 
blockages. 

- Warning systems installed for maintenance teams. 

Nant Y Fedw Flood 
Alleviation Scheme 

No Date RCTCBC - Encourage official means of rubbish disposal. 
- Installation of new grill at main culvert, improved 

headwall system at minor inlet. 
- construction of new outlet system linking with the 

main culvert below Abercynon Road. 
- Drainage kerbs on highways to accept exceedance 

flows. 
- Reparation of new culverts with lining to improve 

strength. 
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Pitt Review 2008 UK Gov - Cooperation between EA and telephone companies 
to create an ‘opt-out’ warning scheme. 

- Phasing out sandbags in favour of alternative 
defences like flood boards. 

- Encourage improved public preparation. 
- Ensure property buyers have a clear understanding 

of local flood risk. Enforce local authorities and 
home-information packs to show this. 

- Overhaul of building regulations and drainage 
systems. 

- Flood plain planning should be carried out under no 
other alternative. 

- Pool information from EA and Met Office to create 
improved warning system. 

- Definitive electronic maps of drainage ditches and 
streams, indicating who is responsible for 
maintenance. 

- Companies must be more involved in flood defence 
planning. 

Rhondda Cynon 
Taff SFCA - 
Strategic Flood 
Consequence 
Assessment 

2008 RCTCBC - Need for further exploration into drainage systems.  
- Surface water management systems at collieries 

require maintenance. 
- New information and data should be considered 

when made available. 
- A management strategy should be established to 

cover maintenance and responsibility. 

LOCAL 
DEVELOPMENT 
PLAN (2006-2021) 
Climate Change 
Topic Paper 

2008 RCTCBC - Require development proposals to reduce their 
predicted c02 emissions by a minimum of 10%. 

- Reuse existing brown sites. 
- Implement flood risk assessments for new 

development proposals for 1 in 100-year events. 
- Incorporating measures in design and construction 

to reduce the effects of flooding, including SuDS 
and flood resilient designs for infrastructure and 
property. 

- Encourage recycling of rainwater. 

Flood and Water 
Management Act 

2010 UK Gov - Establishes the rule that the LLFA must develop, 
maintain, apply and monitor a strategy for local 
flood risk management its area. 

- Sets a consistent standard for flood management 
strategies. 

- The LLFA must consult other risk management 
authorities and public about its local flood risk 
management strategy. 

- LLFA must investigate and report on identified 
flooding events. 
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Taff and Ely 
Catchment Flood 
Management Plan 

2010 EA - Produce local long-term plans to manage all 
sources of flooding, consider investment needs for 
defences, emergency planning and response, and 
development control issues. 

- Maintain flood defences and warnings. 
- Encourage at risk individuals to take personal 

action. 
- Support owners of important infrastructure to plan 

for and manage future flood risk. 
- Encourage studies to identify surface water 

management options. 

Culvert design and 
operation guide 

2010 CIRIA - Encourage alternative methods to culverting where 
possible. 

- Culvert designers should maintain a ‘whole-life’ 
perspective. 

- Design of culverts should minimise risks associated 
with operation and maintenance. Reduce 
environmental impact. 

- Culvert design should consider the effects of the 
entire drainage system. 

- Removal of culverts should be considered as an 
alternative to remedial works. 

POLICY 
REGARDING 
CULVERTS 

2012 RCTCBC - Culverting should be implemented as a last resort 
option. 

- Length of culverts should be restricted, and the 
hydraulic and environmental design should be fully 
assessed. 

- Risk assessments of the likelihood and 
consequences of blockage should be carried out. 

Ordinary 
Watercourse 
Consent 
Application 

2012 RCTCBC - Implementation of culverts requires the consent of 
LLFA for ordinary watercourses, EA for main rivers. 

- Drawings and documents of culvert specification 
required for consent to be given. 

- Structures must be designed so they do not cause a 
restriction to flood flow and consider 100-year flow 
rates plus an additional 20% allowance on peak 
rainfall intensity for climate change.  

- Strict standards set for culvert implementation. 

Cwmaman Flood 
Alleviation Scheme 

2013 RCTCBC - Redesign of existing weir to provide storm water 
attenuation within the upper catchment area. 

- Modification of embankments. 
- Reduce the risk of overloading the urban drainage 

systems. 
- Reduce peak flow within the upper catchment by 

6.4% during a 1 in 30 year storm event and a 1.2% 
reduction during 1 in 100 year storm event. 

Local Flood Risk 
Management 
Strategy 

2013 RCTCBC - Implementation of source control measures (SuDS). 
- Encourage community participation and awareness 

in flood risk management. 
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Flood Risk 
Management Plan 
VOLUME 1 

2015 RCTCBC - Identify key flood risk factors across all RCT 
communities. 

- Establish the responsibility of all relevant 
authorities. 

- Determine prevention and protection measures for 
each community and identify the responsible 
authority. 

- Measures for the Pentre Community include 
enhancing flood risk modelling, physical 
interventions in the watercourses, and 
maintenance of existing drainage and defence 
structures. 

The SuDS Manual 
(C753) 

2015 CIRIA - Surface water management should be considered 
from the beginning of the development planning 
process and throughout. 

- SuDS designs aim to manage rainwater close to its 
source, slow runoff to mimic natural rates, and 
promote evapotranspiration. 

- Encourage use of components that capture 
rainwater for alternative uses. 

- Promote use of structural surfaces that reduce the 
volume of runoff conveyed to the drainage system. 
Examples include green roofs and pervious paving 
for increase water storage. 

- Facilitate infiltration of water into the ground.  
- Use systems such as swales to convey flows to 

downstream storage systems, controlling the flow 
and volume.  

- Control the volumes of runoff being discharged 
from a site using ponds, wetlands, and detention 
basins. 

Opportunities for 
managing the 
Rhondda’s natural 
resources 

2016 NRW - Implementation of green infrastructure. 
- People explained that they were worried about 

Larch removal, and how this would impact flooding 
and culvert blockage.  

- Continued maintenance of flood defences, 
although no reason to heighten them. 

- Restoration of peat and forests to reduce flooding. 
- Increase awareness of flood risk within 

communities. 
- Improve existing flood infrastructure and explore 

funding opportunities for SuDS schemes. 

Statutory 
standards for 
sustainable 
drainage systems – 
designing, 
constructing, 
operating and 
maintaining 

2018 Wales Gov - Drainage solutions should consider historical 
information on all forms of flooding. 

- Attenuation storage should be implemented to 
limit discharge from affected areas. 

- Surface water should be managed to prevent, so far 
as possible, any discharge from the site for most 
rainfall events of less than 5mm. 

- Implement interception mechanisms including 
green roofs, rainwater harvesting, infiltration 
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surface water 
drainage systems 

systems, permeable surfaces, swales, infiltration 
trenches, and drainage ditches. 

- drainage proposal for a site should be evaluated for 
flood risks associated with potential system failure. 

Park Lane Flood 
Alleviation Scheme 

2018 RCTCBC - Create an upper catchment attenuation wetland 
through the de-culverting of an ordinary 
watercourse culvert. 

- 50% reduction to the peak flows downstream 
watercourse. 

Surface Water 
Management. An 
Action Plan 

2018 DEFRA + EA - Improve national surface water flood mapping 
using higher quality data. 

- Improve methods of data sharing between relevant 
authorities. 

- Develop plausible extreme scenarios and assess 
their potential impacts. 

- review the funding sources which are available for 
surface water risk management. 

- Defra will commission a review of the 
arrangements for determining responsibility for 
surface water and 

 drainage assets. 
- Defra and the Environment Agency will work with 

LLFA’s to develop new guidance on their local flood 
risk management strategies. 

Rhydyfelin Flood 
Alleviation Scheme 

2020 RCTCBC - Encourage official methods of rubbish disposal. 
- Implementation of sustainable drainage techniques 

including surface ponds, modifying and replacing 
culverts, overflow systems, flood water routing and 
storm water storage tanks/pipes. 

- Raise flood awareness within the community. 

REVIEW OF THE 
COUNCIL’S 
RESPONSE TO 
STORM DENNIS 

2020 RCTCBC - Lay out small-scale schemes to alleviate flood risk, 
including the estimated value.  

- Pentre strategies involve installation of exceedance 
flow paths and interception drainage, upgrading 
existing culvert inlet structure, emplacement of 
upper debris screens, and reconnecting overland 
flows into culverted ordinary watercourses. 

- Identifies key shortcomings present during Storm 
Dennis floods. Sandbags were lacking within Pentre 
and only previously flooded locations were eligible, 
residents have limited faith in organisations 
investigating themselves. 

- Encourages improvement in communication 
between relevant authorities and feedback from 
residents. 

- Increase opportunities for supporting those 
affected by flooding, ensure local volunteer 
networks are strengthened and kept ready. 

- Current measurements of flood water 
infrastructure need to be reconsidered due to 
recent climate changes. 
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6.1. Flood Risk Preparation. 

6.1.1. Building awareness of flood risk. 
One key factor of preparation would be the public awareness towards flooding events (NRW, 2016), 

and how improvements can be made. People from RCT are acutely aware of the risks posed by both 

surface water and riverine flooding, particularly over 2020. However, many may not be aware of 

exactly how extensive flooding can be, with many smaller scale flood events going without sufficient 

official documentation and publicity. 

Additional information on flooding could be made available to the public on the RCTCBC website, 

similar to NRW. This information must include visuals and maps of vulnerable locations and 

additional factors that cause or exacerbate surface water flooding. An alternative can be achieved by 

providing easy to follow links to the flood maps set out by NRW (2020b), which generally covers 

surface water and riverine flooding. The public should also be made more aware of how to respond 

to the advent of surface water flooding events. While key information is made available within the 

RCTCBC’s Flood Risk Management Plan (2013a), greater attention should be given to information 

provided within the RCTCBC website detailing what to do before a suspected flooding event 

(RCTCBC, 2019). Before flash flood events many people predominately receive information through 

weather warnings, television, or from other people (Ryan, 2018). As such, a system needs to be 

established to ensure that crucial information can reach as many people as possible. A potential 

solution to this could be through the development of an app or program designed to send out 

notifications surrounding periods of high precipitation or reported damage to local drainage. 

Awareness of the causes of surface water flooding can be utilised to help reduce the risk of it 

occurring. With flood risk strategies moving towards a people-centred approach, a lack of flooding 

awareness would prove to be seriously problematic (Parker et al, 2007). Community participation 

should be encouraged to observe the conditions of nearby drainage networks and provide important 

information to the relevant authorities. Given the problems regarding monitoring of culvert 

networks within private land (Chapter 4.4), this will be necessary to prevent future incidents like the 

2018 Brook Street flooding. The RCTCBC request that people who spot damaged or blocked culverts 

report them to the local council or the Environment Agency (RCTCBC, 2019). This can be done using 

a reporting system made available on their website (RCTCBC, 2020b). Improving community 

participation within flood risk management is a key aim of the RCTCBC’s LFRMS (RCTCBC, 2013a). 

6.1.2. Physical preparations for flood events. 
It is advised that people pursue the implementation of property-level protection measures to reduce 

the risk of property damage (Jenkins et al, 2017). These include the preparation of sandbags, 

ensuring medical and other essentials are stocked up (particularly in winter months when serious 

storms are more likely to occur), and establishing methods of contact so they can be used effectively 

in the case of a crisis (RCTCBC, 2019). The RCTCBC encourage proactive measures such as the 

reporting of blocked drainage channels to the local council or NRW so that appropriate actions can 

be taken (RCTCBC, 2020b). This could be crucial for areas like Pentre which was shown throughout 

chapter 5 to be vulnerable to the occurrence of surface water flooding. Methods and actions such as 

this can be crucial, especially for areas like the RCTCBC with a relatively low budget available to 

handle such problematic events (Cuny, 1991). These individual small-scale strategies can be achieved 

by individuals living within high-risk areas, ensuring that potential impact is kept to a minimum. 

Even down to an individual domestic scale proactive effort can be undertaken to ensure that the 

onset of surface water flooding causes as little damage as possible (Reeve and Badr, 2003). Storage 

of crucial supplies including medical necessities and other essentials prove to be useful in the event 



106 | P a g e  
 

of a major flooding incident where services may be cut off (RCTCBC, 2019). Sandbags should be 

stored for use during periods of heavy rainfall to prevent surface water flooding from inundating 

private property. Providing these items after a flooding event has taken place will have limited 

effect. A system would have to be established for the delivery of sandbags to residents, perhaps 

taking those in both vulnerable areas and financial difficulty into priority. Currently, sandbags are 

made available through council contractors to residents during emergencies, although there is no 

guarantee that all at-risk properties can be reached in time (RCTCBC, 2020f). This was an observed 

problem during the Storm Dennis floods in Pentre, with only previously flooded areas being eligible 

for initial sandbag delivery (Bradshaw, 2020). Other forms of personal flood defence should be 

sought out, with the Pitt Review (2008) recommending phasing out of sandbags in favour of 

alternatives like flood boards. Analysis performed within chapters 5.1 and 5.4 showed that official 

flood defences put in place by the EA or NRW are scarce (Figure 26), and primarily protect from 

riverine flooding. Resulting in a greater reliance on PPLM’s to protect personal assets from surface 

water flood damages. The RCTCBC advise on their website that properties at risk keep personal 

sandbags and flood boards for use when a warning is received (RCTCBC, 2019). An effort would also 

have to be undertaken to transition the people's attitude towards more proactive approaches, by 

encouraging small-scale development programs around personal property that could reduce the 

overall volume of surface runoff. 

6.1.3. Preventing misinformation and enhancing communication. 
The suppression of misleading information can only be achieved through proactive measures to 

correct it. Important information must be made clear and readily available through multiple sources. 

The RCTCBC does share a vast quantity of information regarding flood events on its official website 

(RCTCBC, 2019). However, greater volumes of information could be potentially spread using other 

platforms and media (Ryan, 2018). Social media can serve as a double-edged sword in this regard, 

with important information being made available and then amplified by outlying parties (Shaw et al, 

2013), as well as providing an echo chamber for damaging misinformation. Key flood management 

policies should be discussed with key stakeholders to ensure that they know how to prepare for such 

a crisis. The other necessary step in preventing the spread of misinformation is ensuring that areas 

of missing data and information are filled in with reliable sources. Missing information and data was 

a problem that was frequently experienced during this study, particularly in regard to culvert 

information, and requires additional investigations to alleviate this issue. 

To achieve effective communication suitable warning systems must be established. These must 

consider the threats posed by both riverine flooding and surface water flooding. The Met Office has 

already implemented the ERA to provide warnings for surface water flood events within urban areas 

(Priest et al, 2011a; Hurford et al, 2012), however, this does not factor in the risk of surface water 

flooding created by ineffective drainage. Various RCTCBC flood alleviation schemes have presented 

the idea of warning systems being implemented at the inlets of certain culverts, which should be 

expanded upon to all culverts of high importance. This would require further development of the 

culvert vulnerability and importance index, as well as wider application across RCT. Accomplishing 

this task would aid in filling the gaps currently present within flood prediction methods (Parker et al, 

2011).  

6.2. Flood Risk Response. 

6.2.1. Sheltering and evacuation. 
While many people may consider sheltering in place due to personal attachment to their property, 

this is only viable for small-scale flooding events. During more serious events, evacuation of 

impacted areas should always take precedence to avoid potential health hazards. A study by Haynes 
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et al (2018) found that active defence of property from flood water could be physically and 

psychologically damaging, particularly if such actions prove futile. People may still choose to shelter 

in place due to community culture or warning fatigue (Haynes et al, 2018). Broader, more general 

strategies may prove to be ineffective as various communities may act differently depending on 

their experiences (Ryan, 2018). 

Efforts must be undertaken to manage the issues facing many people on a personal level as a result 

of surface water flooding. Analysis of NRW and HEC-RAS flood models demonstrate that a significant 

number of properties, particularly within areas like Pentre, are vulnerable to the occurrence of 

surface water flooding. The RCTCBC does provide information for what to do if you live within a 

flood risk area (RCTCBC, 2019). Implementation of communication is key between locals and 

authorities. Additional information would need to be added to the RCTCBC website regarding 

whether sheltering in place or evacuation is advised, as well as warnings on what not to do in 

severely impacted areas. This information is made available before serious storm events through an 

alert that replaces most RCTCBC websites (Figure 56). Activities including unnecessary transportation 

should be discouraged due to the risk of injury it would bring towards those attempting it (Hamilton 

et al, 2018), as well as the potential delays caused to emergency services.  

 

Figure 56 - Temporary waning that replaced all RCTCBC webpages prior to Storm Dennis. 

6.2.2. Coordination between relevant parties. 
For effective management of any type of flooding to take place, there needs to be both coordination 

and established strategies at various levels of society, whether this is national, regional, or local 

(Barbosa et al, 2012). This is often highlighted within key documents such as the Flood and Water 

Management Act (2010). Coordination and communication between the authorities and the local 

communities themselves also serve as a central factor in the successful management of natural 

hazards and disasters such as surface water flooding (Ryan, 2018). Failures in cooperation can lead 

to efforts being wasted and little being achieved in effectively managing the impacts and risk of 



108 | P a g e  
 

surface water flooding. In the worst-case scenarios, it can result in a completely failed response and 

loss of life (Ryan, 2018). The Flood and Water Management Act (2010) stresses the need for 

cooperation and data sharing between various departments and organisations. This is crucial for the 

successful creation of a comprehensive culvert archive for the RCT. With effective coordination, this 

archive could be extended to a wider area, to a regional or national level. Plans should also be 

established to handle the issue surrounding the potential cut-off of normal communication 

methods. If flooding prevents online forms of communication from functioning, then it is up to more 

mainstream media and personal sources to remain functioning at peak efficiency (Ryan, 2018).  

6.2.3. Taking accountability for management errors. 
There have been calls for review into the practice of felling by NRW following the events of the 

Storm Dennis flooding within Pentre. Efforts to combat the spread of Larch disease within local trees 

resulted in significant blockages to the culverts of nearby watercourses (Bradshaw, 2020). The duty 

tactical manager for NRW has explained that such a review will be undertaken to ensure that a 

situation like this would not happen again (Purvis, 2020). Under the current system, the remains 

from felling operations are left under the best ecological conditions so that the environment can 

rejuvenate at an accelerated pace. However, this creates a clear issue in that the nearby areas 

become significantly more hazardous and prone to material that can cause damage to property or 

block vital drainage causing instances of surface water flooding under periods of intense rainfall 

(Balkham et al, 2010). The management of upland areas has always posed numerous controversies 

associated with resulting flood events (Wynne-Jones, 2016). 

Taking accountability for mistakes in management and responding swiftly is crucial for two main 

reasons. It ensures that definite causes of the flood can be determined quickly, allowing for 

immediate action to be taken to resolve the issue. This reduces the risk of a similar event occurring 

again, as was the case for the 2018 Brook Street flood (Griffiths, 2019a). Increased levels of trust can 

also be built upon when the actions of relevant authorities are transparent to the public. 

Maintaining trust between all relevant parties is crucial to prevent people from falling for 

misinformation which could put them in hazardous situations (Haynes et al, 2018). Exactly who or 

what is responsible for the occurrence of a flood event is something that should be clearly stated 

within formal investigations made by local authorities under section 19 of the Flood and Water 

Management Act (2010). 

6.3. Flood Risk Recovery. 

6.3.1. Providing relief and reimbursement. 
Immediately following serious flooding events there should be a collective effort to ensure that 

those who are affected receive appropriate relief. This was shown by local communities within the 

RCT County Borough following Storm Dennis, as they raised £30,000 within 24 hours to provide 

supplies to those in need (ITV News, 2020a). However, relief should not be left to rely on charitable 

acts, with a clear system needing to be in place from both local and regional authorities.  

RCTCBC typically provide additional resources to impacted areas following severe flooding events. 

This was seen following the June 17th floods, with support being given to emergency services and 

highway crews to ensure that recovery can occur as swiftly as possible (ITV News, 2020c). Provision 

of resources can be complicated if the damage is on a wide scale, with various communities 

requesting assistance. A key framework needs to be established to encourage cooperation and 

understanding during these times, which could allow relief and recovery to accelerate. A review of 

the response to Storm Dennis (Bradshaw, 2020) recommends that local volunteer networks should 

be strengthened, as well as increasing opportunities to provide support to affected individuals. The 
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Welsh Government provides further financial relief for those who have been impacted by serious 

flooding. Homeowners can claim £500 if they have experienced internal flooding, with an additional 

£500 should their insurance not cover flooding (RCTCBC, 2020a). 

A key issue for many people impacted by flooding regards insurance claims. As flooding events 

become more frequent it is expected that insurance claims will become more frequent (Finlinson et 

al, 2000). Surface water flooding serves as a major cause of insurance claims, as people located in 

low flood risk areas can still be impacted by them (Wheater and Evans, 2009). The Association of 

British Insurers (ABI) determines insurance policies regarding inland flood risk, and there has been 

an effort by them to become more proactive towards flood risk management through working with 

external sources (Finlinson et al, 2000). Focusing on flood insurance can allow for the possibility of 

incentivising risk prevention and adaptation options (Jenkins et al, 2017). Greater warnings should 

also be given to anyone living within a surface water flood risk area that they still could be impacted 

even if they think they are in a safe location. These people should be encouraged to consider 

acquiring flood insurance in case of another Storm Dennis situation. 

6.3.2. Repairing and maintaining drainage networks. 
An issue brought forward by the June 17th floods can be attributed to the problem of drainage 

maintenance (ITV News, 2020c). This problem became key following a flooding event within Pentre 

during Storm Dennis, which NRW acknowledged following the emergence of photographic evidence 

(Purvis, 2020). However, NRW explains that the maintenance of local drainage is not their 

responsibility and that it falls to the RCTCBC as the LLFA to ensure that drainage networks are kept 

clear. This presents issues surrounding responsibility and whether land ownership takes priority over 

the potential cause in terms of maintenance and reparation. Strong arguments could be made that 

maintenance of drainage networks should fall to those that are responsible for their blockages. At 

the very least efforts need to be taken by external parties during their projects to do everything 

possible to prevent blockages like these from happening in the first place. What is clear is that this 

issue requires further clarification by the LLFA and other concerned organisations within future 

culvert policies. 

6.3.3. Determining causation.  
The occurrence of the June 17th flood brought a serious controversy in who or what exactly was 

responsible for its occurrence. It is generally believed that the main reason, was a combination of 

the unusually intense period of rainfall, combined with the topography, and the potential failure of 

key drainage networks. At least some failures were likely either caused or influenced by the earlier 

occurrence of Storm Dennis in February 2020. Silt and other debris materials could have easily been 

washed downstream, blocking crucial storm drains and culverts, impeding their ability to allow for 

the passage of water. Evidence from the groundwork showed that many of the culverts are partially 

blocked by vegetational growth, which would reduce their efficiency. This combined with their 

design and the sheer volume of rainfall in such a short time creates a real reason for the occurrence 

of the flooding. However, there are other theories on why this instance of flooding occurred. 

Councillor Andrew Morgan has expressed that the June 17th Pentre flood was not likely caused by 

culvert failure, with the other factors (rainfall intensity) out of the control of the RCTCBC playing a 

more important role (Morgan, 2020).  

Previous flooding in the Treorchy area was the result of a failure in a local water pumping station, 

which was acknowledged by Dwr Cymru in a brief statement made to news outlets (ITV News, 2013). 

However, in this circumstance, Dwr Cymru reported that the pumping stations were functioning 

effectively. Another popular theory came because of the recent felling of deciduous trees in the area 
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by NRW to prevent the spread of a damaging disease through the species (Stephans, 2020a). It is 

believed by residents that much of the debris from the felling, including sticks and leaves to whole 

logs, have blocked key culvert networks in the area. Investigations carried out by NRW have 

indicated that there was no presence of any blockage to culverts from the felled material. 

Causation of surface water flood events should always be investigated formally by the RCTCBC. This 

is required under section 19 of the Flood and Water Management Act (2010). While documentation 

of previous surface water flooding does exist (Griffiths, 2019a), it can often be difficult to locate. 

Obtaining clear evidence of surface water flood causes within key case studies can greatly assist in 

the identification of hazardous situations after or even before a future flooding event. This would 

allow for an improved recovery speed. 

6.4. Flood risk mitigation. 

6.4.1. Existing resources and frameworks. 
To mitigate the impacts of surface water and riverine flooding many strategies have to be 

implemented. The Environment Agency has laid out their Summary plans for individual sections of 

the RCT County Borough (Environment Agency, 2010). Within the Rhondda and Taff’s Well areas, the 

focus surrounds taking current and future action to reduce flood risk, identifying localised flooding 

from surface water and sewer sources to be of particular concern within the Rhondda area.  

The RCTCBC already has key frameworks on how they should be acting present on their website in 

the forms of flood alleviation schemes (RCTCBC, 2013b; RCTCBC, 2020c), and general flood risk 

management plans. This information needs to be built on in respect to the existing infrastructure 

within these areas, information displayed by numerous flood models, and the condition of drainage 

systems such as the culverts. The problems caused by blocked or poorly maintained culverts should 

be considered within the development of new or existing flood alleviation schemes. These plans 

should be formulated for specific scenarios. The Cwmaman Flood Alleviation Scheme (RCTCBC, 

2013b) structures itself on the occurrence of 1 in 30-year and 1 in 100-year flood events, aiming to 

reduce upper catchment peak flow by 6.4% and 1.2% respectively. NRW also chooses to build its 

flood models on the worst-case scenarios for present-day conditions (NRW, 2020a). Planning for a 

1% AEP event would be appropriate; however, adjustments must be made to adapt for worsening 

conditions in the future. When formulating strategies to combat surface water flooding there should 

be a general assumption that there will be issues with the efficiency and the maintenance of the 

drainage systems. It is necessary to develop plausible extreme scenarios when implementing flood 

risk management plans, to determine its potential impacts (DEFRA, 2018). Following the February 

2020 Strom Dennis floods, a comprehensive assessment into the existing drainage network needs to 

be undertaken to assess what drainage options need to be implemented, which ones failed to 

perform, and which ones are deemed no longer necessary. Information has been produced following 

reviews by the RCTCBC and NRW into Storm Dennis and the data surrounding it, including accounts 

from relevant authorities for each of the affected wards detailing how they were impacted 

(Bradshaw, 2020; Natural Resources Wales, 2020h). 

6.4.2. Maintaining hard flood defences and drainage networks. 
Investigations of drainage systems throughout the RCTCBC to see whether they are functioning 

efficiently, or if they are even necessary at all must be included. This is typically only done as a 

reactive measure following the occurrence of localised flood events (Griffiths, 2019a), rather than a 

proactive measure to identify vulnerable areas. This is the case with the announcement of a new 

culvert inlet (Figure 23) being constructed to prevent any future risk of surface water flooding from 

Pentre Road (RCTCBC, 2020e). The designs of drainage networks and culverts need to consider the 
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occurrence of extreme flood events, while this would not normally be economically viable, it is still 

good practice as the frequency of such events increases. At the very least the design of the culverts 

could ensure that excess flow can safely bypass the culvert without causing damage to property or 

infrastructure (Balkham et al, 2010). This can be achieved with the provisions of overland flow 

routes. Modelling of extreme flood events could also prove to be useful for future flood risk 

management planning. 

Investigations need to be carried out on whether riverine defences are adequate to protect crucial 

areas from the present-day worst-case scenario events. Riverine defences are maintained across 

main watercourses by the Environment Agency. Maintenance of existing defences is crucial, 

although there is limited reason to heighten them (Natural Resources Wales, 2016). Vulnerable 

areas lacking sufficient hard food defences should pursue more natural methods of reinforcing the 

embankments. Implementation of new hard engineering projects should generally be avoided, with 

exceptions to where they are necessary. The reason for this is due to the adverse effect they can 

sometimes have on mitigating the impacts of flooding through impacting the natural flow within 

watercourses. Other than that, they can prove to be very costly and environmentally damaging. 

Many projects have begun transitioning away from reliance on hard engineering solutions in favour 

of a balanced approach with green infrastructure (Alves et al, 2018; Kundzewicz et al, 2019). Funding 

should still be considered for the maintenance of existing structures (Environment Agency, 2010). 

Even areas where drainage is deemed to be effective, updated and improved methods should 

frequently be adjusted for changing hydrological conditions. The Pitt Review (2008) recommended a 

complete overhaul of existing drainage systems to adapt to changing conditions. Most management 

strategies (particularly hard engineering ones) will only be viable for a certain period before various 

factors such as changing environmental and climatic characteristics render them ineffective (Liu et 

al, 2018). Culverts and defences suitably adapted for 1 in 100-year flood events may find themselves 

under increased strain in 50 years, leading to an increased risk of surface water and riverine flooding 

(Hammond et al, 2013; Met Office, 2020). New and more efficient types of sustainable drainage 

systems should always be investigated. However, further implementation of management strategies 

should be careful to take factors such as the law, administration, existing policies, and welfare of the 

local people into account (Barbosa et al, 2012). A very real danger that must be avoided is the 

overdesign of flood mitigation strategies, which could come about due to preparation for a worst-

case scenario for climate change (Liu et al, 2018). While preparing for the worst-case scenario may 

seem preferable, it could serve as a significant drain on available resources, while smaller-scale 

solutions could prove to be more efficient and cost-effective. Unnecessary wastage of resources and 

funds would potentially cause issues for vital services, leading to a loss of confidence among the 

local population in the relevant authorities. 

6.4.3. Implementation of SuDS strategies. 
For more efficient management of surface water flooding to be carried out, priority needs to be 

given to specific management factors. These factors are dependent on the affected area and its 

geographic characteristics, such as the rapid riverine response to rainfall within the Rhondda 

(Environment Agency, 2010). For areas like this, strategies involving slowing the flow of surface 

water runoff must be considered (McAlinden, 2016). This will prevent increased strain on lower 

areas of the catchment where much of the important infrastructure is located. 

An important alternative to large-scale engineering projects in managing floods is through 

combinations of sustainable drainage systems (SuDS) and property-level protection measures 

(PLPM) to reduce future potential damages (Woods et al, 2015; Jenkins et al, 2017). These strategies 
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that assist in preventing the serious impacts from flooding include rainwater collection, increasing 

the infiltration rates around any properties, and proper maintenance of drainage systems. Mitigating 

the risk of surface water flooding in steep areas like the Rhondda Basin can be achieved by pursuing 

upper catchment attenuation areas to slow runoff rates (RCTCBC, 2018). This requires the 

implementation of detention basins and wetlands (Woods et al, 2015). SuDS strategies are 

encouraged by the Welsh Government to mitigate the impacts of surface water flooding within 

urban communities (Welsh Government, 2018). Case studies from areas such as the Scotchmans 

Creek Catchment in Australia indicate frequent smaller floods contribute to the overall flood risk of 

an area and implementing strategies can aid in reducing the annual expected damage (Jamali et al, 

2020). Greater attempts should be made by the local and regional authorities to encourage 

proactive behaviour. However, it cannot be expected that many would invest in these strategies out 

of their own pockets without incentives. 

Various mitigation methods utilised throughout the world could be implemented within the RCT 

County Borough, one of these being the increase in available greenspace implemented in strategies 

such as the ‘Sponge City’ (Chan et al, 2018). The introduction of further greenspaces could prove 

difficult within heavily urbanised areas such as Pontypridd, as significant amounts of greenspace 

have already been introduced, and finding additional space for more could prove troublesome. 

Finding additional options for water storage space within heavily urbanised environments would 

prove to be difficult (Abebe et al, 2018), particularly in areas like Pentre with a high building density. 

A solution to this would be to encourage the implementation of green roofs and permeable paving 

(Woods et al, 2015). Generally, there will be an ever-present uncertainty about the implementation 

and long-term performance of adaption and mitigation methods due to changes that could occur 

within the climate or over land use (Liu et al, 2018). 

6.5. Potential Future Impacts of Climate Change. 

6.5.1. The increasing severity of winter storms. 
Pressure is beginning to mount on local and regional authorities to take more immediate action 

regarding the advent of climate change. While Average UK rainfall has not changed much since the 

18th century, over the past 50 years heavy rainfall events during the winter have increased greatly 

(Environment Agency, 2018). Severe winter storms, as was seen during February of 2020, are to 

become much more common leading to a much greater desire to avoid the impacts seen during the 

Storm Dennis floods (DEFRA, 2018). This trend is evident as winter months during the previous 

decade (2011-2019) have been 4% wetter than 1981-2010 and 12% wetter than 1961-1990 (Kendon 

et al, 2020). Fortunately, worries that severe winter storms could become an annual issue have so 

far proven to be unlikely, however, these storms will probably occur at a greater frequency than in 

previous years. The Met Office has announced that extended periods of extreme winter rainfall are 

now seven times more likely because of climate change (Met Office, 2017). This issue, accompanied 

by a constant increase in population, will only serve to cause further flooding related problems.  

Efforts have been made by the relevant authorities to address the issue of climate change, however, 

the actions taken often differ greatly depending on the influence of the specific authority. Action is 

already being taken on a UK wide level, predominately regarding sea and riverine flooding. Most 

strategies involve combinations of traditional hard defences and sustainable drainage systems 

(Environment Agency, 2018). The more local RCTCBC is rather limited in what they can do to combat 

issues of future climate change and can only really focus their efforts on tackling the more 

immediate effects of localised flooding that may result from it. The RCTCBC state in their local 

development plan that proposals must reduce their expected CO2 emissions by 10% (RCTCBC, 2008). 

Their current plans and schemes for tackling potential future flooding events are laid out within their 
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review of the Storm Dennis floods (Bradshaw, 2020). Other communities such as Calderdale focus on 

increasing future resilience by encouraging proactive engagement between the public and relevant 

stakeholders (Calderdale Council, 2019). Taking on the broader issues of climate change falls into the 

responsibility of more regional and national governments and organisation. The primary groups in 

this effort are NRW as well as the Welsh Government in the Senedd. NRW has expressed the 

importance of this in their reviews of the 2020 February floods (NRW, 2020c). Steps can still be 

taken by local planners and residents such as the reusing of brown sites, recycling of collected 

rainwater, and acceptance of SuDS strategies (RCTCBC, 2008). 

6.5.2. Future sustainability of existing drainage systems. 
A significant question that is ever-present regards the suitability of the local drainage networks to 

handle an increase of high-volume rainfall events, as was seen during 2020. In theory, this should be 

the case, as the regular standard for RCTCBC approved culverts should be to handle a Q100+30-year 

event (Powell and Webb, 2012b). Assuming that all crucial culvert systems are kept up to this 

standard, then the likelihood of serious flooding due to their failure would be relatively low. 

However, it is unlikely that this is the case. As seen during the Brook Street, Aberaman flood in 2018 

even a partial blockage of a key culvert network can severely lessen its flow capacity, greatly 

increasing the likelihood of failure and subsequent flooding (Griffiths, 2019a). This, along with the 

widespread presence of undocumented or unregulated culverts indicates a potentially serious issue 

within the near future if this problem is not addressed soon. 

Furthermore, serious winter storm events are only expected to become more frequent due to 

climate change, leading to more opportunities for all types of flooding to occur (DEFRA, 2018). 

Despite previous annual rainfall totals not experiencing great change, the IPCC predicts that by 2100 

annual rainfall could see a 10% increase (Pachauri and Meyer, 2014). With this, it could be expected 

that the criteria for determining what could be classified as a 1 in 30 or 1 in 100-year flood event 

may end up changing as these events become more likely.  

6.5.3. The lack of a clear-cut solution. 
There is no simple solution to the problems besetting the RCT County Borough. For any high-quality 

decision to be made there needs to be a plentiful amount of time and an unbiased perspective into 

the matter (Barbosa et al, 2012). Furthermore, the implementation of new systems and services 

would likely prove to be costly and may draw resources away from overburdened existing systems 

(Priest et al, 2011b). Case studies from other locations should be studied in earnest to draw in a wide 

variety of ideas. This could include surrounding, similar areas such as Bridgend, or even distant and 

vastly different locations including major cities like Beijing. All case studies present some information 

that could be useful in some way. A large portion of the solution would be to ensure that both the 

authorities and community are proactive in mitigating the factors that cause surface water flooding, 

such as the maintenance of previously neglected culvert networks. A significant amount of trust 

would have to be placed in those who possess responsibility for such culvert networks. 

6.6. Chapter Summary. 
All relevant authorities are making significant progress towards managing the changing conditions of 

surface water flooding. There are many published documents and reports detailing actions that need 

to be taken regarding flood risk and climate change. There is a greater emphasis on the 

implementation of SuDS strategies and PLPM’s to reduce the rate of runoff from upper catchment 

areas and improving infiltration rates within the lower catchment. Furthermore, strategies involving 

the restriction of misinformation and improving the level of cooperation between departments 

should be encouraged. Reviews of the Storm Dennis floods highlight key shortcomings including the 
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need for improved volunteer networks and supply delivery, although reception towards the handling 

of the floods being positive overall. Management strategies adapted for a current 1 in a 100-year 

model will need to be rethought with more severe scenarios, as future climate change brings an 

increased frequency of winter storms. The June 17th floods already demonstrated that the current 

drainage networks are prone to failure under sudden, intense periods of precipitation. As such, the 

overall designs of many existing culverts may have to be rethought. Factors such as the hydraulic 

capacity and structural maintenance of the drainage networks must meet existing RCT standards at 

the very least, with events such as Storm Dennis being considered during the initial design of new 

culverts. Monitoring systems should be implemented around the most important culvert networks 

to ensure that debris and materials do not build up around the inlets and cause the culvert to fail.  
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Chapter 7 - Conclusion 

7.1. The Management and Mitigation of Flooding. 

7.1.1. Examination of RCT and the culvert networks. 
The general topography of the RCT County Borough consists mainly of steep-sided valleys, with most 

of the main watercourses present within the narrow sections of the lower catchment. This 

encourages surface water runoff, creating problems for the many culvert networks throughout RCT. 

Existing EA records indicate 1150 culvert inlets exist within RCT, however, observations using OS 

VectorMap have resulted in a number around three times greater at 3434 inlets. Existing culverts are 

designed to handle a Q100+30-year flood event, although there is little evidence to suggest whether 

this is the case. There are clear inconsistencies within culvert maintenance, regardless of the general 

location. Maintenance of smaller culverts is often poorer. Long-distance culverts may have serious 

problems with maintenance coordination, as agreements between multiple stakeholders would 

have to be made. Identification of culvert networks using maps can prove to be difficult, with field 

investigations being preferred regardless of difficulties in accessing the culvert inlets. Culvert 

removal is encouraged by RCTCBC policy; however, this is not possible for many of the cases. While 

open watercourses may be beneficial in many ways including ease of maintenance, removing 

culverts carelessly can impact the hydraulic characteristics of the rest of the watercourse, and create 

problems for existing infrastructure. The focus should be placed on maintaining, repairing, and 

recording existing culvert networks. Management strategies such as screens could be implemented 

to ensure easier maintenance of existing culverts, although reviews would have to be conducted to 

plan for any adverse consequences. Culvert maintenance could benefit from stricter policies 

regarding unlawful alterations or obstructions to the drainage networks. Eventually, a long-term 

project should be conducted to map and record all possible culvert networks within RCT, creating a 

log that can be used for future reference. 

7.1.2. Flood risk modelling, and the effect on culvert vulnerability. 
The extent of flooding present during Storm Dennis has not been seen since the 1979 Penywaun 

flood and is presented by existing worst-case scenario flood models (Natural Resources Wales, 

2020b). NRW flood maps show that around 5.17% of RCT is at risk of surface water flooding, and 

3.74% at risk from riverine flooding. While these values may seem low, it does represent a large 

proportion of the population. HEC-RAS simulations are shown to be similar to existing photographs 

of the Storm Dennis and June 17th floods. The HEC-RAS model is successful in simulating the flow of 

water around buildings and obstructions, however, improvements to the model can still be made, 

particularly surrounding the sudden changes in elevation. Additional data must be sought out to 

improve on factors such as expected flood depth. Uneven topography results in high volumes of 

surface runoff collecting within ordinary watercourses and lower catchment basins. Slope aspect is 

rather different between the Rhondda and Cynon basins, with the Rhondda basin being significantly 

steeper. This is unlike the impermeable land surface cover, which is rather similar between the two 

(13.48% for the Cynon basin, 11.48% for the Rhondda basin). Surface water flood risk is exacerbated 

by the relationship between steep topography and high-density urban areas. However, it seems that 

topography plays a more significant role in the occurrence of surface water flooding. Using this 

information, it was determined that culvert vulnerability is often highest around the perimeters of 

urban settlements where vegetational debris, lack of maintenance access, and potential litter 

increase the risk of blockages. Culvert importance mostly correlates with distance from the main 

river or watercourses. Any future plans must ensure that there is sufficient balance between slowing 

the rate of runoff and preventing surface water from pooling in unwanted areas. 
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7.1.3. Analysis of flood risk planning. 
Many documents and reports exist detailing actions to be taken regarding flood risk and climate 

change. More information regarding flooding extent and expected depth needs to be made widely 

available to the public via RCTCBC sources. PLPM’s should be sought out by those at risk, with a 

transition away from sandbags to more reliable forms of flood barriers. The spread of 

misinformation regarding flooding should be dealt with, as social media becomes more important in 

terms of communication. In addition to this, people should be made aware of the risks of sheltering 

in place, and greater psychosocial support and other resilience building mechanisms must be 

provided to those impacted by flooding. Coordination of strategies requires cooperation from all 

sectors of society, and relevant authorities. Accountability for mistakes made within management 

must be acknowledged to ensure that similar instances are not repeated.  

Existing drainage networks require maintenance and better records of past flooding events need to 

be collected for causation to be more easily identified. Information should be drawn from the key 

existing frameworks to see how they were affected by the 2020 floods. Using these a comprehensive 

assessment into the drainage networks can be made. Greater implementation of SuDS strategies 

must be encouraged at all stages of authority to reduce the risks of surface water flooding. Winter 

storms, as was seen with Storm Dennis are only expected to become more frequent in the future, so 

the time to adapt is becoming limited. Existing drainage was shown to have struggled with the June 

17th rainfall, so adaption is both imperative and immediate. Their original design may soon no 

longer be suitable. There is no clear or easy solution to this problem, but it still requires immediate 

action. 

7.2. Reflections and Limitations. 

7.2.1. Gaps within the data. 
More accurate results could likely be obtained with higher resolution lidar data, and further studies 

in pursuit of gathering and analysing this data are greatly encouraged. Work should also be 

conducted to fill in the gaps present within the existing data. While most of these gaps are high 

elevation areas with limited presence of settlements, they could still provide much-needed 

information to better understand the natural drainage processes in the RCT County Borough. With 

repeated winter storms, as experienced throughout February of 2020, complacency in the existing 

systems will only lead to future repeated flooding. As flood and climate conditions are predicted to 

worsen into the future, the RCT County Borough must adapt in kind to ensure that loss of life and 

serious damages are kept to a minimum. All collected data must be shared among relevant parties. 

The creation of a comprehensive culvert archive requires for all necessary data to be gathered, in 

this case under the RCTCBC, so that analysis of culvert information does not require frantic searching 

across multiple sources. This all requires strengthened cooperation between authorities and 

organisations, a factor that has been encouraged across multiple documents including the Flood and 

Water Management Act 2010. 

7.2.2. Field investigations of culverts. 
Further field investigations need to be conducted, when possible, to build an understanding of 

existing culvert locations and conditions. Detailed observations would require experienced teams 

and more sophisticated equipment to consider the potential hazards. For culverts that are present 

within difficult terrain, a proper risk assessment would need to be carried out an experienced teams 

deployed to investigate its characteristics. Better examination of culverts that lie within private 

property, with greater cooperation with the relevant riparian landowners will be important. If 
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groundwork within future is not hindered by further Covid-19 lockdowns, then it may be completely 

possible to greatly increase the number of culverts investigated for validation of their identification. 

7.2.3. Improvements to the flood model. 
While the produced HEC-RAS model served its purpose, it was clear that significant improvements 

could still be made. HEC-RAS struggles and becomes unstable when faced with sudden changes in 

data and during processing, so efforts need to be carried out to prevent model instability. Inputted 

Lidar data could be smoothed out in order to prevent simulated flow from being affected by short, 

steep changes in elevation. This should solve some of the unnatural appearances presented by 

precipitation simulations. A method does exist for this, involving the same terrain manipulation used 

to create structures within the model. However, this would be far too inefficient given how 

expansive the problem is. Surface water modelling could also be greatly improved with the 

additional implementation of the HEC-HMS software and should be mandatory for any future work 

on this topic. Other methods of improvement could be experimented with including the creation of 

channel networks along roadways to better simulate the movement of surface water along surfaces 

of this type, or to carve out culvert channels directly into the lidar data using a similar method as 

was used to construct buildings and obstructions within the model. While it is not certain that this 

would succeed, it would still be worth attempting to improve the accuracy of the model. 

7.2.4. Adjustments to the culvert vulnerability and importance index. 
While the index within this study did serve its purpose in identifying the general pattern of culvert 

vulnerability and importance within the Pentre community, multiple improvements could still be 

made to ensure a more reliable recording of culverts. Currently, numerous factors that would 

contribute to the vulnerability or importance of the culvert were not present within the index due to 

a lack of available data. It is hoped that with the analysis of additional documentation and more 

extensive groundwork can allow for the creation of a more reliable index and fill in much of the 

missing data. This could be achieved through the multi-criteria analysis of environmental and 

structural factors surrounding the identified culverts; however, care must be taken to ensure that 

the index is applicable across the entirety of RCT, and not exclusive to specific areas. Therefore 

broader, more general data on existing culverts should be sought out before more unique 

specifications such as the structural conditions of the interior of the culverts. 

7.2.5. Meeting the aims of the study. 
In a final reflection, most aspects of the aims for this study were achieved. This was demonstrated 

throughout chapters four, five, and six. The locations of various unidentified culverts were 

established and related to a growing risk from surface water flooding. This was used as justification 

for the eventual creation of an in-depth culvert archive and vulnerability index, which can be utilised 

during future flooding incidents and emergencies. However, there were also objectives within the 

original aims that proved to be out of reach for this study. Examples of this include the identification 

of who possesses responsibility for the maintenance for the culvert networks (only the broad issues 

could be established in chapters 4.3 and 4.4). Additionally, the scale of culvert authentication and 

development of the culvert vulnerability and importance index had to be reduced due to a lack of 

available culvert data and severe restrictions to potential groundwork. It is hoped that better 

conditions for future studies will allow for the accomplishment of more ambitious aims and the 

collection of more sophisticated culvert data. 

7.3. The Potential and Need for Further Study  
Further work should be carried out relating to this topic, not only within the RCT County Borough but 

also within the surrounding county boroughs such as Bridgend or Merthyr Tydfil. This is because the 
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issues of surface water vulnerability and management of culvert networks exist throughout the 

entirety of South Wales. Additionally, culvert data from these surrounding counties can allow for the 

creation of a more complete culvert archive across South Wales. What has been highlighted here is 

not necessarily a unique problem to the RCT County Borough, with limited attention being placed 

into the situations presented by hidden or unmanaged culvert networks. Pursuit of this could lead to 

the reduction of surface water flooding risk across a wider area. Frequent observation and 

maintenance of culvert networks can aid in preventing avoidable cases of surface water flooding. 

Over time it is important for a complete record of culvert networks for the RCT County Borough to 

be constructed, which would provide crucial information for future cases of surface water flooding. 

The completion of a comprehensive culvert archive will require a summary of the existing metadata 

including locations, conditions, and structural information across all available documents. In addition 

to this, a standard operating procedure for all identified culverts needs to be established, including 

factors such as frequency of maintenance as well as intentions for future developments or removal. 

It is likely these factors will depend on the assessed importance and vulnerability of each culvert, 

which will require further development and testing of an index that would be applicable to culverts 

across RCT and potentially South Wales.  
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