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Abstract

Stormwater provides a direct link between urban infrastructure and the urbanised natural
environment. In particular, highway drainage presents a high risk of pollution when compared to
other urban land use areas (Ellis et al., 2012); introducing heavy metals, suspended solids and
hydrocarbons to urban waterways.

This research investigated runoff from the R300 highway, located in the greater Cape Town
area. The City of Cape Town Management of Urban Stormwater Impacts Policy requires the
treatment and attenuation of stormwater from developments within the city, and proposes
Sustainable Drainage Systems (SuDS) as a means to achieve this (CSRM, 2009b). SuDS are
structural and process controls that attenuate surface drainage, improve runoff water quality,
provide amenity and deliver ecosystem services. This study characterized the R300 runoff
through a sampling program and modelling exercise in order to provide an indication of the
ability of SuDS to manage highway runoff in South Africa.

Sediment and runoff samples were collected from the road surface and an undeveloped
parcel of land adjacent to the highway. The sampling results showed that heavy metals,
suspended solids and phosphorus are present in significantly greater concentrations in road runoff
compared to rainwater from the same area. The concentration of aluminium, copper, lead, zinc
and phosphorus exceed the Department of Water and Sanitation’s water quality guidelines for
aquatic ecosystems in excess of 1000%. The concentration of heavy metals, phosphorus and fats,
oils and greases was significantly greater in road sediment compared to sediment from the
surrounding area. Barring copper, all contaminant concentrations in the road surface sediment
are less than the maximum concentration required to protect ecosystem health.

The R300 rainfall-runoff response was modelled in PCSWMM to evaluate the performance
of SuDS such as infiltration trenches, bioretention areas and swales for managing highway runoff
in terms of quantity and quality. The modelling exercise showed SuDS to be a viable means to
attain the City of Cape Town’s stormwater objectives, provided that SuDS are implemented in
treatment trains along the entire road length.
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1. Introduction
1.1 Background

The approach to urban water management in South Africa is changing due to an increase in
environmental awareness and in response to the additional burden placed on water services by
rapid urbanisation (Carden et al., 2009). Water Sensitive Design (WSD) is an approach that
integrates the urban water cycle into urban design to develop adaptive systems that prioritise
water management alongside traditional infrastructure (Ward et al., 2012). Stormwater is an
important link in the urban water cycle that forms a connection between urban infrastructure and
the urbanised natural environment. Preserving waterways is a key mechanism to create liveable
space and to provide ecosystem services in the urban environment.

Highway drainage is a significant source of pollution such as suspended solids, heavy
metals and hydrocarbons to urban waterways. It presents the highest risk of pollution to receiving
waters when compared to other urban land use areas (Ellis et al., 2012). Urban highway runoff
conveys chronic and shock pollution loads to receiving waters in concentrations that cause toxic
effects in aquatic species (Sartor et al., 1974). Pollution threatens over 60% of South Africa’s
river ecosystems (Hedden & Cilliers, 2014). Surface water pollution affects the human
population too, and the Department of Water and Sanitation (DWS) has identified pollution as
one of the major threats to water provision in South Africa (DWS, 2013).

Highway drainage systems are traditionally designed to ensure road user safety and
pavement integrity by removing stormwater runoff from the road surface rapidly, with little
(if any) focus on ecosystem preservation (Marsalek & Chocat, 2002). The resulting surface water
drainage systems concentrate runoff flows, accumulate pollutants from the road surface and
deposit the contaminated runoff into receiving waters causing erosion, siltation and pollution.

The Drainage Manual (SANRAL, 2013a), which provides South African road drainage
guidelines, only requires stormwater flow (quantity) management. There are, however,
documents and policies such as the City of Cape Town Management of Urban Stormwater
Impacts Policy (CSRM, 2009b) and the South African Guidelines for Sustainable Drainage
Systems (Armitage et al., 2013b), which assist and enable engineers to implement holistic
stormwater drainage solutions. Both documents propose Sustainable Drainage Systems (SuDS)
as a solution for stormwater management. This umbrella term describes drainage systems that
attenuate surface drainage and improve water quality through structural and process controls.
SuDS aim to protect water courses in and downstream of the urban environment, and to manage
stormwater locally, as opposed to directing it in concentrated flows to established water channels
(Scholes et al., 2008).

Chapter 1: Introduction Abby Robertson
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1.2 Research needs

There is a large international body of work describing the impacts and water quality
characteristics of highway runoff (Sartor et al., 1974; Deletic, 1998; Legret & Pagotto, 1999;
Khan et al., 2006; Opher & Friedler, 2010; Barbosa et al., 2012). Highways are identified as a
significant source of non-point pollution. Pollutant composition, concentrations and total
pollutant loads are site specific, with a wide range of reported values.

Several papers suggest SuDS, including swales, bioretention areas and permeable
pavements, as treatment devices for the management of highway runoff (Yousef et al., 1987;
Ellis et al., 1994; Shutes et al., 1999; Terzakis et al., 2008). The treatment capacity of SuDS
solutions depends on environmental factors such as local climate, topography, underlying
geology and system maintenance, as well as design specific factors such as system sizing,
configuration, soil type and plant species characteristics inter alia. Consequently, it is evident
that stormwater contamination and treatment is region and site specific. This indicates a need for
data detailing stormwater characteristics and the performance of SuDS under local conditions.

The City of Cape Town (CoCT) Management of Urban Stormwater Impacts Policy
requires the treatment and attenuation of stormwater from developments within the city and
proposes SUDS as a means to achieve this (CSRM, 2009b). The extent of pollution emanating
from local highways, and the ability for SuDS to treat this runoff to acceptable levels under local
conditions is unknown.,

This investigation responded to the research need by implementing a sampling program
and modelling exercise to characterise local highway runoff. The sampling program consisted of
a series of grab samples to provide primary data on road runoff contamination by analysing
stormwater and surface sediment for heavy metals, nutrients and hydrocarbons. The modelling
exercise addressed alternative SuDS designs appropriate for brownfield road developments to
determine whether it is likely that SuDS can provide the required treatment within the limited
space afforded in the road reserve of an urban highway.

1.3 Research question

The scope of this study is limited to a case study on the R300, a regional six-lane dual
carriageway highway in the greater Cape Town area. The research hypothesis is that:

Surface runoff from the R300 is problematic in terms of water quantity and water quality.
The drainage has been designed according to standard procedure, which does not
attempt to ameliorate peak flows or runoff quality. The system conveys storm peaks off
the road maintaining user safety, but there are areas along the R300 where drainage
capacity and surface flow is problematic. The surface runoff water contains metals and
hydrocarbons in concentrations exceeding the target standards for aquatic ecosystems
set down by the Department of Water and Sanitation.

Chapter 1: Introduction Abby Robertson
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Furthermore, the existing drainage infrastructure does not achieve the suspended solids
and nutrient removal targets set down in the City of Cape Town in the Management of
Urban Stormwater Impacts Policy. SuDS provide a reasonable means to manage the
stormwater runoff from the R300 to ensure sufficient water quantity management and
ameliorate water quality to the required standards.

Key research questions for this study are thus:
e What are the primary contaminants in the R300 surface runoff water?

e What is the range of concentrations in the R300 runoff water and how does this compare to
the water quality requirements set down by local and national government?

e What SuDS alternatives are suitable for road drainage on the R300?

e What is an estimate of the peak flow reduction and pollutant removal capacity for various
SuDS scenarios?

1.4 Report layout

This dissertation consists of seven chapters, a reference list and appendices. An overview of the
content of each chapter is provided below.

Chapter 1 introduces the research, grounding highway drainage in the context of urban water
management. The research aims, hypothesis and key questions are provided.

Chapter 2 presents a review of the literature relating to road drainage design, surface water
contamination, Sustainable Drainage Systems and stormwater modelling.

Chapter 3 begins with a description of the research site. The traffic characteristics, current
drainage issues, and operations and maintenance on the R300 are then discussed.

Chapter 4 details the sampling exercise undertaken for this research. The sampling procedure is
described, and the results are provided with a discussion of the method’s limitations.

Chapter 5 details the modelling exercise conducted for this research. The data collection,
simplifying assumptions and the alternative modelling scenarios are provided. This is followed
by a discussion of the results and limitations.

Chapter 6 presents a summary of the research findings.
Chapter 7 provides recommendations for further research.

The Appendices provide supporting documentation including calculations, analysis reports and
additional resources.

Chapter 1: Introduction Abby Robertson
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2. Literature review

2.1 Introduction

This chapter provides an overview of the literature relating to road drainage. It commences with
an introduction to the current drainage design practices and the legislative context in South
Africa. There is a detailed discussion on surface water contamination, followed by an overview
of modern drainage systems that provide holistic stormwater management. Lastly, stormwater
modelling is discussed as a means to evaluate the performance of surface drainage systems.

2.2 Road drainage design

The provision of water services is fragmented across South African governance structures and
stormwater management often falls under the ‘roads and stormwater’ branch; separate from
potable water, sanitation and solid waste management (Armitage, 2011). Road drainage design
traditionally addresses water quantity requirements with the objective of rapidly removing water
from the road environment.

The Drainage Manual (SANRAL, 2013a), the primary reference for road drainage design
in South Africa, describes road drainage systems as structures to limit the risk to road users, road
structures and the environment. The accumulation of runoff on the roadway is the primary risk
addressed by the recommended design solutions. The environmental concerns referred to in the
Manual are limited to erosion control and flood mitigation. The recommended design solutions
include combinations of kerbs, berms, conveyance channels and inlet and outlet structures. While
successful in maintaining road user safety and pavement integrity, this design approach does not
lead to Water Sensitive Design, nor facilitate the implementation of Sustainable Drainage
Systems (see Section 2.5).

Internationally, the SuDS approach is increasingly recognized as best practice to realise
holistic stormwater management (Marsalek & Chocat, 2002). Several WSD and SuDS manuals
and guidelines have been published to assist engineers in designing sustainable stormwater
infrastructure. Salient documents informing best practice in road drainage design include:

o The South African Guidelines for Sustainable Drainage Systems (Armitage et al., 2013b)

o Water Sensitive Urban Design (WSUD) for South Africa: Framework and Guidelines
(Armitage et al., 2014)

o Alternative Technology for Stormwater Management: Report and South African Case
Studies (Armitage et al., 2013a)

o The SuDS Manual (Woods-Ballard et al., 2007b)
o SUDS for Roads (Pittner & Allerton, 2009)
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2.3 Legislation

South Africa is governed on three principal levels: national, provincial and local administration.
Legislation is issued by the respective bodies in line with this hierarchical structure. The
Department of Water and Sanitation’s Water Quality Guidelines recognise that aquatic
ecosystems provide services to people by providing aesthetically pleasing environments,
recreational space, livelihood where people depend on water body for food and (potable) water,
and maintain biodiversity (DWS, 1996). The DWS requires effluent to be treated before it is
returned to natural water courses as a precautionary approach so that active measures are taken
to minimise potential risks of negative impacts on the environment. There are, however, currently
no national or provincial policies for pollutant removal from stormwater, and stormwater
management is regulated at a local level. The following national legislation has an indirect
bearing on stormwater management across South Africa:

. National Water Act, No. 36 of 1998

o National Building Regulations and Building Standards Act, No. 103 of 1977
J National Environmental Management Act, No. 107 of 1998

o National Environmental Management: Biodiversity Act, No. 10 of 2004

o National Environmental Management: Protected Areas Act, No. 57 of 2003

The City of Cape Town has a number produced local bylaws and policies governing the
management and disposal of stormwater in the city, namely: the CoCT Stormwater Management
Bylaw (CoCT, 2005), the Management of Urban Stormwater Impacts Policy (CSRM, 2009b)
and the Floodplain and River Management Policy (CSRM, 2009a). Collectively, these policies
aim to ensure sustainable development and associated activities within or adjacent to natural
and built stormwater systems, and that there is a balanced consideration of potential flood risk,
environmental impacts and socio-economic needs. Additionally, the City aims to reduce the
impact of flooding on community livelihoods and regional economies and safeguard human
health, protect natural aquatic environments, and improve and maintain recreational water
quality (CSRM, 2009a).

The Stormwater Management Bylaw (CoCT, 2005) defines the stormwater system as both
the constructed and natural facilities, including pipes, culverts, watercourses and their
associated floodplains, whether over or under public or privately owned land, used or required
for the management, collection, conveyance, temporary storage, control, monitoring, treatment,
use and disposal of stormwater. Furthermore, it prohibits activities that may have a detrimental
effect on stormwater management such as the disposal of household waste into the stormwater
system, illegal dumping near watercourses, infilling floodplains or disposing of wastewater via
the stormwater system.
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The Management of Urban Stormwater Impacts Policy (CSRM, 2009b) recognises urban water
bodies as a valuable resource that should be optimised by introducing Water Sensitive Design
principles to stormwater management within the City. The policy states the following objectives:
to improve quality of stormwater runoff, to control quantity and rate of stormwater runoff and to
encourage natural groundwater recharge. The policy typically requires an 80% reduction in total
suspended solids (TSS) and a 45% reduction in total phosphorus (TP) of the annual stormwater
pollutant load for existing and new developments. All developments are required to trap litter,
oil and grease at source. Furthermore, the policy requires the protection of downstream channel
stability, the prevention of frequent downstream flooding and the protection of floodplains from
adverse impacts of extreme floods through stormwater detention and the reduction of peak flows.
To this effect, the policy requires 24-hour extended detention of a 1 year return interval (RI), 24-
hour storm event and the reduction of the 10 year RI peak flow to the pre-development level.
The full criteria are provided in Appendix A.

2.4 Surface water contamination
2.4.1 Pollutants in highway runoff

Stormwater runoff from highways contains a variety of contaminants including: TSS), heavy
metals, oils and greases (O&G), biodegradable organic matter, organic micro pollutants
(including hydrocarbons), pathogenic organisms and nutrients (Legret & Pagotto, 1999). A large
percentage of roadway pollutants are inorganic compounds such as sand and silt (Sartor et al.,
1974). Biodegradable organic matter, pathogenic microorganisms and nutrients are not generated
in significant quantities in the road reserve (Barbosa et al., 2012). The pH of highway runoff
ranges between 6.3 — 7.9 and is typically near neutral (Legret & Pagotto, 1999).

Suspended solids are the most common constituent in highway runoff (Kayhanian et al.,
2007). Fine suspended particles (<200um) transport pollutants such as heavy metals and
hydrocarbons, and account for a large portion of the overall pollution potential (Sartor et al.,
1974; Vaze & Chiew, 2002). Several studies report a strong correlation between total suspended
solids and heavy metal concentrations (Shinya et al., 2000; Han et al., 2006; Desta et al., 2007).

Copper, iron, lead and zinc are the most commonly reported heavy metals found in
highway runoff waters (Opher & Friedler, 2010). The concentration of lead has decreased
worldwide with the introduction of unleaded fuel (Khan et al., 2006), and current reported values
are approximately 10% of those reported prior to the 1970s (Opher & Friedler, 2010). Other
widely reported metals include cadmium, chromium, magnesium and nickel (Gobel et al., 2007).
Platinum group metals; platinum, palladium and rhodium, are found in road sediment in
decreasing concentrations with distance from the road surface (Schéfer & Puchelt, 1998).

Organic matter such as oils and greases, volatile organic compounds (VOCs) and
polycyclic aromatic hydrocarbons (PAHSs) are a common constituent in highway runoff waters.
Organic substances originate from vehicle fluids such as oils, fuel, brake fluid, wear and tear of
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rubber elements and engine emissions (Legret & Pagotto, 1999). PAHSs are created by incomplete
engine combustion; with the highest emission rate generated by accelerating vehicles (Gobel et
al., 2007). PAHs consisting of more than three benzene rings are considered carcinogenic or
mutagenic, and are recognised as chemicals of emerging concern (Nieuwoudt et al., 2011).

Biodegradable organic compounds stimulate bacterial growth in receiving waters, and the
oxygen consumed during the breakdown of these substances depletes the dissolved oxygen in
the water body threatening the aquatic environment (Khan et al., 2006).

Pollutant concentration is often reported as an event mean concentration (EMC) value,
which is a flow-weighted average concentration. Gobel, Dierkes & Coldewey (2007) compiled
data from over 300 field surveys to provide a summary of pollutant EMCs in urban runoff.
Table 2-1 provides the EMCs for selected contaminants in highway runoff.

Table 2-1: Reported EMCs of selected highway runoff contaminants
(adapted from Gobel, Dierkes & Coldewey, 2007)

Parameter | Unit | EMCwmin | EMCwmax | EMCwmean
pH - 6.4 7.9 7.4
TSS mg/l 66 937 153
COD mg/l 63 146 107
TP mg/l 0.23 0.34 0.20
NH4 mg/l 0.5 2.3 0.5
NOs; mg/l 0 16 2.5
Cd ug/l 0.3 13 3.7
Zn ug/l 120 2000 345
Cu ug/l 97 104 65
Pb ug/l 11 525 224
Ni ug/l 4 70 27
Cr pg/l 6 50 13
Na mg/l 5 474 194
Mg mg/l 1 1.4 5
Ca mg/l 14 57 37
>16PAH ug/l 0.2 17.1 2.6

Where COD = chemical oxygen demand
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2.4.2 Pollutant sources

Pollutant sources include pavement degradation, corrosion of roadside barriers and signage,
construction and maintenance activities, atmospheric deposition, fuel and vehicle lubricants,
vehicle wear and tear and other anthropogenic wastes (Legret & Pagotto, 1999). Table 2-2
summarises the mechanisms through which vehicles contribute major pollutants to runoff
pollution.

Table 2-2: The primary mechanisms by which vehicles produce major pollutants
(after Legret & Pagotto, 1999; Opher & Friedler, 2010)

Mechanism Major pollutants
Leakage of fuel, hydraulic fluids, lubricants and coolant 0&G, HC, Cd, Cr, Cu, Ni, Pb, Zn

Wear and tear of tyres, clutch and brake linings Pb, Cu, Cd, Zn
Exhaust emissions HC, CO, NOy, SO, PAHs, PGMs

Dirt, rust and substances dropped from the undercarriage Miscellaneous

Where: HC = hydrocarbons, PGMs = platinum group metals

Pollutants contributed through atmospheric deposition are largely dependent on surrounding land
use. The pollutant settling rates depend on the atmospheric constituent concentration, ambient
conditions such as wind speed and the physical properties of each substance (Murphy et al.,
2014). Atmospheric deposition is cited as a main source of cadmium, mercury and VOCs in
highway runoff waters (Opher & Friedler, 2010).

Roadside structures such as lamp posts, signage, safety barriers and guardrails contribute
metals to runoff waters through corrosion. In a laboratory study, rain water removed
950g/km/year of zinc from a galvanised steel safety barrier (Legret & Pagotto, 1999).

2.4.3 Factors influencing concentration

Pollutant concentration is influenced by various factors relating to the site, climate and traffic
characteristics. Research aimed at identifying explanatory variables has revealed that there are
no simple relationships between runoff pollutant concentration and physical characteristics.

Rainfall intensity and duration are the primary parameters pertaining to runoff pollutant
concentration. Rainfall intensity is positively correlated with an increase in runoff pollutant
concentration as higher intensity storm events have greater energy for removing particles from
the road surface (Egodawatta & Goonetilleke, 2008). Total pollutant load increases with
increasing storm duration; although no fixed relationship between duration and runoff
concentration has been identified (Crabtree et al., 2006). Climatic conditions such as
temperature, humidity, wind and exposure to sunlight may accelerate or decelerate processes
such as oxidation and volatilization of various pollutants (Opher & Friedler, 2010).
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There are conflicting findings as to whether there is a correlation between antecedent dry days
and the concentration of pollutants in highway runoff (Opher & Friedler, 2010). The antecedent
dry days preceding a storm event allow for pollutant buildup and decomposition. Deletic &
Maksimovic (1998) found antecedent dry days to have no significant effect on pollutant
concentrations, yet correlate with an increase in runoff conductivity. This is due to the physical
and chemical breakdown of pollutants on the road surface by tyre action and sunlight inter alia.
Vaze & Chiew (2002), however, found that antecedent storms loosen more pollutants from the
road surface than is removed by the runoff, leaving additional material available for washoff in
the subsequent rainfall event. This shows that antecedent storms in close succession affect the
runoff quality of subsequent rainfall events. The effect of antecedent dry days is therefore closely
linked to storm characteristics and other climatic variables.

A first flush effect, or higher concentration of various pollutants in the first runoff of a
rainfall event, varies between storm events and locations. Empirical qualitative evidence is often
cited, but the usefulness thereof remains limited as the data are site specific. Deletic (1998)
identified a first flush effect for suspended solids and conductivity on urban asphalt catchments,
which is supported by observations by Han et al. (2006) on highways throughout California.

Vehicles are a major source of pollutants and loosen solids from the road surface by
creating turbulence through tyre action and wind generation. Kayhanian et al. (2007) found
annual average daily traffic (AADT) to have a significant impact on highway runoff pollutant
concentrations on American highways. In contrast, Crabtree et al. (2006) found no relationship
between traffic flow and runoff concentrations on rural highways in England. Gan et al. (2008)
found that urban land use significantly correlated with decreased highway runoff quality when
comparing urban and rural highways where the rural highway had a greater AADT. This
indicates that land use is an important factor to account for when assessing the impact of AADT.
The traffic load, however, is closely related to the land use adjacent to the road, making it difficult
to distinguish between the effect the two parameters on the concentration of pollutants in the
runoff.

In summary, there are a multitude of factors influencing the composition and concentration
of pollutants in highway runoff. The intricate, reciprocal effects between variables make
determining cause and effect relationships challenging, and often inconclusive.

2.4.4 Sampling procedures

Sampling programs to determine the water quality of urban runoff include sediment and runoff
sampling. The pollutant levels in sediments provide an indication of the pollutants available for
washoff. Runoff concentrations include the effects of wet atmospheric deposition and the
mobilisation of pollutants from the road surface by vehicles.
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Urban runoff is typically sampled using auto-samplers which create composite samples based on
flow volume (Ma et al., 2009). Auto-samplers are not used for O&G and PAH sampling as these
constituents are known to adsorb to the sampler tubing and containers (Khan et al., 2006).
Furthermore, there is a risk of contaminating the sample with the sampler materials.

An alternative to auto-sampling is to collect a series of grab samples. Ma et al. (2009)
found auto-sampling to be a far superior method of determining the EMC of chemical oxygen
demand (COD) in highway runoff, even when compared to 100 grab samples. It was determined
that 30+ grab samples are required to estimate the storm EMC within 20% error. Alternatively,
it was shown that an extended grab sample, which consists of a creating a composite grab sample
taken over a short period of time (e.g. collecting a small volume every minute for five minutes),
reduces the error in EMC estimation.

Constituent concentrations vary throughout storm events depending on a multitude of
factors (Section 2.2.3). Therefore, grab sample timing with respect to the storm duration is an
important variable. Khan et al. (2006) and Lee et al. (2007) concur that grab samples should be
taken after the first hour of a storm event in order to estimate the EMC. The best time to sample
runoff for calculating the EMC of hydrocarbons is 1 — 6 hours after the start of runoff, which
will lead to a slight underestimation of the EMC (Khan et al., 2006). For multi-constituent
analysis, grab samples are most representative of the EMC when collected 2 — 3 hours after the
first runoff (Han et al., 2006; Lee et al., 2007).

2.5 Sustainable Drainage Systems
2.5.1 Design philosophy

Standard stormwater management practices focus on water quantity; channelling stormwater
flows through drainage networks to receiving waters without regard for environmental
consequences (Ahiablame et al., 2012). The result is erosion, siltation, pollution and a reduction
in infiltration and groundwater recharge (Armitage et al., 2013b).

In response, Sustainable Drainage Systems provide a means to achieve holistic, multi-
purpose stormwater drainage management. SuDS is an umbrella term to describe drainage
systems that attenuate surface drainage and improve water quality through structural and process
controls (Scholes et al., 2008). They aim to protect water courses in and downstream of the urban
environment, and to manage stormwater locally, as opposed to directing concentrated flows to
receiving waters. SuDS recognise surface drainage as a significant water resource and an integral
part of the urban water cycle. They provide water quantity control, water quality improvements,
enhance amenity and maintain biodiversity (Armitage et al., 2013b).
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SuDS mitigate the adverse effects of stormwater runoff on the environment by:

o reducing the volume and intensity of stormwater flows into receiving waters,
o reducing the frequency of stormwater flows entering receiving waters,

o maintaining groundwater recharge,

o increasing water quality before the stormwater reaches receiving waters, and

o providing enhanced amenity through the provision of aesthetic green spaces and wildlife
habitats (Fletcher et al., 2015).

2.5.2 SuDS elements

SuDS include a wide range of structural and non-structural systems that can improve runoff water
quality and attenuate peak flows. The following are examples of SuDS options that may be
appropriate for managing highway road runoff (Scholes et al., 2008; Armitage et al., 2013b):

Soakaways are underground excavated pits that are filled with rocks or other coarse aggregate.
Water is detained in the pit and subsequently infiltrates into the in-situ ground through the base
and the sides.

Permeable pavements are load bearing pervious surfaces. Permeable pavements are typically
constructed with porous asphalt or paving blocks that sits atop a stone sublayer. The stone
sublayer provides a temporary storage reservoir.

Filter strips are vegetated drains that allow shallow overland flow to filter into the ground
surface.

Swales are vegetated broad shallow channels that are typically lined with grass. Swales are
primarily used as conveyance structures.

Infiltration trenches are similar to a long soakaway. The trenches are often lined with a
geotextile and like a soakaway, filled with rocks or other coarse aggregate. The trench is
unplanted but hosts algal growth.

Bioretention areas are vegetated depressions that facilitate infiltration into the in-situ soil. The
retention area is typically underdrained and contains engineered soils and selected vegetation to
enhance pollutant removal.

Sand filters typically consist of an interconnected sedimentation chamber and sand filtration
chamber, through which stormwater is temporarily stored and filtered.

Detention ponds are large depressions with a low level outlet. Detention ponds are structural
controls that are typically dry, but store stormwater during wet periods and attenuate flood peaks.

Constructed wetlands are vegetated areas that attempt to mimic natural wetlands. The wetland
may contain a soil or gravel substrate and are planted with hydrophilic species.
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SuDS may be used in isolation or in series in a so-called treatment train. Treatment trains improve
performance by providing a greater level of assurance, improved water quantity management
and facilitating diverse pollutant removal (Armitage et al., 2013b). Pretreatment elements such
as sediment forebays can be placed upstream to assist with solid waste management by collecting
macro pollutants and keeping them above ground where they are visible and easy to remove from
site. According to the South African Guidelines for Sustainable Drainage Systems (Armitage et
al., 2013b), road runoff should be treated by three to four components in a treatment train.

SuDS make use of a number of mechanisms to manage stormwater runoff. These include
but are not limited to: infiltration, filtration, onsite storage and detention, evapotranspiration,
absorption, adsorption, precipitation, biodegradation and percolation (Ahiablame et al., 2012).

2.6 Stormwater modelling

Simulation modelling provides a valuable tool to evaluate the performance of different
stormwater management techniques across temporal and spatial bounds. The quality and
accuracy of the model depends on accurate data inputs and decision making by the user, which
makes it a subjective process (Scholes et al., 2008; Ahiablame et al., 2012). The United States
Environmental Protection Agency’s (US EPA) Storm Water Management Model (SWMM) is
one of the best known and most widely used models (Cambez et al., 2008). There are a number
of SWMM-based packages including SWMM5, PCSWMM and InfoSWMM. PCSWMM was
selected to perform this research as it provides the necessary functionality, is commonly used in
South Africa and comes with excellent support services.

2.6.1 SWMM/PCSWMM

SWMM is a comprehensive stormwater model that provides combined hydrologic and hydraulic
modelling such that the rainfall-runoff response becomes input to the hydraulic system (Gironas
et al., 2012). It includes water quality modelling with the capability to explicitly model SuDS
units. The model is capable of running single event or long term continuous simulations
(Ahiablame et al., 2012). PCSWMM, owned by Computational Hydraulics International (CHI),
is an advanced modelling software that is built on the SWMM hydraulic engine. PCSWMM
incorporates GIS and statistical processing abilities with the hydraulic and hydrological
capabilities of SWMM.

The SWMM model consists of four modules, which simulate the movement of water
through the system, namely: the atmosphere, land surface, groundwater and transport module
(Cambez et al., 2008). The land surface receives precipitation and atmospheric deposition from
the atmosphere module. It then supplies water to the groundwater module via infiltration, or to
the transport module which accounts for surface runoff, conveyance, storage and water treatment.
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The land surface is represented by homogeneous subcatchment areas. Each subcatchment has
impervious and pervious fractions that allow for infiltration and surface storage. Infiltration
through pervious areas is modelled by Horton, Green & Ampt or SCS Curve Number methods.
Surface runoff is calculated using Manning’s equation for overland flow (James et al., 2010).
Evaporation is calculated based on user-input of maximum potential evapotranspiration or using
the Hargreaves' method based on climate data (CHI, 2016a).

Flow routing through the conveyance system is modelled by conservation of mass and
momentum equations. The user is able to select steady flow routing, kinematic wave routing or
dynamic wave routing for gradually varied and unsteady flow equations. Flow rate, flow depth
and water quality are simulated at each time step during the simulation period.

Water quality is modelled based on land uses, which are assigned to each subcatchment.
Each pollutant of interest is modelled using either event mean concentrations or buildup and
washoff equations. Pollutants are added to the system via atmospheric deposition or surface
buildup and are routed through the transport module. Pollutant removal is modelled through the
application of SuDS units.

2.6.2 Continuous modelling

Urban drainage systems are typically modelled using an event-based design storm approach. It
has been shown that small storms (Rl <1 year) produce roughly 75% of the nonpoint source
pollutant load by mass in urban areas. Larger rains account for only 5% of yearly events and
account for a small portion of the total pollution load (Huber et al., 2006; Rivard, 2010). Typical
design storm events fall into the latter category. Therefore, it is necessary to model small storm
events in order to determine pollutant loading in urban drainage systems.

Where SuDS are used as part of the urban drainage system, the various elements of the
system such as conveyance, storage, treatment and control structures are sensitive to different
aspects of rainfall events. For instance, storage devices are sensitive to the total event volume
while conveyance structures are more sensitive to the variation in rainfall intensity. Therefore,
the full range of meteorological events must be considered to determine the temporal variability
in system performance (Adams & Papa, 2000).

In order to suitably model small storm events, it is necessary to use continuous models
(Adams & Papa, 2000; Huber et al., 2006; Rivard, 2010). When modelling small scale storm
volumes, hydrological abstractions such as infiltration, depression storage and
evapotranspiration must be accounted for (Rivard, 2010). The most common approach to
continuous modelling is to use observed long-term climate data as a direct input to the model
(Adams & Papa, 2000). The rainfall resolution should be smaller than the time of concentration
of the subcatchments to generate accurate flow rate calculations (Rees & Schoen, 2009).
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2.6.3 Pollutant buildup and washoff

There is a large body of research relating to the buildup and washoff of pollutants with
stormwater (Manning et al., 1977; Alley, 1981; James & Boregowda, 1986). Pollutant buildup
refers to the dry and wet deposition of pollutants on the subcatchment surface, while washoff
refers to the removal of pollutants by erosion or solution during surface runoff events. Buildup
and washoff data models in the literature are primarily empirical and site-specific (James et al.,
2010). Most data imply a linear or exponential buildup of pollutants, although sometimes with
poor correlation coefficients (Rees & Schoen, 2009). Pollutant washoff is influenced by surface
characteristics, accumulated pollutant load, rainfall frequency, intensity, and duration (Butler,
2015). While there are theoretical approaches for modelling the mechanics of sediment pickup
and transport on impervious surfaces, there is typically insufficient field data to correctly inform
the various parameters required by these formulations (Rees & Schoen, 2009). Urban pollutant
buildup and washoff modelling is crude and requires calibration based on local site conditions.

An alternative approach is to represent the complex pollutant buildup and washoff
processes as an average pollutant concentration in the runoff that accounts for the variability in
pollutant loading. The EMC is a statistical parameter that represents the flow-proportional
average concentration of a contaminant. When combined with flow measurements, the EMC can
be used to estimate the total pollutant load for a storm event. In practice, the EMC is measured
by creating a flow weighted composite sample and the concentration is calculated as the total
constituent mass divided by the total volume (Equation 2.1).

The EMC is widely used and viewed as the most useful means to quantify land-use specific
storm loads (Huber et al., 2006). Pollutant modelling using an EMC approximation is most
suitable for long term modelling, where event-to-event errors are not problematic (Rees &
Schoen, 2009). The EMC value should preferably be informed by local conditions, as it may
otherwise misstate the total pollutant loading (Sutherland et al., 2006).

7=1Y;G

n
j=1Vj

EMC = (2.1)

Where: ;= volume of flow during the period j; C; = average concentration associated with the
period and volume VJ; and n = total number of measurements taken during event.

2.6.4 SuDS modelling in PCSWMM

There are two typical approaches to SuDS modelling. The first is to successively model each unit
process occurring in the drainage system (Ahiablame et al., 2012). An example of this would be
to model filtration, infiltration, evapotranspiration, adsorption, biological uptake and
sedimentation for a bioretention area (Debo & Reese, 2003). This approach requires suitable data
inputs regarding the relative importance and efficacy of each unit process and extensive
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computational power. When performed with accurate data, the results are sufficiently detailed to
be used for design and optimisation of the drainage system. The second approach is to provide a
single measure that represents an aggregation of all processes occurring in the drainage system
(Ahiablame et al., 2012). This method simplifies multiple procedures into an approximate
measure, which may or may not accurately represent the performance of the entire system.
The second approach has the advantage of being quick and easy to implement and is suitable for
high level decision making.

SWMM uses the first approach, where the hydraulic behaviour and the associated water
treatment performance are modelled as a train of unit processes (Ahiablame et al., 2012). The
input parameters may vary with design specifications, hydrological and climatic conditions and
system age (Scholes et al., 2008). In the absence of field data, the user must provide an
estimation. It is evident that suitable field data regarding the incoming stormwater characteristics
and the SuDS treatment capacity within a local context are required for a competent model.

SWMM is capable of modelling SuDS as specific entities within the model. They may
either be placed within a standard subcatchment or may be placed to occupy an entire
subcatchment, which allows the SuDS to be linked in a treatment train. The hydrological
performance of each SuDS unit is calculated based on time dependent water balance models.

A SuDS unit is represented in SWMM as a number of vertical layers, as illustrated in
Figure 2-1. The surface zone receives precipitation from the associated rain gage and run-on
from linked subcatchments. Surface water is lost through evapotranspiration, depression storage,
surface runoff and infiltration. The soil zone is assigned properties of the engineered soil mix
designed to support vegetative growth, through which water percolates to the storage zone. The
storage zone typically consists of coarse gravel and detains water in a storage volume, which
infiltrates to the underlying in-situ soil or exits through a perforated underdrain system.

The hydraulic performance of the SuDS unit is computed using mass balance equations
across each layer, which calculates the change in water volume as the difference between the
inflow water flux rate and the outflow water flux rate (Rossman, 2010). The complex underdrain
flow rate hydraulics are simplified to an empirical power equation. This set of equations is solved
at each time step to determine the surface runoff, infiltration, sub-surface storage and sub-surface
drainage of the SuDS unit.

SWMM is capable of modelling bioretention cells, rain gardens, green roofs, infiltration
trenches, permeable pavements, rain barrels and vegetative swales as combinations of the
surface, pavement, soil, storage and underdrain layers. The layer representation of each SuDS
element is provided in Table 2-3, where ‘x’ indicates a necessary system component and ‘o’
indicates an optional layer.

The pollutant removal capacity of SuDS is often modelled on an EMC basis rather than
through representing unit processes. This is due to the number and complex nature of the
pollutant removal processes that take place in SuDS units and the difficulty of quantifying on-
site variability. The EMC method coupled with long-term data has been observed to produce the
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best results for identifying acute and chronic pollution (Huber et al., 2006). The pollutant
removal capacity of various SuDS elements is typically provided as a percentage removal value
(Woods-Ballard et al., 2007b; Armitage et al., 2013b). It is important to be aware that the EMC
method for pollutant removal capacity may not indicate the performance of the SuDS unit with
time and ignores the effects of maintenance. Furthermore it may overestimate the removal
efficiency in treatment trains and where influent concentrations are low (Huber et al., 2006).

ET Runon

Overflow

Surface Zone
............... g =l Infiltration

Soil Zone

............... & ¥ Percolation

Storage Zone

Infiltration

Underdrain

Figure 2-1: SWMM representation of a generic SuDS element (CHI, 2016b)

Table 2-3: SWMM layer representation of SuDS elements (CHI, 2016b)

LID type Surface Pavement Soil Storage Drain
Bioretention cell X X X 0
Rain garden X X

Green roof X X

Infiltration trench X X 0
Permeable pavement X X 0 X 0
Rain barrel X X
Vegetative swale X

Where ‘x’ indicates a necessary system component and ‘o’ indicates an optional layer

2.7 Summary

Highway runoff, traditionally viewed as a waste by-product, is becoming recognised as a water
resource through a paradigm shift in the approach to urban water management. Water Sensitive
Design is a design philosophy that requires practitioners to integrate water management with
their design, addressing environmental, social and technical needs. In the case of highway runoff,
SuDS provide a means to mitigate the effects of stormwater on the environment while addressing

Chapter 2: Literature review Abby Robertson



2-14

the technical requirements of road drainage. SuDS provide structural and process controls that
attenuate runoff volumes and provide water quality treatment through a variety of processes.

The Drainage Manual (SANRAL, 2013a) requires flow (quantity) management and
disregards the effects of road runoff on the environment. This is effective in maintaining road
user safety and pavement integrity, but has negative effects on receiving water bodies through
erosion, siltation and pollution. The CoCT Management of Urban Stormwater Impacts Policy
provides guidelines for the holistic management of stormwater in the city. The policy requires
an 80% reduction in TSS and a 45% reduction in TP of the annual stormwater pollutant load and
that litter, oil and grease are trapped at source. Additionally, the 1 year RI, 24-hour storm event
must be detained over 24 hours, and the 10 year R peak runoff flow must be reduced to the pre-
development level.

Highway runoff contains TSS, heavy metals, oils and greases, biodegradable organic
matter, hydrocarbons, pathogenic organisms and nutrients in varying concentrations. Pollutant
sources include pavement degradation, corrosion of roadside barriers and signage, maintenance
activities, atmospheric deposition, fuel and vehicle lubricants, vehicle wear and tear and other
anthropogenic wastes. Pollutant concentrations are influenced by traffic characteristics, climate,
rainfall characteristics (volume, intensity, duration) and surrounding land use.

There is a large body of international literature on runoff contamination, yet there is, to the
author’s best knowledge, no published data detailing highway runoff contamination in South
Africa. Sampling procedures to determine average levels of contamination typically make use of
automated sampling devices as this is the most accurate method of sampling. Grab sampling,
however has significant cost and time advantages. When looking to determine average
contaminant concentrations, grab sampling results can be improved by taking a composite grab
sample 2-3 hours into a storm event.

Stormwater modelling provides a valuable tool to evaluate the performance of different
stormwater management techniques across temporal and spatial bounds. PCSWMM was chosen
as a suitable software package with the ability to model the dynamic rainfall-runoff response in
urban catchments, pollutant transport and SuDS elements. Continuous modelling is
recommended over the design storm approach in order to correctly account for pollutant
generation by small storms, which produce the majority of the total pollutant load.

In this chapter, the aspects and treatment of highway surface runoff are discussed in the
context of a South African urban road. The local legislation and standard drainage practices are
described, along with reference to policies and guidelines that enable practitioners to implement
sustainable drainage solutions. The anticipated contaminants and factors influencing their
concentration in highway runoff are described as well as suitable methods for sampling. Drainage
modelling is presented as a means to evaluate alternative drainage management in a time and
cost effective manner. Based on the literature, the combined approach of stormwater sampling
and analysis by stormwater modelling provides a comprehensive means to assess the highway
runoff from the R300.
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3. Site description

3.1 Introduction

This chapter provides a description of the research site, providing detail on aspects of the site
that are pertinent to surface drainage. The site selection, surrounding land use and local climate
are described. Thereafter, the highway traffic characteristics, existing drainage infrastructure and
routine maintenance are discussed. A map of the site is provided (Figure 3-1), showing the site
location and nearby points of interest.

3.2 Site selection

The research site was selected based on proximity to the University of Cape Town, the highway
traffic characteristics and drainage infrastructure, and on the availability of surface and weather
data. The R300, a highly trafficked regional route in the greater Cape Town area, was selected.
The pavement is good quality asphalt and the surface drainage is varied, making use of concrete
surface drains, catchpits, culverts, down chutes and earth drains. The road is located close to the
Cape Town International Airport and the South African Weather Service Kuilsriver weather
station, which enabled access to high resolution weather data. Furthermore, detailed as-built
drawings of the site were made available to the author for the purposes of this research.

3.3 Description

The R300 regional route, shown in Figure 3-1, is located in the greater Cape Town area. It is an
asphalt highway consisting of three lanes in each direction with a speed limit of 120km/h. The
R300 runs roughly north to south between the national routes, N2 and N1. It is managed and
maintained by the South African National Roads Agency Limited (SANRAL). Between 2008
and 2010, major road improvements were designed and constructed on the R300. These included:

upgrading from a 4 to 6 lane dual carriageway,

providing a concrete median barrier,

widening structures such as bridges and interchanges, and

rehabilitating the existing pavement (SNA-SSI Joint Venture, 2008a).

There are mixed land use areas surrounding the R300. South of the Van Riebeeck interchange is
primarily low income formal and informal housing, while north of the interchange includes
commercial, industrial and higher income residential areas. The topography of the area
surrounding the R300 is relatively flat with only a £35m drop in elevation from north to south
along the £15km section of roadway.
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Figure 3-1: Location map of the R300
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The R300 road grade ranges between 0 and 0.8%, with an average 0.2% longitudinal slope.
Occasionally, the road is raised for clearance over crossroads and the railway line, where the
maximum grade is 3.3% (SNA-SSI Joint Venture, 2008a).

A large portion of the land surrounding the R300 north of Stellenbosch Arterial contains
critically endangered fauna and flora (SANBI, 2015). Maps generated by the South African
National Biodiversity Institute’s online mapping tool are provided in Appendix B. At the
intersection of the R300 and the N2 is the Driftsands Nature Reserve, which is managed by Cape
Nature, a provincial government conservation body. The reserve consists of wetland area and
Strandveld vegetation, which is endemic to the Cape Flats region. Only a quarter of the original
extent of the Strandveld remains undeveloped (Johnson, 2012).

There are several national wetlands in the vicinity of the roadway, which are largely
situated within the Kuils River floodplain. The Kuils River runs parallel to the northern section
of the R300, crossing near the Van Riebeeck Road interchange via a river bridge. The bridge will
be upgraded with the next road improvement to address the movement of the river bed (Roux,
personal communication 2016, June 14). The proximity of the highway to nationally recognised
significant and threatened ecosystems makes managing stormwater in a holistic manner
particularly important.

3.4 Climate

The R300 is in a moderate climatic region characterised by a Mediterranean climate. The
summers (December to February) are warm and dry, and winters (June to August) are wet and
moderate. The average daily temperature is 18°C in winter and 27°C in summer (SNA-SSI Joint
Venture, 2008a). The maximum and minimum temperatures recorded on site are 41°C and -1°C
respectively. Annual rainfall ranges between 362 — 751mm, with a MAP (mean annual
precipitation) of 515mm. Table 3-1 summarises rainfall characteristics for 25 years on the R300.
The greatest average monthly precipitation is 94mm, which occurs in June. Figure 3-2 shows the
average monthly rainfall from January to December on the R300.

3.5 Traffic

The AADT (annual average daily traffic) for 2013 was 37,100 vehicles/direction/day (SANRAL,
2013b). Assuming a 10% annual increase in AADT (SNA-SSI Joint Venture, 2008a), the 2016
AADT is approximately 49,400 vehicles/direction/day.

According to the SANRAL Yearbook Report (2013b), traffic is bimodal on weekdays with
peak volumes between 07:00 and 08:00, and 16:00 and 17:00. Daily traffic volume is
approximately halved on weekend days with a single peak in the afternoon. The average speed
for light vehicles is 93km/h, with 15" and 85" percentile speeds of 75km/h and 113km/h
respectively. Heavy vehicles account for approximately 6% of total traffic. Traffic is distributed
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from South to North, with 12% more traffic than the mean between the N2 and Hindle Road, and
24% less traffic than the mean between Old Paarl and the N1 (SNA-SSI Joint Venture, 2008a).
Figure 3-3 shows traffic distribution for five contiguous sections along the R300.

Table 3-1: Rainfall characteristics along the R300 (SNA-SSI Joint Venture, 2008a)

Average monthly Max 24-hour
precipitation (mm) precipitation (mm)
January 15 41
February 17 27
March 20 42
April 41 39
May 69 65
June 94 58
July 82 61
August 77 56
September 40 29
October 30 53
November 14 30
December 18 21
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Figure 3-2: Average monthly rainfall on the R300
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3.6 Drainage

Road drainage along the highway is towards the median drains, side drains, or directly onto the
verge. The median drains are connected to catchpits, which drain to the verge. Side drains lead
towards down chutes, which drain to the verge. Figures 3-4 to 3-6 show design drawings for
standard drainage elements. Detailed as-built design drawings for the surface water drainage on
the R300 are provided in Appendix C. The verge consists of sandy soils with sparse grass cover.
In wetter areas there are expanses of typha capensis.

Figure 3-4 shows a section view of the typical side drain element. The side drains are
constructed using precast concrete channels that are 320mm wide and 115mm deep. They exit to
stilling basins or the outfall is protected by an earth berm. At low points, there are catchpits and
down chutes to channel surface runoff. Where necessary, catchwater banks are constructed in the
road reserve to direct runoff.

Figure 3-5 shows a plan view of a standard median catchpit. Catchpits collect runoff from
the median drains, which is channelled to a 600mm diameter drainage pipe that drains to the
verge. Figure 3-6 shows a cross section of the median catchpits. The catchpits have an F-shaped
profile as a result of the road upgrading process, where existing median catchpits were retrofitted
to the new road geometry.
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Figure 3-4: Typical cross section of an R300 side drain (SNA-SSI Joint Venture, 2008b)
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Figure 3-7 and Figure 3-8 are photographs taken on site depicting the as built surface drainage
infrastructure. Figure 3-7 shows: (a) a median surface drain leading towards a catchpit, (b) a plan
view of the catchpit and underground drain connection, and (c) the outfall to the verge.
Figure 3-8 (a) shows a down chute leading from a side drain to the verge. Figure 3-8 (b) shows
a sandy roadside drainage ditch. These ditches are present in flat areas where there is a sufficient
longitudinal slope to convey water to a nearby water body or stormwater pond. The drains are
typically 1000mm deep and 4000mm wide (SNA-SSI Joint Venture, 2008b).

Figure 3-7: R300 road drainage structures where the road drains to the median:
(a) a median surface drain, (b) catchpit plan view, and (c) outfall to the verge

Figure 3-8: R300 road drainage structures located in the verge: (a) concrete down chute,
and (b) sandy drainage ditch
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3.6.1 Runoff quantity management

Road maintenance staff report the following drainage related problems on the R300 (Roux,
White, personal communication 2016, April):

i) Erosion / scour surrounding down chutes
i)  Erosion at the bottom of down chutes

iii)  Standing water on the road surface near the Hindle Road interchange

Erosion problems have been addressed by increasing the size of the down chutes, stabilising the
soil around the down chutes with gabions and/or concrete and providing stilling basins using
either gabions or grouted stone pitching.

Standing water at the Hindle Road interchange was identified as a risk to road users and
additional drainage measures were installed to ameliorate the problem. This section of road is on
a horizontal curve and includes an on-ramp from Hindle road. As a result of these elements, the
road geometry created a flat area that did not drain sufficiently. A longitudinal trench drain was
installed along the road median, varying in depth from 1200mm to 1000mm where the drain enters
an existing catchpit. Additionally, grooves were cut into the road surface, which provide a flow
pathway and temporary storage for runoff. These elements are shown in Figure 3-9.

(R |
Figure 3-9: Drainage solution near Hindle Road: (a) asphalt catchment, (b) plan view,
and (c) view inside the longitudinal drain
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The runoff quantity management at the Hindle Road interchange highlights the importance of
road drainage for maintaining road user safety. An analysis was conducted on vehicle crash data
from 2010 — 2015, mapping the location of incidents that occurred on a wet surface and those
that occurred in dry conditions. This revealed high concentrations of crashes at the Hindle Road
and Old Paarl Road interchanges during wet weather. The analysis is provided in Appendix D.

3.6.2 Solid waste

While conducting field work, it was observed that the median catchpits collect a large amount of
sediment, organic matter and solid waste. Based on visual inspection at each sampling event, the
volume of solids collecting in each catchpit between storm events ranged between 0 — 0.5m°.
Following rainfall events, the catchpits were typically scoured clean (Figure 3-10b).

The concrete median barrier provides an obstacle for windswept objects, causing sediment
and solid waste to accumulate in the median drains and catchpits. The sediment collected in the
catchpits resembles the sand in the road reserve, while the organic matter typically consists of
grass cuttings, leaves and reeds. The solid waste collected in the catchpits, shown in Figure 3-11
(@) and (b), includes: cigarette butts; food packaging such as soda cans, chip packets, sweet
wrappers and fast food packaging; and miscellaneous items such as polystyrene, plastic,
cardboard and paper. There were incidents after smaller storms where standing water was
observed in catchpits, which appeared to be due to silted up (c) and/or blocked drains (d).

Figure 3-10: Median catchpit scoured clean by a rainfall event: (a) prior (b) subsequent to
a rainfall event
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butts and sediment, (b) packaging waste, (c) silted up drain, and (d) blocked drain

3.7 Operations and maintenance

The SANRAL Standard Specifications for Routine Road Maintenance (2001) provide
requirements for the maintenance of drainage structures along SANRAL-owned roads. Several
salient maintenance requirements are provided below to provide an indication of the scope and
capacity of the highway drainage maintenance activities that are currently conducted.

3.7.1 Waterway structures

These are structures with an inlet area greater than 5m?. They are to be cleared of all obstructions
restricting flow, debris, vegetation and silt. All material removed from these structures is to be
disposed of at designated spoil sites.

3.7.2 Prefabricated culverts

Culverts are to be cleared of all vegetation, silt and debris at the inlet and outlet areas, where no
more than 20% of the vertical height is to be filled at any point. Material removed from culverts
may be spread neatly in the road reserve where it cannot wash back into the structure.
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3.7.3 Concrete drains and channels

Drains and channels are to be cleaned once a week during the rainy season and twice a month
thereafter. Silt and debris removed from roadside channels, kerbs and side drains may be
disposed of in the road reserve where it cannot wash back onto the road. Where vegetation
borders concrete channels, no more than 5% of the channel area may be covered with
encroaching vegetation. Earth side drains and channels must be cleaned of silt, debris and
vegetation.

3.7.4 Vegetation

Hedges, shrubs, trees and grassed areas should be maintained by trimming, fertilising, watering,
eradicating undesired vegetation, and removing noxious weeds and invader plants. The height of
grass in the road reserve should be between 50mm and 450mm at all times.

3.7.5 Litter

Litter should be removed on a weekly basis for an urban road. The road pavement, down chutes,
side drains, drainage grids and bridge drainage elements must be inspected for foreign articles,
debris and rubbish weekly.

3.8 Summary

This chapter describes aspects of the research site relevant to the contamination and treatment of
surface runoff. The R300 is an asphalt highway in the Cape Town region with a high traffic load.
The AADT is approximately 49,400 vehicles/direction/day. The surface drainage on the R300 is
constructed according to traditional design methods, making use of open concrete channels,
catchpits and culverts. The land use adjacent to the highway includes formal and informal
housing, commercial and industrial areas. The site receives most rainfall during winter, with the
greatest average monthly precipitation in June. The R300 is maintained according to the
SANRAL Standard Specifications for Routine Road Maintenance (2001), which require weekly
cleaning of drainage structures and removal of litter during the rainy season. It was observed that
the catchpits accumulate up to 0.5m?® of sediment, organic matter and solid waste in between
rainfall events.
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4. Highway sediment and runoff sampling

4.1 Introduction

This chapter outlines the research methodology for collecting sediment and stormwater runoff
samples from the R300 highway. A map (Figure 4-2) and description of the sampling sites are
provided, showing the spatial distribution and sample site characteristics. The sampling method,
chemical analysis results, and limitations are discussed for the sediment and runoff analytes.

Grab samples were collected at nine different sampling events over a four-month period in
2016 as shown in Figure 4-1. The aim of the sampling exercise was to identify contaminants in
the road runoff and to quantify the extent of the pollution potential in broad terms. Samples were
collected at three locations on the highway and one location of undeveloped land adjacent to the
road. The samples were analysed for heavy metals, hydrocarbons and nutrients at Jones
Environmental, an independent laboratory.
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Figure 4-1: Time series of sampling events and precipitation from March to June 2016

4.2 Sampling sites

The sampling sites were distributed along the entire length of the road in order to mitigate local
effects. Additional restraints included choosing locations where it was possible to stop and exit
a vehicle safely, safety concerns due to a prevalence of violent crimes on the R300, avoiding
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local sources of pollution such as the Bellville South Landfill and financial constraints limiting
the analysis. Figure 4-2 locates the research sites and areas of interest on a map. Three sampling
location were identified on the highway and one location on a vacant plot adjacent to the
roadway. The latter sample location provided an environmental sample to distinguish between
the ambient levels of contamination and the contaminants present due to road use activities.

Site 1, shown in Figure 4-3, is at a catchpit alongside the road median on the southbound
carriageway near the Old Paarl Road interchange. The site is on a horizontal curve 2/3' of the
distance down a hill, at a grade of 1%. The road is three lanes wide and all three lanes drain
toward the median. A standard median drain leads to the catchpit which is 2m deep. The median
drain continues downstream of the catchpit.

Site 2, shown in Figure 4-4, is at a catchpit alongside the road median on the northbound
carriageway near the Van Riebeeck Road interchange. The site is on a vertical curve at the bottom
of rises to the north and south. The road is three lanes wide and all three lanes drain toward the
median. A standard median drain leads to the catchpit which is 1.5m deep. The catchpit collects
water from 100m of median drain at a 3% slope to the north and 10m of median drain at a 1.5%
slope to the south.

Site 3, shown in Figure 4-5, is at a longitudinal drain alongside the road median on the
southbound carriageway near the Hindle Road interchange. The road is three lanes wide and all
three lanes drain toward the median. The site is located on a horizontal curve. Sand samples were
taken from the longitudinal drain alongside the road median while runoff samples were collected
from a downstream catchpit that collected runoff from a standard median drain. The longitudinal
drain is 250mm wide and increases in depth from 100mm to 1000mm in order to maintain a
sufficient slope for adequate drainage. The drain is covered by plastic grates, and the catchpit is
500mm deep and corresponds to the standard catchpit design.

Site 4, shown in Figure 4-6, is on an undeveloped parcel of land adjacent to the northbound
carriageway near the Stellenbosch Arterial interchange. The site has the surface and soil
conditions of the area and is mostly undisturbed. There are footpaths crossing the area and it is
not possible to enter the area with a vehicle. Sand samples were collected 80m away from the
roadside, which is sufficient distance for pollutants originating on the road to have negligible
effect (Smith et al., 2010; Zafra et al., 2011). Rainwater samples were collected to form the
environmental baseline for the runoff samples. Rainwater collectors were installed 20m away
from the roadside, approximately 1.2m above ground level.

Site visits were conducted with the assistance of road maintenance personnel. A marked
road maintenance vehicle with an amber warning light was used since it was necessary to stop
alongside the road median to access the catchpits. Once the vehicle was stationary, a flagger
positioned himself to warn oncoming vehicles of our presence. Standard personal protection
equipment (PPE) was worn for all site visits to increase visibility. An armed response vehicle
accompanied the research vehicle to mitigate the risks of mugging or other violent crime. On two
occasions samples were not collected from sample Site 4 due to safety concerns.
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crete median drain,
(b) concrete drain and catchpit inlet, and (c) plan view of the catchpit
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Figure 4-3: Sample Site 1 (a) the asphalt catchment area and con

Figure 4-4: Sample Site 2 (a) the catchpit inlet grid, (b) the asphalt catchment and
concrete median drain, and (c) view inside the catchpit
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Figure 4-5: Sample Site 3 (a) the asphalt catchment area and longitudinal drain, and
(b) view inside the longitudinal drain

Figure 4-6: Sample Site 4 (a) view from the road towards the sample site, and (b) view
from the sample site towards the road
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Literature regarding contaminants in highway sediment and stormwater indicate that heavy
metals and hydrocarbons are the most significant pollutants originating from road use (Shinya et
al., 2000). Analysis was conducted for constituents that are both likely to occur and expected to
have consequences in significant quantities. The primary heavy metals of concern are zinc, lead,
cadmium, chromium, copper and manganese. Furthermore, platinum group metals are emitted
by catalytic converters and have been observed to accumulate on the road surface. Both heavy
metals and platinum group elements bio-accumulate and do not degrade in the environment,
potentially causing toxic effects in fauna and humans. Oils and greases and other hydrocarbons
originate from vehicle wear and tear and degradation of the road surface, potentially hindering
growth and reproduction of certain organisms (Erickson et al., 2013).

As there is little local data regarding road runoff contaminants in South Africa, the
sampling analysis was adjusted in accordance with results as they were received. Initially, sand
samples were tested for cadmium, chromium, copper, lead, zinc, platinum, palladium, rhodium,
PAHs and oils and greases. After receiving results with negligible concentrations of PAHs and
platinum group metals, these constituents were abandoned and a more complete set of metals
was tested for. Runoff samples and subsequent sand samples were tested for aluminium, arsenic,
cadmium, chromium, copper, lead, manganese, nickel, zinc, total phosphorus and total nitrogen.
Furthermore, runoff samples were analysed for chemical oxygen demand, oils and greases and
total suspended solids.

4.3 Sediment sampling method

Sediment samples were collected on 17 March, 23 March, 21 April and 18 May 2016. At each
sampling event, samples were collected from all sample sites.

Prewashed sample containers were provided by Jones Environmental Laboratory in line
with the analysis requirements. 60g Amber glass jars were used to store the samples, which
prevented sample contamination and the decay of constituents. Sample containers were labelled
prior to the sampling event and received a unique identification (ID) identifying the location and
date of collection. After collection, the samples were refrigerated and couriered to the laboratory
in polystyrene chests with ice packs to maintain a 10°C temperature in order to preserve the
sample.

Sand samples were swept with a horsehair brush into a polypropylene dustpan and
transferred to the sample jars on site. Care was taken to include the fines fraction in the sample
volume as this fraction is inclined to adhere to the surface of the sampling equipment and has
been shown to contain the highest concentration of contaminants (Zafra et al., 2011). Large
particles including glass, grass, stones and insects were removed from the samples. Between
sampling locations, the brush and dustpan were wiped clean with a cotton cloth. Between
sampling events the sampling equipment was washed with detergent and rinsed to prevent cross
contamination.
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At Sample Locations 1 and 3, samples were collected from the concrete median drains
approaching the catchpits. Care was taken to sweep from different locations along the drain at
each sampling event. At Site 2, samples were collected from within the longitudinal drain where
the drain had a depth of approximately 250mm. Samples were collected from locations
containing sand that was free from insects, organic matter and motor fluids. At Site 4, samples
were collected from approximately 20mm below the surface in order to obtain environmental
baseline contamination levels. Samples were taken from locations where the sand was loose and
free from noticeable localised contamination. Table 4-1 presents a summary of the sampling
events. Additional details are provided in Appendix E.

Table 4-1: Summary of sediment sampling events

Sample Event 1 Sample Event 2 Sample Event 3 Sample Event 4
Date 17-03-2016 23-03-2016 21-04-2016 18-05-2016
Time 10:50 - 11:25 10:05 - 10:55 10:35 - 11:40 13:15 - 14:00
Conditions Hot and dry Hot and dry Overcast and humid | Windy, light drizzle
Temperature 27°C 25°C 17°C 17°C
Wind 2m/s WSW 4m/s S 4m/s NW 6m/s NNW
Precipitation Omm Omm 1.5mm Omm
Sample contents | Sediment Sediment Sediment Sediment
Sample type Single Single Single Single
Deviations/ Included sand Included sand Wet samples due to | Swept from drain
comments caught in catchpit caught in catchpit rain. Sampled from leading towards and
grid and from grid and from within the catchpit away from catchpit.
expansion joints in expansion joints in at Site 2 as drain Large number of
the concrete drain. the concrete drain. was washed clean. ants/insects that
were difficult to
exclude

4.4 Sediment sampling results

Analysis results of the sediment sampling are presented in Table 4-2 and Table 4-3. ‘R300
sediment’ refers to samples taken from the road surface including surface drains and catchpits,
while ‘environment’ refers to samples taken from the undisturbed area approximately 80m from
the roadway. Analysis for platinum group metals and PAHs were discontinued following two
sampling events, as results were consistently below or close to the detection limits.

A particle size distribution test was performed on composite samples collected from the
road surface at each sample event in accordance with British Standard 1377-2:1990,
Determination of particle size distribution, Dry sieving method (British Standards Institution,
1990). Particle size ranged between 0.02mm and 5mm, with an 85" percentile size of 0.83mm,
which compares to other highway sediment studies (Vaze & Chiew, 2002).
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Table 4-2: Contaminant concentrations in road and environmental sediment for all sampling events

4-8

R300 sediment

Environmental

sampleID | LOD® |Unit | o7 | gmry | omra | omer | owas | owaa | oz | iz | i | osiea | osier | osed | omri | omad | ol | osied
Aluminium <50 mg/kg 5348.0 | 2614.0 | 2213.0 | 4913.0 | 3213.0 | 2337.0 416.0 | 413.0
Arsenic <0.5 mg/kg 4.6 2.2 1.3 51 25 2.3 <0.5 0.5
Cadmium <0.1 | mg/kg | <0.1 0.1 0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.3 <0.1 <0.1 <0.1 <0.1
Chromium <0.5 mg/kg | 104.5 56.2 68.6 168.8 | 116.6 | 124.0 46.7 30.9 28.6 65.8 29.2 24.1 17.1 344 3.3 3.3
Copper <1 mg/kg 83.0 42.0 37.0 68.0 54.0 25.0 63.0 29.0 28.0 54.0 37.0 24.0 2.0 1.0 <1 2.0
Lead <5 mg/kg 17.0 43.0 31.0 95.0 34.0 191.0 35.0 45.0 26.0 31.0 53.0 23.0 <5 <5 <5 <5
Manganese <1 mg/kg 139.0 83.0 68.0 322.0 95.0 155.0 8.0 7.0
Nickel <0.7 mg/kg 8.6 4.4 3.9 11.6 6.3 4.8 <0.7 <0.7
Zinc <5 mg/kg 76.0 171.0 | 116.0 | 1140 | 1410 | 147.0 | 2310 266.0 169.0 161.0 144.0 70.0 <5 <5 <5 <5
Phosphorus <10 mg/kg | 344.0 | 484.0 | 281.0 | 373.0 | 406.0 | 319.0 | 345.0 322.0 377.0 472.0 450.0 330.0 | 196.0 | 231.0 | 200.0 | 188.0
Total nitrogen | <0.01 % 0.1 0.1 <0.01 0.1 0.1 <0.01 0.1 <0.01
Palladium <5 mg/kg <5 <5 <5 <5 <5 <5 <5 <5
Platinum <5 mg/kg <5 <5 <5 <5 <5 <5 <5 <5
Rhodium <1 mg/kg <1 <1 <1 <1 <1 <1 <1 <1
Fats, O&G <30 mg/kg | 119.0 | 265.0 | 1410 | 156.0 | 247.0 | 209.0 | 175.0 216.0 221.0 255.0 203.0 219.0 <30 <30 <30 <30
?:"Oor:f;‘]{e <01 | % 05 | 05 | <01 | <01 | <01 | <01 | 189 | 421 | 189 | 05 0.8 01 | 00 | 05 | 05 | 02
“LOD = Limit of Detection
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Table 4-3: PAH concentrations in road and environmental sediment and runoff samples

R300 sediment Environmental Runoff vlj:tl:r
LOD | Unit | 5% | osrz | asire | omse | sz | owse | sz | omsz | LOD | Unit |Gl e | et | oew
Naphthalene <0.04 | mg/kg <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.1 po/l <0.04 <0.04 <0.04 <0.04
Acenaphthylene <0.03 | mg/kg <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.013 po/l <0.013 0.03 <0.013 | <0.013
Acenaphthene <0.05 | mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.013 po/l <0.013 | <0.013 | <0.013 | <0.013
Fluorene <0.04 | mg/kg <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.014 pg/l 0.03 0.04 0.02 0.02
Phenanthrene <0.03 | mg/kg 0.06 0.16 0.08 0.19 0.16 0.03 <0.03 <0.03 <0.011 po/l 0.19 0.18 0.04 0.04
Anthracene <0.04 | mg/kg <0.04 <0.04 <0.04 0.05 <0.04 <0.04 <0.04 <0.04 <0.013 po/l 0.02 0.03 <0.013 | <0.013
Fluoranthene <0.03 | mg/kg 0.12 0.20 0.08 0.62 0.19 0.04 <0.03 <0.03 <0.012 pa/l 0.28 0.35 0.07 0.02
Pyrene <0.03 | mg/kg 0.09 0.17 0.07 0.44 0.17 0.04 <0.03 | <0.03 | <0.013 | g/l 0.22 0.43 0.07 | <0.013
Benzo(a)anthracene <0.06 | mg/kg <0.06 <0.06 <0.06 0.26 0.09 <0.06 <0.06 <0.06 <0.015 po/l 0.03 0.07 <0.015 | <0.015
Chrysene <0.02 | mg/kg 0.06 0.08 0.03 0.28 0.09 0.03 <0.02 <0.02 <0.011 po/l 0.08 0.11 <0.011 | <0.011
Benzo(bk)fluoranthene | <0.07 | mg/kg <0.07 0.10 <0.07 0.25 0.14 <0.07 <0.07 <0.07 <0.018 po/l 0.04 0.14 <0.018 | <0.018
Benzo(a)pyrene <0.04 | mg/kg <0.04 0.05 <0.04 0.10 0.08 <0.04 <0.04 <0.04 <0.016 po/l <0.016 0.10 <0.016 | <0.016
Indeno(123cd)pyrene <0.04 | mg/kg <0.04 <0.04 <0.04 0.05 0.07 <0.04 <0.04 <0.04 | <0.011 pg/l <0.011 0.12 <0.011 | <0.011
Dibenzo(ah)anthracene | <0.04 | mg/kg <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.01 pg/l <0.04 <0.04 <0.04 <0.04
Benzo(ghi)perylene <0.04 | mg/kg <0.04 0.07 <0.04 0.05 0.09 0.04 <0.04 <0.04 <0.011 po/l <0.011 0.30 <0.011 | <0.011
Benzo(b)fluoranthene <0.05 | mg/kg <0.05 0.07 <0.05 0.18 0.10 <0.05 <0.05 <0.05 <0.195 po/l 0.03 0.10 <0.195 | <0.195
Benzo(Kk)fluoranthene <0.02 | mg/kg <0.02 0.03 <0.02 0.07 0.04 <0.02 <0.02 <0.02 <0.01 po/l 0.01 0.04 <0.02 <0.01
PAH 16 Total <0.6 | mg/kg <0.6 0.80 <0.6 2.30 1.10 <0.6 <0.6 <0.6 <0.01 pg/l 0.89 1.90 0.20 <0.01
PAH % Recovery <0 % 102 109 105 119 117 118 103 122 <0 % 72 71 73 71
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The particle size distribution for the four sampling events is shown in Figure 4-7. The particle
size envelope is relatively small, indicating a homogenous and consistent particle size
distribution in the surface sediment.
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Figure 4-7: Particle size distribution of sediment samples on the R300

The environmental samples contain lower levels of all contaminants for every sampling event
when compared to the road samples. Higher concentrations of PAHs were found when the sample
was taken from within the catchpit as opposed to the median surface drain, which indicates that
the catchpits may concentrate hydrocarbons. Fluoranthene and Pyrene were found in the highest
concentrations, with maximum concentrations of 0.62mg/kg and 0.44mg/kg respectively. The
road sediment contained aluminium, total phosphorus, zinc and manganese in the highest
concentrations, while cadmium, arsenic and nickel were found in low concentrations. The
concentration of aluminium is an order of magnitude greater than the other metal contaminants.
The high concentrations of zinc and manganese, and low concentrations of nickel and cadmium
closely compare with results obtained from a highway in Spain (Zafra et al., 2011).

A two-sample t-test assuming unequal variances was performed to assess whether there is
a statistically significant difference between road and environmental sediment contamination.
The total heavy metals concentration in road sediment (mean = 2116mg/kg, standard deviation
(SD) = 2093mg/kg) is significantly greater than the total metals concentration in environmental
sediment (mean = 227mg/kg, SD =231mg/kg); t(12) =3.1, p=0.005. Similarly, the total
phosphorus concentration in road sediment (mean = 375mg/kg, SD = 65mg/kg) is significantly
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greater than the environmental concentration (mean = 204mg/kg, SD = 19mg/kg); t(14) = 8.2,
p =5.4E-07. Lastly, the concentration of fats, oils and grease in road sediment
(mean = 202mg/kg, SD =46mg/kg) is significantly greater than the concentration in
environmental sediment (mean =0mg/kg, SD =0mg/kg); t(11)=15.2, p=4.7E-09.
Calculations are provided in Appendix F. These results show that sediment collected on the R300
highway is significantly more contaminated than the surrounding sediment for heavy metals,
phosphorus and fats, oils and greases.

Descriptive statistics were generated for the road sediment results using the t-distribution
to calculate confidence intervals. The t-distribution assumes a normally distributed population
and is suitable for small samples where n < 30. The mean concentration is provided with a
confidence interval (90% confidence level) for each contaminant in Table 4-4. Figure 4-8
presents this information graphically; note that aluminium is plotted on a secondary axis.

The Draft National Norms and Standards for the Remediation of Contaminated Land and
Soil Quality (NEMWA, No. 59 of 2008) provides minimum standards for assessing environmental
protection measures. Table 4-5 compares the R300 road surface sample mean contamination with
the maximum permissible concentration set down in the norms and standards. Target
concentrations for all land uses (including the protection of human and ecosystem health,
considering contaminant migration to water resources) and for the protection of ecosystem
health, excluding human health, are provided. The mean concentration of chromium, copper and
lead exceed the target concentrations for the protection of human health. Barring copper
concentrations, all contaminant concentrations in the road surface sediment are within the range
required to protect ecosystem health.

Table 4-4: Descriptive statistics for the sediment contaminant concentrations

Contaminant Unit Count Min Max Range M?SS(;‘; ﬁgﬂ?ﬁiﬂi Ilr;\t/irl;/ e
Aluminium mg/kg 6 2213 5348 3135 3440 £ 1120
Arsenic mg/kg 6 1 5 4 31
Cadmium mg/kg 12 0 0 0 0+0
Chromium mg/kg 12 24 169 145 72+24
Copper mg/kg 12 24 83 59 45+ 10
Lead mg/kg 12 17 191 174 52 + 25
Manganese mg/kg 6 68 322 254 144 + 77
Nickel mg/kg 6 4 12 8 T2
Zinc mg/kg 12 70 266 196 151 + 29
Phosphorus mg/kg 12 281 484 203 3715+ 34
Total Nitrogen % 6 0 0 0 00
Fats, oils and grease | mg/kg 12 119 265 146 202+ 24
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Figure 4-8: Mean concentrations of contaminants in R300 sediment

Table 4-5: Sediment contaminant concentrations in comparison to norms and standards
for polluted land and soil quality (NEMWA, No. 59 of 2008)

Sample mean Target concentration
R300 All land uses protective | Protection of ecosystem

of water resources health
Arsenic mg/kg 3.0 5.8 580
Cadmium mg/kg 0.1 7.5 37
Chromium mg/kg 72.0 6.5 260
Copper mg/kg 45.3 16 16
Lead mg/kg 52.0 20 100
Manganese mg/kg 143.7 740 36000
Nickel mg/kg 6.6 91 1400
Zinc mg/kg 150.5 240 240
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4.5 Runoff sampling method

Highway runoff and rainwater samples were collected on 22 April, 18 May, 24 May, 6 June and
14 June. These dates correspond with the first rains of the 2016 winter season in Cape Town,
barring one event, as it occurred over a weekend which precluded sampling.

Prewashed sample containers were provided by Jones Environmental Laboratory in line
with the analysis requirements. 250ml Clear glass bottles (for O&G and PAH analysis) and
250ml clear plastic bottles (for metals, nutrients, COD and TSS analysis) were used to store the
samples. Sample containers were labelled prior to the sampling event and received a unique ID
identifying the location and date of collection. After collection, the samples were refrigerated
and couriered to the laboratory in polystyrene chests with ice packs to maintain a 10°C
temperature in order to preserve the sample.

Due to financial constraints, sampling was limited to 20 grab samples for analysis.
Furthermore, due to safety and organisational constraints it was not possible to take samples
during the rainfall event. Therefore, runoff capture devices were installed in the catchpits and
collected either on the day of the rainfall event or one day subsequent. At Sample Sites 1, 2 and
3, custom-made devices modelled on a design by René Schieritz, a previous master’s degree
student at the University of Cape Town, were installed in the catchpit to sample the stormwater
runoff. The runoff sampling device is shown in Figure 4-9 and shown installed on site in
Figure 4-10. At Sample Site 4, rainwater was collected in modified polyethylene terephthalate
(PET) bottles.

inlet

overflow
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sample bottles

Figure 4-9: Custom-made runoff sampling device
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Figure 4-10: Runoff sampling device on site: (a) sample containers, (b) placement in
catchpit with incoming flow from the right hand side, and (c) flow restricting inlet

The runoff sampling device was designed to remain in the catchpit and take a composite sample
of the runoff entering the drain. Stormwater flows around the polystyrene ball into the black,
polyethylene pipe, from which it sequentially fills the sample bottles. The modified polystyrene
ball located at the entrance to the device ensures that the pipes are not blocked by debris and
limits inflow. Each sample bottle contains a polystyrene ball which floats until it reaches the neck
of the bottle where it blocks additional inflow. Compressed paper washers were glued to each
bottle lip in order to create a better seal with the polystyrene ball.

It is recommended in the literature that grab samples are obtained 2 — 3 hours after the first
runoff, and that a composite grab sample is collected in order to obtain a good estimation of the
average contaminant concentrations (Ma et al., 2009; Lee et al., 2011). Research by Deletic
(1998) indicates that road surfaces may have a minor first flush effect. Therefore, the device
included a 500ml storage volume, shown on the right hand side of Figure 4-9, to capture the
initial stormwater runoff, which can contain a higher concentration of contaminants. As the
intention was to obtain an estimate of the mean concentration for comparative and modelling
purposes, the contents of this first bottle were discarded, and the labelled sample bottles were
sent to the laboratory for analysis.

The device was tested under controlled conditions to ensure that it functioned as expected
on site. In preliminary tests, the device was installed in a similar catchpit to those on site and a
known volume of water was poured into the drain leading to the catchpit. The device collected

Chapter 4: Highway sediment and runoff sampling Abby Robertson



4-15

approximately 1% of the incoming flow. This fraction varies according to how the bottle is
installed relative to the incoming flow, the flow rate and temporary blockages caused by leaves
and other debris. Once the bottles were full, dye was poured into the device in order to ensure
that the bottles were sealing. If dye was observed in the sample bottles, it would indicate that the
bottles were allowing inflow past the polystyrene ball plug.

Rainwater was collected using modified PET bottles. The bottles were washed with
detergent and rinsed with a dilute sulphuric acid solution prior to field use. They were then
suspended on wooden fence poles approximately 1.2m above the ground surface. Care was taken
to ensure the bottle lip was above the wire fence strands to minimise contamination.

Table 4-6 summarises the runoff sampling events. Photographs of the runoff samples from
each sampling event are provided in Appendix G. There were several variations to the sampling
procedure as follows:

o On 22 April 2016, grab samples were taken during the rainfall event by holding the sample
bottle in the runoff stream flowing into the catchpit. Samples were only taken at Site 1, Site
2 and Site 4 for safety reasons. The rainwater sample was attached to a metal lamppost.

o On 18 May 2016, samples were not collected from Site 3 due to safety concerns.

o On 14 June 2016, samples were analysed for PAHs, COD and TSS rather than the standard

analysis.

Table 4-6: Summary of runoff sampling events

Sample Event5 | Sample Event 6 | Sample Event 7 | Sample Event 8 | Sample Event 9
Date 22-04-2016 19-05-2016 24-05-2016 10-06-16 14-06-2016
Time 15:30 - 16:05 13:30 - 13:45 10:55 - 11:20 10:00 - 10:40 10:15 - 10:45
General Intense rain, first | Large storm Afternoon/ Overnight Partly sunny,
conditions storm of the system over evening rainfall | rainfall. Cold cold
rainy season cape region and overcast
Temperature | 18°C 18°C 15°C 14°C 13°C
Wind 6m/s NNW 6m/s SSE 5m/s N 5m/s NE 4m/s NNW
Precipitation | 29mm 4mm 12mm 17mm 8mm
Contents Runoff Runoff Runoff Runoff Runoff
Sample type | Single grab Extended grab Extended grab Extended grab Extended grab
sample sample sample sample sample
Deviations/ | Accident near Large amount of | All sedimentand | Lots of organic Sample
comments Site 1, but this sediment trapped | debris cleared matter including | containers
did not in sampling from catchpits grass cuttings deployed in
contaminate device by rainfall event | and leaves in catchpits on
runoff catchpits Friday 10-06-16
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4.6 Runoff sampling results

Analysis results of the runoff sampling are presented in Table 4-7 and Table 4-8. Samples were
collected from runoff as it entered the catchpit and the environmental sample was obtained by
collecting rainwater during sampling events at the environmental site. Analysis was conducted
for metals, TSS, nutrients, COD and oil and grease. One sample was analysed for PAHs, which
yielded similar results to the sand sampling as shown in Table 4-3. Fluoranthene and pyrene were
found in the highest concentrations, with maximum concentrations of 0.35ug/l and 0.43ug/I.

The rainwater samples contain lower levels of all contaminants for every sampling event
when compared to the runoff samples, except for two instances where the rainwater sample
contained higher concentrations of zinc. For these two events, the sample container was attached
to a metal lamp post rather than a wooden fence pole, which is the most likely source of the zinc
(Legret & Pagotto, 1999). This result indicates that metal roadside structures such as signage,
barriers and posts are an important source of metals in stormwater runoff.

The results for the surface runoff show a higher level of variability than the sediment
samples. The surface runoff contained aluminium, total phosphorus, zinc and manganese in the
highest concentrations, while cadmium, arsenic and nickel were found in low concentrations.
Figure 4-11 shows the distribution of metal concentrations in the sediment and runoff samples,
indicating the relative concentration of each contaminant. Note that the samples are measured in
different units and presented on a logarithmic scale. This graph illustrates that the pollutant
concentration profile is similar in road sediment and runoff on the R300. This supports the notion
that sediment analysis provides useful information regarding runoff water quality.
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Figure 4-11: Relative contaminant concentrations in sediment and runoff on the R300
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Table 4-7: Contaminant concentrations in R300 surface runoff

. 27.7S- | 277N- | 244N- | 27.7S- | 244N- | 277S- | 244N- | 174S- | 277S- | 244N- | 17.0S- | 27.75- | 17.05- | 24.4N-
Sample ID LOD | Units | 5,0, 0422 0422 0518 0518 0524 0524 0524 0610 0610 0610 0614 0614 0614

Total Aluminium <20 po/l 3341 3479 3088 5682 9620 6333 9517 10390 5615 41770 5426

Total Arsenic <2.5 po/l <2.5 <2.5 <2.5 3.3 55 5.9 53 8.8 <2.5 28.9 6.2

Total Cadmium <0.5 po/l <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Total Chromium <15 pa/l 13.9 13.9 14.7 29.8 39.1 32.8 53.4 34.3 26.1 250.3 41

Total Copper <7 po/l 67 74 71 120 150 126 191 138 93 389 155

Total Lead <5 po/l 32 32 32 50 59 61 122 66 50 316 57

Total Manganese <2 pg/l 93 95 84 219 260 174 259 195 171 909 243

Total Nickel <2 pg/l 6 5 5 13 17 13 16 13 9 50 12

Total Zinc <3 pg/l 232 242 287 471 568 582 843 667 371 2826 593

Total Phosphorus <5 pg/l 333 361 383 1485 1681 965 2401 1445 1383 14930 3895

Total Nitrogen <0.5 mg/l 3.6 2.8 3.3 97.2 51.7 6.8 57 54 7.8 11.9 15.3

COD <9 mg/l 12 27 86 300 180 320 140 200 67 170 300 72 133 60
Oil and Grease <50 mg/l <50 70 <50 89 <50 6779 <50 108 746 410 161 <50 53 50

Total Suspended

Solids <10 mg/l <10 33 116 154 298 550 8588 3372 108 176 208 126 354 30
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Table 4-8: Contaminant concentrations in rainwater collected adjacent to the R300
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Sample ID LOD Units 21.4N-0422 | 21.4N-0518 | 21.4N-0524 | 21.4N-0610 | 21.4N-0614
Total Aluminium <20 po/l <20 96.0 42.0 83.0

Total Arsenic <25 uo/l <25 <25 <25 <2.5

Total Cadmium <0.5 uo/l <0.5 <0.5 <0.5 <0.5

Total Chromium <15 uo/l <15 4.3 <15 <15

Total Copper <7 pa/l <7 <7 <7 <7

Total Lead <5 uo/l <5 <5 <5 <5

Total Manganese <2 uo/l <2 6.0 <2 <2

Total Nickel <2 uo/l <2 <2 <2 <2

Total Zinc <3 po/l 969.0 773.0 154.0 30.0

Total Phosphorus <5 uo/l 43.0 43.0 49.0 47.0

Total Nitrogen <0.5 mg/l 2.4 1.3 11

COD <9 mg/l <9 9.0 <9 <9
Oil and Grease <50 mg/l <50 <50 321.0 <50
Total Suspended Solids <10 mg/l <10 <10 <10 <10
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A two-sample t-test assuming unequal variances was performed to assess whether there is a
statistically significant difference between road runoff and rainwater quality characteristics.
Results for the oil and grease and TSS concentrations from 24 May have been excluded from this
analysis as Jones Environmental reported that the sample temperature on receipt was
inappropriate. The statistical analysis is available in Appendix F. The total metals concentration
in road runoff (mean = 10,715ug/l, SD = 12,223 ug/l) is significantly greater than the metals
concentration in rainwater (mean = 539 ug/l, SD = 447 pg/l) in the same location; t(10) = 2.8,
p=0.01. Similarly, the TSS concentration is greater in road runoff (mean =146 ugll,
SD =110 pg/l) compared to rainwater (mean = 0 pg/l, SD = 0ug/l); t(10) = 4.4, p-value = 0.0007.
Based on the sample results, it is not possible to say whether the oil and grease concentration is
different in road runoff and rainwater.

Descriptive statistics were generated for the results using the t-distribution to calculate
confidence intervals. The mean concentration for each contaminant is provided with a confidence
interval (90% confidence level) for each contaminant in Table 4-9. This information is shown
graphically in Figure 4-12 for metals and Figure 4-13 for non-metals. Note that zinc, aluminium
and phosphorus are plotted on a secondary axis in Figure 4-12 to account for the variation in
pollutant concentrations.

Table 4-9: Descriptive statistics for the runoff contaminant concentrations

Contaminant Unit | Count Min Max | Range Mean confi_dence Interval
(90% confidence level)

Total Aluminium pg/l 11 3088 41770 | 38682 9478 + 6021

Total Arsenic pg/l 11 0 29 29 6+5

Total Cadmium pg/l 11 0 0 0 00

Total Chromium pg/l 11 14 250 236 50 + 37

Total Copper pg/l 11 67 389 322 143 +50

Total Lead pg/l 11 32 316 284 80 +45

Total Manganese pg/l 11 84 909 825 246 £ 125

Total Nickel pg/l 11 5 50 45 14+7

Total Zinc ug/l 11 232 2826 2594 698 + 399

Total Phosphorus pg/l 11 333 14930 | 14597 2660 + 2295

Total Nitrogen mg/l 11 3 97 94 19+16

COD mg/l 14 12 320 308 148 £ 49

Oil and Grease mg/l 11 0 746 746 144 + 127

Total Suspended Solids | mg/I 11 0 354 354 146 + 60
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Figure 4-12: Mean concentration of metal contaminants in R300 runoff waters
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Figure 4-13: Mean concentration of non-metal contaminants in R300 runoff waters
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In the absence of water quality guidelines that specify constituent concentrations for stormwater,
the runoff sample results are compared to the guidelines provided by the DWS for aquatic
environments. The water quality guidelines are to ensure the sustainable use of aquatic
ecosystems (including their use as a disposal pathway for stormwater drainage) in a manner that
enables ecosystems to maintain their integrity (DWS, 1996). The DWS does not provide a
guideline for oil and grease concentration in aquatic environments. The Department of
Environmental Affairs (DEA), however, provides regulations for the oil and grease concentration
in effluent draining to a river catchment. In this instance, the mean concentration of oil and grease
in the highway runoff waters is 144mg/l, which greatly exceeds the effluent standards of 2.5mg/I
(DEA, 1984).

Table 4-10 compares the runoff quality to two aspects of the water quality guidelines from
the DWS; the upper limit of the Target Water Quality Range (TWQR) and the Acute Effect Value
(AEV). The TWQR represents a range of concentrations for which there are no adverse effects
on ecosystem health, and the AEV indicates a concentration above which up to 5% of the species
in the aquatic community will experience toxic effects. If acute effects persist or occur at too
high a frequency, sensitive species of the aquatic ecosystem will perish.

Mean concentrations of arsenic and cadmium are below the TWQR, while mean
concentrations of manganese and chromium fall below the AEV but exceed the TWQR. The
mean concentrations of aluminium, copper, lead, phosphorus and zinc all exceed the AEV in
excess of 1000%.

Table 4-10: Runoff contaminant concentrations compared to the DWS water quality

guidelines
Runoff Aquatic ecosystem water quality guidelines
Units Mean Target Water Quality Range Acute Effect Value
Total Aluminium ug/l 9478.3 5 100
Total Arsenic ug/l 5.8 10 130
Total Cadmium pg/l 0.0 0.25 6
Total Chromium pg/l 49.9 12 340
Total Copper pg/l 143.1 0.8 4.6
Total Lead pg/l 79.7 0.5 7
Total Manganese pg/l 245.6 180 1300
Total Nitrogen mg/l 19.2 0.5 10
Total Phosphorus pg/l 2660.2 0.5 250
Total Zinc pg/l 698.4 2 36
Total Suspended Solids | mg/l 145.7 100 -
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Two important points must be made with regard to this data. Firstly, the runoff water entering
the catchpits is significantly cleaner than the water exiting the culverts to the verge when assessed
on odour and visual indicators such as clarity and oil sheen. The catchpits concentrate pollutants
(Figure 3-11) that then remain in the culvert due to sedimentation and low flow rates. Stagnant
pools form between rainfall events, contaminanting the subsequent incoming runoff which
washes the pollutants to the verge. Secondly, in the case of the R300, runoff waters from the road
surface will be diluted by runoff from the verge before entering nearby aquatic ecosystems. The
R300 verge runoff is unlikely to contribute significant quanitities of metals, hydrocarbons or
nutrients, as the surface is primarily sparsely vegetated sandy soil.

4.7 Errors and limitations

The following section details the limitations of the sampling exercise. The runoff was sampled
by collecting a small fraction of the incoming flow with a device that created a composite sample.
This technique provides more robust measurements than collecting a sample at a single point in
time (Ma et al., 2009), but is inferior to the standard technique of creating a flow weighted sample
volume. Moreover, it was not possible to ascertain the time it took to fill the sample during each
sampling event, or the time at which the initial storage volume was filled and the sample bottles
began to collect runoff. As such, the sample volumes for different sampling events consist of
different fractions of the total rainfall volume.

The extended grab samples provide data that is specific to a singular time period and place.
This ‘snapshot’ gives a loose estimate of the mean concentration and the range of pollutant
concentrations in the R300 runoff waters. The sediment samples were collected as isolated grab
samples, making these measurements more susceptible to random variation and localised effects.
The sampling was conducted over three months from April to June, therefore the data is unable
to account for seasonal or temporal variation.

The concentration results were collected without corresponding traffic data such as the
number of vehicles during the storm, the average axel load or the average vehicle speed. Rainfall
data specific to the R300 such as the storm intensity, volume and duration were not obtained for
the sampling events. This limited the interpretation of the results as these parameters are often
cited as explanatory variables for pollutant concentrations in runoff waters.

The limited number of samples, with an average count of 11 samples per constituent,
restricted the statistical analysis of the results. As noted in Section 4.5, the oil and grease and
TSS concentrations from 24 May, 2016 were omitted from the data analysis as the laboratory
reported an inappropriate sample temperature on receipt.

Thus, the rainfall and sediment pollutant concentrations should be regarded as point data
that indicate the potential range of pollutant concentrations in the road environment
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4.8 Summary

This chapter provides an overview of the sampling exercise conducted for this research. Sediment
and runoff samples were collected from four locations on R300 highway during 2016. The
samples were analysed at Jones Environmental Laboratory for metals, hydrocarbons and
nutrients. The results indicate that the stormwater runoff from the highway contains
hydrocarbons, aluminium, copper, lead, phosphorus and zinc in quanitites that are detrimental to
aquatic ecosystems. The concentration of contaminants in the surface sediment, however, is
within the range required to protect ecosystem health.
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5. Drainage modelling

5.1 Introduction

This section describes the modelling of the R300 drainage in PCSWMM, a computational
decision support system based on the US EPA’s SWMM engine. The data collection, model
inputs and model construction are described. Thereafter, four alternative designs are assessed,;
comparing the current drainage design to various SuDS stormwater management scenarios. The
model outputs are compared to the CoCT’s Management of Urban Stormwater Impacts Policy
requirements, hereafter referred to as the CoCT Stormwater Policy, to assess their respective
performance.

5.2 Methodology

The road surface and hydraulic system were modelled from the intersection of the R300 with the
N2 to the intersection with the N1 for varying drainage design scenarios. An as-built model was
created and compared to deterministic flood calculation methods. Thereafter, alternative SuDS
scenarios were developed in order to assess the potential for SUDS to manage highway runoff.
PCSWMM requires user input regarding surface data, hydraulic connectivity, climate data and
pollutant characteristics. A discussion of the data acquisition for these elements follows.

Climate data was sourced from the Cape Town International Airport, which lies between
4km to 12km from the near and far end of the R300 respectively. 5-Minute data was obtained
from two recording stations at the Airport; CT-WO and CT-AWS. The data was verified by
comparing the statistical parameters for each data set and using the PCSWMM audit function,
which checks datasets for inconsistencies, redundancy and missing data. 5-Minute rainfall and
temperature data from 2010 through 2016 from CT-WO were input into the model. The largest
storm in the record is a 13 year RI storm with a total rainfall of 77mm. 98% of the rainfall events
in the dataset have a recurrence interval less than 2 years. The total precipitation for each year is
provided in Table 5-1.

Table 5-1: Annual precipitation at the Cape Town International Airport

Year Total precipitation (mm)
2010 384
2011 350
2012 467
2013 655
2014 518
2015 348
2016 (Jan-Mar) 48
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The average annual precipitation for the modelling period is lower than the MAP used for the
current R300 drainage design (SNA-SSI Joint Venture, 2008a). The design MAP of 515mm is
greater than the precipitation for all years in the modelling period except 2013, where the rainfall
was in excess of 650mm. Temperature data from 2010-2016 was processed to obtain daily
maximum and minimum temperatures. Evaporation was calculated in the model as a function of
the temperature using the Hargreaves’ method. The model was executed using both design storm
and continuous rainfall data. 24-Hour SCS-SA Region Il design storms for %%, 1, 2, 5, 10, 20, 50
and 100 year return intervals were modelled (SANRAL, 2013a). The design storms were sized
with the design point rainfall for the South African Weather Service Kuilsrivier weather station,
which lies approximately 5km from the R300.

Pollutant modelling in PCSWMM can be implemented by specifying buildup and washoff
functions related to the subcatchment land use, or applying an event mean concentration.
Pollutant builup and washoff functions are highly variable and have been shown to be site
specific (Egodawatta & Goonetilleke, 2008). In the absence of such data, it was decided that
pollutant loading would be modelled using EMCs. The EMCs were determined based on
literature and the field sampling results. The upper and lower EMC limits in the literature were
compared to the median, maximum and minimum sample concentration results. The median was
used as opposed to the mean as the mean was found to be skewed by an outlying sampling event.
It was found that the upper EMC limits corresponded well with the median sampling result. As
such, the site-specific median sampling concentration was used as the EMC for TSS (146mg/l),
TP (3mg/l) and oil and grease (144mg/l) concentrations in the model.

Surface data was obtained from as-built drawings provided by SANRAL. Longitudinal
section elevation data consisted of three survey points at 20m intervals on the inner, middle and
outer lane for each carriageway. This was processed to determine the subcatchment elevation,
area, cross fall and vertical slope. The location of hydraulic elements including surface drains,
catchpits, down chutes, underground pipes and culverts were obtained from plan drawings. The
drainage schedule provided road surface and invert levels for each drainage element at road left,
road right and road centre. This informed the drainage element depths, slopes and the hydraulic
connectivity input to the R300 model.

A number of simplifying assumptions were made in creating the model. Surface
subcatchments were delineated based on a change in vertical slope, change in horizontal slope,
the location of catchpits, drains and down chutes, and the type of surface (e.g. road, verge and
SuDS elements). Subcatchment surface properties are provided in Table 5-2. Subcatchment flow
length and slope were calculated as a function of the road cross fall, vertical slope and road width.
The flow length and surface slope were subsequently assessed using the PCSWMM sensitivity
calibration tool and adjusted accordingly.
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Table 5-2: Subcatchment properties

5-3

Infiltration Bioretention | Bioretention

Parameter Road surface Swale
trench area area forebay

% imperviousness 100 0 0 80 0
Manning’s n 0.016 0.1 0.1 0.08 0.027
Storage depth (mm) 0.5 1500 550 20 250
o T
% area not contributing o5 0 0 o5 o5
to runoff
0
% subcatchment routed 100 100 100 100 100
to hydraulic system

Surface drainage conduits were modelled in line with design drawings for typical drainage
elements on the R300. Three types of conduits were modelled: median drains, side drains and
culverts beneath the road that connect median catchpits to outfalls. Culverts flowing beneath the
road with the sole function of linking the two verge areas were omitted from the model. Catchpits
were modelled as storage elements with a constant depth-area relationship. Surface drainage
nodes were given a ponded area of 2m? in order to prevent flooding, but retain the excess
stormwater volume in the model without creating a significant head at the node.

SuDS design alternatives were selected in response to the need for surface water treatment
while considering the limitations imposed by the site. The site offers a relatively small space for
stormwater treatment in the verge, with a need to direct water away from the road subsurface
layers. Furthermore, there is a high water table during the wet season and a large amount of
sediment transport due to the wind and soil characteristics.

The current drainage design has large areas where the road runoff exits the road as sheet
flow that infiltrates into the verge, without being concentrated in stormwater channels.
Additionally, there are two locations where the existing R300 drainage infrastructure makes use
of vegetated surface drains. Four design scenarios were investigated in PCSWMM; an as-built
model, and Alternatives | — IlI, which investigate various SuDS scenarios. The SuDS
Alternatives were modelled as retrofits to the current road drainage infrastructure, replacing
surface drains with SuDS infrastructure. Technical details of the SuDS modelling parameters are
provided in Appendix I. Figure 5-1 shows a plan view of the SuDS elements placed along a
section of the R300.
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Figure 5-1: Plan showing SuDS placement along a section of the R300 (not to scale)

5.2.1 Alternative I: Infiltration trenches

Alternative | involves replacing side channels adjacent to the verge in the existing drainage
design with infiltration trenches, which are identified in SuDS drainage manuals as suitable
devices for road drainage (Woods-Ballard et al., 2007b; Pittner & Allerton, 2009; Armitage et
al., 2013b). Figure 5-2 shows a cross-sectional view of the infiltration trenches modelled in
PCSWMM. Each infiltration trench has a width of 600mm and a depth of 1500mm, in keeping
with the SuDS Manual recommendations (Woods-Ballard et al., 2007a). The void ratio of the
storage area is 0.5 voids/solids, typical for coarse aggregate and the seepage rate into the
surrounding in-situ sand is 50mm/h (CHI, 2016c). Each trench has an underdrain, since the
infiltration capacity in winter will be reduced due to the high water table. The infiltration trenches
are expected to address the problem of erosion surrounding existing down chutes by reducing the
runoff peak and allowing for distributed infiltration rather than concentrating the surface flow
through drainage outlets. The pollutant removal capacity was modelled according to the South
African Guidelines for Sustainable Drainage Systems (Armitage et al., 2013b), using the lower
limit of 60% removal capacity for TP, 70% removal capacity for TSS and 0% removal capacity
for O&G.
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Figure 5-2: Cross section of an infiltration trench

5.2.2 Alternative Il: Bioretention areas

Alternative 1l is to place a bioretention area and pretreatment forebay at the outfall of every
culvert draining the road surface. These areas are located where the road surface drains to the
road median and runoff is concentrated in catchpits that drain to the verge. Bioretention areas
were selected as they provide good treatment capacity with limited space requirements, which
make them easy to integrate with existing drainage infrastructure. The bioretention areas
modelled in PCSWMM are shown in Figure 5-3. They were modelled with a pretreatment
forebay to capture litter and sediment, and slow the volumetric flow rate as water enters the
bioretention area. The forebays are 4m x 2m, with a 2% surface slope and 80% impervious area.
Each forebay has a 20mm depression storage capacity. The bioretention areas are 5m x 2m, with
a 200mm berm height, which provides a fairly large storage capacity. The soil thickness is
1000mm with a 300mm sand layer, and 200mm storage layer beneath. The soil properties were
assigned based on typical bioretention soil properties (CHI, 2016¢). The bioretention areas were
modelled with a constant pollutant removal capacity according to the South African Guidelines
for Sustainable Drainage Systems, using the lower limit of 50% removal capacity for TP, 50%
removal capacity for TSS and 50% removal for O&G (Armitage et al., 2013Db).
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Figure 5-3: Cross section of a bioretention area

5.2.3 Alternative Il1: Integrated design

Alternative 111 is to implement infiltration trenches, swales and bioretention areas at suitable
locations in the verge across the total road length. Swales were modelled as pervious
subcatchments with a storage depth of 250mm and an infiltration capacity related to the existing
sandy verge. The surface is modelled as grass cover, with a Manning’s n value of 0.027. The
pollutant removal capacity for each swale is 25% for TP, 60% for TSS and 70% for O&G
(Armitage et al., 2013b). Where suitable, SuDS were modelled in treatment trains, where the
outfall from one SuDS element enters the subsequent downstream SuDS device. Figure 5-4
shows one of the treatment trains implemented in Alternative I11.

5.3 Results

A PCSWMM model was developed to assess different scenarios for road drainage design on the
R300. The results were used to assess the proposed SuDS alternatives against the CoCT
Stormwater Policy. Additionally, the runoff volume, peak runoff rates and pollutant loads
generated by the alternative scenarios are compared to the as built scenario.
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Figure 5-4: SuDS treatment train schematic

The model remains uncalibrated with real world data, since the scope of this project did not
justify the large cost of the monitoring equipment required to obtain volumetric runoff calibration
data. The PCSWMM Sensitivity-based Radio Tuning Calibration (SRTC) tool was used to
perform a sensitivity analysis on user input parameters including the subcatchment width, surface
slope, Manning’s n for impervious and pervious areas and depression storage. The SRTC tool
runs a series of modelling events varying the chosen parameters within a user specified range,
and the results are compared to a base scenario. The R300 model is most sensitive to the
subcatchment width parameter, which yielded a 5% increase in maximum outflow for a 25%
increase in subcatchment width.

The model peak flow results were compared to the Rational Method in order to determine
whether the results were suitable. The Rational Method was calculated for the entire road
subcatchment, with a runoff coefficient of 0.85. Calculations are available in Appendix H. The
model was run applying the 24-hour SCS-SA Type |l storm distribution with design point rainfall
obtained from the Kuilsrivier weather station, made available in the Drainage Manual (SANRAL,
2013a). Table 5-3 provides the peak flow for recurrence intervals of 2 — 100 years generated by
the Rational Method and the R300 model. The R300 model results for each return interval are
approximately 60% of the Rational Method results. Without additional information to verify the
model, this was accepted as an adequate result.

Table 5-3: Peak runoff for the R300 calculated using PCSWMM and the Rational Method

Recurrence interval (years) 2 5 10 20 50 100
R300 model peak runoff (m3/s) 2.0 2.9 35 4.2 5.2 6.0
Rational method peak runoff (m3/s) 2.8 4.8 6.2 7.7 9.7 111
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The pollutant load and peak flow reduction capacity of SuDS Alternatives I, Il and Ill were
evaluated using design storm and continuous modelling approaches, which are discussed below.

For the % year RI, 24-hour water quality design storm event, the CoCT Stormwater Policy
requires 80% removal of the annual TSS pollutant load and 45% removal of the annual TP
pollutant load. Table 5-4 shows the outcome of the proposed SuDS interventions. These results
show that while the individual performance of the SuDS elements is good, SuDS must be
implemented across the entire road length as in Alternative 111 in order to achieve meaningful
pollution mitigation for road runoff.

Table 5-4: Pollutant removal for the %2 year Rl water quality design storm event

TP removal % TSS removal % | O&G removal %
CoCT Stormwater Policy criteria 45 80
Alternative | (Infiltration trenches) 21 22 17
Alternative Il (Bioretention areas) 6 6 6
Alternative 111 (Integrated design) 69 80 42

For the 1 year Rl 24-hour storm, the CoCT Stormwater Policy requires 24-hour extended
detention of the surface runoff. Table 5-5 summarises the peak and total flow reduction for the
Alternative SuDS scenarios. Figure 5-5 shows the extended stormwater detention in a typical
infiltration trench for the 1 year RI event; where (a) shows infiltration for 15 hours following the
inflow runoff peak and (b) shows the incoming and outgoing surface runoff. This indicates that
stormwater is detained in the infiltration trench for 15 hours and that the device fails to capture
the full storm volume as there is some surface runoff. Figure 5-6 shows the extended detention
of a bioretention unit for the 1 year RI event; where (a) shows infiltration for 25 hours following
the incoming runoff peak and (b) shows the incoming and outgoing surface runoff. This indicates
the bioretention areas detain stormwater for a 24-hour period but fail to capture the full storm
volume.

Table 5-5: Flow reduction for the 1 year RI design storm event

Peak flow reduction % Flow volume reduction %

Alternative | (Infiltration trenches) 18 13
Alternative 1l (Bioretention areas) 3 3
Alternative 111 (Integrated design) 60 47
Chapter 5: Drainage modelling Abby Robertson
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Figure 5-5: Extended detention through an infiltration trench for the 1 year RI storm:
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Figure 5-6: Extended detention through a bioretention area for the 1 year RI storm:
(a) infiltration and (b) runoff
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For the 10 year RI, 24-hour storm, the CoCT Stormwater Policy requires that the peak flow is
reduced to the predevelopment level. In this instance, the predevelopment condition was assumed
to be a flat, permeable, sparsely vegetated area with an estimated runoff coefficient of 0.3. When
compared to the post development runoff coefficient, this corresponds to a 60% required
reduction in the peak flow. Alternatives | and Il obtained peak flow reductions below 20% for
the entire road runoff, indicating the necessity for more extensive and/or effective measures such
as treatment trains. Alternative Il achieved a peak flow reduction of 61% with the integrated
design. Peak flow reduction can be improved by applying more SuDS units in the treatment train,
or by increasing the size of SuDS units where space allows. The results indicate that it may be
necessary to apply regional SuDS controls outside of the road reserve to achieve the necessary
peak flow reduction for differing road configurations.

The R300 model was run with five years of continuous rainfall and climate data for the
period from January 2010 — March 2016. Similar results were obtained when compared to the
design storm scenarios for peak flow and pollutant load reduction. Performance of individual
elements during extended storm events is good. For instance, Figure 5-7 shows the peak flow
reduction by a standard infiltration trench for a two day, 43mm rainfall event. For this event, the
infiltration trench reduced the runoff volume by 79% and peak flow by 93%.

Highway runoff InfiltrationTrench
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Figure 5-7: Outflow from an infiltration trench for the continuous simulation compared
to the outflow at the same location for standard drainage design
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Table 5-6 summarises the peak flow, flow volume and pollutant load reduction for the SuDS
Alternative design scenarios for the five-year continuous modelling period. Alternative 111, which
implements an integrated SuDS design throughout the entire road length, meets the CoCT
Stormwater Policy requirements for pollutant removal and reduces the total outflow from the
road surface by over 40%.

The results of Alternatives I, 11 and 111 indicate that SuDS must be implemented throughout
the full extent of the catchment in order to achieve the stormwater management requirements of
the CoCT Management of Urban Stormwater Impacts Policy.

Table 5-6: Performance of the Alternative SuDS scenarios for the continuous simulation

Peak flow Flow volume TP removal TSS removal
reduction % reduction % % %
Alternative | (Infiltration trenches) 21 17 22 23
Alternative Il (Bioretention areas) 7 3 7 7
Alternative 111 (Integrated design) 37 41 76 81

5.4 Errors and limitations

The following section details the limitations of the modelling exercise.

The model of the R300 drainage is not calibrated with real world data. The subcatchment
surface properties are, however, fairly homogeneous and well defined (e.g. the surface roughness
of the asphalt). The comparison to deterministic calculations verifies the model as a reasonable
approximation of the hydraulic processes. Without a formal verification and calibration exercise,
the model is only indicative of the hydraulic system performance.

There are many possible alternative SuDS devices and configurations that were not tested
in this modelling exercise. Additionally, the modelling was limited to SuDS that fit within the
existing road reserve area. The results, therefore, do not provide an overview of all possible
outcomes of implementing SuDS on the R300.

The interaction between SuDS elements and groundwater flow was omitted from the
model. Groundwater may influence SuDS performance on the R300 due to the high winter water
table. Additionally, erosion and slope stability was not directly accounted for in the modelling
process.

The pollutant modelling is executed in a simplistic manner in PCSWMM. The pollutant
removal is approximated by a user-defined percentage removal and the pollutants removed due
to the reduction in runoff. This approach, however, provided more robust results than detailed
mechanistic modelling of the pollutant removal processes given the available data on local
material characteristics and pollutant behaviour. The long term effects of maintenance and
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clogging on the SuDS performance were not accounted for. As such, the results provide an
indication of relative performance rather than a quantitative assessment of potential pollutant
removal.

5.5 Summary

This chapter details the modelling of the R300 surface drainage. The existing drainage system
and three alternative SuDS scenarios were modelled in PCSWMM. The alternative SuDS designs
make use of infiltration trenches, bioretention areas and swales to manage the highway runoff.
Both continuous and design storm modelling was undertaken to assess the scenarios. The model
results show that SuDS must be implemented along the entire road length to achieve the CoCT
Stormwater Policy’s peak flow reduction and pollutant removal requirements. The R300 model
provides indicative results that should not be used to inform detailed drainage design. The results
form the basis for more detailed research into SuDS performance on South African highways.
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6. Conclusions

Highways are ubiquitous in the urban environment, threading through environmentally sensitive
and resilient areas. Roadways account for a large percentage of urban impermeable surfaces,
concentrating runoff flows and increasing flow peaks. They produce non-point source pollution
in varying degrees according to road use, climatic conditions and surrounding land use.
Sustainable Drainage Systems (SuDS) provide an alternative to standard surface drainage
infrastructure for managing surface runoff in a manner that reduces peak runoff flows,
ameliorates water quality, provides amenity and supports biodiversity.

Surface runoff from the R300 is problematic in terms of flow (quantity) management at
selected locations. Concentrated runoff flows cause erosion surrounding several down chutes,
and surface water drainage near the Old Paarl Road interchange appears problematic for road
user safety. Most incidents on the R300 occur during the rainy season and alongside major
national holidays. Large volumes of solid waste including organic matter, sediment and litter
accumulate in the median catchpits. The waste causes sedimentation and blockages in the surface
drainage infrastructure, in spite of weekly litter removal and cleaning of surface drains during
the rainy season. The sediment and solid waste transport has implications for SuDS
implementation along the R300. If designed with appropriate pre-treatment elements, SuDS can
mitigate the effects of the solid waste by processing organic matter and keeping macro pollutants
above ground.

Surface runoff water quality from the R300 is highly variable. When compared to
environmental samples, sediment and runoff samples from the road surface contain higher levels
of all contaminants. The primary contaminants in the R300 surface water are aluminium, copper,
lead, phosphorus, zinc, TSS, and oil and grease when comparing mean concentrations to water
quality requirements for aquatic ecosystems. In light of these findings, it is recommended that
runoff water quality is addressed by road drainage design where runoff may influence a sensitive
or valuable aquatic ecosystem.

Several SuDS elements including bioretention areas, infiltration areas and swales, are
suitable for managing highway runoff. The available land in the road reserve is the primary
limitation for SuDS implementation on an urban highway. Additionally, the capacity of the
surrounding soils for infiltration, the anticipated water quality characteristics, and effluent
requirements and other site specific conditions play a large role in determining a suitable drainage
solution. A PCSWMM modelling exercise confirmed the ability of SuDS to provide water quality
management in accordance with the CoCT Management of Urban Stormwater Impacts Policy,
provided SuDS elements are implemented along the entire length of the roadway.
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7. Recommendations for further research

This research investigated the surface drainage and the effects thereof on the R300 highway. The
results indicate a need for more in depth studies on highway runoff quality and the suitability of
SuDS as alternative surface drainage infrastructure. Detailed research that addresses the temporal
and spatial variation of highway runoff quality in South Africa is required. To this end, several
measures are proposed:

o a comprehensive, site-specific sampling regime such that continuous, flow weighted
samples are collected for all rainfall events during the monitoring period. Additionally,
information such as rainfall intensity, storm volume and duration should be collected in
conjunction with the pollutant concentration data,

o a long-term sampling regime conducted over a minimum time period of one calendar year
to account for seasonal variation,

o a sampling regime conducted across multiple highway sites within the City of Cape Town
to account for the effect of adjacent land use and localised climatic effects, and

o a sampling regime conducted across multiple cities to account for the variation in climate
and road use throughout South Africa (e.g. Cape Town, Johannesburg, Durban).

There is a need for a greater understanding of SuDS performance under local conditions. Several
research opportunities specifically relating to road drainage include:

o the assessment of SuDS elements suited to highway runoff control in a laboratory setting.
These include but are not limited to bioretention areas, infiltration trenches, filter strips and
soakaways. The SuDS units should be constructed with locally available material and at a
minimum, the input and output contaminant concentrations should be monitored,

o the monitoring of an on-site SuDS system. The system should be installed with sufficient
monitoring equipment to assess the incoming and outgoing flow rate and contaminant
concentrations, and

o the assessment of on-site SuDS systems in multiple locations throughout South Africa.

Stormwater modelling provides a time and cost effective means to assess the performance of
several drainage design alternatives. Results from flow and pollutant measurements proposed
above should be used to calibrate and verify site specific models. These models can be used to
generated detailed SuDS designs with an acceptable level of assurance.

The Freeway Management System implemented on the R300 provides valuable data for
assessing road design performance. This data should be analysed on a regular basis using
statistical and mapping tools to identify locations that present a higher risk to the road user and/or
the environment. The efficacy of design interventions should be assessed based on the temporal
variation of the data.
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Appendix A : City of Cape Town’s criteria for
stormwater drainage management

Table A-1: Interim criteria for achieving Sustainable urban Drainage System objectives

(CSRM, 2009)

Greenfield
Developments

Brownfield and Existing
Development Sites

Brownfield and Existing
Development Sites

Brownfield and Existing
Development Sites

pollutants through
combination of
reducing and/or
disconnecting
impervious areas,
and the use of
BMPs which
infiltrate or capture
and treat
stormwater runoff

load discharged from
dev. site:

SS & TP - reduce
to undeveloped
catchment levels,
or
SS - 80% reduction

TP - 45% reduction

whichever requires
higher level of
treatment

pollutant load
discharged from
development site:

SS - 80% reduction
TP - 45% reduction

target reductions:

SS - 80% reduction
TP - 45% reduction

2 2 _ 2 2
SUDS and >50 000 m 4000 m* —50 000 m <4000 m
Brownfield and Existing and and
OBJECTIVES Development Sites
located in catchments of Total impervious area | Total impervious area
sensitive receiving water (exist & new) (exist and new)
systems > 15% of site > 600m?
Design storm event for water quality treatment:
1/2-year RI,: 24 h storm
Pollutant removal Pollutant removal Pollutant removal On-site stormwater
IMPROVE target: target: target: treatment not required
QUALITY OF but encouraged where
RUNOFF Reduction of post- On-site reduction of Combination of on- practicable.
development annual postdevelopment |[site and regional off-site . )
Remove stormwater pollutant | annual stormwater | measures to achieve Regional off-site

treatment measures
to achieve target
reductions:

SS - 80% reduction
TP - 45% reduction

All developments are required to trap litter, oil, grease at source
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Table A-2: Interim criteria for achieving Sustainable urban Drainage System objectives

continued (CSRM, 2009)

Greenfield
Developments

Brownfield and
Existing
Development Sites

Brownfield and
Existing
Development Sites

Brownfield and
Existing
Development Sites

and
SUDS > 50 000 m? 4000 m?2 - 50 000 m? < 4000 m?
— Brownfield and
Existing and and
Ll Development Sites
located in Total Total
catchments of impervious area impervious area
sensitive receiving (exist & new) (exist and new)
water systems > 15% of site > 600m?
Z:géeiﬁttytg? 24 hour extended 24 hour extended
downstream detention of the detention of the
channels 1-year RI, 24h storm | 1-year RI, 24h storm
event event
Protect
do:/;nsetrrtciegsm Up to 10-year RI Up to 10-year RI )
?rorﬁ fairl peak flow reduced to | peak flow reduced to On-site runoff control
f ty pre-development pre-development measures not
requen level level required but
nuisance encouraged where
floods Combination of on- practicable
Up to 50-year RI Up to 50-year RI site and regional off-
CONTROL pe_a|t<_ ﬂo‘(’j" redluced tot pe_a|t<_ ﬂo‘é" redluced tot site measures to Regional off-site
= existing development | existing developmen hieve requiremen runoff control
UANTITY levels. Evaluate the | levels. Evaluate the achieve requirements measures to be
AND RATE OF as for development - -
AND RATE VP effects of the 100- effects of the 100- . ) provided to achieve
RUNOFF year Rl storm event | year RI storm event sites >50 000m requirements as for
Protect on the stormwater on the stormwater development sites
floodplain management management > 50 000m?
developments system, adjacent system, adjacent
and property, and property, and
floodplains downstream facilities | downstream facilities
from adverse and property. and property.
impacts of Manage the impacts | Manage the impacts
extreme through detention through detention
floods controls and / or controls and / or
floodplain floodplain
management management
Developments adjacent to floodplains must adhere to the requirements of the Floodplain and
River Corridor Management Policy

ENCOURAGE NATURAL

GROUNDWATER RECHARGE

Where appropriate, site specific requirements to be considered in consultation with Council
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Appendix B: South African National Biodiversity Institute maps
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Figure B-1: Extent of threatened ecosystems in the region of the R300 (SANBI, 2015)
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Figure B-2: Soil classes in the region of the R300 (SANBI, 2015)
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Figure B-3: Wetlands in the region of the R300 (SANBI, 2015)
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Appendix C: Selected as-built drawings of the R300
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STAKE s ANGLE |STRUCTURE  EDGEOFTARTOHWALL  |HEADWALL TO| EXTENTION GF;t\ng SF ROAD LEVEL CULVERT LEVEL OTHER COMMENTS
VALUE (km) 1ZE TYPE (Deg.) NUMBER LHS RHS BE RAISED | OF CULVERTS | | Frmnl o RLL RLC RLR L iLC ILR
- LEFT MEDIAN RIGHT
14,085 1 x 600@ PC o° o - 1.84m +1.25% 38.93 40.21 38.93 37.90 37.64
15,180 1 x 600@ PC 45° 1] - - +1.59% 42.28 43.80 42.87 “.mM 1.37
15,530 1 x 6000 PC [\ Oda - - - - - -
15,680 1 x 600@ PC k2 0Ba - - +1.35% 3940 39.79 39.40 38.18 37.92
18,237 1 x 6000 PC 10° o7 3.13m 264m 0.3m -0.22% 39.28 30.66 39.28 37.30 37.35 3740
16,485 1 x 600 PG o 08 - - 0.79% 38.18 39.58 39.19 37.50 37.85
18,800 1 x 600Q& PC P 0 - 230m +1.52% 30.08 3947 39.08 37.60 37.30
16,930 1 x 600D PC 2 10 - 2892m +0.89% 29.03 3042 39.03 37.55 377
17,180 1 x 00O PG - 10a - 3.82m - 33.85 39.34 38.96 - -
17,405 1 x 600@ PG o 1 - 878m +4.88% 897 40.08 41.16 38.87 37.28
18,0058 1 X 600@ PC 0 13 285m 4.80m +2.10% 40.60 1.00 40.83 38.03 38.56 38.168
18,2058 1 x 600G PG 0 14 182m 341m +2.08% 40.39 40.78 40.39 30.23 38.80 38.42
18,605 1 x 800 PC 2" 19 1.92m - =5.07% 40.24 4083 40.24 38.72 39.90
19,000 1 x 6000 PC 1" 20 3.16m - -5.74% 42.02 4241 42.01 40.27 41,70
19,220 1 x 600@ PC 17 ral 248 m 344m +1.29% 43.03 43.42 4303 41.77 4147 41.25
19,423 1 x 600 PC 0 2 188 m - -1.31% 42.87 44,38 43.87 42.50 42.75
19,715 1 x 6006 PC z = - 447m +1.18% 45.14 4553 45,14 4347 4321
19,918 1 x 6000 PC L 24 - 3.28m +1.88% 45.94 48.33 4593 44.50 44.09
20,124 1 x 6003 PC 0 24a 0.51m - - 48.76 47.15 46.75 4406
20,255 1 x 60Q PG 2 25 - - -3.39% 47.27 4756 47.26 44.80 45.64
20,383 1 x 4000 PC 58° 27 - - +1.37% 48.70 49.28 48.43 48.00 - 47.09
20,500 1 x BOOG PC 1° 28 - - -1.10% 5047 50.87 50.49 47.52 47.75
20695 1 x 600Q PC o 30 - 453 m +1.33% 55.45 55.84 5544 54.00 53.70
21,025 1 x G00O PC 20 3 - 3.21m +1.22% 56.12 56.51 56.11 54.55 54.30
21,185 1 x 6002 PC 2° 36 - 6.76m 8.69% 53.61 5401 53.63 5210 50.00
21,260 1 x 800& PC 4" 38 - - -3.48% 53.01 53.40 53.01 50.88 5147
21,409 1 x 800 PC 2 40 211 m 1.53m 0.3m 2.88m SB -0.16% 53.14 53.68 53.02 51.41 5145 5149
21,650 1 x 600 & PC 0° 41 4.13m - -2.40% 53.70 54.08 53.70 51.49 52.01
21,818 1 X 600@ PC o 42 3.05m - -2.41% 54.17 54.56 5417 52.13 5262
22,110 1 x 800& PC 1° 43 1.69m 3.07m +2.47% 54.52 54.909 54.52 52.88 52.87 51.89
22,300 1 x 600& PC 1* 44 3.18m 4.80m +2.15% 54.73 55,12 54.73 53.00 5240 8210
22,540 1 x 600€ PC o 45 1.83m - 1.22mNB -1.82% 54,6809 586,201 54,609 52.48 5283 CLOSED UF MEDIAN INLET
22,720 1 x 600@ PC 0° 48 200m 380m 230 mm NB +).38% 54,505 55,931 54,506 52,46 52.48 52,31
22,524 1 x 600@ PG 1° 47 1.80m 0.77Tm 122m 8B -0.91% 54,405 55,828 54,406 52.61 52.56 5297
23,140 1 x 600@ PG 1° 48 0.8 m 290m +1.13% 53,985 55410 53,987 52.67 5241 52.23
23,340 1 x 600@ PC 2° 49 0.55m 270m 122m NB +1.05% 53,346 54,772 53,350 51.87 - 5148
23,545 1 x 600& PG 1° 50 0.88m 2.50m 122 m NB +).44% 52,882 54,118 52,682 51.13 51.03 50,96
23,851 1 x 6008 PC 4 51 110m 247Tm 170 mm NB +).85% 62,351 53,780 52,358 51.02 50.83 50.77
23,826 1 x 6008 PC 1 52 1.10m 2.30m +2.04% 51479 52,908 51,408 50.35 49.82 49.58
24,079 1 x €00 PC 1° 53 1.00m 290m +1.78% 51,001 52,414 51,023 49,76 49,50 4907
24,165 1 x 600 PC T o4 0.87m 230m 230 mm NE +1.52% 50,797 52,072 50,654 49.47 49.14 48.88
24,377 1 x 800@ PC Q° 55 - 3.40m +1.18% 51,407 51,584 49,810 48.50 48.28
24 435 1 x 6002 PC 1° 56 - 3.10m D.41% 51.801 52.108 50.323 49 28 - 4045
24,495 1 x €00 PC 2* 57 - 3.10m +3.87% 53.037 53.233 53.441 49,79 48.98
24,899 1 x 600@ PC 3° 58 - 420m +1.88% 58.436 58.958 57.471 55.91 55,50
25,047 1 x 600& PC o° 59 - 4.40m +1.26% 59.075 §0.740 59.175 57.91 57.55
25,368 2 x 4008 PC 1° &1 1440 m 1450 m -0.18% 57.204 58.705 57280 49,867 - 48,79
25425 1 x 600@ PC 3 &3 - 2.80m +1.77% 56,902 58,321 56,818 55.40 55.058
25,8607 1 x €00 PC 5 65 - 230m +1.81% 54,238 55,683 54,308 52.76 5240
26,020 1 x 600 PC z ) 4.00m 250m +0.54% 51,790 53,202 51,791 49.56 19.44 49.30
26,059 1 x E00@ PC 0° &9 280m 4.60m +0.41% 51,746 53,159 51,746 49,88 - 48.70
25,219 1 x 600@ PC 1° 70 - 280m +1.37% 51,890 53,103 51,691 50.21 49,04
26,340 1 x €00 PC o k4l 2.20m - -2.00% 52,387 53,800 52,387 50.51 50.81
28,519 1 x 600G PC 1 T2 4.10m - -7.37% 55,087 56475 55,058 52.00 53.86
26,541 1 x 3000 x 2200 BG o 73 0.27m 1.20m -0.81% 55,357 58,769 55,357 52.71 - 53.00
28,752 1 x 3000 x 2200 BC Q° 74 3.30m 290m 1.0mNB +H.41% 56,552 57,964 56.552 52.55 - 53.11
26,764 T x 6008 PC o 75 - 320m 3% 56,466 57,891 56,468 5452 5440
26,920 1 x 400€ PG 1° 78 1.10m - -2.00% 56,114 57,526 56,114 54,93 5544
27,019 1 x 4002 PC o° j14 2.00m 1.90m -7.36% 58,207 57,711 56,722 5516 5551 55.73
27,193 1 x 600@ PC 1 78 1.00 m - 0.81% 56,694 58,875 8,772 55.77 §5.89
27314 2 x 600 PC o 70 092m 130 m A57% 57,922 50,808 59,705 56.47 - 56.25
27,574 2 x BOOR PC 1° B0 1.40m 240 m +0-58% 59,922 81,804 61,701 58.27 50.866 5943
27,719 2 x B00Q PC 1° 81 210m 350 m -2.82% 81,070 82,909 82,707 50.54 50.84 80.37
27,834 1 x 6009 PC 1 82 8.20m 450 m 1.22m 8B 5.87% 63,693 685,572 85,454 58.93 82.50 61.84
28,102 1 x 600& PC 2° B3 260m 780m 1.22 m NB +4.91% 87,492 68,778 67,698 68540 85.81 63.02
28,410 7 x11002 PC 27 84 221m 21.00m - 88,397 70,008 88,545 - -
28,515 1 x 6002 PC I 85 - 14.00 m +0.83% 67,861 69,214 87,913 86.27 66.00
28,655 1 x 6002 PC 0 88 8.00m 580m 0.95% 65,448 66,768 65,448 B80.70 51.18
28,815 1 x 6002 PC 2 87 - 1.40m +.26% 63,343 63,840 63,943 62.00 61.95
NOTE:
1. FOR DETAILS OF RAISING HMWALLS & W/WALLS 3
REFER TO PLAN SP-D4-1E/2
R.LS
2. FOR DIMENSIONS AND BENDING SCHEDULE OF RLL | E LR
NEW INLET & OUTLET STRUCTURE REFER TO PLAN
SP-P-4-1-22.
I.LE
3. STRUCTURE NUMBERS SHALL BE AS PER PLAN SP-B-1-8 L LR
TYPE Il. —0

CULVERTS RECEIVING STRUCTURE NUMBERS SHALL

ALSO RECEIVE STRUCTURE NUMBER BOARDS,

REFER

TO PLAN SP-B-1-8. TYPICAL LONGSECTION OF TYPICAL SECTION OF CULVERT TYPICAL SECTION OF CULVERT
WITH SIDE AND MEDIAN INLETS WITH SIDE AND MEDIAN INLETS
4, THE CONDITION CF EXISTING INLET / OUTLET STRUCTURES CULVERT UNDER FREEWAY
ARE TO BE INSPECTED ON SITE. EXTENT OF SILTATION IS
TO BE NOTED AND INSTRUCTIONS IN THESE WORKS WILL
BE ISSUED AT THAT STAGE.
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Figure C-1: Drainge schedule (SNA-SSI Joint Venture, 2008)
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Figure C-2: Typical drainage elements (1) (SNA-SSI Joint Venture, 2008)



NOTES

1. All conerete channels, transitions and stilling
basine to be class 20/19 concrete.

2. Concrete channels must be cast in altemate
panel lengths of 4 000 max. with 10 wide
expansion [olnts every 12 000.

T

5D 2 side drain
SD 1 side drain

3. All panel ends at construction joints shall be
paimed with a coat of approved bituminous
i ining 60% of pure bitumen by mass.
before any adjoining pansls are cast.

4. Expanslon Joints shall be sealed with a closed
cell expanded polyethylene [oirt filler over
the full depth.

5. All expesed corners charmfered or rounded.

8. All aneas to recelve concrete lining to ba
compacied to not less than 90% of MAASHTO
density the top 150 for in situ material
and the full depth of fill mzierial.

Catchwater bank T or &

7. 0.15 thick polyethylene sheeting to be
placed under all congrete lined draing
and stilling basin.

8. 311 mesh can be substituted by Y10 bars
at 200 spacings.

9. Minimum cover to steel = 40.

NOTE: 5D 1 to be used on cutfings < 10 000 deep
8D 2 to be used on cutlings > 10 000 deep

| SCHEMATIC ARRANGEMENT OF DRAINAGE ELEMENTS
! Scale 1:1 000
é 00,
| Construction joint in middie w 5 H
‘ of slab for 3 x W > 4 D00 ‘ &
§ % g I:l ‘ I:l | B Natural ground
» N iy =T T L —a line 1
oool = | e I =
7] f Q B I § .
si | |
4 23 m ] ! ‘ CATCHWATER BANK (1) - CROSSFALL OF GROUND <6%
i wi3 | w 1[ w ‘ w3 Scale 1:50
i ELEVATION -
i |:| |:| Scale 1:20 —Crossfall » 6% _ "y %
3003003003(‘!0300300300 N Newmiground T, T
| _ B i
1000 as englneer
J( wa_| w ! w ! wis 0o N min
LA ’—— TOE DRAIN CATCHWATER BANK (2) - CROSSFALL OF GROUND >6%
g @— RB - B {Shape Cade 83} Soele 150 Boale 150
PLAN
Scale 1:20 R8-A —t_A
L IxW PLAN +1500
Censtruction Joint In middle Sese 0
of slab for 3x W >4 000
l [ 1 ! ] - Aw? Mﬂe:‘lilz!;% Ih 2| H = 1000 min or height of culvert
‘ ST R “Mash rof. 311 RB - A (Shape Coce 20) of MAKSHTO ety
- RB-B ST
SECTION A-A g
Scale 1:20 Mesh ref. 311
SECTION AA MITRE BANK OR EARTH BERM AT IN & QUTLETS
Scale 1110 OF CULVERTS
TYPE 6 OUTLET Scale 150
STILLING BASIN AT SD 1, 2 AND 3 QUTLETS SPLITTER BLOCK DETAILS
DESIQNED BY AEROvED HEAD OFFICE THE SOUTH AFRICAN NATIONAL  WESTERN REGION ACCEPTANGE PROJECT DESCRIPTION PROJEGT NUMBER R300-010-2007/1
SNA /SSI JOINT VENTURE e [ e | o g, OISR s | e A e T ———
e - Prok Rag. Na. : 800888, wlm Wllhlgh‘:.":: AND DOESNOT ATTRAGT LEGAL LIABLITY OR STELLENBERG INTERCHANGE (km 31,0) SECTICN P o
m\-”““ m ‘ s s I Y b rWIRE POz r- FMMT;:: CAISE OR HONEVER AISNG DRAWING DESCRIFTION DRAWING krm DISTANCE 14,000 000
B R R e crceoum o e | (D N e | wne | EESEREER wewe ‘ e TYPICAL DRANAGE ELEWENTS T
[No.| DATE REVISION SO Asroer Ty M ML imepooptasnzn| P W er0u0 S e Tl 020) 87 4e0a || TR EAATRUL FUMACHOTL. BCALE : _AB GHOWN I SHEET 2 OF : m'ﬂ"ﬂ“wh —- T80T

Figure C-3: Typical drainage elements (2) (SNA-SSI Joint Venture, 2008)
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Figure C-4: Pre-cast concrete chutes (SNA-SSI Joint Venture, 2008)
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Appendix D : Incident analysis

The R300 is monitored by 21 cameras located at intersections, bridges and key points along the
road. Figure D-1 shows the R300 (blue) with the location and orientation of the permanent CCTV
cameras installed along the route. Incidents such as crashes, adverse weather, hijacking and
stationary vehicles are recorded as part of the Freeway Management System (FMS) implemented
on the route.

An analysis of FMS data from mid-2010 to 2015 revealed the following trends in accident
data. There is an increase in crashes per year, shown in Figure D-2, which agrees with a yearly
increase in traffic volume. Most incidents occur during the rainy season (June through August)
and alongside major national holidays (Easter and Christmas/school holidays), as shown in
Figure D-3. When compared to the mean, there are 32% more crashes in June, 50% more crashes
in August, and 20% more crashes in December.

The primary function of road drainage systems is to maintain road user safety by conveying
water away from the road surface and minimising the runoff depth. The efficacy of the road
drainage system can be assessed by looking at the difference between crash data associated with
rainfall and crash data during dry periods. If there is a significant increase in crashes at a
particular location during wet weather, this implies that the road drainage system is not
functioning optimally and that the drainage design should be reassessed.

CAPE TOWN

[LeGeno]

URBAN EDGE

PROPOSED CCTV CAMERAS (CoCT)
PROPOSED CCTV CAMERAS (PWGC)
PROPOSED CCTV CAMERAS (SANRAL)
CoCT ROADS

PWGC ROADS

SANRAL ROADS

[R300 AND NATIONAL HIGHWAYS TOWARDSICD
Figure D-1: Map of the R300 (blue) showing camera locations (SANRAL 2015)
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Figure D-2: Total number of crashes per year on the R300 for 2011-2015
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Figure D-3: Average number of crashes per month on the R300 for 2011-2015
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The FMS data was sorted and vehicle crash data were retained; incidents relating to pedestrians,
hijacking, stationary vehicles etc. were discarded for the purposes of this analysis. Thereafter,
crash data was coupled with rainfall data from the Cape Town International Airport, which is
approximately 5km from the R300. The total rainfall 15 minutes either side of a crash was
determined, and accidents were deemed to have a significant quantity of rain where the
cumulative 30-minute rainfall was greater than 0.3mm. The location of crashes that occur during
dry conditions was mapped to identify areas where accidents are most frequent. Likewise, the
location of crashes associated with rain were mapped and the two figures were compared to
identify areas that have disproportionately more crashes during wet weather.

Figure D-4 shows a heat map of incidents during dry weather along the R300. Accidents
are concentrated in the region of the Stellenbosch Arterial interchange, Hindle Road interchange
and the Swartklip (N2) interchange. Figure D-5 shows a heat map of the crashes that are
associated with rainfall. The crashes that occur in wet conditions are more localised and less
dispersed than the crashes in dry weather. Areas with the highest concentration of crashes during
wet weather include the horizontal curve near Old Paarl Road and the Hindle Road interchange
area.

The concentration of incidents at Hindle Road confirms the issue of standing water at the
interchange, which was only recently remedied. During the research period, on 23 April 2016,
there was an accident at the Old Paarl location during a rainfall event. On reviewing video
footage, the vehicle, travelling faster than other road users at the time, rapidly lost control and
spun out, careering from the inside lane to the verge. It is most likely that this vehicle
hydroplaned due to a combination of speed, tyre and surface runoff conditions. This incident,
coupled with the high concentration of crashes associated with rain, and low concentration of
crashes without rain at this location suggest that the road drainage may be insufficient at this
location.
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Figure D-4: Heat map of crashes during dry weather on the R300 for 2010 — 2015



[ —
——
——
——
_—

-—
—
——
——
i e
s
e
-
—
P
-

KUILS RIVER

—|STELLENBOSCH ARTERIAL|

\
\
\\
CAPE TOWN 3
INTERNATIONAL N\
AIRPORT HINDLE RD
Legend
> === Roads
) —--- Railway
s Al — Rivers
0 1 2 3 km
I

Figure D-5: Heat map of crashes associated with rain on the R300 for 2010-2015



Appendix E: Sample event details
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Table E-1: Summary of Sample Event 1

caught in the
catchpit grid

brushed out of
expansion joints in
the concrete

Date 17-03-2016 General conditions | Hot and dry

Time 10:50 - 11:25 Temperature 27°C

Sample contents sediment Wind 2m/s WSW

Sample type single Precipitation Omm

Sample location Site 1 Site 2 Site 3 Site 4

Sample ID 27.6S-0317-1/2 24.4N-0317-1/2 17.95-0317-1/2 21.4N-0317-1/2

Method of collection | Swept from Swept from Swept from inside Swept from grassy
concrete drain concrete drain longitudinal area alongside
leading to catchpit | leading to catchpit | catchpit, approx. road, approx. 35m

300mm deep from road edge
Deviations/comments | Included sand Included sand None Large fraction of

fine particles

Table E-2: Summary of Sample Event 2

Date 23-03-2016 General conditions | Hot and dry

Time 10:05 - 10:55 Temperature 25°C

Sample contents sediment Wind 4m/s S

Sample type single Precipitation Omm

Sample location Site 1 Site 2 Site 3 Site 4

Sample ID

27.75-0323-1/2

24.4N-0323-1/2

17.75-0323-1/2

21.4N-0323-1/2

Method of collection

Swept from
concrete drain
leading to catchpit

Swept from
concrete drain
leading to catchpit

Swept from inside
long catchpit,
approx. 250mm
deep

Swept from grassy
area alongside
road, approx. 80m
from road edge

Deviations/comments

Included sand
brushed out of
expansion joints in
concrete drain

Included sand
caught in catchpit
grid and expansion
joints

None

None
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Table E-3: Summary of Sample Event 3

Date 21-04-2016 General conditions | Overcast and humid

Time 10:35 - 11:40 Temperature 17°C

Sample contents sediment Wind 4m/s NW

Sample type single Precipitation 1.5mm

Sample location Site 1 Site 2 Site 3 Site 4

Sample ID 27.75-0421-1/2 24.4N-0421-1/2 17.75-0421-1/2 21.4N-0421-1/2
Method of collection | Swept from Sand swept from Swept from inside Swept from grassy

concrete drain
leading to and
away from catchpit

within the catchpit
as the median drain
was clean.

long catchpit,
approx. 250mm
deep

area alongside
road, approx. 80m
away. Obtained dry
sand a few cm
below surface

Deviations/comments | Sand quite wet, Sampled from Very wet sample. None
sticking together. within catchpit. Drain cleaner than
Included sand Sand moderately usual due to
trapped in the wet, sticking preceding rain
catchpit grid. together and
clumping
Table E-4: Summary of Sample Event 4
Date 18-05-2016 General conditions | Windy, light drizzle
Time 13:15 - 14:00 Temperature 17°C
Sample contents sediment Wind 6m/s NNW
Sample type single Precipitation Omm
Sample location Site 1 Site 2 Site 3 Site 4

Sample ID

27.75-0518-1/2

24.4N-0518-1/2

17.7S5-0518-1/2

21.4N-0518-1/2

Method of collection

Swept from
concrete drain
leading towards
and away from
catchpit.

Swept from
concrete drain
leading towards
catchpit on both
sides.

Swept from within
longitudinal drain,
approx. 200mm
deep.

Swept from grassy
area alongside
road, approx. 80m
from road edge

Deviations/comments

A fair amount of
glass and large
stones

Included sand
brushed out of
expansion joints in
the concrete drain

Lots of ants, tried
to exclude them

None
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Table E-5: Summary of Sample Event 5

Date and time 22-04-2016, 13:25 General conditions | Intense rain, first storm of the rainy
of rainfall event season
Date collected 22-04-2016 Temperature 18°C
Time collected 15:30 - 16:05 Wind 6m/s NNW
Precipitation 29mm

Sample location | Site 1 Site 1.1 Site 2 Site 4
Sample ID 27.7S5-0422-1/2 27.7N-0422-1/2 21.4N-0422-1/2 24.4N-0422-1/2
Sample contents | runoff runoff runoff rainwater
Sample type single single single single
Method of Grab sample from Grab sample from Grab sample from Sample container
collection runoff at north outfall (flowing runoff at north attached to metal

catchpit entrance. water) to verge catchpit entrance. lamp post

High flow rate High flow rate
Deviations/ Accident on road Sample collected Large amount of Sample container
comments nearby, did not from outfall to road | debris caught on collected insufficient

contaminate runoff

reserve

south side of the
catchpit

volume of rainwater
and was removed
from site on
Monday, 25th at
13h15

*Unable to sample at Site 3 for safety reasons

Table E-6: Summary of Sample Event 6

Date and time
of rainfall event

18-05-2016, 12:15

General conditions

Large storm system over cape region

Date collected 19-05-2016 Temperature 18°C
Time collected 13:30 - 13:45 Wind 6m/s SSE
Precipitation 4mm
Sample location | Site 1 Site 2 Site 4
Sample ID 27.75-0518-1/2 24.4N-0518-1/2 21.1N-0518-1
Sample contents | runoff runoff rainwater
Sample type composite composite composite
Method of Sample containers Sample containers 1 sample container
collection suspended in suspended in mounted on metal
catchpit using pipe catchpit using pipe lampost, 2 mounted
device device on wooden fence
poles
Deviations/ Most of the litter in
comments catchpit washed

away, sand remained

*Unable to sample at Site 3 for safety reasons. Large amounts of sand trapped at entrance to

sample bottles
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Table E-7: Summary of Sample Event 7

Date and time
of rainfall event

23-05-2016, 15:30

General conditions

Afternoon/evening rainfall

Date collected 24-05-2016 Temperature 15°C
Time collected 10:55 - 11:20 Wind 5m/s N
Precipitation 12mm
Sample location | Sitel Site 2 Site 3 Site 4
Sample ID 27.75-0524-1/2 24.4N-0524-1/2 17.4S-0524-1/2 21.4N-0524-1/2
Sample contents | surface runoff surface runoff surface runoff rainwater
Sample type composite composite composite composite
Method of Sample containers Sample containers Sample containers 8 x sample
collection suspended in suspended in suspended in containers mounted
catchpit using pipe catchpit using pipe catchpit using pipe on wooden fence
device device device poles
Deviations/ Sample bottle 2 not | Collected from north | Catchpit much more | Tied bottles to fence
comments completely full, side of catchpit. shallow than others | with lip above top

struggled to remove
polystyrene ball.

Catchpit washed
clean by rainfall
event

with fair amount of
debris. Sample
appeared especially
grey/opaque

wire. Samples
appeared to have
more organic matter
than previously

Large amounts of sand trapped at entrance to sample bottles

Table E-8: Summary of Sample Event 8

Date and time
of rainfall event

09-06-2016, 20h00

General conditions

Overcast, windy and cold

Date collected 10-06-16 Temperature 14°C

Time collected 10:00 - 10:40 Wind 5m/s NE
Precipitation 17mm

Sample location | Site 1 Site 2 Site 3 Site 4

Sample ID 27.75-0610-1/2 24.4N-0610-1/2 17.45-0610-1/2 21.4N-0610-1/2

Sample contents | surface runoff surface runoff surface runoff rainwater

Sample type composite composite composite composite

Method of Sample containers Sample containers Sample containers 8 x sample

collection suspended in suspended in suspended in containers mounted
catchpit using pipe catchpit using pipe catchpit using pipe on wooden fence
device device device poles

Deviations/ Glass sample bottles | Both sample bottles | Fair amount of Tied bottles to fence

comments not entirely full not completely full debris in catchpit with lip above top

wire to try and
prevent
contamination.

Lots of organic matter; grass cuttings, leaves in catchpits
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Table E-9: Summary of Sample Event 9

Date and time
of rainfall event

23-06-2016, 16:00

General conditions

Partly sunny, cold

Date collected 14-06-2016 Temperature 13°C
Time collected 10:15 - 10:45 Wind 4m/s NNW
Precipitation 8mm
Sample location | Site 1 Site 2 Site 3 Site 4
Sample ID 27.7S-0614 24.4N-0614 17.4S-0614 21.4N-0614
Sample contents | surface runoff surface runoff surface runoff rainwater
Sample type composite composite composite composite
Method of Sample containers Sample containers Sample containers 8 x sample
collection suspended in suspended in suspended in containers mounted
catchpit using pipe catchpit using pipe catchpit using pipe on wooden fence
device device device poles
Deviations/ One sample bottle One sample bottle One sample bottle Tied bottles to fence
comments deployed deployed deployed with lip above top

wire to try and
prevent
contamination.

Sample containers depolyed in catchpits on Friday 10-06-2016. Samples much cleaner than
previously based on visual assessment




Colour Odour Clarity Floating solids Settled solids Suzgﬁzcsied Oil sheen
Sample Event 5 none |sewage [sulfur |petrol |solvents |clear [slightly |cloudy |opaque
27.75-0422-1/2 |clear, grey X X black/grey, fibrous material, clumped together  |yes
27.7N-0422-1/2|clear, grey X X black/grey, fibrous material, clumped together  |yes
21.4N-0422-1/2 [clear X
24.4N-0422-1/2|clear, grey X X black/grey, fibrous material, clumped together  |yes yes
Sample Event 6
27.75-0518-1/2 |brown/yellow X X X white sand, black substance clumped together very fine
24.4N-0518-1/2 [none X X
21.1N-0518-1 |grey/yellow X X X white sand, black substance clumped together very fine
Sample Event 7
27.75-0524-1/2 |grey/brown X X X white sand,larger black particles yes
24.4N-0524-1/2 |dark grey X X X white sand, black particles, fine plant matter yes
21.4N-0524-1/2 |clear X X few plant particles yes, fine
17.4S-0524-1/2 |grey/brown X X X white sand, larger black particles yes
Sample Event 8
27.7S5-0610-1/2 |brown X X X |bugs, plant matter |white sand, larger black particles yes
24.4N-0610-1/2 |brown grass X X bugs, plant matter [sand, stones, plant matter, black particles yes
21.4N-0610-1/2 |clear X X few unidentified particles
17.4S-0610-1/2 |yellow brown X X X bugs white sand, larger black particles, plant matter  [yes
Sample Event 9
27.75-0614 light brown X X bugs, plant matter [white sand yes
17.0S-0614 light brown X X bugs white sand yes
21.4N-0614 clear X X
24.4N-0614 almost clear X X white sand (small amount)

Table E-10: Visual assessment of runoff samples
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Appendix F: Statistical analysis

Table F-1: Contaminant concentrations in sediment used for statistical analysis

R300 sediment

Sample ID | g7 | osira | osra | o | owea | omst | oz | oizr | o | osiba | osiea | osier
Total metals 280.5 312.3 252.7 445.8 345.7 487.0 5875.9 3074.5 2537.8 5563.5 3580.1 2640.5
Phosphorus 344.0 484.0 281.0 373.0 406.0 319.0 345.0 322.0 377.0 472.0 450.0 330.0
Total Nitrogen 01 01 0.0 01 0.1 0.0
Fats OI|S & Grease 119.0 265.0 141.0 156.0 247.0 209.0 175.0 216.0 221.0 255.0 203.0 219.0

Environmental sediment

Sample ID | Giri | oasi | o | osied
Total metals 19.1 35.4 4273 4258
Phosphorus 196.0 231.0 200.0 188.0
Total Nitrogen 0.1 0.0
Fats Oils & Grease 0.0 0.0 0.0 0.0

Table F-2: F-Test; Two-Sample for Variances
Ho: variances are the same
metals phosphorus fats, oils & grease
Road Environ. Road Environ. Road Environ.
Mean 2116.4 226.9 375.3 203.8 202.2 0
Variance 4.4E+06 531915 4231.8 354.9 2104.9 0
Observations 12 4 12 4 12 4
df 11 3 11 3 11 3
= 82.4 11.9 65535.0
P(F<=f) one-tail 0.0 0.0 #DIV/0!
F Critical one-tail 8.8 8.8 8.8
Table F-3: t-Test; Two-Sample Assuming Unequal Variances
Ho: mean concentrations are the same
metals phosphorus fats, oils & grease
Road Environ. Road Environ. Road Environ.

Mean 2116.4 226.9 375.3 203.8 202.2 0
Variance 4.4E+06 5.3E+04 4231.8 354.9 2104.9 0
Observations 12 4 12 4 12 4
Hypothesized Mean Difference 0 0 0
df 12 14 11
t Stat 3.07 8.16 15.26
P(T<=t) one-tail 4.8E-03 5.4E-07 4.7E-09
t Critical one-tail 1.78 1.76 1.80
P(T<=t) two-tail 0.01 0.00 0.00
t Critical two-tail 2.18 2.14 2.20
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Ho: road sediment concentration the same as rainwater concentration
Hi: road sediment concentration > environmental conc.

metals

F > F critical reject Ho, variances are different
t stat 3.07

t crit (one tail) 1.78

Reject Ho based on t stat
Total metals concentration in road sediment > environmental conc.

phosphorus

F > F critical reject Ho, variances are different
t stat 8.16

t crit (one tail) 1.76

Reject Ho based on t stat
Total phosphorus concentration in road sediment > environmental conc.

fats, oils and grease

F > F critical reject Ho, variances are different
t stat 15.26
t crit (one tail) 1.80

Reject Ho based on t stat
Fats, oils and grease concentration in road sediment > environmental conc.
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Table F-4: Contaminant concentrations in runoff results used for statistical analysis

R300 runoff waters
Sample ID | 277S | 277N | 244N | 27.7S | 244N | 277S | 244N | 1748 | 277S | 244N | 1708 | 27.7S | 17.05 | 244N
0422 | -0422 | -0422 | 0518 | -0518 | -0524 | -0524 | -0524 | -0610 | -0610 | -0610 | -0614 | -0614 | -0614

Total metals 3784.9 3940.9 3581.7 6588.1 10719 7327.7 11007 11512 6335.1 46539 6533.2
Total PhOSphOrus 333.0 361.0 383.0 1485.0 1681.0 965.0 2401.0 1445.0 1383.0 14930 3895.0
Qil and Grease 0.0 70.0 0.0 89.0 0.0 746.0 410.0 161.0 0.0 53.0 50.0
'Is'g:ijISSuspended 0.0 330 | 1160 | 1540 | 2980 1080 | 1760 | 2080 | 1260 | 3540 | 300
Day / Landuse Rainwater

sorven | 50 | 8 | e | o | o
Total metals 969.0 879.3 196.0 113.0
Total Phosphorus 43.0 43.0 49.0 47.0
Oil and Grease 0.0 0.0 321.0 0.0
'Is'gfijISSuspended 00 00 00 00

Table F-5: F-Test; Two-Sample for Variances
Ho: variances are the same
metals phosphorus oil&grease TSS
Road Rain Road Rain Road Rain Road Rain
Mean 10715.3 539.3 2660.2 455 1435 80.3 145.7 0
Variance 1.5E+08 2.0E+05 1.8E+07  9.0E+00 | 5.4E+04  2.6E+04 | 1.2E+04 0
Observations 11 4 11 4 11 4 11 4
df 10 3 10 3 10 3 10 3
F 747.2 1.9E+06 2.1 65535.0
P(F<=f) one-tail 0.0 0.0 0.3 #DIV/O!
F Critical one-tail 8.8 8.8 8.8 8.8
Table F-6: t-Test; Two-Sample Assuming Unequal Variances
Ho: mean concentrations are the same
metals phosphorus oil&grease TSS
Road Rain Road Rain Road Rain Road Rain

Mean 10715.3 539.3 2660.2 455 1435 80.3 145.7 0
Variance 1.5E+08 2.0E+05 1.8E+07 9 54200.9 25760.3 12146.0 0
Observations 11 4 11 4 11 4 11 4
potessivn | : o :
df 10 10 13 10
t Stat 2.8 2.1 0.5 4.4
P(T<=t) one-tail 0.0 0.0 0.3 0.0
t Critical one-tail 1.8 1.8 1.8 1.8
P(T<=t) two-tail 0.0 0.1 0.6 0.0
t Critical two-tail 2.2 2.2 2.2 2.2
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Ho: road runoff concentration is the same as rainwater concentration
Hs: road runoff concentration > rainwater conc.

metals

F > F critical reject Ho, variances are different
t stat 2.76

t crit (one tail) 1.81

Reject Ho based on t stat
Total metals concentration in road runoff > rainwater conc.

phosphorus

F > F critical reject Ho, variances are different
t stat 2.07

t crit (one tail) 1.81

Reject Ho based on t stat
Total phosphorus concentration in road runoff > rainwater conc.

oil and grease

F < F critical accept Ho, variances are the same
t stat 0.50
t crit (one tail) 1.77

Cannot reject Hp based on t stat
Qils and grease concentration in road runoff not greater than rainwater conc.

TSS

F > F critical reject Ho, variances are different
t stat 4.39

t crit (one tail) 1.81

Reject Ho based on t stat
TSS concentration in road runoff > rainwater conc.
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Appendix G: Photographs of runoff samples

Figure G-1: Sample bottles from Sample Event 5, 22-04-2016

Figure G-2: Sample bottles from Sample Event 6, 18-05-2016

Figure G-3: Sample bottles from Sample Event 7, 24-05-2016
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Figure G-6: Close up view of sediment in sample bottles (a) front (b) bottom
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Appendix H: Rational Method calculations

RATIONAL METHOD: ALTERNATIVE 2

Description of the catchment Section of R300 highway from km15.56 - km28.8
River details None
Calculated by Abby Robertson | Date | 12-Jun-16
Physical characteristics
Size of the catchment (A) 0.436934 km? Days of thunder per year (R) 1 | days / year
Longest watercourse (L) 1 km Weather Services Area distribution factors
Average slope (Sa,) 0.025 m/m Station Rural (a) 1
Dolomite area (D) 0 % Number Urban (B) 0
Mean annual rainfall (MAP) 515 mm 1 day T(2) rainfall 45 Lakes (y) 0
Rural Urban

Surface slope % Factor Cs Description % Factor Cs

Vleis and pans 0.000 |Lawns Low (0) High(1)

Flat areas 0.000 [Sandy, flat (<2%)

Hilly 0.000 [Sandy, steep (>7%)

Steep areas 0.000 |Heavy soil, flat (<2%)

Total 0 0.000 |[Heavy soil,steep (>7%)
Permeanbility % Factor Cp Residential area Low (0) High(1)

Very permeable Houses

Permeable Flats

Semi-permeable 0.000 |[Industry Low (0) High(1)

Impermeable 0.000 |Lightindustry

Total 0 0.000 |Heavy industry
Vegetation % Factor C, Business Low (0) High(1)

Thick bush & plantation City centre

Light busch and farmlands 0.000 |Suburban

Grasslands 0.000 |Streets 100 0.85 0.85

No vegetation 0.000 |Maximum flood

Total 0 0.000 |Total 0.85

Time of concentration (T;) Notes
Overland flow Defined watercourse
L 0.467 o - 0.87L2 0.365
Tc = 0.604 (m) c= <m)
Tc = | 0.23 | hours TC = | | hours
Run-off coefficient
Return period (years), T 2 5 10 20 50 100 Max
Combined run-off coefficient C,
0.850 0.850 0.850 0.850 0.850 0.850 0.850
(=aCyr +Bcz * Ves)
Rainfall
Return period (years), T 2 5 10 20 50 100 Max
Point rainfall (mm), P+ 6.31 10.64 13.92 17.20 21.53 24.81 200.00
Point intensity (mm/hour), Pi; (= P/ T¢) 27.43 46.27 60.52 74.77 93.61 107.87 869.62
Area reduction factor (%), ARFy 100 100 100 100 100 100 100
Average intensity (mm/hour), |1 (= PyxARF5) 27.43 46.27 60.52 74.77 93.61 107.87 869.62
Peak flow

Return period (years), T 2 5 10 20 50 100 Max
Peak flow (m3/s) Qr = C;’Z'A 3 5 6 8 10 11 90
Runoff volume x10"6 0.028 0.046 0.061 0.075 0.094 0.108 0.874
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Appendix I. PCSWMM modelling parameters

Table I-1: Subcatchment properties
Parameter 10™ Percentile Average 90™ Percentile
Area (ha) 0.0008 0.3226 0.8704
Width (m) 0.6 178.8 496.0
Flow Length (m) 2.0 67.0 158.0
Slope (%) 0.003 0.025 0.044
Imperv. (%) 0 63 100
N Imperv 0.000 0.015 0.016
N Perv 0.100 0.099 0.100
Dstore Imperv (mm) 0.0 0.4 0.5
Dstore Perv (mm) 0.0 4.9 0.1
Zero Imperv (%) 0 14 25
Percent Routed (%) 100 100 100

Table 1-2: SuDS properties

Name Bioretention Area | InfiltrationTrench
Surface | Berm height (mm) 250 0

Vegetative Cover (fraction) 0 0

Surface roughness (Manning's n) 0.1 0

Surface slope (percent) 0 0
Soil Soil Thickness (mm) 1000

Porosity (volume fraction) 0.437

Field capacity (volume fraction) 0.062

Wilting point (volume fraction) 0.024

Soil Conductivity (mm/hr) 60

Conductivity slope 5

Suction Head (mm) 49.02
Storage | Storage Height (mm) 300 1500

Storage Void Ratio (voids / solids) 0.75 0.5

Storage Conductivity (mm/hr) 100 50

Storage Clogging Factor 0 0

Drain coefficient (mm/hr) 0 2

Drain exponent 0 0.5

Drain offset height (mm) 0 0

Table 1-3: Rainfall characteristics
2010 2011 2012 2013 2014 2015 2016*

Maximum Rainfall(mm/hr): 48.00 28.80 60.00 57.60 50.40 33.60 21.60
Minimum Rainfall(mm/hr): 0 0 0 0 0 0 0
Mean Rainfall(mm/hr): 0.04 0.04 0.05 0.07 0.06 0.04 0.02
Total Rainfall(mm): 384 350 467 655 518 348 48

*January - March
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Appendix J: Ethics approval documentation

Application for Approval of Ethics in Research (EiR) Projects
Faculty of Frgineering and the Ruilt Environment, University of Cape Town

APPLICATION FORM

Pleage Note:

Aoy pemon planning lo undertahe resserch in the Maculty of Cngineering and he Dult Cnvironment (EDZ) at the
Universty of Cape Town is requred to compiate this form before collecting or anaysing data Tye objsctive of
submitting this applization prior 0 embarking on researcy is tc enswe thal the Fighest ethical standards in
research, conducted under the auspices of the EBE Faculy, are mel Please ensue tha: you have read, and
understeod tha EBE Ethics in Research Handbook(avalable rom the UCT EBE, Research Ethics websie)
g b completing this app icatio Tor, Dl Swvew wow ui e, cofan el ey A tivs, pul

APPLICANT'S DETAILS
Name o principal re<earcher, student or
enernalapplicant SinclanaRobartecn
Copartmant Civil Ergineasing
P-oferred emad address of apphcant: rarabbl02@myuct sc 23
Your Degres: MSc.Eng
Ifa Stucent | e.g., MSc, PhD, ez,
Name of Suparviser (if .
g ised) Prot. Nl Asrmitage, A ProtMark fuldgeest
Ifthia ia & ressarchcontract, indicets the NA
seurce of fund ng/sponsorship
Project Tile The pctential for the impiemeniation of Sustainatle Drainage
Systems (SuDS) on SANRAL-ow ed rosds

I hereby undertake to carty out my research in such a way that:

e there is no apparent legal ctjection to the nature or the method of rzseardh; and

. the research wil not compromige staff or studerts or the other respansibilties of the University;
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o limitatiors and alternative inlespretations will be consicered;
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SGNED BY Full name Date
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StudenVExteral applicant Abby Jake Rotesteon 2015
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Documentation submitted to the ethics in research committee (6/9/2015)

Project Title:The potential for the implementation of Sustainable Drainage Systems (SuDS) on
SANRAL-owned roads

Cover Letter:

This research looks at the potential for implementing sustainable urban drainage systems (SuDS)
on the R300, an urban freeway in the greater Cape Town area. To this end the research will look
at road drainage quantity and quality issues.

The research will be approached from a number of angles. Firstly, the road drainage system
will be modelled using PC SWMM, a hydrological modelling software. The model will be
informed by as-built drawings of the R300 obtained from SANRAL. There are no foreseen
ethical issues with this aspect of the research.

CCTV footage of the R300 will be monitored to identify problematic drainage areas. This
research will focus on standing water on and near the road surface. The CCTV cameras are
installed and maintained by SANRAL. People captured on the CCTV footage do not necessarily
know they are being filmed, and it is not possible to gain their consent. This is seen as a potential
ethical issue. It is not in the interest of the research to collect identifiable records of individuals.
The monitoring will be conducted at the SANRAL traffic monitoring centre in accordance with
their operating procedures and under supervision of the TMC staff.

Sweepings of particulate matter on the road surface will be collected. I will accompany the
SANRAL maintenance staff when they perform their regular maintenance. Quality analysis will
be conducted on the samples obtained. Road runoff samples will be collected using spot sample
bottles that will be deployed in catch pits along the R300. The samples will be analysed for water
quality indicators. There are no foreseen ethical issues with this aspect of the research.

Throughout the course of the research, | will interact with various SANRAL staff and other
built environment professionals. The content of these informal interviews will differ according
to the person’s expertise and role in the management of the R300. Prior to obtaining any
information, 1 will clearly inform the person of my research objectives. In the case that it is not
possible to keep the identities of individuals anonymous, written consent will be obtained from
all persons cited. The person will have the opportunity to view the work prior to submission
and/or publishing. In the event that a person is uncomfortable with being identified, or with the
content of the work, then this information will be amended or excluded accordingly.

Any external requests for information will be evaluated on a case by case basis by myself
with the guidance of my supervisors, Neil Armitage and Mark Zuidgeest.
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Researcher(s): Abby Robertson

Department: Civil Engineering

E-mail: rbrabb002@myuct.ac.za

Status of Applicant: Student

Degree Being Studied: MSc.Eng

Name of Supervisor: Neil Armitage, Mark Zuidgeest
Review Track: Normal

Motivation for an Expedited Review: n/a

SECTION 1: Overview of ethics issues in your research project:

Question 1: Harm to Third Parties: No

Question 2: Human Subjects as Sources of Data: Yes

Question 3: Participation or Provision of Services to Communities: No
Question 4: Conflict of Interest: No

If you have answered YES to any of the above questions, please ensure that you append a copy
of your Research Proposal (Addendum 1), as well as any interview schedules or questionnaires
and consent documentation (Addendum 2) and complete further addenda as appropriate.

I hereby undertake to carry out my research in such a way that:

1. there is no apparent legal objection to the nature or the method of research; and

2. the research will not compromise staff or students or the other responsibilities of the
University;

3. the stated objective will be achieved, and the findings will have a high degree of validity;

4. limitations and alternative interpretations will be considered;

5. the findings could be subject to peer review and publicly available; and

6. | will comply with the conventions of copyright and avoid any practice that would constitute
plagiarism

ADDENDUM 1 Supporting documents: n/a

ADDENDUM 2 To be completed if you answered YES to question 2 in section 1:
It is required that you read the UCT Code for Research involving Human Subjects in order to be
able to answer the questions in this addendum.

Ethical research should safeguard the interests of society and the welfare of all who
participate in the research, be they individuals or groups. In this section the researcher is asked
to consider the implications of their research on participants in the research. The researcher
should outline risks that participants will face by being involved in the research.

When a research involves vulnerable people, a researcher is expected to obtain informed consent
from participants. This informed consent should be signed by the participants. Informed
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consent is intended to protect the interest of both participants and the researcher should
something go wrong or should conflict arise between the researcher and the participant.

Question 2.1: No
Question 2.2: No
Question 2.3: No
Question 2.4: No
Question 2.5: No
Question 2.6: Yes
Question 2.7: No

Additional Comments:

The research will involve monitoring CCTV footage of the R300. The CCTV cameras are
installed and maintained by SANRAL for traffic monitoring purposes. People captured on the
system do not necessarily know that they are being filmed and it is not possible to obtain their
consent.

CCTV monitoring will be conducted at the traffic monitoring centre (TMC) at SANRAL
under supervision of the TMC staff and in accordance with their usage procedures. The research
will focus on standing water on and near the road surface. It is not in the interest of the research
to keep identifiable records of individuals.

All information obtained at the TMC that relates to human behaviour will be treated as
confidential. It is a possibility that the researcher may view violence / road accidents / traffic
incidents on the CCTV footage. The researcher will make use of the counselling facilities
provided by the Student Wellness Services at UCT if necessary.

Throughout the course of the research, | will interact with various SANRAL staff and other
built environment professionals. The content of these informal interviews will differ according
to the person’s expertise and role in the management of the R300. Prior to obtaining any
information, | will clearly inform the person of my research objectives. In the case that it is not
possible to keep the identities of individuals anonymous, written consent will be obtained from
all persons cited. The person will have the opportunity to view the work prior to submission
and/or publishing. In the event that a person is uncomfortable with being identified, or with the
content of the work, then this information will be amended or excluded accordingly.





