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Abstract

Keywords: urban hydrology, flooding, wetlands, attenuation, climate change

Worldwide urbanization and climate change are influential in changing precipitation patterns and
hydrological flow resulting in event driven urban flooding. The approach to flood protection has recently
shifted from engineered and technical solutions to more sustainable and integrated solutions, by
considering social, ecological and physical implications and exploring sustainable urban drainage
options. Attenuation of peak stormwater flow using natural wetlands is one of many sustainable urban
drainage methods used to reduce flooding and is an approach of interest for this research. The study
site is located within the small, urbanized river system of the Liesbeek River in Cape Town, South Africa,
which is prone to localized flooding during annual winter rainfall events. The study measures the
attenuation capacity of a small-scale wetland adjacent to an urban river using a 2D PCSWMM
hydrodynamic model. Research is focused on illustrating the attenuation capacity of this wetland. The
model ran historic flow data to determine the attenuation capacity and to measure peak flow reduction.
While the reduction is not sufficient to reduce damaging floods, the findings provide new knowledge
and understanding of the attenuation capacity of this wetland and motivation for expanding sustainable
urban drainage within the catchment. The study aims to build a baseline dataset for the research site
with the data available at present. Peak flow of the Liesbeek River was reduced in scenarios with the
Valkenberg Wetland present to accept on a portion of this flow. Attenuation was most effective for
rainfall events with sudden spikes in peak flow, where a 42 per cent reduction of peak flow was
observed. For a scenario with lower flow rates yet a prolonged peak flow rate, the wetland was less
effective, with a 20 per cent reduction observed. This wetland was found to have the potential to
provide valuable ecosystem services to the area by attenuating peak flow and thus reducing the

occurrence of property damaging flooding downstream.

5|Page



Acronyms and Abbreviations

2D
CHI
DEM
IPCC

m?/s

mm
PCSWMM
SUDS
SWMM
US EPA

Two dimensional

Computational Hydraulics International
Digital elevation model

Intergovernmental Panel on Climate Change
Kilometre

Kilometre squared

Metre

Metre squared

Meters cubed per second

Millimetre

Personal Computer Storm Water Management Model
Sustainable urban drainage systems

Storm Water Management Model

United States Environmental Protection Agency
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Introduction

1.1 Introduction to Research

Human pressures are prompting anthropogenic changes in the Earth System which are driving scientists
to suggest that humanity has entered a new geological epoch (Rockstrom et al. 2014). In the human-
dominated Anthropocene (Crutzen 2002), urbanization and thus urban flooding is now more than ever a
global issue, with climate change adding further stressors (Huong & Pathirana 2013). In the mid-20"
century urbanization and the management as well as establishment of infrastructure to deal with for
flood risk was assigned to civil engineers who created drainage systems capable of routing stormwater
runoff to receiving waters (Burns et al. 2012). Thus, during most storm events, runoff was discharged
directly into receiving waters with minimal or no attenuation or treatment (Burns et al. 2012), often
causing negative impacts downstream even though flooding impacts downstream were addressed. New
thinking and practice in sustainable urban drainage are now being aligned with efforts to build resilience
to future uncertainties caused by factors including population growth, urbanization and climate change

(Wong & Brown 2008).

The urban syndrome describes the observed ecological degradation of streams which drain urban land
(Walsh et al. 2005). Symptoms include a flashier hydrograph (the graph has sharp vertical jumps and
equally steep vertical lines, which likely means water falling within the watershed quickly makes its way
to rivers with little to no infiltration); elevated concentrations of contaminants and nutrients; altered
channel morphology; and reduced biotic richness with an increase in the dominance of tolerant species
(Walsh et al. 2005). Recently in many global cities, approaches to flood protection have shifted from
purely engineered and technical solutions to more natural and sustainable solutions, including the
social, physical, and ecological implications. It is no longer thought that purely technological solutions
are solely appropriate for dealing with stormwater and the need for a shift in focus on hydrological
systems (Montanari et al. 2013). Within urban areas, sustainable options can be limited due to space
and other constraints; however there are multiple possibilities, such as opportunities in utilizing small
depressions and wetlands in flood management (Javaheri & Babbar-Sebens 2014; Acreman & Holden

2013).

Attenuation of peak stormwater flow using natural wetlands is one of many sustainable urban drainage

methods used to reduce flooding and is an approach of interest for this research. This study utilizes 2D
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modelling to understand the performance of a particular seasonal wetland in attenuating peak flow of
an adjacent urban river, while exploring a shift in the way attenuation is perceived. Until recently, it was
assumed that precipitation was fairly predictable and stable (Rockstrém et al. 2014). This assumption of
a ‘stable supply side’ no longer exists in the Anthropocene (Rockstréom et al. 2014). The shifting climate
and increasingly variable storm events globally are a driving factor for the selection of this research
topic. While the scope of this study does not focus specifically on water quality, pollution remains a
major global challenge within water resources and many studies have explored how wetlands can aid in
improving water quality (Mander & Mitsch 2009; Mitsch et al. 2012; Imfeld et al. 2013; Keller et al.
2014;). Human activities more or less affect all river and groundwater systems, proving that water
resource management has itself entered the Anthropocene epoch (Meybeck 2003). The emerging
Anthropocene water agenda challenges previous steady state thinking and incremental change, and
require strategies which are capable of handling complexity, uncertainty and surprise (Scheffer et al.
2009). Climate change brings the possible effect of an increased focus on management and governance
responses to fluctuations in water dynamics and related impacts including flooding, drought and

changes in precipitation patterns (Kabat and van Schaik 2003).

This study investigates the catchment of the Liesbeek River, in which nearly half of the 2600 hectare
catchment area is urbanized with most of the remaining portion comprising of Table Mountain National
Park and Kirstenbosch National Botanical Gardens. The urban river system is located in Cape Town and is
prone to localized flooding during the winter season. The research focuses primarily on understanding
the attenuation capacity of a small-scale wetland. Modelling is used to determine the value of utilizing

this wetland to reduce the severity of flooding by attenuating peak flow.

1.2 Research Design

The focus of this study is to determine how a small-scale wetland performs in attenuating the peak flow
of an urban river. It investigates surface water flow from rainfall events which, due to topographic
features, most frequently occur in the upstream part of the catchment. Particular interest lies within
how wetlands within the catchment could be used to attenuate a portion of this flow in order to reduce
flood risk downstream. The primary research methods use historic hydrological data from the Liesbeek

catchment along with a 2D hydrologic modelling of the Valkenberg Wetland.
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The study examines literature on urban hydrology and flooding (Willems et al. 2012a; Chocat et al. 2007
Fletcher et al. 2014; Anguelovski et al. 2014); the ‘urban stream syndrome’ (Walsh et al. 2005); the use
of wetlands to attenuate peak flow (Nascimento et al. 2000; Walsh et al. 2005; Zhou et al. 2013; Zhou
2014; Willems et al. 2012a); hydrologic modelling (Willems et al. 2012a; Egger & Maurer 2015); and
future climate scenarios (Huong & Pathirana 2013; Semadeni-Davies et al. 2008; Zhou 2014; Schulze
2011; Ziervogel et al. 2014). The discussion of the literature focuses primarily on streamflow attenuation

following large precipitation events in urban areas, as this is the area of interest for the study site.

While urban flooding is often thought of from a purely engineering perspective, this study connects the
issue with the concurrent theme of the “urban stream syndrome” (Walsh et al. 2005), which explores
the historic degradation of urban waterways. The study addresses the urban river system as a whole
rather than merely treating the symptomatic flooding. Rockstrom et al. (2014) state that to transform to
the sustainable management and use of water and ecosystem services, passivity in both governance and
management structures and systems must be addressed. Transformation involves experimentation with
resilience-based approaches to integrated water resource management and ultimately a significant shift
in thought towards a new social-ecological water paradigm, where protection of water resources is in
support of human prosperity and within the safe operating space of a stable planet (Rockstrém et al.

2014).

The primary rational for this study lies in the routine occurrence of property damaging flood events
downstream of the research site. When an urban area is a ‘resilient’ urban system, major system
‘disturbances’ (such as floods, droughts and waterway health degradation) provide the potential for
opportunities for innovation and development (Wong & Brown 2008). In ‘vulnerable’ systems however,
even small disturbances (such as extended storm events), have a high likelihood of causing dramatic
social consequences (Adger 2006). Seasonal flooding during rain events is a reoccurring issue within this
particular study location. Flooding is caused by factors such as development within the river floodplain
and the use of conventional stormwater drainage design which swiftly carries stormwater away from
residential and commercial properties with little to no opportunity for flow to be slowed and adsorbed
into the ground. Folke (2006) explains that resilience is not just being persistent or robust to a
disturbance, it is also a reflection of how a system creates opportunities from the disturbance for
renewal and the pursuit of new trajectories. The urban system our study focuses on is seemingly not
‘resilient’ at present, as damaging floods are harming local business property and appear to be

increasing in occurrence in recent years. In an email on with local business owner, Nick Ferguson of The
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River Club (Ferguson 2015), it was stated that the area of Valkenberg Wetland along the Liesbeek River
experiences property damaging floods roughly every six and a half years (1999, 2004, 2012), however in
the past three years alone, there have been three damaging flood events (two events in 2012 and one in
2013)(Ferguson 2015). The pressures climate change add to this urban system in regards to flooding,
along with potential for increased urbanisation in this area, are both driving factors for the motivation of

this research.

1.3 Aim

This research aims to determine the attenuation capacity of a small-scale wetland to capture the peak
flow of an adjacent urban river during storm events and to contribute to a baseline understanding of the
research area. Specifically, the study will evaluate how a portion of peak flow from the Liesbeek River
can be attenuated within the Valkenberg Wetland, located in the Observatory neighbourhood within the

City of Cape Town.

The majority of existing research which examines the impacts of urban areas focuses attention on
correlations between in stream ecological metrics and percentage of catchment imperviousness (Walsh
et al. 2005). More recent studies are revealing that a portion of the variance in these correlations can be
explained by the distance between the reach of the stream and the area of urban land, or by the
efficiency of hydraulic stormwater drainage (Walsh et al. 2005). The Liesbeek catchment has an efficient
hydraulic stormwater drainage which is observed in above-average rainfall events cause peak flow rates
within the Liesbeek River to cause damaging floods (Raubenheimer 2013). Walsh et al. (2005) stress that
these patterns need further experimentation at the catchment scale to understand the mechanisms
behind them and to identify best management approaches for the conservation and restoration of

urban streams.

This study seeks to develop an approach and methodology to evaluate how a small-scale wetland
performs in attenuating peak flow of an urban river. It will be determined if and to what extent the
Valkenberg Wetland is capable of attenuating peak flow of the Liesbeek River and discuss future climate
influences. While reference data in relation to attenuation is not available, 2D modelling tools are used
to evaluate the attenuation capacity of the small-scale wetland. With this single example thoroughly

understood, it will be possible to determine the benefits of utilizing existing wetlands or constructing
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additional wetlands, along with other forms of sustainable urban drainage methods, throughout the

2600 hectare Liesbeek River catchment.

1.4 Study Site

The Valkenberg wetland is an urban
wetland with a surface area of 1.54
km? and is adjacent to the Liesbeek
River, separated from the river by an
elevated bank. Being an urban area,
the impermeability levels of the
catchment when compared to a rural
area lead to exaggerated peak flow
rates in the Liesbeek River following
storm events, as much of the

stormwater runoff is swiftly directed

away from urban areas and directly

into the river. During summer

Figure 1 Western facing view with the Valkenberg Wetland on the right, taken
29 August 2014. Photo credit: Monica Giermek

months, the wetland is dry and quickly becomes filled with invasive reed species.

Multiple factors were considered in the selection of the site. Historic flow data is available and there is

also social interest in the area by various community organizations such as Friends of the Liesbeek and

Figure 2 Study site location Map

those involved with Two Rivers Urban Park. (green
space between the Liesbeek and Black rivers).
Additionally, there has been recent discussion of
large-scale development (R15 billion) within this
area (WDC 2014). These conversations have led to
questions around the value of the Valkenberg
Wetland and its attenuation capacity during peak

flow events.
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2. Literature Review

2.1 Introduction to Literature

The twenty-first century has been labelled the century of cities and urbanization (Wong & Brown 2008).
New features of a swiftly emerging water agenda in the Anthropocene challenge, historic steady state
thinking and incremental change, calling for a shift to strategies which can handle complexity,
uncertainty and surprise (Scheffer et al. 2009). Urban populations are increasingly looking to establish
cities that are resilient to future uncertainties, specifically in urban water supplies (Wong & Brown
2008). Such resilience must be created in the face of uncertainty regarding the future magnitude and
frequency of extreme weather events (Ziervogel & Parnell 2014), an area of interest in this study as we
examine urban flooding. While cities are beginning to develop policies and plans to adapt to climate
change impacts (Ziervogel & Parnell 2014), change is slow, with many urban areas facing ongoing

investment in conventional approaches (Wong & Brown 2008), due to traditional planning and trends.

While South Africa produces ample water resource literature, the use of wetlands as a means of peak
flow attenuation appears to be a theme not yet published within a South African context and most
heavily published in North America and Western Europe (such as Javaheri & Babbar-Sebens 2014;
Acreman & Holden 2013). This gap of local research underlines the relevance of this specific study, and

as no local examples have been published, literature from several overseas examples will be discussed.

2.2 Urban Hydrology

Over the last century, cities worldwide have used combined sewer systems (transporting both urban
runoff and sewage in the same combined piped drainage system) and separate systems (parallel sewers
for storm and waste water), to reduce urban vulnerability to health risks. However these systems have
the potential to increase the vulnerability of cities to extreme events, in part due to a lack of
consideration to what occurs when precipitation exceeds design criteria (Willems et al. 2012a). As a
consequence, cities which have increased impervious areas must now cope with shorter response time
in urban catchments. These shorter response times enhance stormwater runoff volumes and velocities
beyond the capacity of existing drainage systems can lead to flooding and property damage. High-
intensity, short-duration precipitation events are the primary driver of urban flooding, as well as sewer
overflows (Willems et al. 2012a). Cities are becoming increasingly vulnerable to flooding due to rapid

urbanization, the construction of complex infrastructure, and changes in the precipitation patterns
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caused by anthropogenic climate change (Willems et al. 2012a). Costs associated with flooding in urban
areas are much larger than in rural areas due to the high concentration of values within cities,
translating to small floods potentially resulting in large damage (Freni et al. 2010), further underlying the
necessity of exploring sustainable urban drainage techniques within the urban catchment area of this

study.

Conventional drainage systems primarily have a single-objective orientated design, with the focus being
on controlling water quantity and thus also reducing exposure to health risks. The densely populated
catchment of the Liesbeek River is no exception; it too has been designed to swiftly move storm water
away from residential areas and directly into the river, quickly leading to spikes in peak flow rates. More
recent drainage designs around the globe are now incorporating other aspects in urban water
management, from runoff quality, visual amenity, recreational value, ecological protection and multiple
use water (Chocat et al. 2007; Echols 2007). Fortunately, there is now widespread acknowledgement of
the degrading impact urban stormwater runoff has on stream ecosystems, as well as the need to

mitigate these impacts using stormwater control measures (Fletcher et al. 2014).

Many urban water systems are particularly vulnerable to population growth and climate change
(Semadeni-Davies et al. 2008; Zhou et al. 2012), and it is expected that these trends will continue over
the coming decades (Willems et al. 2012a). Simultaneously, much of the developed regions of the world
are realizing the urgent need to incorporate sustainable approaches into their urban design and
planning processes (Willems et al. 2012a). In addition, the life span of urban drainage infrastructure are
is long, in the order of 50-100 years or more, making it sensible to include climate predictions whenever
assessing such infrastructure. With runoff and peak flows expected to rise due to climate change
altering the frequency and intensity of precipitation, drainage systems at present will likely not satisfy
the necessary service level in the future (Mailhot & Duchesne 2010), emphasizing the need for a swift

increase in diversified means of urban drainage methods.

Urban drainage systems are crucial for collecting and moving stormwater and wastewater away from
urban areas (Chocat et al. 2007). Conventional urban drainage and stormwater have been designed to
move rainfall runoff as quickly as possible, resulting in ‘end of pipe’ solutions which often have the
provision of large interceptor and sewers, large storage tanks located downstream, and centralised
wastewater treatment facilities (Abbott & Comino-Mateos 2001). Local governments are increasingly
recognising that the impacts of climate change on various urban sectors have been increasing in recent

years. The City of Cape Town recently (2014) appointed a Director of Climate Change, thereby publically
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acknowledging the importance of becoming a climate resilient city. This trend has many local
governments pursuing provisions for climate adaptation, with the aim of attaining preparedness
through reducing vulnerability and also enhancing the resilience of citizens, assets and municipal

operations (Anguelovski et al. 2014).

The Intergovernmental Panel on Climate Change (IPCC) reports that for the late 20" century, a
worldwide increase in the frequency of extreme rainfall events is most likely as a result of climate
change. The IPCC defines extremes as events which are relevant from a disaster risk management
perspective, for example, urban flooding disasters. Furthermore, the Panel has concluded that it is very
likely that this trend will continue throughout the 21°*" century (IPCC 2007). Climate change is expected
to affect the water cycle particularly due to the influence on precipitation patterns (Zhou et al. 2012;
Anguelovski et al. 2014) and anticipated changes of precipitation patterns must therefore be integrated
into the design of urban drainage in response to the increased risk levels of urban flooding due to
climate change (Zhou et al. 2012). Planning for climate change adaptation is one of the most
multifaceted and complex challenges which cities are facing at the moment and municipalities play a

central role in both the planning of and implementation (Anguelovski et al. 2014).

It is likely that there will be an increase of river runoff due to climate change; an increase of urban runoff
driven by impervious areas; and extreme rainfall due to urban growth-driven microclimatic change
(urban heat islands) (Huong & Pathirana 2013). The anticipation of climate change needs to be
incorporated into designs of urban drainage and in response to the increased level of risk in urban areas
(zhou et al. 2012). Fortunately, developments in South Africa such as the Water Services Act (Republic of
South Africa 1997) and the National Water Act (Republic of South Africa 1998) have created major
paradigm shifts in the management of national water resources (Schulze 2003). Such shifts are assisting
to pave the way for positive changes within water resources in South Africa. Stuart-Hill and Schulze
(2010) recommend that information and increasing knowledge regarding climate changes multifaceted
consequences on water resources must be integrated into decision-making processes. They state that a
‘business as usual’ approach to the management of water resources in the long term will not only be
costly, but also far from sustainable. This study aims to change the ‘business as usual’ approach within

the Liesbeek catchment, as sustainable urban drainage is explored.
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2.3 The Use of Wetlands for Water Attenuation

Wetlands provide a range of goods and services, and possess an assortment of attributes which are of
value to society (Barbier 1993). In southern Africa, many wetlands have disappeared or become
degraded as a result of increasing demands for both land and water (Lannas & Turpie 2009). Lannas and
Turpie (2009) argue that it is crucial that there is an understanding of the socioeconomic value of
wetlands when deciding between conservation and development priorities related to land use, as well
as the allocation of scarce water resources. Ecosystem services is a well-defined and active field of
scholarship that has gained a dedicated journal on the subject (Costanza & Kubiszewski 2012). In this
study, attenuation is a component of ecosystem services as the reduction of peak flow of the Liesbeek
River benefits local residents and businesses by decreasing the occurrence of property damaging floods.
With one of the most recent definitions of ecosystem services being that they are the direct and indirect
contributions of ecosystems to human well-being (TEEB 2010), attenuation which reduces damaging
floods is the primary ecosystem service which the Valkenberg wetland provides. This study will use the
TEEB 2010 definition when discussion ecosystem services. As there are many definitions of ecosystem
services, the definition is still discussed from various viewpoints and arguments from ecology to
economics (TEEB 2010). Lannas and Turpie (2009) recommend more studies be done within southern
African on wetlands which focus on developing tools designed to enable a rapid assessment of the value
of wetlands using key indicators and characteristics. The current study does not attempt to put a
monetary value on the Valkenberg Wetland as ecosystem services are not the primary theme, though
the study does recognize the need for an increase of wetland studies and aims to contribute towards

southern African wetland research.

Sustainable drainage systems are widely endorsed as an alternative to or a means to complement, a
traditional approach to address long-term sustainable designs (Larsen & Gujer 1997; United Nations
1992). Presently, there is an increasing trend towards more sustainable water management by triggering
natural behaviours and processes in the urban environment (Fryd et. al 2012). While the frequency of
hydrological impact studies of climate change has steadily increased in recent years, this work often
focuses on river discharge extremes and low flow risks (Willems et. al 2012b), frequently overlooking
many aspects of urban drainage such as the social and aesthetic implications. The occurrence of climate
change studies focusing on urban drainage impacts is still fairly limited (Willems et. al 2012b)

particularly in the realm of attenuation methods. This absence of literature and lack of previous case
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studies on the matter is one of the reasons why this study uses a modelling approach to improve the

understanding of wetland attenuation.

There is no single definition of a wetland, partly because of the diversity of environments which are
permanently or seasonally influenced by water, but also because of the specific requirements of the
diverse groups of people involved with the study and management of these habitats (Scholz 2006). The
Ramsar Convention helped draw global attention to wetlands in the early 1970s, and compiled the
widely recognized and cited definition of “wetlands are areas of marsh, fen, peatland or water, whether
natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt,
including areas of marine water, the depth of which at low tide does not exceed six meters” (Anon
1971). An additional, more concise and complementary version of the Ramsar definition emerged a
decade later, “Wetlands are a half-way world between terrestrial and aquatic ecosystems and exhibit
some of the characteristics of each” (Smith 1980). Both definitions place an emphasis on the ecological
importance of wetlands, but there is still no single accepted ecological based definition of wetlands

(Scholz 2006).

Nascimento et al. (2000), drawing on studies of urban stormwater detention basins from France and the
United Kingdom concluded that there may need to be a change in the basic design principles, operation
and management of such systems in a Brazilian context. This point is an important note as many
sustainable drainage designs in South Africa draw on international examples. The authors point out that
from the 1970s and onwards, the concept of complimentary or alternative solutions for urban drainage
began gaining traction in Europe and North America. Such solutions were aimed to compensate for the
effects of progressive urbanization on hydrological processes, without creating constraints on the
urbanization process (Nascimento et al. 2000). One of the first solutions implemented was flood storage
basins which permit a temporal redistribution and attenuation of peak flow up to a specified storm
design limit (Nascimento et al. 2000), a point which this study is specifically interested in exploring at the

chosen study site.

Municipal drainage systems have begun to shift towards sustainability and such techniques have also
gained interest from the public in recent years thanks largely to positive effects on water quality and
hydraulics, as well as a perceived increase of recreational amenities in urban landscapes (Zhou 2014).
The relatively recent coined concept of ‘artful rainwater design’ is a concept that is based on the
premise of stormwater management techniques focusing on non-point source pollution, water balance,

and small-storm hydrology that can be used to create designs which hold greater user satisfaction and
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perceived value than conventional means (Echols 2007). There is a noticeable trend in stormwater
management designs that expand beyond the traditional approach of merely controlling flow rates
(Echols 2007). Globally, sustainable drainage methods (often referred to by different terms in various
countries) have gained momentum and are becoming increasingly more discussed among municipalities
and the public sector. Shifts in public attitude and the use of a neighbourhood and its waterways are
likely to create tangible economic benefits such as real estate value increases, which if combined with
education will increase public awareness regarding the social and ecological advantages. These kinds of
initiatives are likely to increase and reinforce acceptance of sustainable urban drainage systems (SUDS)

by management authorities (Walsh et al. 2005).

SUDS have similar goals but vary slightly in specific objectives. In Western Europe, sustainable urban
drainage systems are primarily used with an emphasis on preserving public health, guarding valuable
water resources from pollution and conserving biological diversity and natural resources for future
needs (Butler & Parkinson 1997). In Australia these ideas are extended to designs that are implemented
at a catchment scale (Zhou 2014). Australians have primarily referred to sustainable urban drainage as a
planning and engineering approach to integrate urban water management in a sustainable manner into
urban landscapes, to reduce environmental harm and create harmony between water resources and the
urban environment (Roy et al. 2008). The United States and Canada take an approach to promote the
interaction of natural processes with the urban environment to maintain and recreate ecosystems for

water management (Coffman et. al 1998).

Case studies using infiltration trenches and detention ponds to mitigate flood risk under climate change
impacts have highlighted the enormous potential of detention basins in attenuating water runoff in
extreme events, as well as providing additional recreational amenities in the urban landscape (Zhou et
al. 2013). In spite of these positive findings, there are concerns about the actual operation and
maintenance of the detention ponds, including issues such as urban erosion, water pollution and a lack
of regulation measures. In addition, many studies have discussed the limitations of sustainable urban
drainage methods in response to the increasing hydrological and hydraulic loading under climate change
impacts (Holman-Dodds et al. 2003; Nascimento et al. 2000). Such techniques were found to impact
water flows, however water volume reduction has been quite limited in certain extreme events and also

sensitive to local conditions (size and duration of precipitation event, soil material and texture).

Even with advancing techniques and tools within urban water management, the implementation of

sustainable drainage remains a large hurdle in reality. Zhou (2014) states that while the models that are
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available for these systems have progressed over the years, such programs generally remain limited in
their mimicking of the natural responses of the devices from both quantity and quality perspectives.
Often practical applications of such methods underestimate their complexity and thus the performance
of the system is not satisfactory due to, for example, a lack of experience of sustainable urban drainage
operations and maintenance, ignorance of interaction with other bodies of water, and institutional
barriers towards these practices (Zhou 2014). A failure of there not being a management plan designed
or implemented has already been observed at a constructed small-scale wetland within the Liesbeek

catchment (Winter 2014), further underlying the intricacy and needs of these systems.

Sustainable urban drainage design incorporates multiple disciplines and multidimensional criteria (Fryd
et al. 2012), however it is common for specialists and professionals to focus and prioritize their own
fields in decision making processes (Brown & Farrelly 2009). Such oversights can result in subject-
specific techniques and solutions often being applied, which do not account for important impacts from
other disciplines (Zhou 2014). A challenge faced specifically by stream ecologists in furthering their
understanding of urban streams is to not only a failure to understand interactions between catchment
and stream processes, but to fail to integrate such work with social, economic and political drivers

within the urban system (Walsh et al. 2005).

Higher temperatures and longer dry spells associated with climate change may also affect landscape
based stormwater management systems (Willems et. al 2012b). Vegetated sustainable urban drainage
systems are engineered structures which are designed to capture and retain proportions of precipitation
in urban areas. Often such structures also have the benefits of enhancing social amenity through
greening of cities, reducing urban heat island effects as well as enhancing urban biodiversity (Willems et.
al 2012b). The Valkenberg Wetland is no exception, and a well-managed area may encourage public use

of the public open space.

2.4 Hydrological Modelling and Future Climates

This study is built on two initiatives. Firstly, historical data are unavailable for the Valkenberg Wetland,
and a model can simulate scenarios and assist in further understanding the hydrology of the site.
Secondly, as a widely acknowledged global issue, climate change is anticipated to impact urban water
systems in terms of changes in water runoff and urban flooding (Willems et. al 2012b). In situations

where urban drainage design relies only on observed precipitation data series, the uncertainties
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associated with current and future climate variability are neglected (Egger & Maurer 2015). When
modelling hydrologic systems, limited data and uncertain future climates can be overcome, to an extent,
through the opportunity of modelling multiple scenarios. Modelling is being used to understand the

performance of the Valkenberg Wetland in attenuating peak flow.

South Africa is situated in one of the regions of the world that is most vulnerable to climate variability
and change (IPCC 2007) and impacts on the South African water sector are therefore likely to be
significant (Schulze 2011). While the number of hydrological impact studies of climate change has
steadily increased in recent years, this work generally focuses on river discharge extremes and low flow
risks (Willems et. al 2012b). Climate change studies focusing on urban drainage impacts are still quite
limited, likely due in part to the need to focus on small urban catchment scales (generally a sale of 1-10
km?) and short duration precipitation extremes (generally less than one hour). These small characteristic
time scales of hydrological processes involved within urban areas are not supported by the majority of
future climate modelling work that focuses on global and regional scales. As a result, there is a lack of

sufficient literature (Willems et al. 2012b).

In South Africa, mean annual temperatures have increased by at least 1.5 times the observed global
average rate of 0.65°C in the last half century and extreme precipitation events have increased in
frequency (Ziervogel et al. 2014). Studies on the impact of climate change on the water resources sector
have begun to look beyond merely changes in stream flow to changes in the timing of flows and the
partitioning of stream flow into base flows and stream flows, reservoir yields, and extreme hydrological
events (Stuart-Hill & Schulze 2012). Complexities of climate change within the hydrological cycle,
impacts of land use and management, as well as the connections to society, health, and the economy
show far higher levels of complexity within the water resources sector than other sectors (Ziervogel et
al. 2014). Impacts due to climate change and urbanization have been widely recognized, which may
create a considerable rise in the frequency and intensity of urban flooding in many regions of the world
(Huong & Pathirana 2013; Semadeni-Davies et al. 2008; Zhou et al. 2012). In addition to environmental
concerns, Krebs and Larsen (1997) have noted increasing criticism on the limited abilities and flexibility
of traditional sewer systems to adapt to future climate variability as well as increased urbanization. Pahl-
Wostl (2007) mentions that current water management systems have not been designed to be flexible.
Specific to South Africa, the diversity and inequalities of the nation’s society make for a wide range of
potential vulnerabilities to projected climate change impacts with regard to water resources (Stuart-Hill

& Schulze 2010). With inherent uncertainties of climate models along with societal changes, water
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resource management now requires continuous updating of scientific and other information on impact
assessment, as well as socio-economic developments in order to prioritize adaptation actions
accordingly and avoid potential practices which can have negative impacts on other sectors or
neighbouring regions (Stuart-Hill & Schulze 2010). The water regulatory framework of South Africa
offers a uniquely flexible set-up to proactively adapt to climate change, with five-year review cycles
offering routine opportunities to reassess adaptation actions as well as general management

approaches and implementation (Stuart-Hill & Schulze 2010).

Researchers have shown that the expected increase in design intensities due to climate change can
reach 20 to 80 per cent, depending on the region (Willems et al. 2012a). Urban drainage systems
therefore are under severe capacity constraints in coping with the increasing amount of water due to
climate change impacts (Zhou 2014) in addition to growing populations and aging infrastructure. The
design of future drainage systems need to take the increased frequency and intensity of precipitation
events into consideration to decrease frequency of system overloading (Mailhot & Duchesne 2010;
Burrel et al. 2007). Urbanization exemplifies a critical influential factor to the quantity and quality of

urban water (Zhou 2014).

Conventional practice of urban drainage design involves long-term planning and design based on
historical meteorological observations and the assumption that such observations adequately represent
future meteorological conditions, but it is clear now that such an approach is no longer viable (Willems
et. al 2012b). Potential changes in climate and the associated consequences must be considered, as well
as additional drivers in society which threaten business as usual in the urban drainage community
(Willems et. al 2012b). It is anticipated that climate change will have significant impacts on precipitation
patterns (Zhou et al. 2012), something which adds an element of uncertainty within the location of this
study. It is anticipated that there will be an increase of river runoff due to climate change; increase of
urban runoff driven by imperviousness; and an enhancement of extreme rainfall due to urban growth-
driven microclimatic change (Huong & Pathirana 2013). The Fourth Assessment Report (AR4) of the IPCC
reports a global increase in the frequency of extreme precipitation events as a result of global warming
for the late 20" century. Based on climate model simulations with various future greenhouse gas
emission scenarios, the IPCC concluded that it is very likely (defined by more than 90% certainty) that
this trend will carry into the 21% century (IPCC 2007). It must also be noted that projected impacts of
climate change on urban drainage systems are uncertain not only due to the uncertainties of climate

projections, but also due to the uncertainties in the impact models (Willems et. al 2012b).

21| Page



Downscaled climate model predictions for extreme rainfall and the impact on urban drainage systems
show that climate change may create an increase of surcharging and flooding issues (Willems et. al
2012b). Impact indicators include runoff peak discharges and volumes, number of nodes surcharged or
flooded, number of properties flooded, duration of flood, economic loss due to flood damage, inflow to
wastewater treatment plants, and (in instances of combined systems) combined sewer overflow
volumes and frequencies, and their quantitative and qualitative impacts on receiving surface waters
(Willems et. al 2012b). In addition to scenarios of future precipitation extremes, impact analysis must
also factor scenarios of additional key variables of change over time such as intensity of urban
development, degree of imperviousness, and local management practices in order to improve urban

stormwater management (Willems et. al 2012b).

The performance of urban drainage systems is extremely sensitive to fluctuations in the water cycle,
especially precipitation extremes (Willems et al. 2012a). Downscaling of climate scenarios must be
transmitted through urban drainage models. This is generally accomplished by using the rainfall time
series derived from the climate model outputs as drainage model inputs. Upon simulating both the
series derived from the climate model control simulations (present climate) and the scenarios
simulations (future climate), changes within urban drainage systems can be examined (Willems et al.
2012a). Despite inherent uncertainties, future climate scenarios cannot be overlooked within present
urban hydrology studies. The literature reviewed for this study underlines the uncertainties of future
climates and the potential issues they may bring to urban areas, further underlining the need for

enhanced resilience within urban catchments.
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3 Context and Methodology

3.1 Introduction to Methodology

While evaluating how this small-scale wetland performs in attenuating peak flow of the Liesbeek River, a
combination of quantitative and qualitative approach was taken. Several flood events were selected
from a hydrometric gauging station data of Liesbeek River to be used in this study. These flood events
represent various types and magnitudes of flood discharge hydrographs. The selected events are
modelled using a 2D hydrodynamic model of the reach of Liesbeek River that includes the Valkenberg
Wetland. For each of the events the hydrodynamic model is used to simulate three scenarios. These
three scenarios represent an initially dry wetland; a wetland with initial water storage; and a
circumstance where the river is not connected to the wetland. Comparison of outflow hydrographs
under these scenarios allowed for assessment of the flood peak attenuating role of the wetland.
Deficiencies in data available to configure, calibrate and validate the hydrodynamic model have limited
the results as they cannot be analysed in a strictly quantitative sense, and are thus interpreted

qualitatively.

The ten largest by volume peak flows were examined from a single year (September 2012 through
August 2013) of historic hydrograph data. Three events were chosen for the modelling exercise. Firstly,
an event on 17 April 2013 when the flow of the Liesbeek River peaked at 37.74 m3/s was selected based
in its sheer volume and sharp peak, the highest on record for this one year data set. A second event
occurred on 28 August 2013 and this was chosen as it represented a prolonged event, with peak flow
around 15 m?/sand continuing for nearly eight hours. Lastly, an event on 15 September 2008 was
chosen to represent a comparatively smaller event. This event was the eighth highest peak flow from
the data set (13.79 m>/s) and was a short event, lasting less than two hours. This data are as input for a

2D hydrodynamic to highlight the potential attenuation capacity of the Valkenberg Wetland.

3.2 Data for the Study

3.2.1 Rainfall, Hydrograph and Groundwater Data

Secondary data was obtained for river flow and rainfall records. Ten year historic rainfall data from the
catchment was obtained from a University of Cape Town PhD candidate, Lloyd Fisher-Jeffes (Fisher-

Jeffes 2015). Flow data available for this study was generated from two gauging stations located on the
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Liesbeek River as well as historic rainfall data collected by the City of Cape Town. One of the stations,
located in the suburb of Claremont, is dysfunctional to the rate of the data being deemed unusable. The
second station, located in Mowbray and the closest to the wetland of interest, has provided useful data.
This data was collected and corrected to an extent by a current PhD candidate who is evaluating
rainwater harvesting potential within the Liesbeek catchment (Fisher-Jeffes 2015). As this data had
already been collected and corrected, it provided an ideal opportunity for an additional study within the
catchment. Limitations for this site include a lack of groundwater data and of any downstream data. In
addition, the gauging station used for the study has provided data that has been corrected by
eliminating outlying data likely due to mechanical error, however the accuracy of these corrections are

uncertain.

Precipitation could not be modelled in this study for two main reasons. Firstly, rainfall is ideally
modelled at the catchment scale (or at least sub-catchment level) and modelling this scale was not
appropriate because of the study is focused on a small scale wetland in the lower reaches of the
Liesbeek River. Delineation of the model was determined by the location of the hydrometric gauging

station where the flow data was obtained.

Reliable rainfall data for the catchment was also limited. There are two rainfall gauges with available
data within the catchment (Observatory and Kirstenbosch). These two gauges indicate a strong spatial
heterogeneity of rainfall, likely caused by proximity to Table Mountain. The Observatory rain gauge
(located closest to the wetland) receives roughly 600 mm/year, while the Kirstenbosch gauge, located
on the slopes of Table Mountain receives roughly 2000 mm/year (Fisher-Jeffes 2015). Had there been
both increased project scope as well as resources to create a model better equipped to run precipitation

data, this aspect would have been considered.

The three peak flow events which were modelled were some of the largest for 2013, but as seen in
Figure 3, all three were not out of the range of a one in one year precipitation event for this site. In the
case of the Observatory rain gauge, which is the closest to the study site, a one in ten year event is just
over 70 mm/day and a one in a hundred year is defined by just over 100 mm/day. The three dates
modelled were amongst the top six highest rainfall events for 2013. The largest rainfall event of the year
occurred in early November 2013 (CIP 2015) however this did not fall within the September 2012 to

September 2013 dataset used in this study (Figure 4).
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One year historic hydrological data from a station 0.75 km upstream from the Valkenberg Wetland was
also collected from the City of Cape Town and then corrected by Fisher-Jeffes (Fisher-Jeffes 2015). The
city’s hydrograph curve for this station only modelled for flows of 5 m?/s or more and was thought to be
outdated and not fully accurate. Fisher-Jeffes followed a process similar to which the city follows to
correct the data and made updated adjustments (assumed to be corrections) to the data by examining
outliers in the data, which were presumed to be inaccurate readings. These corrections are assumed to

provide increased accuracy for extreme peaks and low flows (Fisher-Jeffes 2015).

Groundwater data would have been helpful to this study to examine interactions with both the Liesbeek
and the Black River and thus the availability of any existing data was thoroughly explored. Unfortunately
after regular conversations with members of the Stormwater and Sustainability branch of the Transport
for Cape Town division which are responsible for capturing this type of data, it was determined that
groundwater data within or near the site location was not available. The primary contacts for inquiries
were Mr. Rod Arnold, Head of Stormwater Planning and Business development, and Mr. Justin Smit,
Professional Officer of Stormwater and Sustainability. In the absence of data from the municipality, the
researcher explored the potential to collect data from residents who had access to private boreholes.
Local businesses and homeowners in the vicinity of the Valkenberg Wetland were contacted via email.
Local residents were eager to help in response to this request, but again no data was found. While
groundwater would have been of interest for this study, as the surface and groundwater interactions

would tell much of the attenuation story this study aimed to tell. Due to the scope of this research,
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installing a groundwater monitoring well to collect primary data was not feasible. In addition, it is clear
that when groundwater reaches the level of the base of the wetland, it essentially acts a seal and
therefore groundwater levels are no longer required, as the wetland is at capacity. After exploring many
options to identify groundwater data, this element of hydrology was not included in the model and it

was decided to move forward with the data available.

3.2.2 Digital Elevation Models

Digital elevation models (DEM) and aerial photographs were sourced from the University of Cape Town’s
(UCT) Geographical Information System (GIS) Laboratory. Aerial photographs were extracted on
November 28, 2013 from the database. The dates of the DEM layer were unknown, though the GIS
Laboratory researchers believe they were created between 2005 and 2010 based on having earlier
versions prior to 2005 and knowing that it was not created within the past four years. The DEM was
likely created from multiple sources and it was not possible to identify an exact year for this data source.
The aerial photographs were useful when configuring the model and the DEM layer for creating the 2D

mesh layer for the creation of the 2D model.

3.3 Model Configuration

Modelling was the chosen tool for measuring the attenuation of the Valkenberg Wetland, based on
interest in calculating possible reduction of peak flow in the adjacent Liesbeek River. A 2D model was

chosen to explore various scenarios within the study site.

3.3.1 2D Modelling

Initially, the study utilized the Danish Hydrologic Institute’s (DHI) Mike Urban program for modelling.
After finding a lack of local workshops or technical support for the software, modelling methods were
re-evaluated. It was found that Computational Hydraulics International (CHI) offered a course on their
PCSWMM modelling program and after completion of a two day workshop; methods were adjusted to
utilize this program. PCSWMM has been a user-friendly and effective modelling program for this study,

with very helpful support staff for any technical questions.
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To analyse alternative attenuation abilities of the wetland, three scenarios were explored for each of the

three peak flow events examined within this study (17 April 2013; 28 August 2013; 15 September 2013).

Scenario A: Examining the flow of the river and its interactions with the wetland under dry season

(summer) conditions

Scenario B: Examining the flow of the river and its interactions with the wetland under saturated, rainy

season (winter) conditions

Scenario C: Examining the inflow and outflow (at a point in the river immediately downstream from the
wetland) levels of the river with no connection to the wetland, simulating these rates as if the area was

developed and there was no longer open green space to take on peak flow floods)

The rate at which the wetland can accept peak flow greatly varies between the dry summer and the wet
winter seasons. When a rainfall event occurs at the onset of the rainy season, there is no standing water
in the Valkenberg Wetland and the ground is not yet saturated. In this instance, scenario A, the water
table is low and the wetland has the greatest attenuation capacity. When the rainy season begins, the
ground becomes saturated, the water table rises, and water begins to pool in the area of depression
within the wetland. This saturated state was reflected within scenario B. Lastly, the study was interested
in exploring how the peak events would look when run through the model with no connection to the
Valkenberg Wetland. This scenario (scenario C) simulates how the Liesbeek River would handle peak
flow events with the Valkenberg Wetland being developed and thus not able to absorb a portion of peak
flow during large precipitation events. To overcome seasonal variance, ‘hot start’ files within PCSWMM
were created, which establishes pre-existing conditions. Hot start files are generally used to undertake
seasonal modelling, as models for different seasons use different parameters to represent seasonal

conditions (CHI Water 2015).

The three scenarios (A, B and C) for each of the three events (17 April 2013, 28 August 2013, 15
September 2013) were explored through the use of CHI's PCSWMM program, which has hydrologic,

hydraulic, and water quality capabilities, with this study utilizing the hydrological component (CHI Water
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2015). The 2D modelling option of the program was selected, as evaluating the overland flow with
obstructions and relief maps is explored. 2D surface flows can be from overbank flooding from rivers
and/or distributed rainfall. The 2D component of PCSWMM extends the dynamic 1D approach in
PCSWMM/EPA SWMMS5 to 2D free surface flow. Overland flows can be problematic for a 1D model
alone, as there can be many flow pathways both around and through obstructions, and overland flow
paths can be ill-defined and variable between flood events. PCSWMM is capable of providing accurate
2D modelling of flood depths, flows and velocities for urban areas, which this study utilizes for the

Valkenberg Wetland area.

3.3.2 Model Boundary Delineation

The 2-D hydrodynamic model was configured with the primary aim of understanding the attenuation
capabilities of the Valkenberg Wetland for the flood events generated within the Liesbeek catchment
upstream from the wetland. In that respect, fluvial (from upstream river discharge) flooding was of
much more interest than pluvial (i.e. combined local rainfall and upstream river discharge) flooding. The
model domain was therefore not delineated based on the extent of catchment or subcatchment
contributing to the inundation of the wetland, but rather on location of the upstream hydrometric
station and local knowledge of areal flooding during peak flow events. When approaching model
delineation for this study, it was decided that due to the close proximity of the Black River (0.5 km) to
the east of the Valkenberg Wetland, the model could be delineated between the Liesbeek River and the
Black River. The Stormwater and Sustainability branch of the Transport for Cape Town was contacted to

explore available data and it was discovered that there was no flow data for the Black River.
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With no flow data for the Black River,
combined with a lack of groundwater data,
it was decided that the Black River could not
in fact be used as a boundary. The eastern
boundary of the model domain was then
determined from contour lines and set at
the water divide between the two rivers

(Figure 4).

The southern boundary was delineated
based on the location of the Klipfontein
Road gauging station on the Liesbeek River,
which was the source of flow data for this
study. As there are no further
hydrodynamic stations downstream, the
northern boundary was delineated by the
Station Road Bridge, which is one of the last
geographical references before the Liesbeek
and Black River confluence. To the west, the
Figure 5 Area of Model as shown with contour lines western boundary was then delineated

based on the elevation of the roadway and

the line was drawn along the curvature of this road, running parallel to the river.

3.3.3 DEM and 2D Mesh

Aerial photographs were added into the 2D model, followed by a digital elevation model (DEM) to
display topographical features of the land at play. A bounding layer was then drawn to delineate the
study area, which defined the extent of the 2D model. The bounding layer for this study was drawn

using topographical and physical features of the site, as described in section 3.3.2.
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Once bounding layers were drawn and the DEM is

in place, a point grid was created for generating

2D nodes. The invert elevations of each node are

assigned the average bottom elevation within

each cell. Every node was connected to adjacent

nodes with rectangular open channels or 2D

conduits.2D nodes were provided with a small

surface area (typically 0.1 m% and the surface

area in each cell is assigned to the 2D conduits

connected to the node to preserve continuity.

Lengths and widths of conduits are adjusted by Figure 6 Visual of the 5 m hexagonal (land area) and 3 m

directional (Liesbeek River area) mesh created for the 2D

PCSWMM according to a specific ratio dependent yodel

on the number of links connected to the node,

and which was determined in a large number of tests to give expected wave speeds under a wide range

of scenarios. The program calculates depth averaged water velocity for each 2D cell by considering the

vector sum of the velocities of links that have flow leaving the cell. For the mesh resolution, PCSWMM

LOW ELEVATION HIGH ELEVATION

Figure 7 2D cells rendered to show
elevation of model area

recommends that a 2D mesh should only be as fine as necessary
to reduce model run time. For the river bounding layer, a higher
resolution of a 3 metre directional mesh is created to simulate
flow and an edge definition was utilized which signals abrupt
elevation changes, further defining the river. A 2D hexagonal
mesh was generated at a 5 metre resolution for the land area.
With the river being relatively narrow (three to five metres wide
at narrow sections), the higher resolution was chosen for the river
section, while leaving the resolution lower throughout the land

area.

For post-run analysis, PCSWMM can thematically render the 2D
velocity (Figure 6). Animated 2D simulation results, complete with
velocity vectors, were also available and were helpful in

interpreting simulation runs for this study.
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3.3.4 Roughness Coefficient and Infiltration Equation

The empirical Manning’s formula (Manning 1891) was used for estimating the average velocity of water

flowing in a conduit with does not completely enclose the fluid, such as an open channel.

Manning’s formula (Manning 1891):
Q=VA= Lﬂjg}{_ﬁ
1

Where:

Q = Flow Rate, (m?/s)

v = Velocity, (m/s)

A = Flow Area, (m?)

n = Manning’s Roughness Coefficient
R = Hydraulic Radius, (m)

S = Channel Slope, (m/m)

Manning’s coefficient (u) ranges from 0.013 for an asphalt lined channel, to 0.100 for an irregular
natural channel with pools. For this model, Manning’s n value of 0.120 was used for the concrete lined
portion of the Liesbeek River, and 0.060 for the natural stretch of the river. For the overland area of the

model, an n value of 0.24 was used, which is a typical value for grassy areas (Manning 1891).

The infiltration rate of any site is the rate at which soil is able to absorb water and is measured in
millimetres per hour. This rate decreases as the soil becomes saturated and at the point of fully
saturated soil, runoff will occur, or in the instance of a topographical depression such as the Valkenberg
Wetland, ponding will begin. The 2D model for this study utilized Horton’s equation (Horton 1933). The
parameters used were: maximum infiltration rate of 3 (rate for loam soil); a minimum infiltration rate of
0.5 (equivalent to the saturated hydraulic conductivity); decay constant of 4; drying time of 7 (number of

days for fully saturated soil to dry completely); and maximum infiltration rate of 0.

Horton’s Equation (Horton 1933):

Where

fi = Infiltration rate at time t

f'D = Initial infiltration rate or maximum infiltration rate
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fc = Constant or equilibrium infiltration rate after the soil has been saturated or minimum

infiltration rate

k= Decay constant specific to the soil

3.3.5 Selection of Modelled Events

This study evaluated the peak flow rates of the Liesbeek River from September 2012 through September
2013 (data set dates selected based on the availability of flow data for this period), as measured at the
Klipfontein Road hydrodynamic gauging station and then corrected by PhD student, Lloyd Fisher-Jeffes
(2015). The top ten peak flow rates were identified from the available 13 month data set and then
evaluated for key interests points, such as highest peak flow rate and longest duration of peak flow. The
three events which were of particular interest after having graphed the flow rate (m>/s) versus time (24
hour day) were the 17 April 2013, 28 August 2013, and 15 September 2013events. The peak flow rate of
37.78 m*/s on 17 April was the largest flow volume for a single 24 hour day during the one year data set
(Figure 8). The duration of a high flow rate was found to be the longest on 28 August, with a peak flow
that illustrated a sudden increase of flow rate which then plateaued and remained for nearly 8 hours
until decreasing to a pre-storm event level (Figure 9).Lastly, the eighth largest peak flow event for this
data set was on 15 September 2013 and was chosen based on its comparatively lower, yet pronounced
peak flow curve, which illustrated a rapid increase of flow to the Liesbeek River which quickly decreased

(Figure 10).
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Figure 8Hydrometric gauging station data for 17 April 2013
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Figure 9 Hydrometric gauging station data for 28 August 2013
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15 September 2013
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Figure 10 Hydrometric gauging station data for 15 September 2013

3.3.6 Model Calibration and Validation

When modelling a hydrological system, the performance of the model is generally evaluated by
comparing the model results against data which has been independently derived from either
experiments or observations of the system. To validate the model configured for this study,
observations such as a downstream hydrodynamic gauging station or water level monitoring within the
wetland would be necessary, which unfortunately were not available at this time. To calibrate the
model, the study would require a known input and known output. As there is no available data for
downstream of the wetland, a strict quantitative calibration was also not possible. This study produced a
model which has been configured with the best available data, but cannot be used in quantitative
assessment due to data limitations. Establishing monitoring within the wetland and enhancement of
monitoring within the catchment would be beneficial for future work. Additionally, an approach either
including or focusing on historic flooding photographs could be taken, however this approach was not
chosen for this study as it was decided to remain strictly to numerical data. As the limitations of model

validation are recognized, this study limits conclusions to general understandings of the wetland to
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qualitatively illustrate the potential of the wetland, or rather wetlands of similar type, in reducing peak

flow of flooding events.

3.4 Limitations

Models are an approximation of reality and are not capable of accurately representing exact natural
systems. Modelling of the Valkenberg Wetland system was configured as best as possible with the data
available, and by doing so, the study was able to evaluate the performance of the wetland in attenuating

peak flow and assist in the creation of a baseline study.

Understanding the hydraulics of the river is not as clear as other rivers which are better monitored.
There are only two hydrometric gauging stations upstream from the study location; one of which does
not function properly and the other is also not ideally placed to pick up low flows, and there are no
gauging stations downstream. This limited data has however been collected from the City of Cape Town

and then corrected by a PhD student at UCT, Lloyd Fisher-Jeffes (2015), adding to its usefulness.

There were three major areas of interest where data are either absent or limited. Firstly, there were
intentions to use groundwater data to examine interactions between the Liesbeek River, the Valkenberg
Wetland, and the nearby Black River with the groundwater table. After consulting with the City of Cape
Town, a local business in the area (The Wild Fig Restaurant), it became clear there was no groundwater
data for the area. Secondly, this study required flow data from the nearby Black River. The Black River
flows parallel to the Liesbeek River at the point of the Valkenberg Wetland, only 700 m to the east. The
City of Cape Town’s Stormwater and Sustainability Branch were contacted and it was confirmed that the
Black River did not have any gauging stations. Thirdly, it would have been ideal to have a downstream
gauging station in order to further understand downstream flood events as well as assist with model

validation and calibration.

Regarding rainfall, after evaluating multiple factors, it was determined that rainfall data would not be
modelled within this study. This decision was made for two main reasons. Firstly, rainfall is ideally
modelled at the catchment scale (or at least subcatchment level) and modelling at such a scale was not
within the scope of the project. Delineation of this model was decided by the location of the
hydrodynamic gauging station where the flow data was sourced, and then the parameters were chosen

by observed areas which flood during peak flow events, as described in greater detail in section 3.3.2
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which discusses model delineation. In addition to model scope, reliable rainfall data for the catchment

was lacking.

While some aspects of historical data was lacking, this study aims to build a baseline dataset of the
attenuation capacity for the site and provide insight on urban drainage in a South African context which

future studies can build from and expand on.
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4 Results and Discussion

This study found that the Valkenberg Wetland could potentially delay peak flow rates of the Liesbeek
River. The attenuation capacity of the wetland and the ability for it to reduce peak flow of the Liesbeek
River varied depending on the characteristics of the rain event, as well as the seasonal conditions (less
attenuation possible during saturated winter months, more so in the early spring when the ground is not
yet saturated) modelled as seen in the rainfall events and scenarios outlined in the following sub
sections. The reduction of flow can be seen as ‘peak flow clipping.” For flashy floods where the flow rate
increases and then decreases over a short period of time, the wetland performed most effectively in
reducing peak flows. This was observed most prominently for the 17 April 2013 and 15 September 2013
events. With prolonged periods of steady rain, such as the 28 August 2013 events, the wetland

contributed to peak flow reduction at a lesser extent.

Further exploration within the entire catchment could lead to other features (bridges, weirs, etc.) which
could influence peak flow rates. Due to the scope of this project, catchment scale evaluation was not

further examined.

4.1.1 17 April 2013 Peak Flow Event

The rainfall event of 17 April 2013 (24.8 mm) (CIP 2015) led to the largest peak flow rate recorded (37.78
m?>/s) within the September 2012 through September 2013 data set this study used. There were reports
of flooding around the City of Cape Town as a cold front arrived, bringing heavy rains across the entire

peninsula (Loggenberg 2013).

For scenario A (Appendix A) (dry, summer conditions) where the wetland was fully connected to the
river, the wetland assisted in reducing the peak flow from 37.78 m>/s to 22.24 m*/s and delayed the
outflow peak by approximately one hour. This 42% reduction of flow would be beneficial to downstream
properties which historically experience damage during high peak flow events. The outflow hydrograph
is, however, extended in time, with higher flows observed at the end of the simulation. This reflects

drainage of water from the wetland storage back to the river.

In scenario B (Appendix B) (wet, winter conditions) where the wetland was fully connected to the river,
but partially filled prior to the flood event, peak flow was reduced by 21.77 m*/s. This 42% reduction of
flow generates only slightly different response in terms of outflow hydrograph than that of scenario A.

The water level fluctuations in the wetland, however, behave differently than in scenario A. In this
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scenario B, they indicate that during the time prior to the flood, the wetland was still draining to the
river and that the peak water level in the wetland was approximately 8 cm higher than that under

scenario A.

Scenario C (Appendix C), where the wetland is not connected to the river, generates outflow peak that is
slightly delayed (approximately one hour) and lower by 3.47 m*/s with respect to inflow peak. The lack
of response of water levels in the wetland confirms that there was no flow between the river and the
wetland in this scenario. This shows that for this event, water did not reach a flow rate high enough to
leave the river banks and enter the wetland. Reduction in this scenario is likely caused to small spillage
during low bank areas of the river as well as absorption in pervious portions of the river. For a rain event
such as this, scenario C highlights what potential development would do to downstream flooding and
underlines the ecosystem services the Valkenberg Wetland provides for the area, as observed in

scenario A and scenario B.

Figure 11 Flow scenarios for 17 April 2013
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Table 1 Scenario comparison for 17 April 2013

17 April 2013
[peak inflow: 37.78m?3s]

Peak outflow (m3/s) Flow reduction (m3/s)
(%)
Scenario A 22.24 15.54
(dry/summer) (42)
Scenario B 21.77 16.01
(saturated/winter) (42)
ScenarioC 34.31 3.47
(no connection to wetland) (9)

Depth within the wetland varied by scenario, but did not reach capacity (completely fill with water) in
any of the scenarios, based on the peaking observed in scenario A and scenario B. Had the wetland
reached capacity, flow depths would have reached a constant and a maximum value (Figure 12).
Scenario B highlighted how the wetland performs when there are consecutive large rainfall events one
day after the other. With the flow data from 17 April 2013, the wetland begins to drain before the next
peak flow event arrives 24 hours later. Had groundwater data been available to include within the
model, this simulation may have produced different results by reflecting ground saturation more
explicitly. For example, if the ground had been saturated, scenarios would have taken on less water
within the wetland. Scenario C has no depth observed, as this scenario was run with no connection to

the wetland.
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Figure 12 Depth of water attenuated by the Valkenberg Wetland on 17 April 2013

4.1.2 28 August 2013 Peak Flow Event

On 28 August 2013, 38.3 mm/day of rainfall fell at the Observatory rainfall station within a 24 hour
period(CIP 2015). It is likely that the rainfall was significantly more intense upstream within the
catchment, as that is characteristic of this catchment. This was the third highest peak flow event from
the September 2012 through September 2013 data set this study used and of particular interest due to
the longevity of the peak flow. This event consisted of approximately eight hours of constant flow rate
which began just after 9:00 and continued until nearly 18:00. In this instance, unlike that of the 17 April
2013 event, the Valkenberg Wetland did not make a significant impact on the magnitude of peak flow.
Attenuation by the wetland did appear to remove the initial peaks from the event, and cause a delay in
the flow by about thirty minutes; however the overall effect was much less pronounced than in the

other analysed events.

The dry, summer conditions of scenario A (Appendix D) showed that the wetland reduced peak flow
from 19.16 m®/s to 15.42 m>/s, a 20% decrease. Scenario B (Appendix E) (wet, winter conditions) saw
nearly identical results as scenario A, with the peak flow being reduced to 15.41 m*/s as the wetland
attenuated 20% of the flow. A 4% reduction of peak flow was shown in scenario C (Appendix F), with
that portion being lost only within the channel of the Liesbeek River, as this scenario is not connected to

the wetland.
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Once again, as observed in the 17 April 2013 scenarios, both scenario A and B are nearly identical. An
understanding of the ground water-surface water interactions would have been beneficial when
simulating these two scenarios, as it may have revealed further information on the attenuation capacity

when the soil is at full saturation.

Regarding depth within the 28 August 2013 scenarios, both scenario A and B are nearly identical, with A
being less than 0.1 m lower than B (Figure 14). The depths of the wetland decrease quite quickly after
therain event, as seen in scenario B where the pre-existing conditions were saturated. No depth level

was observed with scenario C, as this scenario was run with no connection to the wetland.

Figure 13 Flow scenarios for 28 August 2013
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Figure 14 Water depth within the Valkenberg Wetland on 28 August 2013

Table 2 Scenario comparison for 28 August 2013

28 August 2013
[peak inflow: 19.16m3s]

Peak outflow (m3/s) Flow reduction (m3/s)

(%)

Scenario A 15.42 3.74
(dry/summer) (20)
Scenario B 15.41 3.75
(saturated/winter) (20)
Scenario C 18.44 0.72

(no connection to wetland) (4)

4.1.3 15 September 2013 Peak Flow Event

The rainfall event on 15 September 2013 brought 6.8 mm/day (CIP 2015) to the Valkenberg Wetland
area, though again this is likely to have varied throughout the catchment and have been more intense
upstream. A peak flow of the Liesbeek River was recorded at 13.79 m>/s at just before 11:00. The event
was the eighth highest peak flow event within the September 2012 through September 2013 data set

used. This event was chosen to represent a short event of smaller magnitude.
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Scenario A (Appendix G) displayed a flow reduction of 42 per cent with the dry, summer conditions. As
seen in the 17 April 2013 and 28 August 2013 events, again the saturated winter conditions of scenario B
(Appendix H) were similar, with B reducing the flow rate by 41 per cent, just 1 per cent less than that of
the dry conditions of scenario A. Scenario C (Appendix 1) reduced the peak flow by 22%, the largest
percentage of the three dates modelled, due to the relatively lower peak flow rate for this 15 September
2013 event and therefore a larger percentage, though not a larger volume, was able to be adsorbed
within the banks of the channel. Scenario A and scenario B demonstrated the ability to reduce localised

flooding, as peak flow was reduced by 42 and 41 per cent, respectively.

Figure 15 Flow scenarios for 15 September 2013
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Table 3 Scenario comparison for 15 September 2013

15 September 2013
[peak inflow: 13.79m3s]

Peak flow (m3/s) Flow reduction (m3/s)
(%)
Scenario A 8.12 5.67
(dry/summer) (42)
Scenario B 8.15 5.64
(saturated/winter) (41)
ScenarioC 10.76 3.03
(no connection to wetland) (22)

Depth for scenario A was at zero up until nearly 11:00, when the peak flow event arrived, at which point
the depth increased from 0.0 to 0.1 m (Figure 16). Scenario B remained ponded initially and then also
increased as the peak flow arrived just before 11:00. The depth for both A and B begin decreasing within

an hour of the peak flow event, where the wetland begins emptying.

Figure 16Depth of water attenuated by the Valkenberg Wetland on 15 September 2013
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5 Conclusion and Recommendations

5.1 Conclusion of Study

This research explored urban flooding in the Liesbeek catchment, specifically in the area of the

Valkenberg Wetland, where the ability to reduce peak flow by attenuation has been observed.

The results of all three simulated events indicate that the Valkenberg Wetland plays a significant role in
reducing flood events of short duration, and various magnitudes, but is less effective for reducing events
that are of longer duration. This is likely an effect resulting from the relatively small storage capacity of
the wetland. Once this storage is full, the influence of the wetland on downstream flow is limited. This
conclusion is relatively robust with regards to quality of the available data, as it largely depends on the
relationship between the volume of the wetland’s depression, and the typical flow volumes of the

Liesbeek flow, which are elements this model appears to capture well.

The influence of the residual storage on the flood attenuating capacity of the wetland is limited. It
seems that the natural dynamics of water flow between the wetland and the river is enough to maintain
the flood attenuation capacity considering the diurnal cyclicity and time scale of events observed in the
Liesbeek river (i.e. events lasting between 2 and 5 hours, occurring at approximately 24 hour intervals.
This suggests that no special management of the wetland water levels, such as draining after peak flow
events, is required. This finding is however strongly conditional on the configuration of the model,
particularly topography of the wetland and elevation of river banks, which, as we describe in the
limitations section, was not well captured by the available DEM. It is therefore recommended that this

conclusion is verified with further research.

Open spaces such as the Valkenberg Wetland are beneficial in many ways, including providing
ecosystem services by taking on peak flow that would otherwise have the potential to cause property
damage (by naturally attenuating peak flow rates, the wetland can potentially reduce damage to
properties). If the area were to be developed, the loss of the open space of the wetland has the
potential cause downstream residents and businesses property damage. While this study does not focus
on the biological aspects of the study site, there are inherent benefits for flora and fauna by preserving
the natural space. The found benefits of using the wetland to attenuate peak flow and thus reduce

downstream flooding underlines the benefit of the ecosystem services the wetland provides.
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Based on the results of the modelling carried out in this study, peak flow of the Liesbeek River was
reduced in scenarios with the Valkenberg Wetland present to accept on a portion of this flow. While this
reduction is not significant enough to eliminate flooding as a whole, likely due to the small volume of
the wetland compared to the flow volumes in the typical events, the ability of the wetland to accept
part of stream flow appears to be able to reduce the severity of flood events downstream from the
wetland. Through modelling, the study provided an example of wetland functionality that could
potentially be replicated throughout the studied catchment (and also in other similar catchments),
creating potential for the entire combined system to significantly reduce peak flow of storm events and

thus reduce risk of and property damaging flooding.

In addition, this study highlighted that the depth of the wetland increases with peak flow as overland
flooding occurs. The modelled draining of the wetland following peak flow occurred within 12 hours for
all three peak flow events, leaving the wetland to return to a pre-peak flow event level. It is noted that
this may differ with an improved model which includes ground water data, which would highlight the
ground water-surface water interactions. It is also likely to differ for higher intensity rainfall events,

which the 13 month data set did not include.

By discussing the urbanization of rivers in Cape Town and addressing urban flooding aspects with
hydrological modelling, this study addressed a gap previously found in the literature. Attenuation within
this urban wetland appears to have positive downstream implications by reducing peak flow of the

Liesbeek River and thus decreasing the severity of property damaging flooding.

5.2 Recommendations for Further Studies

As a shortage of available data kept the study from calibrating and validating the model, the conclusions
of this study are highlighted as a general understanding of the wetland to illustrate the potential role the
Valkenberg Wetland plays in reducing peak flow flooding events. A fully comprehensive model would
have included groundwater inputs and hydrograph readings from downstream of the wetland, as well as
flow data from the nearby Black River. Due to data limitations which imposed restrictions on modelling,
the study designed a model that could best represent the area of interest with the data available at

present to establish a baseline study for the Valkenberg Wetland area.

Future research would be beneficial in terms of determining Black River flow rates and groundwater —

surface water interactions within the Valkenberg Wetland. This data would assist in further
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understanding the attenuation of the wetland and could contribute towards a more inclusive model of
the wetland and river interactions. In addition to expanding hydrologic data, the mapping of existing
wetlands and potential areas for constructed sustainable urban drainage techniques would be beneficial

for evaluating the extent to which a larger system of attenuation methods could reduce peak flow

resulting from intense rainfall.
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Appendix

The following illustrations show the three scenarios (A, B, and C) for the three peak flow rate events which were modelled.
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Appendix A 17 April 2013 maximum depths, scenario A
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Appendix B 17 April 2013 maximum depths for scenario B
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Appendix C 17 April 2013 maximum depths for scenario C
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Appendix D 28 August 2013 maximum depths, scenario A
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Appendix E28 August 2013 maximum depths, scenario B
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Appendix F28 August 2013 maximum depths, scenario C
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Appendix GAppendix G 15 September 2013 maximum depths, scenario A
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Appendix HFigure 23 15 September 2013 maximum depths, scenario B
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Appendix IFigure 24 15 September 2013 maximum depths, scenario C
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