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1 INTRODUCTION

1.1 Research study overview

As part of the projectResearch on the Use of Sustainable Urban Drainage Sy$tenisu s offhle
Gauteng Department digriculture and Rural Developme@DARI the Terms of Reference identify
§Z]e & %Ah@HSis of dudy areas with recommendatidns

The total list of deliverables is as follows:

1. Inception report and skills transfer plénot public)

Literature review on SuD8efinitions, science, data and policy and legal context in South
AfricaSelection of three specific study areas

Selection of three specific study areas

Data collection orsulsinstallations in Gauteng

Analysis of study areas with recommendatiofthis report)

Cost Benefit Analysis

Best Management Practices

Implementation Manual

N

© N gk w

This reporfollowsDeliverable 3: Selection of three specific case study ardédentifies and studies
possible measures in the three case study areas to investigate what impact and consequences possible
Swstainable Drainage Systems SuD$ could have. It is important to note, this is from a research
perspective, to inform the followpudeliverables, in the end leading t&&aD$mplementation manual

for Gauteng. The case studies are examples that do not cover evetiplpagtiation in Gauteng, but

from which learning lessons are derived.

1.2 Studyareas
The three studyareasare (Figurel andFigure?2):

x Central Business District (CBD) of the CitjobfannesburgMarshall townt Newtown part
x BonaercAtlasville, City of Ekurhuleni
x Kagiso, West Rand Municipality

The sudy areasare described in detail i@hapters3, 4 and 5 respectivelf¥he three sites were chosen

to reflect a combination of both theypical conditions irCBD, township, suburbaareas as well as
highlightcertainaspects of the urban environment that encourage the creative application of.SuDS
Sustainable drainage applications are designed to fit the individual requirements of eacrhsite is

vi§ ~lv ]l (]8 o0 X ,v SZ E &E Al & vP }( %}3 v3] o 3|
requirements of the study objectives, and most would benefit the study. Hence it was agreed that to
shorten the selection process, the projgem would draw on their experience to identify suitable

sites, typically in consultation with representatives from each of the three municipalities. The
municipalities and the type of area (CBD, township, suburban) to look for within these municipalities

were already selected in the Terms of Reference.



Figurel: Studyareasin the provincial context

Figure2: Location of studyareasin the quaternary catchments

These study areas were considered releviantthe Research on the Use of SuDS in Gauteng, which
leads to an implementation manual of SuDS in Gauteng, for the following reasons:

2 Research on the Use of SuDGautengProvincet Analysis of Study Areas with Recommendations



x The study area within theCBDof Johannesburgvas chosen around the presence of the
Gauteng Provincial Government builds and the potential future development of the
Z<}% V}VP WE v §[ A]3Z]v §Z ]13C VvSE 3ZTheAdublsdlue P}A
this study can therefore be of benefit in further development of the Kopanong Precinct plans,
particularly becausehis study is for Gauteng Provincial Governmérd. review the SuDS
performance, catchment boundaries needed to be used, so the larger catchment studied was
the NewtownSelby area, draining to the Robinson Canal, which later drains to the Klipspruit
catchment.

x ThesuburbanBonaerceAtlasville study arein Ekurhulenias selected because of its strategic
importance for flood management and the significant conservation value of theastevell
as its heterogeneity. There are three different pans with aeljaevetland areas in the study
area, each with different influences and management aspects either by local government as
a park, or by companies around the pan or by residential estates around theTban
ecological functioning of the pans and how it tekto water quantity and quality priorities,
was an interesting research question in this study afée functioning of mainly the norther
pan (Blaawpan)is influenced by the drainage of OR Tambo airport whichhaaksevere
pollution incidents in the pastThee are also plans to develop the area, such as the Aero
Blaaupan Precinct (GAPP, 2Q183aking that the results of the study can potentially be used
further. * % &S }( SZ }veposS vS[e § u Z 0OE C }v <}lu % E 0]
study area, this study benefited from this work and the established contacts with the
municipality.

X The study area withinKagiso allowed analysis of-dgatchment towngip conditions, the
creation of possibly important community space around a SuDS site, and wider catchment
benefits. The area is for township conditions quite well developed and maintained, with no
informal settlements Kagisois in the upper areas of th&/onderfonteinspruit catchment
which ishighly impacted by mining and industrial development, as well as urban residential
development (both formal and informalwhich is relevant for Gautend¢n the middle of
Kagiso there is a gre@hmainagestretch alormy a provincial roadThe lower portions of the area
exhibit wetland features and the upper areas are a combinaticavwétland and open drain
with some informal agriculture and a waste recycling fadility limited further use value for
the community asan open spaceAt least three road crossings provide opportunity for
stormwater retention or attenuation The municipality of Westrand was very supportive in
the choice othis study area.

Some of the information above only became available during thegregjon of this Analysis of Study
Areas report, but for durther basis of the selection of the study aressference is made to
Deliverable 3: Selection of three specific case study ar@asvhich also additional alternative study
areas were considerechamely Khutsong in Westrand and the Maboneng Precinct in the CBD of
Johannesburg



2 METHODOLOGY

2.1 Approach

The primary steps in the approach to analysing each of tildysareasare summarised as follows. A
more detailed description of the main themipresented thereafter.

I.  Desk top identification of possible measures,

II.  Site visitavith local authorities and area experasidreview of possible measures,
lll.  Hydrological mdelling(MUSIGand PCSWMM)
IV.  Public consultationvorkshops per stakeholder ared!®2o review suitable measures
V.  Additional modelling in MUSIC and research inputs
VI.  Analysis, integration and reporting

2.2 Stormwatermanagement methodology

Stormwater management through the implementationuiDSs described in Deliverable 2: Selection

of studyareas (January 2019)he essence @uDSs toaddress the quantity and qualigtormwater
runoff from urban areas. The objective is to mimic the hydrological response of a natural catchment
(or site)to mitigate against flood hazard, pollution of watezspources, and loss of amenity and
ecological systems. Theethods to achieve this are generally based on natural hydrological systems
where rainfall interception (e.g. by vegetation), infiltration (into soils) and evaporation (and
evapotranspiratiof are dominant. The objective is generallgonsidered to beachievable on a
greenfield site development, especially where thergasdcoordination between the developer, the
planners, the environmental team and the stormwater designer. However, in established
metropolitan areas where the negative effects of urban development are already evident, attention
needs tabe given to retrefitting SuDSHerethe objective of mimicking natural hydrological responses
becomes a very loatgrm plan identifying opportunitis as they ariseln addition to employing the
natural hydrological process listed above, the opportunity for stormwater harvesting and reuse
becomes an important means of stormwater runoff reduction.

All the sudy areasselected in this studiiaveSuDSetrofit cases. Eacktudy aregoresents a different
scenario in which urban development interfaces with the environm@ms analysisexplores how that
interface can be enhanced ftne benefit ofstormwater management, but also faommunity and
ecological benefitsas is the opportunity of implementing Green InfrastructuuD$ over Grey
Infrastructure.

Central to the stormwater focwed methodology is identifying hydrological and water quality
priorities at each site and testing possil#®DS Ths approach is more in line with stormwater
planning than designra will be relevant to cooperationf the Provincevith Gauteng municipalities.
The hydrological and water qualities should be defined lmatchment management plan. However,
there are very few of these in the Gauteng area, and naresavailable for any of the catchments
where thestudy areasre located. The priorities have therefore been identified through consultation
with municipal oficials and stakeholders in each case. As a rdabelfpriorities aremore derived from
aqualitative than quantitativeevaluation of catchment requirements

4 Research on the Use of SuDGamtengProvincet Analysis of Study Areas with Recommendations



Modelling and rainfall

An important tool employed in the analysis of the sites has been the ®I9&tware, currently on

trial in South Africa. This was introduced in Deliverable 1: Inception Report (November 2018), and its
functionality of outlined in more detail in Annexure Software used for the complexity of modern
stormwater systems typicallyequire an expert user which can slow the uptake and implementation
of SuDSThe initial rationale for selecting MUSIC is thdiais beerdesigned for use by the multiple
stakeholders in planning duDSincluding landscape architects, urban designecslagists, and
municipal officials. Thase of models by municipal officiafsparticular is a point of discussion in the
City of Johannesburgshere afirst version of the new Stormwater Manual being launchedJune
2019). Application of MUSIC in thigusly highlights the ease with which treatment trains can be
applied and tested at a site, suggesting it will also shorten design timelines if used in parallel with
other expert software such as PCSWMM (see Deliverable 1: Inception Report).

A key input to he MUSIC software is 5Y2 years ofiliute rainfallrecords(January 2010 to June 2015)
For this analysis dataom the GrandCentral weather statiorhave been usedThis is not the closest
station to two of the studyareas (CBD and Kagisdjut it was usd because of its availability arnide
ability to convert it into a compatible format for incorporation into tvJSIGnodel A breakdown of
the rainfall data is summarised in tA@blel below.

Tablel: Statistics from the 5% year {&inute interval) rainfall record used in the study
No. days with rain >6 mm 189 (9% of time)
No. days with rain 10mm 121 (6% of time)
Max 24h rainfall 75.8mm (~5 year return period

No. days with rain ~2 yea 2
return period or greater

Max 5 minute rainfall 14mm (~10 year return period)

Max 15minute rainfall 23mm (~7 year return period)

Notes:

1. All days of rain are used in determining the hydraulic loac
a SuDSystem.

2. Larger events described by return periods are used in f
analysis.

3. Short duration storms (e.g. 5 minute and frBnute) are
particularly important in urban stormwater management.



SelectingSuDSTechnologies

There is a relatively standard rangeSiiDS3echnologies available and these are described in some
§]Jo C Euld8P U & o0 ~Tiii*X SUDC}IV0o%Iu@® « vBPVv AE u A}EI_ 57 &
out the primary steps to designing a treatment train. These include (after Armitage, et al, 2013):

1. Sie investigation and setting out priorities.

2. Determining the characteristics of the site (soils, storm responses, flood risk, water quality,
etc.).

3. Developing a concept (or more than one) of a potential treatment train.

4. Testing the concept(s) through motiey and treatment performance analyses.

5. Refinement of the system and detailed design.

Stormwater quantity and quality targets may take higher priorities in the initial selection of
technologies to be used, but the design will ultimately need to consitier requirements of
biodiversity and amenity as well. Indeed, once the general hydrological requirements of the treatment
train are understood, these other aspects will (at least they should) play an increasing role in the later
design stages & SuUDSThs adds to the iterative stages in the design process which is largely beyond
the scope of this research study.

Although there appears to be a wide rangeSifDSechnologies available, their functions can be
narrowed down to thefive main functions inTable2. A treatment train woulddeally have at least
one of each of them.

Table2: GroupingSuDSnto primary functions

Primary Function SuDSechnologies Method of analysis

Sediment trapping Sediment traps, sediment basins. = Detention pond analysis

Retention and Bioretention filters, infiltration Hydrological sil model
water quality | trenches, filter strips, rain garden:
treatment sand filters, green roofgyermeable

pavements, soakaways, retentic
ponds, constructed wetlands

Reuse Rainwater harvesting, undergroun Water balance and detention pon
tanks analysis
Conveyance Swales, inlet and outlet structure! Hydraulic analysis
outfalls.
Flood Detention basins Detention pond analysis
management

6 Research on the Use of SuDGautengProvincet Analysis of Study Areas with Recommendations



All systems will need conveyance components, and these may only be designed late in the design
process when other components have been selecg&MDS related conveyaneceasure (e.g. swales)

do allow for some treatment, but retention times are necessarily short and the bulk of the treatment

is provided by the other features in the network designed for this purpose. Hantleis study the
conveyance systems are not addressé@atly, and it is assumed that existing conveyance systems
will be used.In Gauteng, sediment trap and detention facilities are very likely to be standard
requirements in most treatment trains. Reuse may be limited by a combination of opportunity and
costbenefit and may not be considered on all sites.

The function that is central to the principles®iiD&nd is relatively new to stormwater management
internationally is the retention/water treatment function of which the kietention system is perhaps
best known.It is based on the hydrological soil model (E#iverable 2: Literature Revie)yand all

of the technologies listed with it are variations on the application of the soil mddhel.hydrological

soil model will simulate the natural variation ebil water content during the hydrological cycle,
accounting for soil water storage and changes due to deeper infiltration or evapotranspiration.
Currently many stormwater models still treat soils very simplisticalgually assuming rainfall
infiltrating the soil is lost.

In this study all technologies are considered, but the central focus is on the retention/treatment
function which includes bioetention filters and green roofs the case of th&€BDand constructed
wetlandsin the case of botliKagiso ad BonaereAtlasville.

2.3 HeatStressReductionand SuDS&ssessment methodology

Methodology

The aspects of heat stress reduction througiiD $ave been studied for the CBD araly, as that is
where the heat island effect was expected to be narsiminent This will be furthediscussedn the
case study itself.

For this report, a general introductida heat stress an&uD$n Johannesburgs provided after which

the proposed interventiongre studied by the heat stress arBuDSspecialistausng Google Earth.
Expert judgementis usedto reflect on the possible interventions at roof level, at street level, and at
treatment train level.

Do we need to stress about heat stressGautend@

Heat stress is a real concern worldwide. For instance, #a tvave of 2003 in Europesulted in

40000 peoplepassing away earlier than otherwig€en Brinke, 2019Heat island effects and heat
stress are important, and heat stress has priority in Climate Change Adaptation in Johannesburg (Vogel
et al., 2019).

Due to climate change the number of very hot days and heat waves is expected to increase in Gauteng.

In South Africavgww.greenbook.co.zhy CSIR2019 very hot days are defined as days (per 8 x 8 km

grid point)at which the maximum temperature exceeds 35. HeatA A CeU Jv ~[Z[e v "7
definition, are days with maximum temperatures exceeding the average maximum temperature of

the warmest month of the year at that location by, for a period of at lea#itree consecutive days.

7


http://www.greenbook.co.za/

The threshold temperature for this in Johannesburg is not dle#ine references consultedCurrent
heat wave days for Johannesbung amaximum 7 days per year (sEgure3, www.greenbook.co.2a
The green book also makes mention tieatrentlyfor ~4 months per year (using 191999 as a base
period), temperatures in Johannesburg cause human health risks, Whdevill increase to ~7 months
and to ~9 months in the year 2100 for the low emission scen®©P 4.5) and the high emission
scenario(RCP 8.5) respectively.

The estimated number of heat wave days for Octobbdlarch goes up from a median afound *

1.2 days/month to 3 to 8 days/month, with highest values in January and October for the RCP 8.5
scenario (and considerably lower values for the milder RCP 4.5 scgnAtidke figures mentioned

are from downscaling climate models, but do notlyfubring into account the effect of what is
happening at the level of where people live.

VERY HOT DAYS HEAT WAVE DAYS

Loading... Loading...
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Figure 3: Current situation climate modelling for very hot days and heat wave daysee definitions in text (CSIR,
www.greenbook.co.zaonsulted April 2019)

For Gauteng and in particular for Johannesburg, there is a need to be aware of the particular situation
that is not necessarily valid for other places with heat stress and heat island effects:

X The nights in Gauteng are relatively cobtomparison to most cities in the world were heat
stress is a major concermence the focusin Gautengshould be on maximum day
temperatures and exposure to these temperatures;

X The effect of altitude plays a role in Gauteng. In Johannesburg, the @BB isuch higher
altitude than many of the suburbs. While the densities and exposure (walking) of people in
the CBD might be much higher, comparison of data betwd&raamfontein (CBD

8 Research on the Use of SuDGautengProvincet Analysis of Study Areas with Recommendations



Johannesburgand other TAHMO weather stations show that Braamfonteis helatively
higher maximum temperatures on a day and lowamidity. The maximum temperatas per
day have similarly been compared with that of Braamfontein for seven other stations in
Johannesburg and the same picture emerges, with Orange kavmg the highest maximum
temperatures (SeeFigureb) without having systematic differences in humidity (Séagure6).
Temperatures in Gauteng are generally a bit lower in Johannegbaryin for example
deZzA v U He }( :}Z vv » ptEP[e Z]PZ E o03]35u

X Humidity in Gauteng drops considerably durthg day and is low in comparison to more
coastal areas; higher humidity results in more unpleasant experiences of heat than low
humidity. In the case of Gauteng, average humidity is on warmer days also lower than on
cooler days, show analysis of TAHMO ‘weatdata in Johannesburg (sdggure 4 for
Braamfontein). Humidity in Braamfontein is also lower than in other areas of Johannesburg,
with Alexandra (Lotion Road, next to Jukskei River) having the highest humidityHi§aee
7);

x llinesses related to heat in Gautentpy alsobe related to food hygiene andir pollution,
Azl Z u ¢ ulE u PJvP 37 \elffdefingd &S tie meabiljtg of thédody to
cool itself sufficientliywhich consequentlyesults in heat strokes, heat exhaustion or heat
cramps, also dependent on dehydratjpn

X The City of Johannesburg does not have a heat wave plan at this time (Voget@t @y, but
Z o ¢35 ES ]JV]S8] 8]A e ep Z o NIEE] }E- }( &EpartithatdimAZz] Z §Z
at increasing public transport and nenotorized transport. This will on the one hand
decrease emissions and heating by cars, but on the other hand it will increase the exposure of
people to outside temperaturegherefore making it morémportant that this environment is
pleasant

In Johannesburg the heat island effect might be compensated by altitoatein general cities are
usually hotter than the countryside, as concrete and tar exacerbate al-up and evaporation in

cities isless although the effect is mostly in the nights. However, also in Tshwane where the CBD is
surrounded by two mountain ridges south and north of the CBD, the atmospheric temperatures and
the land surface temperatures measured do not seem to confirm a bleat island effect (Monama,
2016). The CBD recorded lower atmospheric temperatures than much of the surrounding areas. The
study of land surface temperatures by remote sensing, revealed that the open bare andétout

much treest where hotter than bilt up areas (Monama, 2016). The translation from land surface
temperatures to atmospheric temperatures is however difficult, therefore further atmospheric
measurements would be needed, not just atmospheric temperature but alsof wind speed and
humidity and solar radiation.

SuDS&an assist to address temperatures locally, due to local impacts of individual measures, but for
real heat reduction, the impact is only major if shade is incredasexigh planting of trees in SUDS
bioretention areas for examg or if the overall greening of the urban area is so extensive that the
total atmospheric conditions are changed (mi@lanate impacts).

Besides improving governanaeound heat stres@hroughcommunication and organisation, capacity
building of emergeay services, early warning system, protecting of current open areas / green spaces,
increaseof frequency of waste removal etc.) there are practical technical suggestions to mitigate



temperatures in the urban dense ardeat are notrelated toSuDSThe Geen Book mentions different

types of heat stress reduction measures such as: less-dead*SE S ~U}E "% EU 0 %o S8
to decrease walking distances, or thinking on what direction the buildings should have to the sun, or

cool paving (lighter in colr). UWban planning measuremcluding the use of different types and

colours ofbuildingand streetmaterials, and decreasgthe width of streets to height of buildings ratio

may be important for heat stress reductidmt are less related tSuDSsee Keerekoper, 2016)The

Sustainable Development Guidelines of Gauteng (GDARD, draft 2016) also recommend insolation of
(0}}Ee v E}}(e ]v ' ps8 vP[s+ v A pJo JvPe 3} E p 38Z v (}J& }}o]vF

In generalpnly ifSuD$rovide more shadingand considerablincrea® urban water and urban green
theywill have a positive effect on the thermal comfort PET (physiological equivalent temperature) of
urban spaces during hot summer afternoons. But every specific implementation hdfeeintieat is
strongly dependent on the details of the implementatiand locationand depend on custodians of
these measures that take care of maintenance and protection.

Maximum daily Temperature (°C) and Average Relative Humidity (%) for Braamfontein (CBD Juta Street 1740 m.a.s.l.)

Maximurm daily temperature in blue (0C)

0 = No valid data on humidity
0 0
2018/07/23 2018/08/23 2018/09/23 2018/10/23 2018/11/23 2018/12/23 2019/01/23 2019/02/23 2019/03/23 2019/04/23 2013/05/23 2018/06/23 2015/07/23

aqualinksg

Figure4: Timeline of naximum daily temperature(blue) and average daily humidity (purple) foBraamfontein TAHMO
weather station 8 Juta Street, at an altitude of 1740 m.a.s.l., on top of a concrete roof of 3 levels high.)
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Maximum daily Temperature (°C) of Braamfontein against Orange Farm
(TAHMO data 8 May 2018- 23 July 2019)

g 28

01 2 3 4 5 6 7 8 9 10111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Braamfontein Maximum daily temperature (0C) CBD Juta Street 1740 m.a.s.l.

® max temperature (oC) .
e aqualmks@

Figure5: Comparison of maximum dailtemperature measured in Braamfontein 28 Juta Street on level 3 (1740 m.a.s.l.)
against the maximum daily temperature measured at Orange Farm fire statibboth TAHMO stations, with around 2
degrees Celcius higher at Orange Farm.

Average humidity (%) of Braamfontein against Orange Farm
o0 (TAHMO data 8 May 2018- 23 July 2019) .
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Figure6: Comparison of average daily humidity measured in Braamfontein 28 Juta Street on level 3 (1740 m.a.s.l.) against
the same measured at Orange Farm fire statidlboth TAHMO stations, with no systematic difference.
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Average humidity (%) of Braamfontein against Alexandra
(TAHMO data 21 Sept 2017 - 23 July 2019)

0 = missing measurement

0 = missing measurement

. ae wew
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Braamfontein average daily humidity (%) at 28 Juta Street, on top of two levels of building.

® average humidity (%) aqualil’lksg

Figure7: Comparison of humidity in Braamfontein 28 Juta Street on level 3 (1740 m.a.s.l. horizontal axis) against the same
measured at Alexandra London Road, close to Jukskei riv@th TAHMO stations, higher humidity for Alexandra.

Recommendednethodologyof heat stress reduction an8uDS3ssessment beyond the scope of this
report

The authorqusual approach to heat stress management &uDSs to recommend detailed heat

stress mappinginder different scenarios of heain which the presence efater or greenery shows

as a cooling effectThis is because evapotranspiration from water or greenery costs energy, which is
withdrawn from the heatSuch maps present the Physiological Equivalent Temperature (PET) at the
hottest hour of an almost windks day and are presented relative to the rural temperature of a

meadow in a qualitative way, for exampletie u % 0}A Jv & Zup Z A GEu E[ v ]V %o}
Up Z A Eu E[X dZ u %+ E ]Jv(}EuU C § ]o ]JP]1$ o o A 3]}v C
presence of buildings, trees, greenery and water. The PET is then calculated from the derived
estimation of air temperature (influenced by shade), wind and humiditich as shown for a part of
Johannesburg iffigure8 (Boogaard et al., 2018For more detailed design exercises, materials used,

as well as details of water ways and heights of infrastructure and trees, combined with aerial
photographs are usedrhe maps then give an estimate of the maximum PET during a heat wave, and

a separate analysis can be made for the ektd#rihe heat wave. These maps are then combined with

maps on vulnerability of people (age, means) and flooding issues and other ationmo inform

SuDSlesign. The time of exposure of different people to heat is also important to take into account,

for example for commutersisingpublic transportcombined with waiting and walkin@.g. Hoffman

et al., 2018).

12 Research on the Use of SuDGamitengProvincet Analysis of Study Areas with Recommendations
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Figure8: Heat stress map for part of Johannesburg (Braamfontein on the left, northern Johannesburg on the right, see
extended topographical magBoogaard et al., 2018)

13



2.4 Urban desigrapproachandmethodology

SuDS3nterventions within the public open space netwaake said tohave thepotential to play an
important amenity role as well aspotential social and economic role. Urban Design input into the
form, extent and nature of these spaces is essenti@uDSare to play these roles effectively. With
Urban Design input into the planning and desigrsaDSit is possible to create spaces that can be
used for recreational, social, educational, cultural and economic purposes and in s@doirnbute

to amongst oher things,the formation of healthieland more sustainable communities. When they
play these roles effectivelyhey can also contribute tmcreased property valugn the local areaTo

be able to perform these multiple roles it is essential for thegerospaceso provideimproved levels

of personal safety, a senselwflonging and basic levels amfort. They should also be accessible to
a range of peoplen particular pedestriansgiven thefact that only28.5%(StatsSA2013) of the
populationin Suth Africaown cars andhat mostare unlikely to in the future

In the context of South Africa where there are dishing resources for management and
maintenance of open spadey the public sectqrgreen open spaces incorporatiSgiDSheed to be

desigied to withstand high levels ofwear and tear but more importantly,conceptualisedn a
mannerthat ensures that the communiis, in which they are embedded, have a direct interest in
keeping them clean and saf@he open space must therefore serve apgmge beyond just an
infrastructure role. tZz & Juupv]d]l ¢« Z8 1 JAV EeZ]%[ }( *% U 3Z C § v
positively to them, and instead of turning their backs on them, open up towards them. In the case of
public and/ or commerciabuildings, this opening up, can in turn help to make the spaces even safer

as activities spill out into the public realm and offer more surveillance.

With this in mind the methodology employedvas to analyse particular aspects of the built
environment inorder to be able to recommend where and how tBeiDSnterventions (as one
component of public open space networkgpuld best achieve some of the urban objectives
described above

A desk topanalysisand site visits undertakeim February 201%herefore focussed on the following
key aspects:

Pedestrian movement patterns and access networks

The analysis looked #he local road, public transport and pedestrian connections to assess
the ¢] S dennectivity tothe surrounding areasThe analysis also cheake/here the public
transport stopsvere as theypresent opportunities to invest in greening which can pl8udS

and heat reductiorrole. In the case where major road proposals were on the table, these
were noted and assessed for their potential impactpwaposedSuDSnterventions.

Lastly it was important to understaritbw the spaces were traverség pedestriango ensure
future SuDS ] v ®mpromise importanexisting desire lineacross the respective sitésit
also which streets might benefit from more greenery

14 Research on the Use of SuDGanitengProvincet Analysis of Study Areas with Recommendations



Land Use patterns

Land Use patterns of the area reveal the key generators and attractors of movement and
therefore reveal where and how people move through the local areas. If Sb®S
interventions are going to play an amenity role, they should be conceptualised as part of the
broader public network of spaces and places that attract people. The analysis also considered
what additional facilities might be lacking in the area and what might be cgjate to
collocate withSuDSnterventiors.

Buildingform andtypologies

The scale of the buildings and their relationship with the public realm is essential to
understandas it affects the waghe adjacent open spasgerform. Where theoccupants of

the buildings catook over the space, this provides necessary passive surveillathege high
walls and blank facadasterface withpublic space, there is nactivity and nosurveillance
offered byoccupants of the buildingghich means that the spaceseawulnerable to anti
social behavioutlittering etetera.

Where buildings define the spadhey can help to protect the area from wind but they also
provide a sense of containmeradding to the psychologicabmfort of users of the open
space.

In the case of dense built up areas such as the CByulkef buildingsbecomes a critical
factor when considering the performance of the open spaces as they create-dhiitiates t
shadyareas and overheating in otheasesThe extent obuilding coveageis also a critical
factor when retrofittingSuDSHigh levels of coverage such as is the case in the CBD, provides
a particular challenge.

More detailed objectives specific to each of the sifegher guided the analysis undertakeiihe
detailed urtan objectives, specific to each of the respective sirstypically informed by broader
policy and planning objectivesd detailed in the respective chapters

Eachof the SuDSnterventionsproposed by the Engineering and Ecological Teas assesseih
terms of the key findings from the analysis and key opportunities and challenges identified.

2.5 Ecological Objectives

Integrating Ecological and Biodiversity Considerations in SuDS Design

Accordng to the South African Guidelines for Sustainable Drainage Systems (Armitage et al., 2013),

the key objectives of the SuDS approach are the effective management of. stormwater runoff
guantity, quality and the associated amenity and biodiversity valiés hiowever argued that these

objectives should not be given equal weighting but that they should be viewed in terms of a hierarchy

where primary emphasis should be placed on addressing water quantity and quality challenges, rather

than focussing stronglyv  u v]3C A op v ]} JA E«]E3CX /v % ES] po EU 82 C
]* v} %}]v3 (} pee]vP }v ]} ]JA E<]3C J( 0]( VvV % E}% ESC Z A Vv}s
however critical here to differentiate between drainage systems that aeetbped to cater for
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stormwater discharge within a development site (siteale) and the natural drainage network (local
and regionalscale) which can range from nqerennial drainage lines to wetlands and large perennial
rivers.

For sitescale interver$]}veU @Eu]8 P [+ A] Ae E +SE}VPOC *u% %} ES3 v
through conventional systems or SuDS) should, as their primary objective, seek to limit impacts by
meeting clearly defined discharge standards that focus specifically on mitgadiod risks (volumes

and peaks) and on preventing pollution of downstream environments. Whilst ecological
considerations should be taken into account in SuDS design, opportunities atsaali¢eare often

limited and would typically focus on indigenoladscaping and minor modifications to artificial
drainage features to enhance biodiversity values. These interventions can serve to soften the
transition between developments sites and the natural drainage network but should seek first and
foremost to manage risks to the downstream environment.

Where developments are associated with natural drainage features and ecological netitarks,
emphasis should shift strongly towards protecting and enhancing regionally important ecological and
functional values sopposed to addressing sitevel impacts. Some level of protection can however

be achieved through the establishment and management of appropriate buffer zones, which should
be adopted as a standard management prac{Macfarlane and Bredin, 2017). fgar zones not only
function as filter strips which can assimilate pollutants from diffuse runoff but contribute to the
broader ecological network. There is however a need to move beyond this and to promote investment
in the restoration and sustainable magement of drainage lines through both regional restoration
initiatives and site development planning.

Whilst restoring natural ecosystem functioning is an important consideration, the reality is that there
are often a range of competirapjectives that need to be considered when developing a management
and/or restoration plan for a particular reach of river or wetland system. These may include:

Enhancing flood attenuation functions to reduce flood risks for downstream communities;
Enhaning pollutant uptake to help address water quality concerns;

Securing biodiversity values for species of conservation concern;

Attenuating and harvesting water for4gse or other purposes;

Creating opportunities for urban agriculture or livestock grazing;

Enhancing aesthetic values for local homeowners; or

Improving access or quality of open space for recreational or educational purposes.

X X X X X X X

The implication is that the management of the drainage network should not necessarily aim to return
drainage lines to aeference state but should be replaced by an objecbased approach where
restoration efforts are valued in terms of the provision of ecosystem goods and services, and where
objectives are defined by reference to a broad array of factors, includingep@aison, aesthetics,
resource extraction, water quality, heritage protection and flood management (Dufour et al., 2009).
As such, biodiversity aspirations need to be balanced against the need to meet other (often more
important) objectives.

It is also reognised that the suite of biodiversity that are associated with drainage lines and
watercourses are strongly dependant on the state of underlying drivers, including water quality and
flow characteristics. The implication is that certain river reachessé@hihat remain largely un
impacted) are better suited to meeting conservation objectives than others. In a heavily developed
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urban context in particular, where impacts are often severe and competition for space and use is
intense, there is therefore a sing argument to focus on maximizing ecological functions that support
societal needs and broader water resource management objectives rather tharem@rasizing
biodiversity considerations. By doing so, this can also serve to buffer the impacts ontrdawms
areas that have a greater ecological value.

There will, however, be instances where biodiversity considerations need to be prioritised due to the
presence of critically endangered fauna or flora or the need to maintain or enhance threatened
habitats or critical ecological linkages. These areas are identified in a range of spatial biodiversity
products such as the Gauteng Conservation Plan (Gauteng Provincial Government, 2011 and Pfab,
2017) and the Gauteng Environmental Management Framework (Gaulremgncial Government,

2018). These products identify areas that are required for the conservation of a representative and
epe3 ]Jv 0 e u%o0 }( 3Z % E}A]v [+ ]} ]JA E-]35CU AZ E }VvA ESE]JvP
where land uses incompatible withdaliversity should be avoided and where special management
measures are required to maintain and protect biodiversity.

With this in mind the methodology employed was to analyse particular aspects of the ecological
environment in order to be able to recomend where and how the SuDS interventions (as ecological
infrastructure), could best achieve some of the ecological objectives identified within the context of
regional catchment management, bioregional, spatial development and conservation plans. A desk
top analysis and site visits undertaken in February 2019 therefore focussed on the following key
aspects:

1) Analysis of regional spatial data layers

Various spatial reference layers, such as the GDARD Conservation Plan (Pfab et al., 2017), Gauteng
Environmenth Management Framework, National Freshwater Ecosystems Priority Areas (Nel et al.,
2011), and Quaternary catchment PES/EIS (DWS, 2014), and any other pertinent regional spatial layer
available at the time of analysing the sites, were interrogated in otolemderstand the ecological

context of each site and to build an understanding of key ecological, biodiversity and catchment
management imperatives for each site. Much of this information has been consolidated as part of the
EIA screening tool and can hieed to obtain a preliminary indication of key ecological (and other)
sensitivities prior to undertaking detailed sikevel investigations (Department of Environmental
Affairs, 2019).

2) Ground Truthing of ecological attributes and conservation imperatives

A site visit was undertaken in order to build a deeper ecological understanding of each site and the
opportunities and constraints to enhancing ecological values. Key aspects considered included:

x Building a better understanding of existisgprmwater drainage networks, hydrological flow
paths and water quality risks associated with each site;

X Assessing the Present Ecological State (PES), including developing an understanding of existing
site impacts and broader ecological drivers;

X Investigaing the Ecological Importance and Sensitivity (EIS) of each site including biodiversity
values such as species of conservation concern and connectivity and social and cultural values;
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X Assessing constraints and opportunities for the rehabilitation and eod&@ent of natural
drainage networks and the broader open space network.

3) Stakeholder engagement

Key stakeholders and municipal specialists were consulted with a view to developing a deeper
understanding of local conservation imperatives, and sourcingtiaddi specialist reports where
available. It is important to note however that focussed aquatic and biodiversity assessments were
not undertaken for this project, and where necessary, would usually be prepared in order to better
understand local water murce management and conservation values.

4) Refinement of SuDS opportunities in collaboration with the technical team

Ecological aspects were specifically integrated into SuDS planning through interaction with other
members of the technical team. The fachere was on balancing ecological considerations against
other competing needs and ecosystem services at each site.
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3 JOHANNESBURG CBD

3.1 Sudy areadescription

The centre of Johannesburg straddles the watershed between the-Qfaaige (south) and the
Limpom (north) catchmentsThe Central Busined3istrict (CBD) of Johannesburg, located on the
southern side of the watershedhas its origins dating back more than a centdrje selected study

site (Figure9) lies in the Klip River and Klipspruit catchment (quaternary catchmzagCQhat flows

into the Vaal Rive(Figure10). As mentioned in the introduction, the study area within the CBD of
Johannesburg was chosen around the presence of the Gauteng Provincial Government buildings
(Figurel0)) v 3Z %0}3 v3] o (u3pnE A 0}%u v }( 3Z Marshédiowhth® WE v §
will house government officeand be a mixed developmeiiGauteng Provincial Government, 2018

and Ludwig Hansen Architects and Urban Designeé#816) To review the SuDS performance,
catchment boundaries needed to be used, so the larger catchment studied was the NeBtion

area, draining to the Robinson Canal, which later drains to the Klipspruhircatd. (seefurther
Deliverable 2: Selection of Study Aréas

Integrated SuDS
catchment area

Robinson Canal —= 5

Figure9: Aerial view of the Johannesburg CBD area showing shely catchment and location of recent (Bank City) and
future planned developments (Kopanong Precinctcathe potential JRA detention basin) that had bearing on the study
analysis. The red line is the quaternary catchment boundaand the blue line is the Robinson Canal that receives
stormwater from the study area and drains to the Klipspruit.
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GPG Buildings in CBD
& GBG Bulkings
Quaternary catchiments
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Figure10: Map showing a demarcation of the Klipstpruit / Klip River Catchment and the Robinson Canal, within the Vaal
catchment, and the presence of the Gauteng Provincial Government owned buildings in Johannesburg CBD.

The combiation of highrise buildings, wide streets and a high percentage of hard paving coverage
overlying an outdated sewer and stormwater systara evident in the receiving streams around the
city which exhibit problems of flooding, erosion and high pollutaads. Thee conditions are evident

in the Robinson Canalnd the Klipspruitthe receiving system for this part of thé8D, they provide

the basis for the assessment®fiD3nterventions in the study area. These include:

x Flood hazard in the Booysens ajast downstream of the study arg&igure9).

x Very high levels of sewage pollution in the stream flow in the Robinson Canal and Klipspruit
primarilyassociated with hydraulic overloading of both the old sewer and stormwater systems
that run in superimposed networks (one above the other) through the CBD and are prone to
blockages.

X High groundwater conditions in the CBD that require many of the buildivigs deep
basements to dewater on a continuous basis. Discharges are made to the sewer and
stormwater systems, adding to the hydraulic loading on these systems.

X Groundwater conditions that require that stormwater is prevented from infiltrating below
surface systems.

The field record of conditions in the study area is presented in Annexure 2. Particular attributes of
the study area relevant to determining the focus of SuDS interventions are providedle3. The

largest surface areas in the CBD are the roofs (approx. 40%) and the street surfaces (approx. 30%).
Initial analysis gave attention to these two areas as potentially offering the greater stormwater
control gaindn the CBD environment. Howevdhe practicalities of solutions in these areas need

20Research on the Use of SuDSanitengProvincet Analysis of Study Areas with Recommendations



careful consideration. Examples of the spaces in the CBD for potential introduction of SuDS are
presented inFigurel2, Figurel3andFigurel4.

The attributes also led to the approach of assessing the potential of SuDS in the @fdlybing
defining a typical city block area using median values of surface cover. The assessment is presented
in Figurelland the results are brokenoavn inTable4.

Table3: General attributes of land cover in the CBD study ar@2ata obtained from measurements from aerial imagery)

Total area 43.4 ha
Roof surface area 40 t45% of entire area
Street surface area (excluding pavements) 30-35%

Paved areas at grountevel (parking, front of buildings, pavements 20-25%
etc.)

Landscaped open spase <10%
(typically 35%)

Open areast ground level that offer potential for retrefit SuDSThese 10- 15%
include

x Off street parking areas (informal & formal)

x Parks & landscaped areas

x Forecourt and apron areas (in front of buildings)

X Vacant areas

x Sites under construction

Typical area of a block 3600 t 5600n7
Median 45%m?

Length of blockKin direction of drainage) 60 t75m

Width of streets (generally 5 lane#cluding parking lane) 15m

Table4: A typical (median) CBD city block area (including pavements, excluding streets).

Type of area within typical block Area (nf) and percentage

of block area

Roof area 3455nt (76%)

Potentially usable flat roof area (excl 1898nt (42%)
existing solar panels, water tanks, etc.)

Green roof area (80% of usable flat ro 1518n7 (33%)
area, leaving 20% for access & services)

Total block aregexcl. streets) 4536n7 (100%)
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Figurel2: The street space 5 lanes, usually including 2 parking lanes.
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Figurel4: Open space areaspotential sites forSuDSmplementation
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Future urban planning and implications for théBD

While policy supprted the role of the CBD am core economic hub of th&egion the Spatial
Development Framework for Johannesb@@40 (City of Johannesbyrg01g, and the InneiCity
Transformation RoadmayC(ty of Johannesbur@013), commit to supporting the densification and
intensification of land uses and people within the Inner Cityis means that there will be a much
higher percentage of residential in the CBDhe future and the need fordditionalpublic services,

couu E ] o S]A]JSC S5Z 8 *u% %} ESe E ] vsthesociafise ajdi@creates v+ %o

In aneffort to increase the liveability of the areshe CoJproposes invesimentin public open space.
Another of their objectives is to make a more conneatl city, one which provides public transport
services and attractive connecting streets, pedestrian streets and an enhanced road network, to be
achieved through the incorporation of public spaces around which activities can inteRsigywill
ultimately see a reduction in the vehicle volumes and parking at ground level and a freeing up of the
ground plain for people anthndscapenterventions that make for a more qualitative experience for
those on foot.The last relevant objective is a resilient cityigétalks to the challenges @imate
Change. They specifically call for investment in strong-a@tinected open space systems and the
refurbishment of buildings to include green infrastructure.

In conclusion the spatial policy supports the greenindiefground plain in the inner city and the shift
towards less vehicles and more PT and Nuthin the roadreserve This will result in less of a need
for parkingat ground levelnd, in time, should free up portions of the cross section of the sdad
SuDSinterventions including planting

Following global trends which have shown that where the state /and the private sector have
invested in upgrades of the public realm and greening of squares, sidewalks and other public outdoor
areasthere are incrased levels of staffroductivity and rental or sales returnd e JDA and th€OJ
aresupportingseveral projects aimed at upgrading and stimulating investment in specific areas in the
inner city (City of Johannesburg, 2009)tese initiatives acknowledge the importance ahaking
gualitative public environmerstto improve the experience of commuteremployees, shoppers and
residents. They also acknowledge that investment in the public realm by the state is @aoway
incentivise private investant.

There are a number of significant projects in process currently including the Kopanong Gauteng
Government Precinct focussed around the Beyers Naude SdGaeteng Provincial Government,
2018)and the Diversity project looking at 6 blocks arduhe ABSAdwers Main BuildingTheformer

is of particular relevance aridcludes the demolition of selectefuildings and the refurbishment of
others. Proposals include huge investment in public open spaces which are planted and laddscap
offer increased amenjtfor new innercity residets and workers. Proposadsiggest that roof gardens

and planted facades will be incorporated in building designs to address heatpuitdthe city.

3.2 Consultation Outcomes

During the large workshop on 5 February 2019, a plrsdission was set up for the CBD in wiacial
knowledge and experience was collated. A dedicatedkshopon the CBD study areeas held on 11
April 2019, with twentyfive participants including researclers, public officials and private
practitioners /consultants The City of Johannesburg was represented by a councillor, stormwater
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department expertsa catchment management expert and water servipésnningexperts from the
infrastructure and water services regulatidepartment Unfortunately, City R&swere not able to
attend. Property owners and their joint forunthe Johannesburg Inner City Partnershijgere also

represented, as well as an artist who works with gregatemsto improve the environment and a
mentor of theentrepreneursthat do rooftop gardening. The Klip River Water Stewardship Initiative
was also represented.

Outcomes of this consultation that are learning points for this analysis are:

X

ZMU%OGE e[ %0}ee] 0 p3 AlfdAraffie maBagementt There wasliscussion on

Az §Z & 3§} E - »} 2upbigsdme streets tmccommodatepedestrian courtyards
(similar to whathas been donevith the First National Bank bloglor closing off some streets
to vehicular traffic to accommodate NMT and landscapssgving SuDSpurposes. The
}%]Vv]Ive }v -Zoutes] B E ]JA] X }v Eveldted ta the c@rent
congestion lack of parking and safety aspeethich currently present challenges tpublic
transports effective operatiorand non-motorized trarsport.
Need for alternativewater sourcesagreed- Theparticipantsopinions were positive on the
use of stormwater and the groundwater from basements currently pumped in the stormwater
system (or the seer system) as alternativevater sources, given th@eed of Gautendgo
increase its water security with alternative sources. There was discussion though on whether
SuDSthat would impact groundwater, would impact, through pressure, the Acid Mine
Drainage areas more to the southhis issue is reinforced lige key outcomes of the site
analysis.

Many influences on current stormwater system that mak&uDSnot the first priority t
Participants mentioned examples in thatchment area of the Robinson Canéintentional
blocking of sewerage systemmesulting insewagemixing with the stormwater; regular
drinking water burstpipes continuous dewatering of basements and draining them either
throughthe stormwater system othe sewer system; illegal sewerage connectionaiming
straight into the Robinson canal and the litter trap being vandalized.
Concern thatSuDSrequire additional potable water demandst Concern was raised that
green roofs and bioretention areas would need additional potable water in dry periods.
Without private sectorand concerned individuals being involve&uDSsustainability will
not be succeshul t Concern was also expressed on additional maintenance demands on the
City, as current garbage collection is already a challerigee group of particgnts was
concerned that currently maintenance of the inner city is not up to scratch and introducing
further maintenance issues would not be possible without upfront management agreements
with the private sectorTherefore, implementation should ben aprecinct by precincbasis
where there is potential for a good collaboration with thevarie sector.The City Parks
department is developing a policy for-ceanagement, but also JICP has several examples of
working cemanagement arrangements.

For private irvestments in theSuD&at individual building level, the business case needs to
be clear unless it is obliged by polidyThe representatives of the private sector in the room
were very clear that only there were financialopportunities or legal risks, auld they be
willing to invest inSuDSgreen roofs amongst other SUDS interventiors, their own
buildings If water or energy savingenefits could be demonstratear if the roofs could be
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interested However, in site redevelopment projedise property owners will be obliged to
consider sustainable drainage measures to comply with current provincial sustainable
development regulations, and green roaf®my be one of the better solutions.

X Many buildings are pumping water from their basements, either to sewerage or to
stormwater system. This water could be potentially used. GDARD (20eived
guestionnaires from 19 buildings of which 13 had a dewagesystem, 4 did not, 1 did not
have a basement and for another 1, the respondent did not know. Only 1 respondent (FNB)
used the water, while 7 pumped to the stormwater network and 4 to the sewerage and the
other respondents did not know. Water quantitiescaqualities are generally unknown.

X Many buildings have roofs that are flat (Séggurel5), and in that sense suitable for a green
roof, but of course ould also be used for hydroponic farming as is currentlyleal out. All
buildings reported they had an accessible roof, and for most of them it had a protecting border

(Figurel6).
Type of roof
15 13
10
5
5
B .
0 |
Flat Partly flat Unknown

Figurel5: Type of roofs investigated in surv&eé Annexurk)

Boundaries of roof
10 9
8
6 I 5
4
4
10 -
0 [ |
Wall None Unspecified Fence

Figurel6: Boundaries of roofs investigated in survBgd Annexurkl)

Overall, the introduction oBuDSdeas was appreciate@nd considered appropriate givesans to
re-develop the current CBD, as well as there being awareness at local and provincial government level
that a more water sensitive approach is needed and thate is need for green in the City.
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3.3 SuDSnterventions Assessed

SuDSnterventions in the CBD have been assessed at two scales; a typical block scale, and at a sub
catchment scale. The former assesses the potential within the two main land covkesstutly area;

roofs and streets, and the setatchment presents an example of an integrat8dDSand its
performance.

Legend/Key

Roads surrounding block

|

Block area

Unusable roof area

Usable green roof area

Green roof area

Notes:

Median block area = 4536m?

Median total roof area = 3455 m?

Unusable roof area (45%) = 1557m?

Usable green roof area (55%) = 1898 m?

Green roof area (80% of usable roof) = 1518 m?
20% of usable roof area is reserved for access
and services.

Unusable area: pitched roof area and area that is used up
by solar panels, water tanks, etc.

Usable area: Flat roof area that could be utilised as a
green roof

Figurel7: Schematiaepresentation of themedian roof areas for theyreen roof analysis.

Block scale: RodduDS3nterventions

The attributes inTable3 and Table4 are simplified in schematic form iRigurel7. This represents the
basis of the simulatioof the green roof system in MUSIC. This assumes that the roof areas that are
not converted to a green roof will drain to the green roof area to optimise the benefits of the green
roof intervention and the hydraulic loading, as will be demonstrated, is within the capacity of the
green roof portion. This kind of solution points to a newlding design, or the refurbishment of an
existing building where there would be opportunity for any necessary structural reinforcement.
Opportunity for this scale of application to existing buildings currently in operation may be more
limited, though theresults would indicate the potential benefits if implemented at a smaller scale.

The green roof concept is based on the following assumptions:

X Only flat roof space is used. Although green roofs can be established on pitched roofs, flat roof
systems generdl offer better storage capacitgonstruction costs are generally lower than
on pitched roofs, and opportunities for amenity are expected to be potentially greater.

x A 150mm soil layer (growing and filter medium) is assumed. This is in line with general
international guidance for extensive green roofs (e.g. WeBdHBard, et al, 2015)put it also
seeks to achieve a balance between being shallow enough to minimise weight but deep
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enough b sustain plant cover with narigation. However,this balances not tested in this
study.A loamysand soil texture has been used in the simulatiosupprt of this balance: it
provides good storage with good®E Jv P %}S v8] 0o ~v Z v Z<S}E P & C|
rain event).The estimated dry mass is 196kd/ifx-2kN/n¥) and wet (saturated) mass is
250kg/n? (~2.5kN/n).
X The green roof is planted with sculents for sustainability during the dry season. No irrigation
is included in the analysibutirrigationis considered as part of the implementation plan

Thedesignof the green roofs based on the system conceptualise&igurel8 (top figure). A drainage
layer has not been included in the modelled system (to optimise retention), but it is likely to be a
requirement in practice.

The hydrological assessment of tipeeen roof was intended to identify the potential of the system to
mitigate the runoff response from impermeable roof areas. The analysis included a number of minor
adaptations which are outlined in the section to follow.

Vegetation Substrate Filter fabric Drainage/ Root barrier ~ Waterproof Roof deck
(growing medium) reservoir layer membrane

Figure18: Extensive green roof concept (top) and example for enhanced biodiversity pote(ftiattom). (after Woods
Ballard, et al, 2015)[NB copyright]
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Block scale: StreesuDSnterventions

The system considered is depictedFigurel9. It assumes one lane is taken up by a Bioretention
system, either as a series of units or a single unit and receives asiowff from the other four lanes.
Depending on the overall size of the system required, it may be expanded to receive runoff from other
incoming streets or could be integrated with extended pedestrian access and/or car parking.

building

building

Figurel9: Schematic representation dftreet level interventiongor the sample city block aregleft) Multiple bio-retention
filters (each 7.5r) interspersed with street features (trees, footpaths, benches, etc.), and (right) a singlediention
filter (60n?) at the end of the street with the rest of the lane used for parking or public space

As with the green roof analysis, the intention is to assess the potential of theetgintion system to
address runoff at street level. Unlike the greemf system, both the size and catchment area of the
bio-retention system can be varied to obtain the best combinatidawever, in this study the number
of scenarios that can be tested is limited. The sizing of the small units 37v6as based on
landscging in public areas observed in the CBD (€igurel?2). The size of the larger single unit was
derived through the analysiBasic data for the stre€duDSnterventions are given ifiable5 below.
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Table5: Base data for streeBuDSnalysis

Typical lengths / areas of blocka CBD  Number

(see unit
on left)

Median block street length (m) 67
Street width (m) 15
Total street catchment area (A) 1005
Biofilter sub-catchment area (m)* 126
No. Lanes 3)
Width of lane (m) 3
Surface area of cell (Ar 7.5
Dimensions otell (m x m) 25x3.0
Filter depth (m) 2
Notes
# Dependenbn number of cells. Given area is bas
on 8 cells

* for multi-cell systems

Subcatchment scale: treatment train

The Hock scale systems are then integrated into a treatment tna@twork of one of the CBD
stormwater subcatchments, determined from the existing CBD stormwater netwbBigure20). An
additional part of the treatment train is thenclusion of a detention pond formed by creating a
temporary flood storage area in one of the open spaces. The catchment and associated treatment
train networkare presented inFigure21 and Figure22. The total catchment area is 43ha, divided into

13 subcatchments.

The main features of the model are as follows:
Green roofs

There are44 blocks allocated to buildings in the main catchment area. Nine of the proposed
Kopanong government buildings fall within the main catchment area. Therefore, nine blocks have

v 0 *<](] « "P}A_ 0} I He 3Z C }vs ]Jv }vildhgE Tos@& P}A E\v
20% of the blocks of the catchment area. A further 10% was then selected around the catchment,
bringing the total to 30% (13 blocks out of 44) that are converted into Green roof blocks. A green
E&}}( o} I ]+ u} oo « §Z N"PE- WEB})f =-iE] JA ~AZ & 3Z Vv§
area of the block is assumed to drain to the green roof system the source nodes are numbered
according to the number of the green roof and either (a) for flat area (usable) and (b) for pitched
area (unushle). The ruroff from all the green roof systems is then directed towards the
Detention basin.
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| Integrated SuDS

]
catchment area

Quaternary
—
catchment

bundary

Figure 21: CBDSubcatchment integrated treatment train incorporating green roof (top) and street level(bottom)

interventions, and a detention ponéh the SciBono park area
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Bio-retention cells

The longest drainage line was selected as the bioretention line. It was determined that a total of
13 bioretention cells (where 1 cell is the equivalent of 8 celisfer to Figure 19) would fit
alongside the blocks on the drainage line. Each one captures its own catchment (this is the
AN 0 Z} _ <} u@Enthe MUSIC model depictediigure22) as well as the flow from the
previous cell, thus the first cell in the line performs the best and the last cell performsaiss,

as expected. The ruoff from the cells is directed towards the Detention Basin.

Detention Basin

Sci }Jvi[s % EI E A e« o0 § « §Z <15 (}&E § vS]}v «]vX
then delineated to feed into that detention basin. Tmsin catchment was then divided up into
subcatchments. Eachsub § Zu v8 Z « }uE v} oo "hE& v_ v 8§Z 8§
§} 8§z S v8]}v e¢]JvX dZ]e "hE Vv_ *}uE v} }ve]eSe }( 0} I v
A"D]14A _ 1}wvudkoflZom the green roofs and from the bioretention cells are also directed

into the detention basin.

The size of the detention basin is 6300m2 (the surface area of the park) with a storage depth of
0.5m. The basin will fill within around 30 minutesai design event and will drain over a period of

5 to 6 hours. Although the intention was to create minimum hazard with the design, this aspect
has not been analysed in any detail in this study. At Kagiso where the same system is tested,
stakeholders raist: concern about anything deeper than 300mm that children would have access
to. The site at Sd&ono is open to the public.

The selection of a 30% conversion of city buildings to green roofs, and a single street treated by bio
retention cells is relativelgrbitrary. In more detaile@uD$lanning studies a range of scenarios would
normally be tested to provide the necessary data needed for the development of a stormwater
management strategy. Due to programme limits for this study only one main catchmemdrace
could be tested, and the combination described above was (a) deemed to be possible within the future
plans described for the city, and (b) would provide sufficiasightto support the development of a
practical implementation guideline.

Similarlythe selection of a single detention basin rather than more of a scattering of smaller detention
facilities throughout the catchment was influenced in part by the additional analysis required to test
flood relief. While the MUSIC software does includedhalysis of detention facilities, this is focussed

on pollution treatment and overall runoff load reduction. The attenuation of individual storms cannot
be analysed in the software. Hence an additional analysis is required to do this. As such a single
detention was preferred and the SBiono park area offered one of the larger surface areas, and is
well located, to perform a catchment attenuation function. Nevertheless, it is still acknowledged that

a distribution of detention ponds within a catchment cowolifier valuable alternatives.

The resulting area of the catchmefio the proposed detention pond atciBong under SuDS
treatment is relatively small at 13% (5.8ha). This would be a low-tknng target for SuDS
implementation, but it may also highlight the risks of not setting more ambitious targets for the city
centre.
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3.4 PerformanceSummary RoofSuDSnterventions

Three scenarios were testgBigure23):
Green roof only: The green roof am@ treated only the rainfall falling on it.

50% of pitched roof: The green roof area treated its own rainfall, and runoff from 50% of the
pitched roof area of the block.

100% of pitched roof: The green roof area treated its own rainfall, and runoff from %06f the
pitched roof area of the block.

The green roof was modelled as a wide, sha(d®0mm deeppio-retention unit in MUSIC.

Green 0% pitched
roof anly roof

Roof level 1
v

Green roof + 50% pitched

- o
Roof level *
A A A A A

Green roof + 100% pi;:checi
roof
Roof level
| |- 1 | 1 1 1 | |- 1 1
f (1 L1l L 11

Figure23: MUSIC modelling scenarios for a median CBD green roof

3.4.1 Quantity and Quality Benefits

All three scenarios show the green roof to offer a high level of performdMabéle6). Even when
receiving runoff from the entire roof area of a block, tregluction in hydraulic load and the three

main pollutants is in excess of 90%. This indicates the loading ratio could be higher, possibly around
1:4, with the green roof area at half the size tested (i.e. around 7g@mblockinstead of 1500r).
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Table6: Summaryof green roof performancewith incremental contributions from the pitched roof areas (sEgure23)

Description Green roof  Green roof Green roof
only + 50% + 100%
INPUTS
Green roof catchment area @n 1900 2680 3460
Green roof bieretention area (M) 1518 1518 1518
HydraulicLoad ratio (1:X) 1.25 1.77 2.28
Runoff load (Ml/yr) 1.25676 1.70893 2.16126
TSS Loagkg/yr) 25.1 34.1 43.1
TP load (kg/yr) 0.162 0.22 0.278
TN load (kg/yr) 2.51 3.41 4.31
OUTPUTS
Evaporation (Ml/yr) 1.24966 1.64476 1.98213
Infiltration (Ml/yr) 0 0 3
Runoff yield (Ml/yr) 0.00896 0.06725 0.18449
TSS yield (kgl/yr) 0.17921 1.34501 3.68987
TP yield (kglyr) 0.00116 0.00874 0.02398
TN yield (kg/yr) 0.01278 0.09535 0.26177
EFFICIENCY
Runoff load reduction (%) 99.29% 96.06% 91.46%
TSS load reduction (%) 99.29% 96.06% 91.44%
TP load reduction (%) 99.28% 96.03% 91.37%
TN load reduction (%) 99.49% 97.20% 93.93%
Note:

1. The hydraulic load ratio (1:X) is the surface area of ®eDSacility versus
the surface are of the contributing catchment.

Table7: Performanceof green roofin the context ofoverall roof andblock runoff.

Description Greenroof  Green roof Green roof
only + 50% + 100%

% reduction ofentire roof runoff 44% 76% 91%

(all impervious)

% reduction of median block 33% 58% 70%

runoff (all impervious)

Table7 shows the performance of the green roof tests in the context of the overall roof runoff, and
from the block as a whole. The green radisorbs most of itewn rainfall and so reduces the ovdira

yield from the roof and block areas in proportion to its surface area (44% and 33% respectively).
Loading the green roof area with as much of the surrounding roof area as possible will see important
gains with model results suggesting that the ovenatiaff contribution from a block to the receiving
stormwater network could beeducead by as much as 70%he rainfall time seriesvas checked to
confirm that itincludes both a 5 year and a 2 yeafent; this result will be an important guide to
setting gren roof targets.
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Similar water quality benefits are also anticipated. The median roof area is approximately 75% of the
median block area, and the high pollution reduction levels indicat@cinie6 will improve the overall

block yield, though perhaps not quite at the levels indicate@able?. This is because the pollution
loads at street level will be higher than those at roof level.

Key outcomes:

X An estimate of the practical area that may be converted to green(aoiund 44% oéxisting
roof area) shows a high runoff and pollution reduction potential, even when receiving runoff
from the enire roof area. This provides a loading ratio of 1:2.3 (green roof to total roof area).

X The performance levels suggest that this ratio maydaiced, possibly to around 1:4, without
overloading the green roof treatment capacity.

X A green roof installation may potentially reduce the overall runoff load from a block by as
much as 70%.

X Water quality benefits of similar magnitude are possible.

3.4.2 Waterreuse

Table6 shows that evaporation (and evapotranspiration) is the primary water loss from the green roof
system. Even with the additional hydraulic loading from sierounding roof area, evaporation still
takes out over 90% of the rainfall and runoff entering the green roof system. Hence the potential for
water harvesting from the green roof appears limited.

In contrast, the sustainability of the plants on the greenf with such a shallow soil, and such a long
dry season, may rely on irrigation. Hence the green roof systems for the CBD may be a net user of
water that will have to be transported to the roof tops.

Dewateringof CBD basements may be a useful souraeadér for irrigation. Currently many buildings

are understood to pump basement water ingress to the sewer or stormwater systems. This will
exacerbate the existing problems that the Johannesburg Roads Agency (stormwater) and
Johannesburg Water (sewer) withe overloading of the respective network§he quality of the
basement water is unknowrbut it may have a diluting effect on pollution levels in the sewer and
stormwater flows. This may have either beneficial or negative effects that should be explottest f
However, there is clearlgn alternative use of the basement dewateriag an irrigatiorsourcethat

could benefit the operation and sustainability of green roof systesiew a more diverse range of
plants to be usedand would reduce the hydraulic loading on sewer and stormwater networks
However, data on basement dewatering in the city is limited on both quantities and quality, and in
location. The reuse potential of hresource would benefit from a detailed water balance analysis
Box 1and AnnexureH with the background report, show that there is potential.
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Box1: Groundwater pumping in basements of CBD

In AnnexureH of this report, the resultof a survey by GDARD on pumping of groundwate
basements in the CBD (and on rooftops) is added. Key figures of the water in the basemer
can be a source of irrigation of green roofs or other SuDS, are specified below. The concl
that manybasements have dewatering systems (13 out of 19 with 2 unknown or not applic
several drain on the sewerage network (7 out of 19), but also on the stormwater network

of 19) and many contact persons did not know. Only FNB Bank City repomecdthsiwater for

internal use.

Dewatering system present

N\

=Yes = No =Unknown = N/A

Receiver of water
2

® Sewerage = Storm water network ® Internal Use

Sump pump = Unknown = N/A

Type of re-use

18
16
16
14
12

10

1 1 1
| | |
Type of reuse Toilets Cleaning None N/A

[ - I}
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Key outcomse.

x Stormwater harvesting from a green roof may be limited unless there is a combination of
harvesting from a portion of the impermeable roof area and the green roof taking the
remaining roof areaThis water may be used for irrigation of the green roof, or to meet
internal building water demands.

x Perhaps a better combination would be to maximise the green roof area and its roof
catchment, and use basement dewatering as a more reliable sourceif@tion (wet and dry
season supply). An irrigated green roof is more assured of sustainable operation, and may
allow a wider range of planting diversity to improve biodiversity.

343 03 Ev 8]A pe ¢ }(8Z NME Vv Z}}I(_ *%

Consultation with stakeholders hagghlighted current efforts to utilise the roof areas of buildings in
the CBD for urban agricultu@orkshop minutes CBD, Annex 5, inputs WIB@ong the benefits
highlighted include:

Job creation,

Food security,

Converting a typically vacant space ietmnomic use,
Rent for building owners.

X X X X

These are distinct advantages over the development of green roofs. Another advantage is that the
hydroponic systems typically utilised are likely to have a lighter structural loadingatgeaen roof.

The hydroponi +C+3 ue E A § E JvS ve]A v }uo o0°} % E}A] V U %0} E 3
for basement dewatering (if water quality allows).

Unlike extensive green roof systems, the agricultural systems are usually covered and do not promote
infiltration. However, they couldpotentially be adapted forainwater harvesting.

The Urban Agriculture Initiativea project supported by the Johannesburg Inner City Partnership
(Johannesburg Inner City Forum, 2Dlt&as successfully piloted a rooftop food garden andisrack

to roll out another 24 projectim the inner city area (Watermeyer, 2018). Reportedly property owners
have made available some 60 buildings for the project, so there is clear interest for this use of roof
space which may slow the progress of depélg extensive green roof areas on CBD buildings.

Key outcomes:

x Urban agriculture and green roofs are unlikely to share the same footprint of the roof, and
will result in different stormwater benefits, with green roofs being better for stormwater
management.

x However, the wider benefits of urban agriculture may make this a more attractive option for
property owners and investors.

x Both will benefit from use of basement dewateririge analysis ofvhich may influence the
selection of one use of theof space over the other.
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3.4.4 Flood reduction

Table6 shows that the net runoff yield, as a percentage of runoff load, is between 1 % and 8%. This is
in line with the estinated natural catchment yield of between 1.5% and 7.B4iléy and Pitman

2016). Therefore, even with the entire roof area draining to the green roof system, it has transformed
the hydrological response of the buildings in the block to roughly the equitvafehe original site in

its natural state. This is the default principle in the new City of Johannesburg Stormwater Design
Manual CoJ 2018) that seeks to address flood risk, among other sustainable drainage benefits.

However, mosBuD3acilities in he treatment train are designed to address the everyday storm event

up to perhaps the 2 year, or even 5 year storm event. This addresses the bulk of the hydraulic load in
a catchment, and the bulk of the pollutants. But me&yDSJesigns will bypass largestorm events

to avoid hydraulic overloading and damage. Hence flood management of extreme events is not
managed directly through mosBuDSapplications, including green roofs. For this regstre
detention pond remains an important part of the treatmerain as this specifically addresses extreme
events. Thereforghe green roofs will not, on their own, address the full range of design flood events,
but as indicated abovthey will playan important partin reducing the overall hydraulic load of the
system, which will reduce flood peaks.

Key outcomes:

x Green roofs are shown to play an important part in returning the hydrology of the urban space
back to preurban times, which in turn reduces the flood responses from the catchment.

x However, thisSuDSneasure will not address flood risk in the Robinson Canal on its own. It
will need to be part of the treatment train that includes a detention pond to mitigate the
effects of extreme storms.

3.4.5 HeatStress Reduction

Green roofs reduce indoor urban heatinly by insolation, but this is only valid for the upper floor of

a building and for roofs that are not already sufficiently insulated and is dependent on soil depth
applied. Inslation can also help to reduce the cold in the upper floor of a buildimgndwvinter time.
Dependent on the material and the cover of the roof area that was there before, the temperatures
might also be reduced (through albedo effect, thermal emittance, heat capacity).

Green roofscan helpreduce outdoorair temperaturesin an uban environmentby lowering the

temperature of exposed surfaces (roof tops, walB)apdranspiraion assists the cooling effects
Green roofsthat are designed and used as accessible cool green areas with shadingheés offer

the bestcoolng effects onpeople.

Green roofs are cooler to reside on than black roofs but not cooler than roofs with white gravel
(Heusingerand Weber, 2017; Solcerova et al., 20Xnhowledge Centre)TMost roofs in the study
area seem, from Google Earth analysis, tdigkt coloured concrete roofs, therefore already have
quite a high albedo value and thus the difference with green roofs is less than for black roofs.

The cooling effect by evaporation of green roofs will only be effective if water is available, and also
depends on the soil mixture and soil depth applied and the vegetation put in predéestern Europe
regular green roofs are not very effective for cooling in cities because the hot summers keep the green
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roofs too dry. For the study arem Johannesburthe green roof systermodelledadopts a shallow

soil depthof 150mmand is not irrigatedsothe soil mixture becomes relatively dry during dry spells

in summer monthsindthe cooling effect by evaporation will also be only a few days aftaimaspell.

It has already been indicated that irrigation may be needed to ensure the sustainability of the green
roof, so there are wider benefits to maintaining a wet green roof systdms Situation warrants
further researchAdditionally, if a green roof systemintended to provide benefit during a heat wave

it would need to be designed &due-green roof withadditionalwater storageto sustain evaporation
during the event

The potential forevaporationis high inGauteng @t 2200 mm/year Pan &vaporation). @timising

this potentialfor cooling with a green roof but at the same time not losing too much water that could
be used otherwise, will need further investigation, amitl also requirecareful selection ofegetation
Succulentsmay bechosenfor their water resilience and durability, but their low evapotranspiration
rates will offer limited cooling benefitsin that case the cooling effect of green roofs through
evaporation is limitedAn irrigated system opens the potential for the selection of the Ipéstts for

the location. This further advances the discussion in Section 3.4.2 on the use of basement dewatering
as a source of irrigation water for green roofs that will offer higher levels of performanes.al.

(2014, as cited by Van der Walt, 2018)nd that for extensively irrigatedjreen roofsnear surface
temperatures (at 2 m above surface) were 0.4 °C lower, against the surface temperature decreasing
with 2.4 °C. For dry conditions, the near surface lowering was 0.2 °C against senfgegature
lowering of 1.3 °C.

The lower temperatures on top of a green roof are expected not to have any noticeable effect at street
level (where pedestrians walk) even if the buildings are only one floor high. In the study area, many
roofs have walls aund them and there the effect on the surroundings will be even less. The effects
on the temperature will be very local. The air with lower temperatures thanks to the green roof will
be easily blown away from where people walk.

The extent of green roof cev to make a significant impact on surface temperatures will need further
research. Increasing the present 3% covahtmpotential29%cover indicated in this studthe effect

on the larger scale could be significart.study of the temperature reduch by 100% roof greening

by (Sharma et al., 2016) showedeguctionof up to4 °C on average temperatures over several blocks
of buildings. Simulations for Toronto showed that if 50% of all roofs would be green, the air
temperature would be reduced by Z£9(Bass et al., 2003, as cited by Oberndorfer et al., 2007).

However, the effect on the temperature at street level might still be smaller than the effect on the
general average temperature, also dependent on the heating up of the surface areas alestsdet
dependent on their material, their exposure to direct sun light and the albedo of the surfaces of the
buildings around them. For most effective cooling at street lepknting providing shadow and
evaporation at street level is needeth summarygreen roofs do not offer a solution for outdoor
street level exposure to heat stress.
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Figure24: Example of roof to reside on, without wall but with bill board, but too high to have effect on street level heat

reduction

3.5 Performance Summaryt SuD3Measures attreet Level

3.5.1 Quantity and Quality Benefits

Infiltration from the bioretention units into the surrounding soils and groundwater has been
prevented in this study. Therefore the hydraulic load (total flow) reduction for eastiersyinTable8

is almost entirely due to evaporative losses, which increase as the number of cells (and cumulative
surface area) increase. These losses are higher than anticipated, ranging from 27% to 72% of the
overall stormwater load from the stregbut this could besubstantially improved if deeper infiltration

is allowed

Table8: Summaryof the performanceof bio-retention systems at street level.

CHARACTERISTICS

Changes withncreasingnumber of cells in train

Total number of cells 4 6 8 12
Cumulative length (m) 12 18 24 36
Cumulative area of cells (f 30 45 60 75
Incremental catchment area (A) 251 168 126 84
Hydraulic loadratio (1:X)} 335 22.4 16.8 11.2
PERFORMANCE

Nodehydraulicload reduction 26.9 38.4 49.3 715
(9

TSS Node Load Reducti¢¥) 92.6 95.3 96.6 98.4
TP Node Load Reductiqfi) 74.5 79.7 83.8 91.3
TNNode Load Reductio(®) 58.8 68 74.3 85.6

Note:

the contributing catchment.

1. The hydraulic load ratio (1:X) is the surface area ofthieSacility versus the surface are of
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The results support the expectation that the treatment of stormwater pollution is the main benefit of
these testsAs stated in Section 2.2, there is no catchment management plan for the Robinson Canal
or the Klipspruit Quantity and quality targetdn sud a planwould be guided by present day
conditions. Section 3.3 highlights the véigd waterquality in the Robinson Canal, particularly levels

of sewage in the stream flow which is partly linked to hydraulic overloading of the stormwater system.
Under these conditions the best possible water quality targets should be considered, which will be
further reviewed for performance in the catchment treatment train study (Section 3.6) and
economically viability in the coftenefit assessment.

The 12cell systemn Table8 clearly offers the best performance. This presents a hydraulic loading
ratio of 1:11.2. Guidelines for bi@tention filters suggest a ratio of 1:20 is reaabie (e.gWinston
2019), which suggests that thecéll and 8cell systems may offer practical solutidnghis situation

For the purposes of this study only thec8ll system has been carried forward to the catchment study
(Section 3.6). Tests show#tht combining the &ells into a single cell of the same effective surface
area results in a treatment performance very similar to the result$ahle8. Hence a singl cell
system as depicted iRigurel9 has been used.

Sediment loads on the bietention system is estimated by the default values for city streets in the
MUSIC softwar at just under 120kg/yr for the 1005mstreet catchment area(For comparisonthe
sediment yield of the median roof area of a block is less than 4k@all€6) for a surface area of
almost 3500m). Sediment loading is expected to be one of the main causes of fail@elBacilities

in Gauteng, and the default values in MUSIC are likely to usterate sediment loads in the
province. Hence it would be suggested that a sediment trap bagebe added to the bicetention
system in each street to both ensure performance of the unit, and to allow for relatively simple
cleaning of the system.

Key oucomes:

X While the 12cell system offers the best performance in hydraulic load reduction and pollution
treatment, the 8cell and 6cell systems are still seen to perform well and may offer more
practical solutions for the CBD. Especially if the systewlledrout over a wide area of the
CBD street network.

X Hydraulic load reduction is limited by the lined {&ention units assumed in the study (to
avoid possible groundwater risks). Group discussions at the stakeholder workshop suggest
that further investgation on this issue is warranted, as important opportunities for
stormwater load reduction and groundwater recharge and reuse are potentially being missed.

x The 8cell system is selected for further testing at a catchment scalea lttler range of tria
would be warranted if this type of solution is to be considered for implementation.

x Although the bieretention units offer high performance in treating sediment, it is suggested
that a dedicated sediment trap be included in the treatment train to all@syemaintenance
and ensure longeterm performance of the bigetention facilities.

3.5.2 Water reuse

The MUSIC model simulations predict a mean annual runoff yield of 43@kie is potential for
stormwater harvesting tanks to be introduced into the treatmerain. This may be best applied in
the 6-cell and 8cell systems where almost 6Q260kl)and 50%¢215kl)respectivelyof the stormwater
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runoff passes through the treatment tra{fiable8). This would offer similar benefits to small volume
rainwater harvesting systems and provide a source of water during the wet season.

A more optimal reuse solution would be to recharge local groundwater and harvest from there. This
already appears to be done through the practice of basement dewatering. Groundwater systems offer
a larger storage and more reliable yield throughout the year. This level of reliability will improve the
value of the resource (e.g. for rooftop gardeninggegr roof irrigation, etc.) if water quality allows.
However, the concerns of the JRA of geological and groundwater risks will need to be addressed
before this can be taken further.

Key outcomes:

X Harvesting from the bigetention treatment train is possiblelt will be equivalent to a
rainwater harvesting system where efficiency of harvesting and the regular use of the water
areimportant in making the system cost effective.

x Local groundwater recharge would offer a better solution if stormwater cansdkely
infiltrated to groundwater and recycled through the basement dewatering programme
already in practice. This will also provide a more reliable supply.

3.5.3 Flood reduction

The results iMable8 show that stormwater runoff from the street catchment will still be well above
natural catchment conditions. This suggests thatréhwill be benefit to reducing flood risk in the
Robinson Canal in extreme storm everttsit thiswill be limited without additionalSuDSneasures
(e.g. detention) in the treatment train. Enabling infiltration into the local groundwater will improve
the performance of the bigetention facilities for flood reduction, but it is likely that a detention
facility will still be needed.

Key outcomse.

X The bieretention units will help lower the annual flow in the Robinson Canal.

x It will help improve flood risk in the Robinson Canal, but in extreme rainfall events (e.g. the 2
year storm and greater) additiohattenuation will be necessary (though it will be smaller in
volume and surface area).

x There is an option to increase the detention capacity ofreiention units (e.g. a 300mm
detention storage depth on the surface of the unit) which has not been teisteldis study
due to concerns about the safety and aesthetics of such a facility in a public space. This is
certainly an option for further investigation.

3.5.4 Heat Stress Reduction Assessment

In the current situation most streets in Johannesburg CBD havdittkryplantingand many streets
appear to have no trees at gfFigure12). The idea to convert one of the car lanes into green lanes,
providing space for bigetention cells and trees, is promising for heat stress reductparticularly
because of the trees.

Providing shade is (next to wind) the most important way to reduce heat stress in streets. To provide
shade for the pedestriang will be best to have those ées and bieretention cells at the side of the
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street which is in the sun in the early afternoon, as that is the hottest time of day. Dependent on the
orientation of the street, the other side will then already be in the shade of the buildings.

;

Lt e R i T

Figure25: Example of walking area with treealreadyin place, butwhich offerlimited shade

Figure26: Example of walking area with treeand buildingsproviding shade,

Figure27: Example of walking area with trees proviidlg shade
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Figure25, Figure26 and Figure27 give examples of streets in the study area with trees that provide
limited shade, also because of the position tlag planted. The design of green lanes should focus
on providing shadevith leaf cover the type of which should be carefully consider&drgolas with
climbing plants caralso provide shade, buthe climbing plants should bsufficiently robust and
droughtresistance to endure the CBD environment.

The effect of evaporation of one lane of hietention cells and trees has only little effect on the
comfort temperature in that street. In fact, providing shade is roughlypimes more effective than
providing evaporation by plants for reducing daytime heat stress.

As for surface temperature effects, green stays by definition cooler than darker tar, but the difference
with greyer (older) tar and pavement is less obvious.

As &plained in the section on green roofs, for reducing the average temperature over several blocks,
evaporation is important. If there is lots of green over several bltdtiistranspires sufficient water
then the cooling effect will be noticeable

Thus,the design of street layutsin such a way that pedestrians can walk or wait for public transport

or red in the shade of trees or buildings at the hot hours of the day is a sensible way of reducing heat
stress. The pathways many people follow should harierity. Furthermore, well maintained green
makes these pathways more attractive for walking

Figure28: Example of person carrying umbrella against the sun and bus stops providing very limited shade

3.6 Performance SummarySuD3Veasures atCatchment scale
The location of the study catchment is presented in SectionRdgi(e20 and Figure21). The

simplified layout in the context of the Robinson Canal is shoviagare29. A breakdown of the du
catchment areas is summarised in
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Table9. The entire catchment area is 43.4ha and a total of 5.8hal¢aB30of the study catchment is
treated bySuDSneasuresAs indcated in Section 3.3his would be aelativelylow target forSuDS
implementation

Figure29: Integrated SuDSatchment area

3.6.1 Quantity and Quality Benefits

The main performance results are summarisedafle10, Table11, Figure30 and Figure31.

Tablel0shows that converting 30% of the suitable roof areas into green roofs could reduce the overall
hydraulic loading on the catchment by around 10%. The performance of the streettbition
treatment train is less impressive. The street contributes 3% to theratlvcatchment yield, but
reduces less than half of this (1.2%]Jgure 30 and Figure31 show this is because the lower bio
retention units become increasingly overloaded. Catchment runoff combines with overflow (Orifice
out plus Weir out) from the upstream unit. This points to the need to progressively increase the size
of the bioretention units along the treatment train, or to increase the losses from the units by
allowing exfiltration into the local groundwater, or a combination of the two.
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Table9: Subcatchment data for the urban catchmergnalysis.

[of Area (ha) No. of No. of street Area Area captured Area of sub
green bioretention captured 0)Y] catchment
roofs cells by green  bioretention directed to

roof (ha) cell (ha) Detention
basin (ha)
1 2.3372 0 0 0.156 0 2.181
2 1.3265 0 1 0.156 0.101 1.070
3 2.9986 2 0 0.536 0 2.463
4 2.892 1 0 0.346 0 2.546
5 1.286 0 2 0.156 0.202 0.928
6 2.8984 0 0 0.156 0 2.742
7 2.8406 2 1 0.536 0.101 2.204
8 4.3256 3 0 0.726 0 3.600
9 3.8087 0 0 0.156 0 3.653
10 6.2164 2 8 0.536 0.808 4.872
11 4.3559 2 0 0.536 0 3.820
12 3.8748 1 0 0.346 0 3.529
13 4.2472 0 1 0.156 0.101 3.990
Total 43.4079 13 13 4.498 1.313 37.597
SuDSreas 1518nt 60n? 1.9734 ha 0.078 ha
Hydraulic loading ratio (1:X) 2.28 16.8

Table10: CBD catchment analysis. Separating performance edatchmentSuDSand the detention basin.

System Runoff (Ml/yr) % of total % overall reduction
Total impervious outflow 253.7
Roof runof to green roof 281 11.1%
Green roof bieretention 24 10.1%
outflow
Street runoff to bioretention 7.6 3.0%
filters
Street bioretention filter 4.6 1.2%
outflow
Urban outflow (direct to 218.0 85.9%
detention basin)
Combined Detention Basin 225.0 88.7%
inflow
Detention Basin outflow 219.7 2.1%
Overall reduction in flow 13.4%

Tablel0also demonstrates the limited role the detention basin has in reducing the hydraulic load on
the system. This is because almost all the stormflow passes through the basin as no exfiltration is
allowed and the detention times are not long enough for evaporation to make much difference.

47



Tablell shows the relative pollution treatment performances of tBaD3green roof and street bio
retention) and the detention basin. The detention basin plays a more important role as it receives the
greatest amount of untreated runoff (almost 90% of the catchment runoff) and the detention times
are long enough to remove a g proportion (74%df the sediment (TSS), half of the phosphorus
(TP), but only a quarter of the nitrogen (TN) loads.

The low contribution of the otheBuDSsystems is in large part representative of their small-sub
catchment areas and the poor performance of the streetfgitention treatment train.

Tablel1l1l: Comparison of performance &uDSreatment zones with Detention Basin

Type of efficiency Efficiency

Hydraulic
SuDSHYDRAULIC LOAD REDUCTION (%) 11.3%
DETENTION POND LOAD REDUCTION (%) 2.0%

OVERALL HYDRAULIC LOAD REDUCTION (% 13.3%
Total Suspended Solids

TSSUDSREDUCTION (%) 6.6%
TSS DETENTION POND REDUCTION (%) 74.2%
TSS OVERALL REDUCTION (%) 80.9%
Total Phosphorus

TPSUDSREDUCTION (%) 7.5%
TP DETENTION POND REDUCTION (%) 52.2%
TP OVERALL REDUCTION (%) 59.8%
Total Nitrogen

TNSUDSREDUCTION (%) 9.9%
TN DETENTION POND REDUCTION (%) 24.0%
TN OVERALL REDUCTION (%) 33.9%
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Street Bioretention System
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Figure30: Increasing hydraulic loadinglong StreetBio-retention treatment train
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Figure31: Decreasing treatment performance along Street Bietention treatment train
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Key outcomes:

In a focussed planning exercise to develop the scope and optimisatiorSaD&mplementation
guidelinethe simulation presented here would be among the first of a number of trials to test the
potential of combinations obptions, and address questions arising. Hence there are typicalhy m
guestiongleft at this stage, but some of the main points are sasrfollows:

x The greater the area being treated ByDSwithin a catchment the better the potential for
achieving meaningful outcomes. The 13% of the catchment area under a f@oDd&hs in
this case study is considered too low. One of the next trials would be to consider something
like 30% of the catchmemiraining to aSuDSacility.

X Retention is critical, and of the three main forms of retention (evaporation, infiltration and
reuse) only evaporation wagudied as infiltration was not wanted reuse was not the focus
This places greater emphasis the surface area which, in an inneity environment, will
always be limited. This is why the green roof solution has been relatively succéfssful.
evaporation remains the main method of retention, then the importance of green roofs will
significantly increase iany strategy for stormwater management in the CBD area. However,
before then, there should be more critical analysis of the other two.

X The hydraulic loading of successive units in a treatment train needs careful planning.
Guidelines such as loading ratiikX) may only be suitable for the upper sections of a
treatment train, or for applications of a singleuDSfacility in a catchment. Continuous
simulation is an important method for analysisiiDSunits in series.

3.6.2 Waterreuse

Water reuse is mentionedbmve as one of the means of retaining stormwater within a catchment.
Opportunities for reuse have been explored in previous sections, including the availability of basement
dewatering which is another important water resource that is undilised. A wate balance analysis

will help identify the potential for reuse in the CBD area.

The combination of stormwater resources and groundwater resources could make the CBD
catchments water positive (more water is generated than can be used in the same areay. Vhars
MUSIC simulation suggests the average annual stormwater runoff yield is of the order Mif/260
Assuming 10% of this would be needed for environmental flows (i.e. similar tdegmedopment
catchment runoff), this leaves 225Ml/yr for harvest amtdise.Storage would be a challenge for such
volumes and the groundwater recharge and reuse option could be key to a successful solution

3.6.3 Flood reduction

The primary flood management element of the treatment train is the detention basin. Rainfall for
extreme events (typically the design events used in traditional flood analysis; 2 year through to 100
year events) was determined from the Smithers and Schulze?j2{#ia set and applied to the SCS
method for the catchment. The resulting inflow and outflow hygiraphs are presented iRigure32

and Figure33. They show a significant reduction in flood peak by around 40% to 50% for the larger
events. This should have significampacton flood levels in the Robinson Caaad should provide
some food relief to the Booysens area.
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Figure32: Flood attenuation analysis of the detention basin at the 8ano park; 2 year, 5 year and 10 year return periods.
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Figure33: Flood attenuation analysis oftte detention basin at the S@ono park; ® year, 3 year and 1@ year return
periods.
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3.6.4 Heat Stress Reduction Assessment

Where open areas are wet, in the case of retention basins, it needs to be noted that small urban water
bodies have hardly any coolingfect on the air temperature. The REALCOOL project (Really Cooling
Water Bodies in CitiesCortesdoet al., 2018 found out, via simulation, that the temperature
difference at 1.5 m above the water surface was only about 0.5 °C or less in air temperaduré @

or less irPhysiological Equivalent Temperatneeasure of how hot it feels). In the pedestrian areas
close to the water bodies the cooling effects were even smaller. Also, water surfaces can be heated
up during the day and therewith keep the céynight even hotter than without the water spaces.

Whereopen spacesre greened wittsuDSneasures, ey should best have sufficient trees in order

to provideshading. As mentioned at the street level interventions, this is the most efficient way for
cooling Also,additional greenbelow the treeswill help as this provides extra evaporation. Even
though the effect of one square meter of green is small on the local air temperature, the greening is
important as all the green adds up and contributeste evaporation which can create new micro
climates at the level of several blocks, as described also above

In designing the open spaces, it mightrecessaryo think about openness for cool breezes. In the
countries with high humidity and high tempéuaes this is a very important way to reduce heat stress.
However, in the specific Johannesburg CBD, hunigligjatively low during the hottest period of the
day,generallybelow 50%.

3.7 Recommendations

3.7.1 Stormwater management

Although the analysis of poteial at the sites would benefit from an extension of the modelling trials,
there are still key outcomes that will provide useful input to the implementation guidelin8d@3n
GautengAmong these are:

a. Reuse and recharge options are missing in this aimlyet thereare expectations (by
stakeholders) that either, or both, could have an important role to play in both stormwater
management and water resource management in general in the CBORaese and recharge
options should therefore be further resezhed, before key decisions on SuDS are made.

b. Inthe absence dd clearption to recharge groundwater, or a clear plan for reuse, green roofs
offer the only real potential for reducing stormwater runoff loading in the city stormwater
network, which is onef the key factors affecting water quality in the Robinson Canal. This
option needs further exploration, especially as target objectives for the likes of the Kopanong
Precinct development.

c. lrrigation of the green roofs, preferably with basement dewaterimg potentially with
rainwater harvesting, could not only improve the options and sustainability of green roof
solutions, but will offer greater buildintpp cooling.

d. Although the trial for street level bicetention systems did not show thgerformance hoped
for, there are options for improvement that warrant further testing. This includes testing a
range of sizes to counter hydraulic overloading in the treatment train.
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e. Thedetention basin was seen to perform well in the catchment trial, bwthterms of
treatment and flood attenuation. The practicality and acceptability of this system needs to be
tested with stakeholders.

3.7.2 Heatstressmanagement

If SuDSlesign considerations increadeet presence of trees and their shadow effeittisis the most
effective measureto reduce daytime heat stress in the stree@Green roofs can be considered, for
their multi-benefitsincludingheat stress reductiofor those residing on the green roof, or on the floor
below (insolation)SuDSuch as retention bass that create open water should be very large to have
any local effect. Howevetp reduceheat stress greening othe Cityis essentialas then another
micro-climate can be created and overall average temperataaasdrop. The drop of temperatures
at street level howeveis stillalsodependent on local circumstancexluding but limited to the type

of streetpaving, building fornand albedceffect.

Case studies in Europe show that thetee benefits of green generously compensate for the
additional cosbf soft landscapin@investment, management and maintenance). The annual benefits
(including an estimate for health and comfort) could be a higher than the equivalent annual
retrofitting costs Kluck et al.2017). The profit would not benefit the municipality that bears the costs
directly, but it would benefit the community as a whole.

3.7.3 Adapting the urban space

The@J[* %}0] C % E}A] « o E ]JE 3]}v ]v § Epaeceketvark iGEhdingSZ 3§ JuE
the road network must play into the future. It is against this that landscaping interventions within the
street network that incorporate planting, roof gardens and the softening of public spaces is supported.

Planting within the publc street networkcan providevisual relief As discussed isection 3.5.4,
plantingcan lower surface and air temperatures fpviding shade and epotranspiation and can
improve air quality.

Businesses especiallyretail and hospitality outlets at ground levelbenefit from streets that
incorporate plantingasthey encourage the publito walk to experience what is on offeand to

extend their say in the areaThis hadeen demonstrated in cities all over the worlé¥hen it comes
to residential developments, there is also a demand for quality outdoor space.

A further advantage of incorporating planting into street spdasehe role it can play in structuring
sidewalks and addressing safety of pedestrians. Landscalging the kerb linean be used to create

a buffer between the roadway and the pedestrian realrhis has been used successfully all over the
world and is ecognised in th€omplete Streetguidelines asmimportant strategy to achieving more
pedestrian friendly streetéCoJ, undated)

I Complete Streets refers to an approach to street design and operations that acknowledges the needs of a full
range of street users including pedestrians, cyclists, motorists and transit riders of all ages and abilities. Its aim
is to improve the safety antthe comfort of the more vulnerable users in particular. The strategies acknowledge
the importance of landscaping in the making of more people friendly spaces bearing in mind the fundamental
role of streets as both movement networks and agents of soctatsion.
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While permeable surfacegand therefore plantinglare not appropriateeverywheredue to the
subsurface conditions, the dace can be shaped creatively ticcommodate speciaévents,
recreational activities (roller skating, amphitheadretc), markets and trading as well agenuation.
In areas such as the CBD, where space is at a premium, this should be a standard appesigm
of all open spaces.

The location form and typeof planting will obviousirave influence omow the street space is used.
Street spaces generally benefit from low level planting in beds or boxes in combination with trees.
This allows sight lireeat eye level to be maintaineBurthermore the type of planting is critical to the
performance of thestreet spaces anduildings lining the streetas it can address challenges
presented by urban microlimates Deciduous trees and vines for example are optialahgnorth

facing facades and can benefit ground floor businetis@sely on using the sidewalk as an extension

of their premisesthrough the seasonsln open hot spaces, trees with canopies that offer shade all
year around are optimalertical planes of planting and water featurean also add to the feeling of
being coolerWhere planting is combined with seating and carefully considégiting, the amenity
value increases considerably as the streets can provide space for people to relax, socialise and
recreate.

Roof gardensan provide benefits for residents and employees in the inner city in the form of relief
space and saal spacelower roofs and terraces can also provide visual amenity to occupants of
surrounding buildings. Roof gardens can be used to producednddontribute to job creation and
income generation.

With Climate Chandeeinga reality that is affecting the cosf operating large buildings and precincts,
developers are acknowledging that it is necessary and beneficial to invest in green infrastructure,
includingSuDSype interventions that can help to reduce operating costs. Large corporations also
need to be ser to be addressing the impact they have on the environment.

Large developers and corporations can therefore be persuaded to contribute to upgrading of their
immediate surrounds as they understand that it will benefit not only their pocket but their image.

Given the cost oBuDSnterventions and landscaping it is therefore appropriate that partnerships
between the public and private sectors are explored. The issue of the privatisation of public space and
secondlygentrification will betwo of the challenges faced going forward argthouldthereforeinform
discussions between potential partners.

3.7.4 Ecological opportunities

The CBD is regarded as having a low sensitivity from a biodiversity perspective, and is located away
from sensitive water resources. As hudhe importance of enhancing ecological attributes are
regarded as peripheral to this site relative to oth@uDSunctions. Where possible, it would be
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speces are able to withstand the extreme climatic conditions prevalent in the Johannesburg CBD, and
would provide habitat for tolerant animal species in an otherwise hostile and ecologically fragmented
landscape.
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3.7.5 Community opportunities

Stakeholders can be mobilized partly through existing initiativesThe Klip Water Stewardship
Initiative is a community and professionals driven initiative that is mostly interested in the impacts of
the Robinson Canal, to which the study area draingherdownstreamsection of theKlip RiverThe

JICP is an organisation of property owners in the CBD. Together they can mobilize key stakeholders.
The momentum created by regeneration of certammercity precincs, also provides the perfect
opportunity for introduction ofSuDS

If there is a business cader investment in SUDS related landscapingroperty ownerswould be
interested t The representative of OPptopertiesas well as theentrepreneurialdeveloper of WIBC
confirmed that if government would gport studies to determine the business case and requirements
for property owners and entregneurs, this would help in getting the investment going.

Learning from existing Living Lab# the Jukskei upper catchment, citizens together with artists an
designers are already implementing and testing new ways to improve on water gaatiymnore
natural flow levelsThe Jukskei Watershed and River Regeneration Project, which is part of the Eco
districts work supported by the City of Johannesbiogiginal ®weto Grasslands of the area before
urbanisatior) are mimicked to absorb downpours. (Contaetyw.hanneliecoetzee.cojn

3.7.6 Maintenance & Management

All drainage systems need maintenance. Lack of maintenancesisfahe primary causes of failure
of SuDSfacilities globally. In South Africdkhere are many challenges related to the issue of
maintenance. Stormwater infrastructure in particular sufom poor maintenance largely because
they are seen to be low ity assets, and budget allocations are limited.

Good design oBuDSreatment trains can improve the maintainability of treatment trains. Selection
of SuDSechnologies will be an important part of successful maintenance, including the following
recommendations for applications in Gauteng:

x Dedicated sediment management must be considered at the most upstream points on all
treatment trains. Sediment traps ammost likely to be the most frequently inspected and
maintained parts of the system. For this reasibiis recommended that the sediment trap is
always a separate unit (e.g. rather than a forebay) from the oD Sacilities, that it is
more hard engirered to allow for mechanical cleaning, and that a dedicated sediment
storage capacity is provided in addition to the settling volume.

X Maintenance activities are clearly planned and included in the design. This includes an
understanding of whether manuathour or mechanical cleaning will be required, the volumes
and type (e.g. sediment, cut vegetation) of material to be moved, and any contamination
hazard.

X Access to albuDSacilities is provided for, ensuring enough space (and load capacity) for the
machinery, workforce, stockpiling, etc., necessary to clean the site.

x Safety and security aspects are provided for. This will include access systems (steps, ladders,
safe gradients), emergency exit routes, depth of wet zones, contamination, etc.

x  Structural sthility of inlet and outlet structures need to be designed for. This will include both
hard engineered (e.g. concrete) and soft engineered (e.g. berms) parts of the system.
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Research by the GCRQu{wick and Bobbin2016) into the implementation of Greenftastructure

in Gauteng highlighted obstacles in municipatitutional structures as being a key risk factor for
maintenance. The nature &uDSacilities, having strong biodiversity and amenity functions, means
that interdepartmental cooperation wouldffer the best solution for maintenance and monitoring.
This wouldrequire the likes of the Parks department working with the Roads & Stormwater
department. Current institutional structureand budgeting processesan makeSuDSdifficult to
implement,admnistrate and operag.

Discussionwiith stakeholders during the studgientified three key points in relation to maintenance:

X Maintenance is a job creation opportunity and wébuirea wide range of skill levels.
Community based initiatives are provinfjeetive in managing systems within their space and
may be a more cosffective and reliable way of ensuring the sustainability SafDS
stormwater systems (in fact all stormwater systems).

X There was a view that society in Gauteng should stop expectindcipalities to perform
basic functions such as maintaining infrastructure.
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4 EKURHULENI, BONAERTLASVILLE

4.1 Sudy areadescription

The studyareais a combination of natural pans and a wetland system located between the suburban
areas of Bonaero Parlkd Atlasville, in the northern region of the City of Ekurhuleni. The immediate
surrounds of the site is largely residential land use but the wider catchment area includes a mix of
light industrial, industrial and commercial areas, as well as the OR Tatehbaaltional Airport Figure

34). As explained in the introduction, the suburban Bonadttasville study area in Ekurhuleni was
selected because of its strategic impaice for flood management and the significant conservation
value of the site, as well as its heterogeneity. As showkignre34, there are three different pans

with an adjacent wetland areas in the study area, each pan having different influences. The study area
two northern pans arg@art of the AereBlaaupan PrecinGAPP, 2018yithin the bigger plans for the
Aerotropolis of Ekurhuleni (Sdarther 4.1.2) which plans a freeway PWV 15 through the wetland.
Thismakesthat the results of this case study analys@an potentially be used furtheHowever, this

study itselffocused on improving the current functiimg of the pans using SulaEd is not part of the
planning process but meant to analyse case studies to provide conterda fmplementation manual

for SuDS in Gautentnterest in the study area centres on hdke ecological functioning of the pans
maybe supported by SuDS interventions, and whether the priority of the ecological functioning of the
study area itself may k& higher order priority than the water quantity and quality priorities proposed

by Armitage, et al (2013).

Figure34: Total Study Area with focus on three southern pans and bright green marked area of wetlands and channels
around it.
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The pans and wetland lie in the catchment of what has become known as the Atlaspruit, a tributary of
the Blesbokspruit in quaternary catchment C21D of the Vaal River systenFiga® 2). The
catchment of the study site forms part of the watershed between the Vaal and Limpopo catchments.

The field notes for the studgreaare presented inPAnnexure 3 Although the site is in heavily
urbanised environment, it presently has important ecological, amenity and stormwater functions.
Although the stormwater functions are aligned with the principles of SuDS, therigltionship with

the ecological and amenity functions are notrfally established. This could be a situation where the
priorities of quantity and quality areubordinate to those of the ecological and amenity values of the
site. The ley features of the sitare summarised ifable12 and Figure35.

Table12: Key features of the BonaerAtlasville SuDS studgrea

Feature Approximate gross aree

(including margins)

Blaauwpan 40 ha

Pan 1 (Middle Pan/Parkhaven Pan)| 18.9 ha

Pan 2 (Clearwater/La Como Pan) | 15.6 ha

Wetland 113 ha

Total area 187.5 ha

Figure35: Key features of thé8onaercAtlasville SuDS studgrea
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Blaauwpan

Figure36: Images of Blaauwpan.

The pan is altered from its natural state. It has permanent standing water with a formal spillway inlet

and sluice gate outlet. The park is the domihfeature of the Pomula Park Nature Reserve and is

currently used mainly for picnic and fishing recreational activitigs.]* 0]*$ e uv & SZ o0]°8 }(
§} Jin Kempton Parke.g.https://www.property360.co.za/news/placesf-interestand-thingsto-
do-in-kemptonpark-11240209, andrecreational activities and notices for acemodation (e.g. Air

BnB) in the immediate area are still advertised online (as at June Z0i®parkhas reportedly been

under offer for private purchasbut all except a small area of the nor#fast portion of the pan is

currently stillin municipal owership.Also in municipal ownership is the strip of land between the pan

and the airport boundary.

The history of the establishment of the pan in its current form is not known. Reports of early quarrying
activities are not confirmed. The construction bétformal sluice gate outlet control implies intent to
manage water levels artificially, perhaps for recreational purposes. The direct connection of the pan
to the stormwater system of the airport would have increased the yield to the pan, changing the
natural hydrological balance and enabling more permanent water retenfidvedirect link to the
airport has also had pollution consequencggillages of jet fuel from the OR Tambo International
]E%}ES } pEE (A 8Ju « ]v B@x 2uleading it severe hydrocarbon
contamination in the pan. There has seen some intervention in the inlet channel to enable emergency
containment of hydrocarbon pollution, buhé capacity of the works (concrete lining and low inlet
weir) seem small in contrast to the reported spill volumes @e&?2). There is reportedly a large fuel
separabr onsite at the Airport designed to cater for the 100 year fl¢ddnexure §. Other pollution
risks include sewage effluent from local networks, most recently a leaking sewer line on the east of
the pan.
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Box2: Fuel lealkdrama heads to court (News24 of 8 November 2006)

‘Charges of criminal neglect are being planned against Airports Company South A3&eaAd criminal
charges against its executive head and the mayor of Ekurhuleni after Tuesday's massive-faabkak at
ORTambo International Airport. It is estimated that between D and a million litres of fuel leaked int
a stormwater drain at the airport and Blaauw Pan, a protected wetland about a kilometre downstrean
There have been two previous leakis July last year and September this year. Conservation organisati
described Tuesday's spill as an environmental disaster. Waldimar Regeets thatACSAecame aware of
the situation at 05:30, but residents from nearby Bonaero Park told Beeld tihels®rifting in from the
airport woke them about 03:00.

Tuesday's spill was about three times as big as the leakage six weeks ago, when alif ko€s seeped
from a burst fuel pipe. Nicole Barlow, chairperson of the Gauteng Environmental and Giitserv
Association, said at least half a million litres and maybe as much as a million litres of fuel was spilt on
TuesdayACSApokesperson Solomon Makgale said they complied with international safety standards
it was not yet clear how much fuel ha@dn lost. Beeld reports that the department of water affairs and
forestry called an emergency meeting wAlCS/An Tuesday afternoon. The deputy director of water
quality management, Marius Keet, said legal steps were being taken ag&iSzhfter the Sepember spill
and Tuesday's giant leak would be added to the charges. If negligence was px@&Mould be
prosecuted ACSAaid it had launched its own investigation. The law compels the authorities and man
to take steps to ensure that water remaipotable Barlow said in a statement that the spill in July last y¢
was possibly an accident, the second in September was "blatant neglect" and the third was "criminal

[Sourcehttp://www.klasslooch.com/news_z.htpAccessed June 2019]

The current ecological state of the pan has not been recently verified, although spatial databases such

as NFPA and others have awarded itwith& ~ 0 e+ }( Z [X *%]3 3Z % }oopus]}v A v$
to have been recovery to some degree of ecological hedlthe pan remains to be a populsport

fishing site in the regioimainly carp and bassand the pan is promoted as a good bisctching

location.

Pan 1 Middle Pan

Of the three pansin the study site thids the one apparently closest to itsenchmark ecological
conditions Development around the pan has sought to balance its use as a stormwater management
facility and its ecolagal value As a resulta Section 2lcompany has been formed by lanavners
surrounding the pamndthe company hireén ecological consultant to monitor amadanage the pan.

Land owners use osite attenuation to managstormwater dischargewhich then digharges to a
bioswalethat has been establishedround the pan In addition, Toyota uses a localised wetland
system between their attenuation facility and the bioswale to further treat stormwater. The bioswale
and wetland treatment system are establishesand the margins of the pan. As a result, standing
water in the pan is generally fairly temporary and seasonal, with the exception of a small area of
previous excavation disturbance in the middle of the pgdaintenance of the pan by the Section 21
organsation includes regularly cleaning the bioswale, testing the water quality, keeping alien invasive
vegetation at bay (removal of exotics every two months) and addressing illegal dumping.
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Figure37: Images of Pan 1 (MiddIPan)

The bioswale is similar in design to a rditlied filter drain (Figure38 and Figure39). It reportedly

varies in depth from around 0.5m to 2m dedpencourages infiltration of stormwater runoff from

the surrounding developmentsr storm events less than the 5 year return period (Bigen Africa, 2006).

In addition to stormwatemattenuation, aprimary objective is to reduce pollution loads entering the

pan Thisis seen to be a good example of SuDS in acttomasunderstoodfrom the stakeholder

consultation meeting thathere is no formal discharge from the pan to the adjacestland to the

east but the concepbf 2006presented irFigure38indicates that discharge will occur in larger storm

events In interesting point in the developmenmif this concept was the intention to divert the more

%}oousS Z(]ES (op+Z[ }( 8Z o EP E +3}EUA § E A v3e 3§} 3Z v |P
protect the pan.

There is still development pressure on the pan, with planned development on the-eastiern banks

being planned. Partial services have already been installed. Wetland delineation studies have been
done (see Enviros2015a), but the proposed stormwater management plans appeafollow a
common grey infrastructure approach with an attetioa pond placedn the wetland buffer zone. It

is assumed to be an unlined pond (therefore offering opportunity for infiltratidmit no other
provision for SuDB evident On the information available, it is interesting that the 2006 stormwater
design for the pan is much more in line with the principles of SuDS than the 2015 design.
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Figure38: Early concept of the bioswale at Pan 1 prior to dey@izent around the pan. (Bigen Africa, 2006)

Figure39: Design of the bioswale. (Bigen Africa, 2006)

63




Pan 2 (La Como Lifestyle Estate/Clearwater Estate

The hydrology of the pan has been altered by catchment development. Tharew permanent
standing water in the pan, though seasonal fluctuations will see waterdalrelp by about 1m in
winter. The pan performs an attenuation function although the details of the intended performance
are not available at the time of writing. Mever, it is reported that water levels in the pan typically
return to normal a day or two after storm events.

The pan is incorporatenhto the landscape of the estatigure40) andis managed as a feature of
the development.The estates surrounding the pan are satisfied with the current status of the pan,
therefore the need folSuDSnterventions is limitedProperties closer to the pan attract higher prices
than other properties in the estatelhe new developments at the Ddngte and along Brentwood
Park could impact stormwater management and could form a window of opportunity to introduce
SuDS.

Figure40Pan 2 at La Como Lifestyle Estate.

Wetland

The wetland is a valley bottom system is estimated at over 100hal(@ele12). It receives surface
runoff, and potentially important susurface runoff, from the thregans to the north and west as

well as agricultural holdings and a mine to edste wetland is estimated to have lost approximately
0i9 }( ]S }E]JP]vo & +]v S8Z i606i[* nu 8§} o v A 0}%uU VS % E -
recent land developmdraround the pans, the wetland is subject to future PW¥aStwest highway

and K86 road development scheme that will cut across large parts of the remaining wetland. Despite
this, the wetland is still seen to be an important ecological resource (se®®dcti.3 below) and it
provides important attenuation and water quality benefits to stream flows (Section 411 i$)also

seen to offer important amenity and recreational benefits to the local communities (Section 4.1.2).
Together with the pans, the wietnd presents an unusually large green system (almost 20Ciide

12) that poses interesting questions about the approach to planning SuDS interventions.
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Figure41: Images of the Wetlandn Bonaero Park Atlasville

4.1.1 Stormwatercontext

Repeated flooding faresidential properties in Atlasvilltarting in2006 initiated an investigation into

the causes which included a detailed asgssst of the flood hydrology of the catchment. Atlasville

forms the southern border of the wetland in the study area (Bégure35). It was developed in the
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identified a number of problems, but it noted the increasingly developed catchment area over time

and the particular role that the pans and wetland system played itigating the effects of this
development. As has been shown, all of the pans are used for stormwater attenuation to some degree,

and all discharge into the wetland which provides further attenuation water quality treatment.

The resulting Altasvilleddd Relief Scheme, completed in 2013, was designed on the premise that the
upstream systems of wetland and pans would contitmiperform the flood management function

4.1.2 Planning context

The site issurrounded bya range of different land uses includingghiend residential estates,
commercial office parks, industrial parks, community uses, high density and suburban residential
development, nature reserves, a quarry and wetland$he area is clearly desirable from an
investment perspective given the largedustrial giants who haviecated along Atlas Roadcently.

The area in which the site is locatatso includes a significant quantity of vacant and underutilised
land especially in the Brentwood Park area.

The biggest challenge of the sigmd surround from a planning perspective that none of the
developments interface with the main wetland system positively. Most turn their backs on the
wetlands This creates a condition in which people are unwelcome and unsafe. In a few cases
developments face oto the pans under discussion. Investment in the wetland to increase its amenity
role would add value to the adjacent larehd developments on the adjacent sites would contribute

to the performance of the wetlands as an amenity by making it sePavate developers could also
potentially help to manage the wetland space in partnership with the local authonitigee future
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The other mainplanning challengef the site and its surrounds is that there is no clear legible
movement system conneielg the various development precinciecated adjacent to the wetlands

and pansThe area is defined by a higher order ring road that provides access for cars and pedestrians
into the various precinctfom the external road networlout the wetland preventany movement
between thewestern and eastern sides of the wetlan@®®edestrians do cross the wetlands informally

but there is a real need to formalise some of the paths to support the obvious desipedestrians

to move across and down the length of the veettls. The current paths crisscross the space allowing
the sensitive vegetation and habitats to be disturbed and in some places severely compromised due
to dumping, fires etc. This is clearly something that needs to be addressed in the future.

Due to the des strategic location adjacent to tf@RTambolnternationalAirport it is the subject of
precinct planning. The AefBlaawpan Precinct: Detailed Development Framework, 20 April 2018
(Final Draft) prepared by GAPP Consort{GAPRConsortium 2018)has esulted in the compilation

of a Detailed Development Framework which looks at the development opportunities in the area in
relation to future planned infrastructure and bearing in mind City ¢ft E Z p (CwoE) plans for an
Aerotropolis. The site is sea&s having great potential to accommodate an Aerotropolis Tech Hub
using the vacant and underutilised land to the west and east of the wetlésee Figure 42).
Fortunatly, the Precinct plan identifies pans and the wetland as a great opportunity to improve and
support ecological function, serve as a recreational asset, and provide a high quality public
environment. They also make reference to the possibility of usingotives and wetland as green
infrastructure. The figure below provides an indication of what is proposed for the site.

Figure 42 Spatial Development Owgbme t perspective, extracted from AerdBlaauwwpan Detailed Development
Framework(Gapp consortium2018

The framework proposes that the pans and wetlands form the central feature within the precinct.
AYXXE} (JEU & PJ}v o % EI| v h]pajdiveEecrdalion @ndsleisUre Attvities,
including walkways, cycl@ays, picnic areas and parks with play areas. The natural open space system
is incorporated into this, improving biodiversity and promoting conservation. This allows fer low
impact actvities including birevatching, ecerails and nature walks. Where appropriate, limited
educational and retail activities will be permitted such as a restaurant and information learning centre.

66 Research on the Use of SuDSamtengProvincet Analysis of Study Areas with Recommendations



These proposals will be subject to a detailed study and master, which is to include a detailed
environmental impact assessment to determine development possibilities and establish a precise
o]Jv 38]}v }( 8Z A 30 v <Ce*3 u Vv }% Gons¥stium2@ES,p68)' W W

Land Uses planned for the west of theecinct include institutional and hospitality activities in the
form of business parks, estates and campuses. Areas to the east of the wetland have been identified
for light industrial / business park development with small pockets of mixed use andeméald
development.

What is of most relevance to the GDARIDS project is the proposed PWVHighway which will be
located down the length of the central wetland. Additional cross routes are also proposedof
which is provisionally located along teeuthern edge oBlaauwparand the K86 eastvest link which

will be an extension of Merlin Drive over the wetlands towards Daveyton. In this regard the
consultants and support specialists to GAPP concluded with the following recommendations:

X The alignmentof the proposed PWV 15 road entails that the primary vatleitom wetland
system through which this road is proposed to be aligned (the road is aligned longitudinally
through the wetland in the direction of flow and not perpendicularly across it) co@d b
significantly adversely affected by the road through the loss of wetland habitat and the alteration
of hydrology (through canalisation, etc.). It is strongly recommended that consideration be given
to the realignment of this road to the east of the wetthto avoid such impacts from materialising;

X The concept of linkages between the eastern and western segments of the precinct site is
supported, but these must take the presence of the wetland, and potential impacts on the wetland
into consideration. Shdd a road (vehicle) access be required, it is recommended that this
connection across the central vallepttom wetland be located as far north of Brentwood Park
Road as possible, in order to cross the valiettom wetland at its narrowest point. Crossititg
wetland to the north (closer to the church complex) will also avoid the large seepage wetlands
located to the west of the valley bottom wetland in the southern part of the site;

X Where new roads are planned in the vicinity of any wetlands, in paatidhle valleybottom
wetland (e.g. linkage roads planned along the western side of the quarry), the environmentally
sustainable planning of stormwater discharge from the road must be incorporated into the design
of these roads. No direct stormwater discharinto the wetland should be allowed, and the use
}( Z+} (3] VP]v E]JVP ( SUE ¢ *p Z e« A0 (JE 335 vpu 8]}v ( SUE -
Sustainable Urban Drainage (SUDS) must be implemented;

x Similarly, future development that will result hard surfaces around wetlands, in particular the
pans around the site, must ensure that stormwater runoff from these sites is managed so that
inflows into these wetland features do not degrade the wetlands. The use of soft features for
attenuation thatwill allow the gradual inflow of stormwater into these pans must be incorporated
into new developments.

It is obvious from the above that a major challenge to preserving the continuity and integrity of the
wetland system will be large scale road infrastiue proposals. Future planning for the area must
take a view on the future role of the wetland

The following provides a short description of the four specific focus areas.
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Blaauwpan

The Pomula Private Nature Reserve including the permanent watiy known as Blaaypan allows

the public access to a uniqgue amenity which is especially important to the fishing community. The
water depth and defined water edge seem to suit the requirements of fisearmho comprise the
biggest group of users. Accessthe reserve is through Mirabel Street where an entrance fee is
charged. The reserve offers picnicking and access to Ah& Gedlge for fishing. Swimming is
forbidden.

The surrounding area comprises a mix of small holdings, subueséafential development, utilities,
a mall and highdensity housing. The pan is embedded and not visible or easily accessible by the
general public from the external road network.

It appears that the pan is currently owned and managed by the CoE: PadisrDand Wetland Unit.

This presents challenges as they each have their own needs and performance requirements of the
*% X A}EI*Z}% Al3Z | C «3 1 Z}o &+ ]v 8Z & Z]PZo]PZ3§ §Z
the pan and there was a suggestidrat leasing it to the private sector could provide a solution.

It should be noted that a controversial land sale in 2011 seems to have been halted but there remains
a risk that the pan and surrounds can be sold to private developers again. Hotieveould result

in the municipality losing control of the site as a key stormwater control point, environmental asset
and public amenity altogether and is thus not an optimal solution.

Pan 1 (Middle Pan)

This pan is located in the middle of a precinct conipgisargescale developments. Approximately two
thirds of the land surrounding the pan has been developed. The last third remains undevbldpsd
the focus of a planned mixedse development (see Envirg2915a)

The properties surrounding the pan whigttlude a large church site and new business/ industrial
Park have been designed with little attention given to the potential amenity value that the pan can
offer. The buildings seem to turn their back on the space, or are positioned on their respdietive s
such that there is no direct relationship between the buildings and the pan. There are limited
overlooking features that allow the building occupants to enjoy views of the pan from inside of the
buildings. There are also no gates for occupants ofthieounding buildings to access the pan directly

for managed recreation such as jogging, bird watching or picnicking. Stakeholders at a workshop
indicated that there have been requests from Toyota staff for seating overlooking the pan that could
beusedatopv Z3Ju o AZ] Z suPP 8 3Z § §8Z E ] V %% 3] (}JE u}E

An additional consequence of the current situation is that the pan area itself suffers from a lack of
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While access to the pan may be limited, there is a strong awareness of the ecological value and
sensitivity of the panThe pan is currently owned and managed by a Section 21 Company formed by
the surrounding landownersThe companyasinvested in an edogical management plan of the pan

that includes the capture of stormwater in a hietention swale that they have had constructed
around the pan. The pan is monitored and maintained on a regular basis, including inspections, alien
vegetation removal, anchonitoring of the function of the swalé&takeholders at a recent workshop
suggested that not all land owners buy into the same environmentally responsible vision for the pan
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which can lead to challenges at times. This points to the need to ensure trss buying into private
estates commit to contribute to an agreed vision for open spaces of this type and scale.

Pan 2 (La Como Lifestyle Estate/Clearwater Estate)
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control which limits entry to residents, their guests and visitors to the restaurant dtag.2 is seen

as a major assettothedevelopvd 00}AJvP E ] v3e v } u% vs3e }( 3Z }((] - 8}

The entire development is orientated around the feature to ensure that the offices, residences and

lifestyle centre have direct views of the water and bird life that it attracts. Greelts link the

residential development to the main water body allowing stormwater to drain towards it. The edge of

the water body has been fenced off to restrict access to e @&dge where the sensitive habitats

are located. A pathway is locatedtside of this fenced area. Residents and visitors are able to view

the water more closely using a walkway connected to a pavilion that is built over the water. The La

Como restaurant and club house have spectacular views of the water body adding greatovalu
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Anecdotal evidence from property professionals at the workshop with key stakeholders, suggested
that properties in La Como Lifestyle Estate close to the parosetidre than properties further away

from the pan. Furthermorgprices of properties in the Clearwater Estate, which was developed prior
to the La Como Lifestyle Estate, have increased tfokkin 10 years since the La Como Estate and its
pan were develped. This demonstrates the economic benefits of investing in green open spaces such
as Pan 2.

The pan is currently owned, maintained and managed privately. The consequence of this is that those
buying into the precinct, pay high levies to cover the co$tmaintaining such a system. This in turn
limits potential buyers to those at the top end of the market. Lifestyle estates that are targeted for
§Z S8}% Vv }( 8Z u EIl § pv(}ESpv SThigleade jo the privAtisatioEgfopdK
space.This is common to many lifestyle estates.

Sq while this arrangement ensures that the private sector contributes to management and
maintenance of a key green open space and green infrastructure, it marginalises the poorer citizens
from quality open spacedhis is a growing concern in the South African context.

Main wetland

The main wetland is very large and sadly off the public radar as it is not useable. Besides being difficult
to move aroundthere is no to activity or form of facility or infrastructure that attracts people to it.
Developments along the edge of the space do not respond to it but rather turn their back on the open
space resulting in a lack of passive surveillance and feelingradrability for those having to traverse

the space. There is evidence of people moving across and along the length of the site on foot. The
spaceis currently framed by high fences, backyards, vacant land and roads.
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4.1.3 Ecological context of the Baero-Atlasvillestudy area

Catchment Context

The BonaeréAtlasville study area is situated in the Upper Vaal Water Management Area (WMA), the
Level 1 (Highveld) Ecoregion 11, Quaternary Catchment C21D, and incorporategahpart of the

OR Tambo International Airport surface area within itssatthment. Tk BonaereAtlasville wetland
complex (including the three pans) is located approximately 20km upstream of the Blesbokspruit/
Suikerbosrand Rivers. The Blesbokspruit, which has wetlands that are recognised under the Ramsar
Convention on wetlands of internianal importance as waterfowl habitat, then merges with the
Suikerbosrand River, prior to merging with the Vaal River at the Vaal River Barrage approximately
70km southwest of the study area. The C21D catchment falls within the jurisdiction of Rand Water,
which also manages the water quality of the Vaal River Barrage Reservoir.

Prevailing Catchment Impacts

Large quantities of urban and industrial effluent, together with urban wafland mine dewatering
activities, have had a major impact on water qualih some (e.g. the Waterval, Blesbokspruit,
Natalspruit and Klip River) tributaries within the nostlestern part of the WMA. Water quality
problems in the sugatchments relate to contaminants such as hydrocarbons, salinity, organic loads,
eutrophicationand public health issues. The salinity problems are largely related to mining and other
industrial impacts, and seepage (DW2604). Stormwater ruoff from dense regional settlements
also add nutrients and sediment to the systems (DY2AB4). In additin, local flooding problems are
experienced in the Blesbokspruit and Klip River catchments (DE0AE). As an example, the upper
reaches of the Klip river, which is the directly neighbouring catchment (C22B) are in a very poor
ecological state (PES Categ@®). This by inference heightens the importance of maintaining and
improving the water resources in other catchments of the Upper Vaal River wherever possible.

National Freshwater Priority Areas

According to the available NFEPA wetlands coveragesdlepage wetland directly upstream of
BlaauwpanBlaauwpan itself, as well as Pan 1 represent Wetland Freshwater Ecosystem Priority Areas.
Driver et al.(2011) state that FEPAs should be regarded as ecologically important and as generally
sensitive to changs in water quality and quantity, owing to their role in protecting freshwater
ecosystems and supporting sustainable use of water resources. Wetlands FEPAs that are in a good
condition (equivalent to an A or B ecological category) should remain so. WE&ERAs that are not

in a good condition should be rehabilitated to their best attainable ecological condition. This means
that: Landuse practices or activities that will lead to deterioration in the current condition of a
wetland FEPA are not acceptableinduse practices or activities that will make rehabilitation of a
wetland FEPA difficult or impossible are not acceptable

Vegetation Type and Threat Status

From a terrestrial perspective it is important to note that the historical dominant vegetatipa ty
present would have been the Soweto Highveld Grassland, which falls under the Mesic Highveld
Grassland Group 3 bioregion (Nel et2011; Mucina and Rutherfor@006). The vegetation type has

v 0 **](] e« Zv VP E [U A]3Z dvmalprotedtond stdthd efenfangered
indicates that there is very little of the original extent of the ecosystem type left in a natural or near
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natural state. Most of the ecosystem type has been moderately or severely modified from its natural
condition and it is likely that most of the natural structure, functioning and species associated with
the ecosystem may have been lost (Nel et2011). Endangered ecosystems are close to becoming
critically endangered. Any further loss of natural habitatdeterioration of condition should be
avoided and the remaining healthy ecosystems should be the focus of conservation action (Nel et al.
2011).

Gauteng Conservation Plan

The wetlands and fringing grassland habitat have been flagged as being of very high sensitivity. In
particular, large portions of this site have been flagged as being Critical Biodiversity Areas, with some
areas also earmarked for protected area expansivhilst further specialist studies would need to be
undertaken to build a more comprehensive understanding of the site, it is clear that the wetland
complex targeted for SuDS interventions has been identified as a critical biodiversity area with the
fringe terrestrial areas acting as Ecological Support Areas.

In terms of ecological connectivity, road linkages, disturbance, light and noise pollution have reduced
the value of the site as a corridor for species movement. The valley bottom wetland andrpaaisca

not well connected to other priority conservation areas downstream. However, it is also important to
note that this is an extension of a much larger open space network and priority freshwater resources

in the downstream catchments. Based on th@lerying conservation values of the site, the wetland

and pans have been classified as Environmental Management Zone 2 in the Gauteng EMF. According
to the EMF guidelines, this zone is sensitive to development activities and only conservation should
be alowed in this zone. Related tourism and recreation activities must be accommodated in areas
surrounding this zone.

Resource Management Objectives

The Blesbokspruit as a water resource provides critical ecosystem services to the southern portion of
Gauteng,"}pus8Z (E&] [* u}*eS }v}iu] 00C Ju%}ES vS§ pE v E X D vC }( S.
are heavily impacted and it is important that the freshwater ecosystems in particular are maintained

in an acceptable quality (D or better ecological categoryhabthere can be a continued supply of
ecosystem serviceg®epartment of Water and Sanitation, 201Altered low flows conditions are of

particular importance. Elevated low flows therefore need to be managed to be sympathetic to the
ecosystem. In additip, there are numerous water quality issues that need to be managed so that
wellbeing the ecosystem does not deteriorate to unacceptable conditions, below a D category,
suggesting that the management objective for the catchment should be to maintain covwepne

current status of water resources in the catchment. This implies that proactive interventions are
required to meet water resource management objectives, and that ecological objectives are likely to
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stormwater management. This is supported by a recent study that established Resource Quality
Objectives for the Upper Vaal catchmgiepartment of Water and Sanitation, 2014he report

specifically highliglst the need for high impacts to water resources in this region to be managed so

that the ecosystem can provide ecosystem services.
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Classification and Discussion of the Characteristics of the BonaAtasville Wetland Complex

The BonaeréAtlasville weland complex is comprised dfiree Depressions or Pans, and one-un
channdled valley bottom wetland, all of which are fed by a combination of surface and subsurface
water inputs through seepage wetlands and other anthropogenic point sources. Betweenribe pa
and the main valley bottom wetland there are strong groundwater linkages, and occasional surface
water links after heavy storms. They are therefore reliant on each other as sources of cumulative
groundwater recharge. There is a narrow ecological/streaoridor from the wetland to Homestead

lake (and other lakes) further downstream, which may constrain the ecological connectivity of the
complex to downstream habitats, however within the complex itself, there is good habitat
connectivity to allow for movaent of fauna throughout its extent.

Recent wetland delineation studies, one just to the neetistern boundary of Panl (Enviross cc,
2015a), and the other just to the east of Pan 2 (Enviross cc, 2015b), suggest some continuity of the
present ecologicaltate of the wetland along its length. The authors report that despite evidence of
hydrological disturbance and altered vegetation conditions, especially around the margins of the
wetland, a Present Ecological State (PES) rating of B/C was awarded aretltmel was placed in a

high EIS category (Ecological Importance and Sensitivity). The reports concluded that the wetland
*Z}uo lve] & e V JuU%}ES vS % &S }( SZ ~ }o}P] o0 SCEU SUE
holistic habitat conservation approh should be adopted. By inference the system as a complex is
therefore more valuable than its individual parts ecologically. It is a heterogeneous network with a
larger habitat and habitat diversity. Within most urban contexts the edge effects are cigmijfbut

the impact of the edge in a larger undisturbed core is lower and better for biodiversity.

Ecosystem Based Adaptation

Ecosystemn %S S]}v ~ o ] (Tv « A3Z ue }( 1} ]JA E+]S5C v }e
part of an overall adaptatiortitegy to help people to adapt to the adverse effects of climate change.
Ecosysterbased Adaptation uses the range of opportunities for the sustainable management,
conservation, and restoration of ecosystems to provide services that enable people totadhpt

impacts of climate change. It aims to maintain and increase the resilience and reduce the vulnerability

of ecosystems and people in the face of the adverse effects of climate change. Ecdsgstam

adaptation is most appropriately integrated into &} & %S S]tv v A 0}%u vE «SE
(CBD, 2009).
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not common in highly developed, and largely impacted contexts such as this one. This hellghtens

value of this complex ecologically, especially as providers of valuable ecosystems services in the
landscape. Habitat niche adjustments would be required under climate change in response to
changing temperature and rainfall characteristics. For thigtigular site, the fact that there are a

diversity of habitats and local connectivity upstream of the narrow ecological/stream corridor from

the wetland to Homestead lake, means that there is some potential for adaptation, and therefore a

higher resiliene compared with other systems that have low diversity and connectivity.
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Key outcomes

X

The catchment area has attracted both strategic (e.g. OR Tambo International Airport) and
high value development, including many of the big names in industry and manufacturing. The
study area is a focal point for a future development and investment (kegAerotropolis)

that will bring with it upgrades services such as major roads, of which the PWV15 is set to
cross the study area.

Despite this, the integrated area of the pans and wetland is a substantial green space in a city
environment, and it has imgrtant conservation value.

The amenity value of the area is uneliveloped though there are important locations of
current amenity. Blaauwpan has regional significance as a fishing spot. Pan 2 at the
Clearwater/La Como Estate has been integrated intddhdscape of the development as an
ecological and amenity feature.

All three pans now have ecological significance albeit in different measures, perhaps reflective
of the nature of integrating ecological zones into city environmeniiatives to manag¢he
ecology of the pans arad hog typically driven by small groups of landowners.

The wetland currently stands apart from any management initiatives. Hence the pans and
wetland are not managed as an integrated system.

Development has had negativiempacts on the integrated systenparticularly through
pollution spills anathanges to hydrological balance of the system.

Stormwater drainage from the adjacent properties is generally managed in the traditional
manner, with attenuation provided on the me recent developments (last 11b years). The
exception is current drainage into Pan 1 where Toyota andGhestian Family Church
Internationalhave worked together to provide SuDS based drainage interventions.

Future development intent ia threat tothe ecological sustainabilitgf the integrated pan

and wetland system, but is alsgpotential meandor its protectionin the longterm.

4.2 Consultation Outcomes

During the large workshop on 5 February 2019, a parallel session was set upBontmrcAtlasville

area, but with limited participation of people who knew the area. In the contrary, the dedicated
workshop on 4 April had very knowledgeable participants from the local land owners surrounding the
pans, including Airports Company Southids (for Blaauwpan) Toyota, Christian Family Church
Internationaland the pan maintenance manager (for Panahdthe LaComo Estaté¢for Pan 2) City

of Ekurhuleni was represented by the Roads and Stormwater Department and the Parks Division. The
gathered knowledge of the catchment areas around the pans was very valuable and has been input in
further sections of this chapter.

Outcomes of this consultation that are learning points for this analysis are:

X

A nonprofit organisation of direct stakeholders ecahave a positive effectThe working of

such an organisation mainly depends on committed shareholders who also keep their own
house in order. Companies as in this case Toyota, with a clear corporate policy on
environmental impact, are crucial, and the émtational Family Church is also a committed
participant in the section 21 company set up to manage the middle pan. One company
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bordering the middle pan has changed its own property to the detriment of the impact on the
pan. Also, properties not borderirige pan, and therefore not represented in the section 21

Ju% VCU % E} oC Z A 3Z o EP «3 Zo}A Z vPlvP-madepu]3[ 3}
impacts on the pan. In this case the property of Denel, which is also going tedegetped,
is a location taconsider interventions in stormwater management for the better functioning
of the pan. In pan 2, the most southern pan, the two estates bordering it and owning the pan,
have direct interest in water quality and water levels, and the joint management giahds
going well without further need for a negovernmental organisatian

x The environmental impact asssment process had a crucial role in protecting the
environment. The representatives of the middle pan wes@animousin explaining that
thanks to theclear decisions made during the environmental impact assessment process, the
organisation was formed and had strict guidance in what their priorities should be. However,
it was also pointed out, that their experience, not necessarily with this pan, istiiea
stormwater departments are not always consistent with the EIA process results.

X The organisation and capacity of the local municipality is a main consideration in the
responsibility changes that come with SuDS introductiothe Parks division of the
Municipality of Ekurhuleni has a dedicated Wetland Unit. The Roads and Stormwater
Department and the Parks department are understaffed for regular monitoring and
maintenance of the current stormwater system, and therefore hesitant for SuDS additional
monitoring. They stressed the difference with other Metropolitans in Gauteng in that City of
Ekurhuleni would have less resources. The Roads and Stormwater representatives in the
workshop emphasized that crucial land from a stormwater perspective that is h@triyate
property (like the two southern pans are) should remain in the hands of the municipality.
Innovative ideas such as lease of land to private owners should be further explored, with
current limitations being the Public Finance Management Act waidi allows lease for a
maximum period of three years.

X The larger upstream property owners have not engaged with downstream affected parties
yet. The Airport Company South Africa (ACSA) was well represented at the workshop with
three representatives wittbackgrounds in environment and stormwater. While they have
improved their stormwater practices, an egpener for them at the workshop was the impact
of the amounts and quality of stormwater generated at their site on downstream properties
and the functioing of the system at Bonaero Pdflasville as a whole. It added to the
realisation for them on the importance of their own attempts within ACSA. While Denel had
not been actively approached to come to the workshop, the other property owners
emphasized tht the effect of stormwater from the Denel site on the two southern pans is
quite extensive. There was no mention of real engagement with Denel in this respect.

x The pans have amenity valueThe Toyota representative mentioned the requests of
employees to have more benches for lunch breaks at the site overlooking the pan. The Como
Estate person mentioned that the view on the pan was a reason for increased house prices.
The residents did not mind another estate at the other side of the parmhatsincreased the
house prices further.
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4.3 SuDSnterventions Assessed

4.3.1 Flood reduction bthe existing system

A schematic of the pan and wetland system with main drainage catchments is sh@&iguie43.
Stormwater management for developments in the catchments around the pans has been to use them
as stormwater attenuation facilities. Hence, the iniagsessmeniboked at the SuDS value of each of
the features of the esting system.

Figure43: Schematic of the pan and wetland system at Bonaero Park

The significance of the attenuation benefits offered by each of the pans is demonstradtine44,
Figure45andFigure46. Blaauwpan reduces the 100 year flood peak by over 90%, whil2 freaices

it by around 65%. Pan 1, starting from a dry bed condition has the capacity to contain the entire
estimated 100 yeaflood event from its catchment. In each case it is assumed there is fgiteon
attenuation in the catchments, and that all impervious surfaces are directly connected to the
stormwater network (i.e. catchment runoff is likely to be conservatively high).

The wetland receives the attenuated flows from the pans as well the unattenuated flows from the
intermediate catchments. The surface area of the wetland offers attenuation of these storm flows as
demonstrated inFigure47. Overall, the integrated effect of the Bonaero pan and wetland system on
the estimated 100 year storm event is demonstratedrigure48.
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Figure44: Blaauwpan t attenuation of the estimated 100 yeaftood hydrograph(PCSWMM simulationsing design flood
dates are not actual dates with C1 being the inflow hydrograph and the weir being the élowv hydrograph

Figure45: Panl- attenuation of the estimated 100 year flood hydrograpf?CSWMM simulation)See further explanation
in figure above; outflow zero.
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Figure46: Pan2- attenuation of the estimated 100 year flood hydrograpf?CSWMM simulation)

Figure47: Attenuation effect of the Bonaero wetland on the estimated 100 year flood event (PCSWMM simulation)
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Figure 48: Attenuation effect of theentire Bonaeropan andwetland systemon the estimated 100 year flood event
(PCSWMM simulation)

The simulated 100 year runoff does not account for any retention or attenuation that is likely to occur
within the catchment areas andtiserefore expected to be conservatively high (in peak and volume).
Nevertheless, the flood control benefits of the Bonaero wetland and pan system, individually and
collectively, is seen to be significant. Therefoléh@ugh this is a relatively high levahalysis there is

no doubt these are substantial reductions in flood pead hese systemare seen tglay a key role

in flood management for developments in the downstream areas of the catchment.

4.3.2 Water Quality benefits of the existing system

By virtte of their size, they will also offer important water quality functiomable 13 shows the
treatment potential of the pans, presenting the annual load reductions for a range of standard urban
pollutants. Again, these show the important stormwater treatment benefits offef®dthe pans.
However, it also implies that these important ecological systems are accumulating stormwater
pollutants. The analysis for Blaauwpan is giueidable 14. The pollution loads are indicative and
based on default urban pollutant loading for the respective urban land uses (and hence are not
calibrated for local conditions).
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Table13: Treatment potential(annual loading)of the pans (MUSC simulation)

Treatment % Reduction

Hydraulic load (total flow) @ >50%

Suspended solids (TSS) >90%

Nitrogen (TN) >70%
Phosphorus (TP) >80%
Gross pollutants (litter) 100%

Tablel14: Indicative pollution loading aBlaauwpan (MUSIC simulation)

Treatment Annual load Load/ha Load/ha
(catchment) (impervious)
TSS (kg/hr) 340000 275 520
TP (kglyr) 600 0.5 1.0
TN (kglyr) 5000 4.0 7.4

Although indicative, the loads are still significant. For exagpky suggest that over 300 tonnes of
sediment might be deposited into the Blaauwpan every year (approx. 150 to®L.88ame of this may

be trapped in parts of the stormwater network upstream, but unless the network is maintained the
sediment will eventudy pass through to the pan.

4.3.3 Water reuse in the existing system

Water reuse in this part of the catchment was not raised as an active function other than ad hoc
rainwater harvesting systems. One such system has been installed at Toyota as a part of their
sustainability initiatives, and as a means of water security at times when supply is interrupted. It is
understood that the harvesting system is still under development.

However, a key contribution of the existing system to water resources are the watdityqua
improvements achieved by the pans and wetland that enable substantial retention times alfowing
settlement and filtration.

Key Outcomes:

x The Bonaero pan and wetland system provide significant stormwater (flood) and water
resource (qualityjnanagement benefits to the downstream catchment.
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x The pans have been incorporated into the stormwater systems for development in the
catchment, particularly in Blaauwpan and Pan 2 which show the greatest degree of change
from their expected natural state.

x Changes to these pans could have significant consequences to flood risk and water resource
quality in the future.

4.3.4 Balancing thebjectives for the Bonaero Pan and Wetland System

The Bonaero pan and wetland system should be managed as an integrated etiosearea with
reduced stormwater functions.

It is proposed that SuDS are used to protect the pan and wetland system, rather than using them as
part of the SuDS treatment train.

Thepans and wetlanghould still perform the flood management function itreently provides. It will

be relatively difficult to replicate the vast storage capacity elsewhere in the catchment. However, this
function should only be required for the larger storm events (for example greater than the poyear

10 yearevent). This ould reduce orsite attenuation requirements (for new developments and site
re-development), and will be an incentive for the developer.

This approach wilmprove the water quality entering the pans.

This is seen to reflect some of the recent initiativtegrotect and enhance the pans, and is partly
reflected in the master plan for the Aerotropolis. It also draws on the environmental
recommendations to manage the pan and wetland system as a whole (e.g. Enviross, 2015a and
2015b).

4.3.5 Preliminary design inteentions

Blaauwpan

A sediment trap is introduced in the inflow channel and part of the pan area (approx. 5% of the total
area) is converted to a shallow (<0.6m deep) wetland area. The creation of an island within the pan
may improve water circulation and the same time provide a refuge for fauna. However, this aspect
may also lead to circulation problems (dead areas) if not carefully planned.

These proposals, as indicatedrigure49, were tested in MUSIC, dainderstand what they would do
for water quality conditions within the pan, means of trapping pollution spills befoey énter the
pan,andthe attenuation of large stormwater events, with the decreassorage wlume of the pan
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Figure49: ConceptBlaauwpan SuDS interventions.

Figure50: Blaauwpan SuDS test (MUSIC simulation)

The performance results of tteediment trap and wetland are summarisedrigure51. The sediment

trap achieves only 26% reduction in sediment load and is clearly too small for the catchment area. |
may be suitable if account is taken of treatment facilities that are understood to have been installed
within the airport area, but details of these have not been provided. The possibility of a larger
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sediment trap is located upstream (at sediment trap-@ure50). The land is understood to be owned
by the municipality and may be assigned to stormwater assets.

Figure51: Blaauwpan SuD$erformance (MUSIC simulationfRed indicates inflow and blue the outflow pollution loads
for each of the sediment and wetland treatment areas.

The performance of the wetland also suggests it is too small and a larger surface area would be
needed.Treatment targets in excess of 90% for TSS and above 60% for TP and TN should be expected.
This could be an expanded area within the panalgp part of the inlet channel. The total area for
treatment in this channel is between an estimated 9ha and 1Mwmwvever more than this will be
required to effectively address the pollution load from the airport catchment. Hence, it would be
reasonable for this to be provided within the airport aiéself. Owned and maintained by the airport
authorities. These facilitieshould also be fitted with emergency storage and sbifitvalves in the

event of spillage.
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Pan 1 (Middle Pan)

The initial concept for Pan 1 would utilise space within the pan to ##t®uDS measures to mitigate
runoff from adjacent properties as shown figure52. Consultabn with stakeholdersuperseded
these concepts as the efforts to protect and manage the pan were revealed.

Figure52: Preliminary SuDS concept for Panl.

The bioswale presented Figure38is located in context with the development boundarieg-igure

53. This is estimated from site and adrabservations. It shows a narro p(( €[ 3$A v §Z ]38
boundary and the bioswale in most places. Some of the stormwater outfalls observed appear to cross

the bioswale and discharge directly into the pan, but it is expected that in most cases stomisvate
discharged before the bioswale. The stormwater then filters into the bioswale, improving the quality

of the water before it dissipates into the pan, mainly subsurface. In larger storm events there may be
some surcharge of the bioswale (i.e. it becorfleeded and water rises to the surface), but this is in

line with the typical operation of these SuDS measures.

The condition of the bioswale is monitored as part of the management of the pan (ref: Mr Greg
Crookes of Tellurianit is observed to performvell, though there are problems with the overloading

of the Toyota drainage system as it suffers flooding from neighbouring properties higher up in the
catchment.Water qualitysampling has been undertaken, but the records were not available at the
time of writing. It is also understood that Toyota has established a small wetland area between the
stormwater outfalls and the bioswale for added treatmelit.is uncertain whether the bioswale
enhances or may even disrupt the subsurface drainage patterns opdme but it is generally
perceived that the ecological health of the pan is good.
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Figure53: Pan 1 showing the estimated location of the bioswale and expected points of stormwater discharge.

Figure54: Guideline SuDS treatment areas along the boundaries with Pan 1 and the we(différent colours indicating
the different properties.
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Figure54 demonstrates the principle of using an infiltration buffer strip as the primary SuDS measure
for treating runoff from adjacent propertie®ote this would be in addition to attenuation measures
still required for flood managementhe width of thestrip would vary with the area of the site being
drained, as well as the depth of the filter media and exfiltration capacity of the receiving soils, but in
general it is estimated that theurrentthree developments around the pan would need buffer strips

of between 10m to 18m wide. Though the width between the site boundaries anbitssvalemay

be a little narrower than this, it demonstrates very good forward stormwater management thinking
and planning with the health of the receiving system in miFigure54 also demonstrates that the
same approach should be applied to the development interface with the wetland, as &fitebuDS
measure.

However, new development shld first seek to manage stormwater within the development
footprint, beforeit is discharged offsite and into the pan area. This includes attenuation facilities. It is
noted that evenasrelatively recentas2016 stormwater management plans for new ddgpment
around the pans show attenuation facilities within wetland buffer areas. Ideally stormwater
management should be complete (including attenuation) before it enters ecological buffer areas,
particularly on sites where environmental conservation griarity. The approach demonstrated in
Figure53 and Figure54 is laudable for its vision in 2006, but given the importance of the ecological
value of the parwould not be the recommended option toddigr a greenfield developmentwhere

all SuDS and stomvater measures, includingttenuation would need to be contained within the
development footprint) However, asa retrofit measurethe infiltration trenchmakes sense as a
measure.

The Christian family church has an extensive parking and would likestadetktis parking to the north.
A recommendation could be to also consider permeable paving. The effect of this is not further
researched.

Application of SuDS will assist a developer to manage stormwater within the development footprint,
and this should & the approach adopted for all new development around the pans, and in the wider
catchment areaHence, if an infiltration strip is being considered, then the strips indicaté&iginre

54 would be located before the ecological buffer of the pan (or wetland), and placed within the
development footprint Elsewhere in the catchment, new development, andlexelopment, should

be planned around a SuDS stormwater managemegsitesn using a wider range of SuDS measures.
This would mitigate the current flooding problem that Toyota experiences due to stormwater
overloading (flooding) from neighbouring development.

Pan 2 (Clearwater/La Comigstate

Pan 2 was recognised to be in éf@tent ecological condition to that of Pan 1 but the preliminary
concepts for SuDS interventions wesemewhatsimilar to the early concepts fd?Pan 1; consider
treatment within the development space, but look at utilising space within the pan to mitigate
stormwater runoff impactsKigure55).

After consultationwith representatives of the estate at the April stakeholder workshop, it is clear the
pan is a managed feature of the estate wherdatzlscape value improves land prices ancitgenity
valueis enhanced for access by residents. Water quality is comsgidgood (no sample records were
available). The water balance in the pan is not artificially managed. It is fed by stormwater runoff and
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it fluctuates by around 1m between winter and summer. The pan discharges at surface to the adjacent
wetland during stom events and extended wet weather periods. Sulface flows through the soil
between the pan and wetland are understood to be in effect but this is not a managed part of the
system. Overall, the current state of the pan meets the requirements of the daviter, and no
additional interventions are required within the estate property area.

Figure55: Preliminary SuDS concepts for Pastbwing a treatment train within the development space, and a possible
wetland treatment system(hatched area) within the pan area

There is some concern about stormwater discharge onto the estate fhemDenel industrial area
(Figure 56). Stormwater crosses AtldQRoad and affects boundary walls and properties along the
western edge of the estate. This stormwater makes its way into the pan though no concerns of any
related water quality or flooding in the pan was raised. Instead it is flooding on the westernfside o
the estate that is a concern.
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Figure56: Anticipated new development and rdevelopment in the Pan 2 catchment area

Figure57: Development plan for Erf 1317 showing delineated wetland gardposed attenuation ponds in wetland buffer
area (Protech, 2016)
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There is also planned development on the eastern portion of the pan, on the linking corridor with the
wetland. Erf 1317 Rigure 56 and Figure 57) is perhaps representative of both the development
pressures on the pans and wetland system but also how highly attrattévarea around Pan 2 has
become for land developer§he proposed development is understood to have passed through the
environmental impact assessment process, but it is noted that the wetland report identifies the
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ecological state, that the site is an ecological corridor between the two. It also notes that the
conservation of this area should be considered as part of the wider catchmentwitbareservation
expressed that the proposed development of the corridor will result in the net loss of both wetland
complexes.

The acceptability of any development in this kind of location goes well beyond the consideration of
only stormwater. Nevertheless, SuDS could playmportant role in not just mitigating the impact of
stormwater runoff from paved areas, but potentially even enhance the hydrological functioning of the
corridor. For example, an infiltration strip between the development and the wetland similar to that
adopted for Pan 1 could be considered along the edge of the ecological buffeet@&iion systems
could be introduced within the stands without compromising on building sp&matainly, the
attenuation ponds should be moved out of the ecological budfiea.A concept of what is envisaged

is presented irFigure58. The performance of such a system should tie in to ecological objectives and
address both runoff yieldguantity) and quality.

Figure58: SuDS concept for Erf13{adapted from Protech, 2016)
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4.4 Recommendations

4.4.1 Stormwater management

The study has confirmed that each component of the system comprising the three pans and the
wetland provide significant flood control and water quality management, but that the combined effect
of the integrated system is much greater. Preservation of the hydrological functioning of the
integrated system should be seen as part of strategic watsources and flood management.

However, in acknowledgement of the important conservation and amenity value of the integrated
system, SuDS can play an important role in mitigating the effects of urban development on the pans
and wetland.The suggested manament targets for each component of the system, and the system
overall is the same; manage water quality into the pans and wetland by upstream SuDS interventions,
but continue to utilise the substantial flood storage capacity of the sysi2atails are proided in
Tablel15below.

Tablel5: Recommendations for the Bonaero pan and wetland system

Component SuDS Interventiong& Management

Integrated system Develop an overarching management plan that integrates and bala
the targets and objectives of each component of the system (see bel

Integrate the wider ecological, amenity and land development targets
adapt the desired functios and performance of the system according
Use the overarching management plan to monitor and adapt the plan
the individual components.

Blaauwpan Introduce sediment trap and constructed wetland in the channel betw
the airport and the pan.

Devdop a management plan for the pan including stormwater quant
quality, amenity and ecological target€larify land ownership an
management responsibilities.

[Alternative approach would be to request ACBAImplement these
measures within the airport property area.]

Pan 1 Existing development:

Continue to support the monitoring and management of the bioswale
pan area. Where possible, pull back stormwater outfalls to disch
behind the bioswale (ithis is not currently happening). Monitoring da
will provide important information for design and management elsewh
in the system.

New development (and site féevelopment):
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Component SuDS Interventiong& Management

Introduce SuDS into the stormwater management plan for all |
development ad site redevelopment. Adopt a precautionary approa
and seek to mimic natural site hydrological responses under all ra
conditions on the development site (unless council officials set altern:
targets). Determine the quantity and quality perfoamce of the proposec
stormwater system.

Update and make available to the City of Ekurhuleni the management
for the pan including stormwater quantity, quality, amenity and ecolog
targets.

Confirm land ownership and pan management responsibilities.

Pan 2 Existing development:

Continue monitoring and management of the system.

New development (and site réevelopment):

As for Pan 1.

Confirm land ownership and pan management responsibilities.

Wetland Prepare a wetland management plan describing stoates, amenity and
ecological targets. Identify risks to the wetland (in addition to the iss<
relating to the pans identified in this studye.g. the impact of quarry an
brick making on the wetland).

Confirm land ownership and wetlamdanagement responsibilities.
Introduce SuDS on all new development in the wetland catchment.

Establish a monitoring and maintenance programme.
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4.4.2 Adapting the urban space

There is consideradpotential to increase amenity value of the large wetland anel three pans.
Blaauwvpan

Interventions within the pan areahould ensure that fisheren and other users of the Reserve can
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amenity value by improving habiwfor birds thereby providing interest to other user groups.

The reserve should ideally be used by a broader grouping of people and in particular more local
residents to ensure this green open space is maximised to its fullest. To encourage use by local
residents, it would be preferable to have additional entrances to the reserve allowing access directly
from the west as a minimum.

Private development of a commercial nature around the pan could contribute to making the pan into
more of a public attractionlnvolving private developers could also address the issue of the cost of

maintaining such a reserve. Full privatisation of the pan and the reserve should however be
discouraged as far as possible unless agreements are put in place to protect the e@ed@linction

of the pan as a public amenity, environmental asset and an important part of the broader stormwater
system.

Pan 1 Middle Pan)

The ecological value of this pan is acknowledged, as is the efforts by adjacent landowners to conserve
it. However it currently hadlimited value for occupants of the adjacent properties beyond visual
benefits.There is concern thdiusinessesnaylose interest in a space that is not considered essential

to production.It will be an interesting test to see whether new developers are willing to support the
conservation initiative without much direct benefit

To ensure the panan contribute indirectly to increased productivity levels through its maximisation
for employees thefollowing is proposed:

X A public walkway around the periphery of the pan itself, accessed via a series of gates from the
respective properties;

X Seating along the walkway at strategic points;

X Abird hide; and

x Qutdoor seating areas within the private sites but along the boundaries interfacing with the pan.

Lastly but perhaps most importantly is a recommendation suggesting that landowners of the
remaining vacant sites, consider more public uses such as hogpéatit residential developments

that can maximise on the benefits and value that the pan can provide in time. TheBfseravpan
Precinct: Detailed Development Framework, 20 April 2018 makes a proposal for an entertainment
venue that uses the pan as a baaigl. This is considered an appropriate use however large areas of
parking should be discouraged on the basis that they detract from the experience of the open spaces
and that they will contribute to a substantial increase in stormwater rurdénagement énoise and
disturbance to the fauna of the pan and adjacent wetland will need to be considered.
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Pan 2 (La Como Lifestyle Estate)

Recommendations for Pan 2 are largely related to the issue of access and management and serve
more as a means to informhow} o pnSZ}E]S] ¢ *Z}po S «SCEN SPUE PE u vs
open spaces such as the La Como water body. In this regard, public access should be considered as
potential condition of approval where the space forms part of a wider green open spaeensysd

recreational realm. In the case of Pan 2, opportunities to create a continuous recreational path
between the development and the larger wetland to the east should be considered.

Wetland

With carefully considered development and improved interfacks;elopment of sites adjacent to
the wetland can contribute to makiriga safer space.

Significant investment in the space itself and the wetlands is however required to attract people to
the space and add value for property developments and future g&cts thereof.

This should be led by the municipality but will likely require partnerships with the private sector. The
private sectoiis likely to come on board as an upgraded amenity on their doorstapncrease their
own property valuess is evident at Pan 2 and the La Como Estate

Specific design related recommendations from an urban planning and design perspectias are
follows:

Development interfaces along the edge of thetlaed need to ensure they can provide passive
surveillance. New buildings must therefore face the wetlands and incorporate features (windows,
balconies etc.) overlooking the wetlands. Buildings should also be located close to the boundary.

Where sites arédocated adjacent to access gateways into the wetland area, it is optimal to have more
public uses (retail, hospitality, community uses), residential or a combination thereof.

In order for the wetlands to have meaning for citizens of Ekurhul@#ens need to be able to see

and experience the wetlands. This means that there is a need for &araldered network of paths
along and where appropriate,across the space for people on foot and on bicycles. Whare
Motorized TransportNMT) pathscross the watercourse, bridges should be carefully designed so as
not impact the natural habitats negativelyhe potentially conflicting objectives between ecological
conservation and public amenity are acknowledged. However, in the urban space it itainploese

open spaces are seen to be of value to the community, and a balance between biodiversity and
amenity needs to be considered up front.

It isnecessaryo ensure that there are no new development fooits within floodhazard areasr
sensitive areas and their ecological buffers. Howgivés recommended that specific areas outside of
these nego zones are designedound an objective of public access. These land uses would include
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parklands with plg and fitness equipment, picnic areas, kaddout spaces etterato attract people

to the site and in so doing activate the area. These would need to be carefully managed to ensure that
the wetlands are not impacted by the types of activities that ocanetand can play a role in the
shaping of a more sdlient city in the context of Climateh@nge

The unusual size and extent of the wetlands and pan system of this nature in a city environment
emphasises thepportunity forplanning, desigimgandmanaging a diversity of open space land uses
within an integrated spaceThis area could be an importaamchor pointwithin a citywide strategy to
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role.

4.4.3 Ecological opportunities

This site has been flagged as a priority conservation area, acting as asientena much larger high
priority water resource network. Important attributes that have been flagged include the presence of
primary vegetation and habitat for plant and mammal species of conservation concern. It would
therefore be ideal if habitat ithe case study area could be rehabilitated and managed as part of a
broader open space network.

It is also important to recognise that this site essentially provides an important role to the broader
ecological network, and water quality enhancement ararsiwater management functions provided

by this area can serve to protect and improve the condition of downstream areas, which are key
priority wetland areas. Any actions that can serve to address pollutant impacts and mitigate
hydrological changes shoultierefore be viewed positively from a water resource management
perspective.

Given the context and realities of the site, it is recommended that ecological considerations be
prioritised within the design of functional enhancement opportunities, the need dmenity
opportunitiesand stormwater management constraints linked to urban encroachment. This could be
achieved by focussing strongly on wetland rehabilitation efforts in strategic locations to enhance
water quality functions whilst also maintaining @ppriate controls to recreational activities and
further urban encroachment.

Blaauwpan

The Blauwpan and its upstream wetland receive a large portion of the stormwater emanating from
the OR Tambo International Airport. At present stormwater attenuation is the primary ecological
function of the pan mostly due to the large opportunity that it has tofpen this service, with
recreational activities also being a large attraction of the featiremcasehas been mad& introduce
treatment systems (sediment trap and constructed wetlaimd)he inlet channel from the airport to
improve the water qualityin the paninstead ofcreating sections of seasonal/permanent wetland
habitat along the edges and open are#she pan Ecologically this would serve to create a greater
opportunity for the assimilation of nutrients/pollutants from the surrounding landscamd may
create additional habitat for fauna such as frogs, birds and other spdmiésnore importantly it will
help stabilise the water quality in the paNeverthelessBlaauwpanwill still need to retain its flood
control function, thereforethe restuting fluctuation of water levels needs to be accommodated.
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Pan 1(Middle Pan)

In Pan 1, the wetland is largely intact with a small piece of seasonal open water in the central portion
of the wetland where a small pond was excavated previously. Pan 1 leassbéject to an existing
bioswale stormwater management intervention along its temporary zone boundary, which diverts a
large portion of the stormwater flows away from the pan towards the valley bottom wetland.
Researclinto the degree to which the bioswale may be interrupting natural groundwater movement
through the areaandthe relative protectioragainststormwater pulse®f surface watethat it would
otherwise receivemay offer interesting insight into how best pdan around and manage the pans in

this systemOtherwise thecurrent andongoing management of the pamcludingalien plant clearing,
defoliation of the wetland by burning or cutting every 2 to 3 years, and monitoring of the water quality
inputs into thesystem would be the only recommendation.

Pan 2(La Como Lifestyle Estate)

In Pan 2, the system is already managed as a stormwater feature with recreational and amenity value
created for the local residents through the open water area. There is a ti@malizone located along

the edge of the pan, whera mix ofseasonahnd permanent wetland vegetation is already thriving.
Management of this zone through regular defoliation, and ensuring the connectivity of the pan to the
main valley bottom wetland hyadtogically, as well as for the movement of fauna, would be seen as
the main ecological objectives for this pan.

Wetland

A strong ecological focus should be maintained in the valley bottom wetland to maintain and enhance
the biodiversity values of the broad open space network. The extent and position of the wetland
make it the central cog in this high priority wetland complex. As suether developmentaround

the wetlandwill need very careful consideration and planninghilst efforts to maintain andhance

the ecologicalfunctional values and wetland habitat should be promoted through wetland
rehabilitation efforts it is acknowledged that access by the local community is important in ensuring
the longterm sustainability of the wetland and systemawhole The size and nature of the wetland

as an urchannelledvalley bottom system lends itself particularly towards having extensive water
guality enhancement potential, flood attenuation properties, as well as key habitat as a biodiversity
feature within an impacted landscape.

General

A specialist multidisciplinary team including wetland ecologists, urban designers and environmental
engineers should work with the municipality and the community to establish the best balance of
amenity,biodiversity and water resource (including stormwater) functions for the area.

4.4.4 Community opportunities

Legal obligations andelf-interestscan help to initiate and maintain auccessfuprivate partnership

for stormwater maintenance As reported above isection 4.2this study area is a good example of

a succssful cooperation between private partners in the maintenance of the pan and its upstream
areas, including the monitoring of its effects, through the formation of a Section 21 company for the
middlepan Pan 1). The southern paign 2) showed that an estate bordering a water body can out
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of selfinteresttake responsibility in maintaining such a pan. This is also because upstream influences
are limited in comparison to streams with a larger or monedse upstream area. The maintenance

of public land remains a challenge for the municipality, therefore if companies would have interest in
better maintained land at their doorstep, a lease agreement could be considered to be further
explored.

4.4.5 Maintenance® Management

The maintenance of SuUDS systems, especially in the context of their environment and the desired
performance targets, is aritical part of ensuring the sustainability of their sustainabilithe
recommendations in Section 3.7aée generic ad will apply hereHowever, the ecological value and

the amenity opportunities are important aspects to the implementation of SuDS in this study area and
should therefore be part of the monitoring, maintenance and management of the system. Guidelines
for the management of wetland systems are outlined below. Tteesdollowed by requirements for
monitoring the progress in developing the amenity function of the Bonaero pan and wetland systems.

Monitoring and Evaluatiorfor wetland systems

In this study si#, the success of the SuDS interventions will be reflected in the enhancement, or
impacts, on the receiving pan and wetland systems. Monitoring of these systems is therefore a
recommended part of the lorterm maintenance and management of the SuDS intetioas.

Firstly, a maintenance and management plan for the integrated system of pans and wetland should
be established. This outside the scope of this study, but it is a kEggsumption in developing the
rationale for the SuDS strategy for the systénis expected that the wetland management plan will
adopt an adaptive management approach that will include regular assessments (both rapid and
comprehensive) of the integrated wetland system. These assessments will monitor such aspects as
vegetation esthlishment and spread of aliens, but they should also be expanded to include the
monitoring of such aspects as:

Changes in sediment loading and deposition rates (e.g. in the;pans)
Water quality sampling into the system, including some sampling duringuabafter storm
events

X Water quality sampling at outflows from the pans and from the wetland at Brentwood Park
Road

X Monitoring of food events, including minor floods when one or more of the pans spill directly
into the wetland systenfparticularly Pan 1 and Pan; 2)

X Monitoring of health of aquatic fauna (e.g. fislealth in Blaauwpan and Pan 2). This may
include reports from fishermen (Blaauwpan) and residents at La Como (Pan 2)

x Other measures will be introduced as the monitoring pesgme develops

This monitoring may indicate problems with SuDS interventions within the system, but will also
identify were additional interventions may be required. They will also assist in revising the
maintenance frequency of SuDS facilities.
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Maintenance and management of SuDS interventicansd community participation

In addition to the recommendations in Section 3.7.6, where a network of SuDS interventions is
established to address a catchment strategy (in this case improving the water gualis/pans and
preserving the flood capacity of theetland system), the maintenance and management of the
network is supported by monitoring at a catchment scale. At an advanced level, this may include:

A network of rain gauges across the catchmentdrdimg 5 minute intervals)
Flow meters at locations within the drainage network (real time recording)
A calibrated catchment model to analyse the data of the recorded events. This would be
ideally held and operated by the municipajity

X Remote water qualy sampling at key locations in the drainage network, typically at a number
of the SuDS facilities.

At a practical level, this approach may be supplemented by spatial monitoring of storm events by
members of the community (business and residential) actbsscatchment areaPast experience

with the Bonaero communities suggests the residents have a strong interest in their environment (see
Box 3). This is also a means @ficouraging the community involvement in these facilities and the
wetland systems that iglentified in Sectior4.4.2 as a key part of improving the amenity value of
these systems. All of the advanced levels of monitoring listed above can be achieveskterarthat

will assist analysis and understanding of the system. Certalirdycontinuous monitoring will not be
achieved, but sufficient seleatl observations can still make a difference. This level of monitoring may
also be offered by landowners whettee SuDS facilities are installed if they see this as contributing to
the benefit of the community.

Box3: Monitoring of flood events by residents of Bonaero Park and Atlasville, 2010

In January 2010 the study area was hit by twodl@vents within a week of each other, resulti
in severe flooding in Atlasville, just south of the Bonaero Pans and Wetland system. Initial &
of the event using rainfall data from OR Tambo Airport weather station could not replicate the
that occurred.

After contacting residents associations in the catchment a number of residents came forwar
rainfall information from across the catchment, and observations of flood levels (with time g
information) and conditions in the flooded stmea The information showed a marked variati
rainfall depth and timing across the catchment that explained whyflied event could not be
replicated. Furthermore, information on flood levels and conditions in the stream at the
helped refine theanalysis of the event, resulting in improved design of the final flood relief sch

The residents proved to be enthusiastic monitors of their environment, and shared the inform
freely. They were also very curious to see and understand the resuhe ahalysis.
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5 WEST RAND, KAGISO

5.1 Sudy areadescription

Kagiso is part of Mogale City Municipality and is located approximately 6km south of Mogale City
centre. It lies on the eastern boundary of the West Rand District Municiplaliigs in the upper parts

of the Wonderfonteinspruit catchment in quaternary catchment C2Bigure2). The location of the
SuDS study site is shownFigure59.

Figure59: Location of the Kagiso SuDS study area (yellow).

As mentionedin the Introduction, the study area within Kagiso allowed analysis-aaitdhment
township conditions, the creation of possibly important community space around a SuDS site, and
wider catchment benefits. The area is for township conditions quite well developed and maintained,
with no informal settlementsKagisais in the upper areas of the Wonderfonteinspruit catchment
which is highly impacted by mining and industrial development, as well as urban residential
development (both formal and informalwhich is relevant for Gautendrurther reasons forhe
selection of thestudy areaare described inSectionl.2 and Deliverable 2: Selection of Study Sites

The field notes for the study site are presentedhimexure4.

Within the study areathe study focused on a site thfailows a tributary of theNonderfonteinspruit

along the R41 Randfontein Rodgigure60). Land use varies from east to west, with the higher
intensity use of land in the easFifure 61). It includes a waste recycling centre, an informal
landscaping and paving business, and the more intensively farmed gardens are in the eastern sections.
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Moving west arable agoulture is less active and the land is more used for extensive grazing. The entire
length of thewetlandsite is just short of 2.7km.

Figure60: SuDS study site showing current laoover.

Figure61: SuDStudy site showing current landseand catchment area (brown dashed line)
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Figure62: Kagiso townshig(1)

Figure63: Kagiso township (2)
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5.1.1 Stormwatercontext

The site is divided into three treatment zones as showFignie 64. The subcatchments contributing
to each zone is presented Figure68. Thetotal catchment area is 447 ha and the total area in the
treatment zones is 47.6 haéblel6).

Figure 64: Kagiso SuDS treatment zones
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Figure65: Kagiso SuDS Zone 1

Figure66: Kagiso SuDS Zone 2
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Figure67: Kagiso SuDS Zone 3

The indicative hydraulic loading ratios are also givehiaible16. The loading ratio for Zone 1 is least
favourable at 23:1 (catchment area:treatment area). Zone 3rsffetter potential at 3.3:1, but this
excludes the ruron from upstream treatment zones, so the effective loading ratio will be higher than
this. Overall the loading ratio for the system is just under 10:1 which is considered a reasonable loading
ratio.

Figure68: Kagiso Study site subatchment layout.
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Tablel6: Kagiso sukcatchment areas.

Catchment Area (ha)\ SuDS Zone Area (ha)

1 122.70
2 57.84
3 64.12 Zone 1 12.16
4 34.06
278.72| Loading (1:X) 23
5 42.77
6 22.53 Zone 2 10.03
7 20.65
85.96| Loading (1:X) 8.6
8 15.53
9 7.97
10 9.30 Zone 3 25.37
11 34.19
12 15.75
82.74| Loading (1:X) 3.3
Total | 44741 | 4756
Loading (1:X) 9.4

No water quality data is available for the stream in the study site, but observations oarsite
discussions witmunicipal officials highlight the following:

x High gross pollutant loads (litter),
X High sediment loading from stormwater outfalls into theesit
X Reports, and some evidence, of higltolilevels at times.

The Wonderfonteinspruit(Figure69) is the receiving system and it has a host of problems largely
linkedto the history of mining in the catchment. These problems have been simplified into two criteria
that have influence on the study; (1) flood flows are restricted by downstream flow capacity limits and
therefore attenuation of storm flows is important, ar@) tributary flows assist in diluting the stream
flows in the Wonderfonteinspruit that are contaminated by mine watlscharges, and hence
improving water quality from the Kagiso catchment will help mitigate the pollution conditions in the
receiving systm.
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Figure 69: Wonderfonteinspruit showing flows bypassing the Cooke Attenuation Dam, and the flow diversion offtake
structure with limited flood capacity further downstream.

5.1.2 Planning context

Kagiso is a wedistablished residential township outside Randfontein and while it is supported by a

number of schools, key institutions and retail nodes, it lacks a legible public realm and public areas to

which the community are attracted and in whictcéd residents can gather, socialise, recreate, find

relief and interact with natureKagiso was developed by the government to hdas®urworking on
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largdy by the need to be efficient. The potential to integrate the public space network with a system

of green open spaces for water collection, attenuation and cleaning and recreation was never
considered. Stormwater is accommodated in a piped system undemngrand more recently, in the

later township extensions, by a set of narrow stormwater corridors linking down to the site. Backyards

and high boundary walls frame these corridogsulting in them beingnsafe.

The site itself igurrently not identified as a valued part of the public space network or green open
space network. It is left over space and appears to be regarded as having a utility role, receiving
stormwater flows and accommodating other large water and sewer pipelines. Howbessite has
ironically become a spatial integrating element thanks to the bridges which connect over the shallow
valley and watercourse. These bridges link neighbourhoods and allow residents to access key facilities
and retail opportunities and schools on either sa@fehe watercourse. The main Kagiso hub is within
walking distance of the site and accommodates not only a large mall and two schools but some very
large public buildings including SAPS, Magistrates Court and the Gauteng Provincial Archives Centre.

The bidges are the site of intense pedestrian movement. Where they connect with the R41, they
function as public transport hubs around which there is informal business activity. There is also
evidence of home based industry and businesses in the propertidgngaon to the R41 and the
Randfontein Rd. There are definitely opportunities for the municipality to formalise transport stops
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and build trading hubs along the R41 close to the bridge intersections where pedestrian activity is
most intense.

Formal econona activity on and in the site is currently limited to a waste recycling diépage While

this is a potentially, complimentary land use, the site is currently not managed in a way that supports
ecological functioning of the green systems surrounding theility. Dumping / sorting and
unmanaged vehicular movement has led to pollution of the watercourse and local habitats. Other
edges of the site are unfortunately also dirty with evidence of dumping.

There is almost no space provided for recreation in@achment Area with the exception of school
fields that are mostly secured and unavailable for use by the general public. There is sufficient
evidence to demonstrate that there is a need for fields where team sports can be played. Informal
kick about spaes have been formed in open flat areas. There are two kick about spaces within 100m
of the site but these are basic earth pitches with no formal edging or supporting infrastructure.

The site has been used over the last decades for farming and more sgctfie growing of crops
such as maize. The areas under cultivation seemed to have changed in extent and location over time
but the crops contained within fenced off areas, have become standard feature of the landscape.

Properties adjacent to the site@generally accessed from the reverse side withirthackboundaries
defined and secured by means of high boundary wiaksng the site These walls restrict views
towards and direct access to the site. The other characteristic of Kagiso which is qu¢ tmithe

area is the phenomenon of backyarding. Properties to which people have title present opportunities
to increase household incomntarough leasing of accommodation. Additional rooms are built in the
backyards of formal housdser this purpose Yard are often hardened to maximise on the space.
Rainwater is often channelled into the stormwater network to ensure the yards are not flooded.
Backyardingherefore puts enormous strain on the services, and in particular the stormwater system.

Residential dnsities are approximately 200 du/ha but with backyarders the density can double if
not triple to 90 to 120 du/ha. Officials have suggested that the average number of people per site of
between 250m2 and 300m?2 is approximately 12.

5.1.3 Ecological context

Thissite falls within the Upper Vaal catchment and is currently being highly threatened by water
guality impacts associated with the acid mine drainage decant into the Wonderfonteinspruit, from the
western basin in Gauteng. Of particular concern are watelityuasues where salts, system variables,
toxins and nutrients are all at or have transgressed borderline levels and pose a high risk to
downstream users.

Desktop information on the condition of the upper Wonderfonteinspruit catchment in which the case
study site is located indicates that the river is Critically Modified (E PES Class) and that the site is of
moderate ecological importance and sensitivity from a water resource management perspective. This
is linked primarily with urban langse and contamiation from mines in the upstream catchment. The
Desired Ecological Category is indicated as a C, suggesting that the management objective for the
catchment should be to improve the current status of water resources in the catchment. This implies
that proactive interventions are required in this catchment to meet water resource management
objectives.
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This is supported by a recent study that established Resource Quality Objectives for the Upper Vaal
catchment. The report specifically highlights the needHmh impacts to water resources in this
region to be managed so that the ecosystem can provide ecosystem services. Broad objectives have
been set such that water quality in this catchment must not deteriorate below a D ecological category
and the consumpbn of fish harvested from rivers in the area must not pose a threat to human health.

According to the available NFEPA wetlands coverage, wetlands in the case study area have not been
flagged as priorities for wetland conservation. This is likely todveally attributed to the level of
transformation along the river corridor as a result of agricultural activities which are evident in much

of the buffer zone and encroach into the wetland in places.

The Kagiso wetland system is broadly described as i@neliad valleybottom wetland. The upper
reaches of the wetland are characterised by unchannelled sections however where large reedbeds
dominate whilst flows become more concentrated as one moves down the drainage line. This change
in characteristics imrgely attributed to drainage associated with road crossings and increased runoff
from the catchments that promotes channel development.

From a terrestrial perspective it is important to note that the historical dominant vegetation type
present would havebeen the Soweto Highveld Grassland, which falls under the Mesic Highveld
Grassland Group 3 bioregion (Nel ef2011; Mucina and Rutherfor@006). The vegetation type has
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indicates that there is very little of the original extent of the ecosystem type left in a natural or near
natural state. Most of the ecosystem type has been moderately or severely modified from its natural
condition and it is likelyhat most of the natural structure, functioning and species associated with
the ecosystem may have been lost (Nel et2011). Endangered ecosystems are close to becoming
critically endangered. Any further loss of natural habitat or deterioration ofditmm should be
avoided and the remaining healthy ecosystems should be the focus of conservation action (Nel et al.
2011).

The site has been flagged as being of very high sensitivity in the Gauteng Conservation Plan (Critical
Biodiversity Area). Whildurther specialist studies would need to be undertaken to build a more
comprehensive understanding of the site, it is clear that the river corridor targeted for SuDS
interventions has been identified as a critical biodiversity area and has been earmaskad a
conservation area. It is also important to note that this is an extension of a much larger open space
network which runs along the Wonderfonteinspruit River which includes large areas of intact
grasslands and connections to large and important wettathobwnstream.

Whilst aspects of the ecological character of the case study site have been changed, it is important to
note that the there is a general transition from high levels of disturbance (Lower PES) to the
hydrological, geomorphic and vegetative gomments of the system, to limited disturbance (higher
PES) as one moves from the upper reaches of the site towards the confluence with the
Wonderfonteinspruit River. Direct disturbance to these three components of wetland
condition/integrity is measurabland is largely linked with agricultural activities, whilst dumping, and
urban encroachment have served to further undermine the ecological integrity in large parts of the
site. Levels of disturbance are lower on the southern bank however, since no teveddpment has

been undertaken between the wetlands and the R41.
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In terms of ecological connectivity, road linkages, disturbance, light and noise pollution have reduced
the value of the site as a corridor for species movement. The upper reaches ofdhmsire also not

well connected to other priority conservation areas, with a transition to a high use open space zone
along the R41 which is bordered by dense residential areas. As such, the lower reaches of the drainage
line are regarded as providing qugoting habitat to biota using the broader open space network. The
upper reaches of the site become progressively less suitable for sensitive species.

Based on the underlying conservation values of the site, the narrow drainage line has been classified
as Environmental Management Zone 2 in the Gauteng EMF. According to the EMF guidelines, this
zone is sensitive to development activities and only conservation should be allowed in this zone.
Related tourism and recreation activities must be accommodatediéas surrounding this zone.

5.2 Consultation Outcomes

During the large workshop on 5 February 2019, a parallel session was set up for the Kagiso area, with
good introductions by the Mogale City officials on the particular challenges of Kagiso, but limited
outcomes for this report. The dedicated workshop oA@il had a good representation of the City of
Mogale with a councillor from Kagiso, and several representatives from the environmental
management and planning department. The Roads and Stormwater department unfortunately had to
apologize. The West RandsBict Municipality was represented with its section of disaster
management, who confirmed that flooding in Kagiso was not a concern. Also, the owner of the Itsose
Recycling Centre, which is located at the upstream end of the wetland, was present, as avell
representativeof the schools for which rainwater harvesting could be considered.

Outcomes of this consultation that are learning points for this analysis are:

X SuDS might not be the first priority for the community, but the need for pleasant opencspa
is at municipal level recognizedWhile the farmers in the wetland where not directly
represented, participants doubted that the current agriculture in the wetland site would be in
need of stormwater harvesting for irrigation. The need for additionakpaea would still
need to be confirmed, but the City of Mogale officials thought that greening of streets could
be appreciated. The school representative was open to rainwater harvesting at the school and
in the neighbourhood, but emphasized before sumebasures were taken, first a decent time
of awareness raising would need to take place, before the need by locals and schools could
be confirmed.

X The lack of follow up on illegal environmental damage reported is a risk for introduction of
SuDSThe Itsosaecycling centre owner expressed his concern about the lack of follow up on
clearly illegal dumping damaging the stormwater system and creating flood damage and
pollution. His experience was being sent fromapilb post. The different local and provintia
organisations recognized the problem as a risk, without having yet a solution to propose.

x Safety is an important aspecihe discussion during the workshop came back a few times to
safety issues. For example, if a pond is introduced, the risk of drgvafichildren could be
there. Park areas needed to be fenced securely, and lack of safety had been to the detriment
of the parks that were supported by a provincial initiative. Also, the introduction of rainwater
harvesting for use for nepotable demandsgcould introduce the risk of use for potable
demands, in particular because the area regularly had water cuts. The Chief Mogale
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community centre clearly was also prone to vandalism, in particular at the sanitation areas,
where taps were stolen. This is n&r a warning for the way in which further designs should
take place, and safety in this respect should also be taken care of.

5.3 SuDSnterventions Assessed

53.1 dz e oJv ~ v E]} ~M} Vv}SZ]VvP _e

TheBaseline Scenari@presents a simulation of theresent day conditions as a reference for
comparison of the performance of other interventiofdgure70 presents the model schematic for
this condition. It acknowledgs there are already two wetland systems on the.sliee wetlands are
analysed fairly sympathetically evétoughthey are somewhat degraded through erosiorhe
performance results ifablel7 are considered fairly optimistic.

Figure70: MUSIC model schematic representing the present day Baseline Scenario
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Performance
~}

v}SZ]
scenario

% Load Reduction 8.99
TSS % Load Reduction 57.5
TN % Load Reduction 25
TP % Load Reduction 47.3
GP % Load Reduction 94.3
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This scenario seeks to test the potential for establishing detention facilities in open areas within the
catchment area. They typically consider the establishment of shallow detention basins (maximum
depth 0.5m) that will drain within a few hours (notioraggtention time is around 6h). The concept is
depicted inFigure71. The concept would be applied to the likes of school playing fields and municipal
open space wheranformal playing areas have been establishEge overall system performance (i.e.

at the outfall into the Wonderfonteinspruit) is shownTiable18.

Figure71W }v %o S -qgtBment detention at Kagiso
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% Load Reduction 8.99 12.2
TSS % LoaReduction 57.5 71.3
TN % Load Reduction 25 355
TP % Load Reduction 47.3 59.1
GP % Load Reduction 94.3 94.1
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The Incatchmentinterventions havebeen modelled for catchment 1, 2,3,5,6 and haveotentially
important impact on thepollution yield of the overall catchment. Performance at an individuat sub
catchment level is summarised Trable19. Subcatchments 3 and 5 show the expected higheelsv
of treatment performance.

Table19: Performance at individual catchmentsr in-catchment interventions

Location Catchment Catchment Catchment Catchment Catchment
1 2 3 5 6

% Load Reduction 1.79 1.03 9.42 6.82 3.99

TSS %oad Reduction 20.5 10.8 75.9 66.5 20.7

TN % Load Reduction 9.67 5.18 38.6 32.2 11.9

TP % Load Reduction 15.3 8.03 57.3 49.7 16.1

GP % Load Reduction 23.5 11.3 85.9 71.2 21.3

5.3.3 IntegratedSuDS Treatment Train in the Study Site

The SuD8eatment train was built up zone by zongigure68) using a combination of measures in a
manner similar to the system shownhigure73for Zone 1. Sediment management is at the head of
each treatment train and is usually first receiver of stormwater flows from the catchment. Thereafter
the sequence is dependent on the charactedstand objectives of each zone. The schematic of the
full system is fairly complex and is giverrigure74.
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Figure73: Concept for the treament Train in Zone 1

Figure74: Schematic of entire treatment train for SuDS interventions in the study site.

Table20: Performance results for the full SuDS Treatment Train in the study site

Aspect N} viSZ] Full SuDS T]
% Load Reduction 8.99 41.7
TSS % Load Reduction 57.5 97.5
TN % Load Reduction 25 71.3
TP % Load Reduction 47.3 89.3
GP % Load Reduction 94.3 100

The results of the overall performance of the integrated SuDS treatment train on discharges into the
Wonderfonteinspruit are shown iable20. Apart from the flow redugon of only 42%, all the other
treatment measures indicate a high level of performance. However, in a complex system such as this,
the results warrant more detailed scrutiny to assess where the system may be streamlined with
minimal loss of performance.
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The performance of the system that combines alchdtchment and orsite SuDS measures is
presented inTable 21 with the results from the previous simulations for comparison. The fully
integrated system provides only marginal improvement on the full SuDS treatment train on the study
site. This suggests there may be a more cost effective combination of the measusesillTtequire
further detailed analysis of the results.

However, an important outcome is that there is sufficient spaceachieve a high treatment
performance and substantially improve the quality of the water entering the Wonderfonteinspruit.
Space ioften a limiting factor in retrefitting SuDS. Instead, here the aspects of cost and the
acceptability of the scheme proposals to the community may have the greater influence.
Nevertheless, these results should leave some optimism that wider applicatiS8a@$ within the
catchment of the Wonderfonteinspruit may enable some important improvements to the water
quality in the river system.

The benefits of these schemes in flood management are discussed further below.

Table21: Summary of performance results including the fully integrated solution.

"Do nothing" "In-catchment" Full SuDS T1 Full SuDS TT +

DB "In-catchment”

DB
% Load Reduction 8.99 12.2 41.7 45.3
TSS % Load Reductic 57.5 71.3 97.5 97.7
TN % Load Reduction 25 35.5 71.3 73.9
TP % Load Reduction 47.3 59.1 89.3 90.1
GP % Load Reductior 94.3 94.1 100 100

5.4 Summary oPerformance Measures

5.4.1 Waterreuse

Facilities for harvesting stormwater have been included in the proposed treatmentasasihown in
Figure75. Preliminary results show the harvesting potential is tgethan initially tested, but further
analysis has not yet taken place.

O
O

Figure75: Location of the stormwater harvesting ponds
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An irrigation demand of 5mm/day was assumgdgating an area just under 5006nT his leads to a
combined daily drawdown of 24.4 kl/day. A combined site storage @000 (4300 and 5900+
respectivelyhas been usedThis was intended as a preliminary scenario for analysis and that further
trials would follow. Unfortunatelythis was not taken further in the study.

However, the results of the first scenario showed that demand was met in excess of 75% of the time,
but that over 95% of the stormflows passed directly through the ponds. Hencesttrewater
resource was substantially undatilised in this trial Assuming that only 30% of the storm flows that
pass through the ponds are harvested, this is equivalent tdddy harvested (ignoring the effects of
seasonal variations). This would priirrigation water for up to 20ha/day. The science of irrigation
has advanced substantially and the size of the irrigated area that could be served by a stormwater
harvesting programme could be 16ld greater than testd in this initial trial. Irrigationmprovesthe
production levels of food gardens and creates opportunities for more water sensitive crops to be
considered.This may help transform agriculture in the site from a subsistence level to possible
commercial potential.

5.4.2 More natural flows and wat quality improvement

Table21 summarises the load (flow) reduction and water quality improvements arising from the SuDS
interventions. The flow reduction of up to 4586the developed catchment yield will still not mimic

the original natural catchment yield (likely to be less than 10% of mean annual rainfall), but it will
assist in improving the flow duration characteristics of the stream; reducing flash floods amdliext

the time that the stream flows to represent a more natural flow patteBtormwater as a water
resource will substantially improve both the ecological health of the river system and the
AN EA 3 Jo]SC_}(8Z & }JuE X

5.4.3 Flood reduction

The capacityof the system to mitigate flood events is demonstrated by routing design flood
hydrographsof 2,5,10 year return periodshrough the two detention basins in the SuDS treatment
train (Figure76). The flood hydrograph for the upper catchment is routed through Detention Basin 1
(DB1), and then it is added to the flood hydrographs from the intermediate catchment. The results are
demonstrated in the graphs of the 2 year, Bay and 100 year design flood events. The flood
hydrographs were prepared using the SCS method (Schmidt and Schulze, 1987).

A O

Figure76: Location of the detention ponds
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Details of the detention basins are summarisedrable22. An attempt has been made to identify
achievable storage on the sites without excessive excavation, but ths ased on limited
information on terrain levels. Review of the storage volumes suggests they may be somewhat
optimistic, but they are within the scale of the site.

Cuidelines for the planning of attenuation facilities propose tlsdrage requirementai the City of
Johannesburare of the order o350n¥/ha of developmentTable22 shows this is achieved for the
catchment as a whole, but this is not allocated equadiineen the two basins, with the upper basin
(Detention Basin 1) carrying the heavier flood load. This is demonstrated in the flood attenuation
hydrographs irFigure77to Figure79.

Figure77to Figure79show the routed hydrographs through the two detention basins is substantially
reduced; the 2 year peak is almost 10% of the peak inflow, the 5 year event is reduced by
approximately two thirdsand the 100 year event by approximately 30%

Table22: Detention Basin data applied in the flood analysis

Detention Basin 1

Detention Basin volume (th 53000
Average surface area ¢in 18000
Catchment area (kf) 2.79
Catchment area (ha) 279
Unit storage (rha) 190
Detention Basin 2 \
Detention Basin volume (th 73000
Average surface area fin 24300
Intermediate catchment area (kin 0.86
Intermediate catchment area (ha) 86
Unit storage (rha) 850
Integrated detention storage

DB1 & DB2 (fy 126000
Total Catchment area (Kin 3.65
Catchment area (ha) 365
Unit storage (rYha) 345
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Figure77: Detention basin performance for the 2 year design event

Figure78: Detention basin performance for th#0year design event
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Figure79: Detention basin performance for th#0Oyear design event

5.5 Recommendations

5.5.1 Stormwater management

In stormwater terms, the SuDS interttions tested for the study site is equivalent to a regional facility.
This is where a larger catchment area is treateabgfacility. The equivalent regionécility would

be a number of developments contribute to a larger attenuation dam locatesitdf This study has
shown that a regionally located treatment train can perform to a standard similar to what would be
expected for SUDS treatment trains established on an individual sitecddtdbenefit analysisnay
challenge thébenefit of this approah, but the study outcomes give helpful insight to the potential for
retrofitting SuDS which will be a particular challenge in Gauteng with the already extensive
development across the province and the already severely damaged river systems.
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of the system at this location, their contribution to the study outcomes is still important. The
cost:benefit analysimay show opportunity to achieve between local and regidacilities as part of
a retrofit programme. This implied some of the regional SuDS measures may be scaled back to create
more space to meet amenity and ecological objectives.

Concerns about the suitability (and safetyptithese measures in the commity space still needs to

be addressed. For this reason, there may be a preference for the regional interventions rather than
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facility as a municipal respaibility and not as part of the community environment. This would be
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seen as a concern as the longevity of such interventions is normally reliant in substantial level of
community interest and even ownership.

For this reasoffurther research orthe potential for stormwater harvesting is a gap in the analysis of
this case study, particularly if this is perceived to be a direct benefit of the scheme. It may change the
way in which this part of Kagiso is used within the community environment and, as hasltessty a

been indicated, community involvement farther decision making on development thie study site

is seen as a critical success factor for a project of this nature. There is certainly more that can be
explored through the data that has been genetinus far, but timehas limited this part of the
investigation.

The value of this case study is not that it will make a difference to conditions in the
Wonderfonteinspruit, but that it offers a framework for planning similar interventions across the
Wondefonteinspruit catchmentand others in the regiamA critical mass of SuDS is needed to make
a difference at catchment scalparticularly if water security and climate mitigation are the objectives.

5.5.2 Adapting the urban space

Climate change will affect Kiag and other former black townships in profound ways as individuals in
these areas do not have the financial robustness to address the effects of Climate Change such as
increasingly higher temperatures, drought and flooding at household level. Low &vatsisehold

income result in a focus on day to day survival including managing the costs of transport, food etc.
and do not necessarily allow for a focus on long term strategies to avert disasters and contribute to
making more robust and resilient cities.

This means that the state will be largely responsible for driving interventions that addiesde

change. This is not to say that the state should ignore the potential of residents to engage long term
issues related talimate change but that the prog in question should acknowledge that investment

in green open spaces for SUDS might not be bought in to as a priority at this present point in time.
Unless of course the proposed investment in SUDS on the site can address basic needs of local
residents snultaneously to addressing stormwater issues. This might involve supporting compatible
income generating activities (farming) / food production, allowing places for relaxation and recreation.
The following suggestions should be read in light of the pritiposthat investment in SUDS on the

site will be unsuccessful unless there is also investment in infrastructure that addresses functional,
social and psychological needs.

The proposed SUDS intervention will not utilise the entire site. The remainingtidimel edges of the

site will still be available for other compatible uses such as agriculture, relaxation, socialisation and
recreation. Howeverto ensure the space is useable foistpurpose, there is a need to make the site
safer which can be achieved through a combination of strategies. The first would be to locate future
educational, sport or social facilities at strategic points (including close to the current recycling depot)
where they can be fed by passing foot traffic, be visible and accessible from the higher order roads in
the area but most importantly, provide eyes over the green open space. The second action would be
to promote and encourage local residents to take downirthvealls and put up visually permeable
fencing with gates and upgrade their backyards to become part of the larger green zone. The local
authority should support small home businesses along the residential properties facing the space. This
would help to ativate the edge and provide improved surveillance over the valley. Where existing
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layouts for new housing close to the site are not yet finalised or approved, the local authority should
consider the impact of the layout on the proposed plans for the site ask for revisions thereto,
where required.

To address the need for social, recreational and relaxation space it is proposed that a structured play
area / parkland is established on the largest most centralised and accessible part of the site. Some
partsof this parkland could be less formal and other parts formalised to include mirakamkt spaces

or a basketball court. Indigenougegetation limited hard surfacing and grassed areas within the
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NMT paths running around the periphery of the entire site, including three new NMT bridges over the
watercourse, would service the current desire lines and provide opportunities for people to run and
cycle safely offfte main roads. This network of paths would improve legibility and safety for users of
the site.

The issue of water safety of park users and pedestrians will need to be carefully considered. It is critical
that edges to water bodies and courses are not ptemd that points where people cross the
watercourse have the necessary balustrades where drop offs occur. Fences should as far as possible
not be used to cordon the watercourse off from the remainder of the site as the watercourse should

be experienced s part of the parkland. Edges of the watercourse can be shaped in places to allow
children to play in the water but water depths should be shallow and warning signs provided.

Further recommendations would be terrace parts of the sitéo accommodate @lying fields which

in turn could play an attenuation role through the wet seasons. The site is intended to accommodate
development in the future but the local authority would do well to insist that future developers
accommodate a centralised pedestriarkliand open areas for attenuation of stormwater.

Rain Water Harvesting (RWH) which requires action at the level of household will be similarly
challenging as it requires upfront investment that is beyond the means of most residents and not
understood to bea priority in relation to the basic day to day needs of households. If the RWH were
to be sold as a strategy to save monthly costs, it may well be received more easily but with water
tariffs structured as they are, it is not likely to be in the interegteauseholds to invest in rain tanks

etc. Further complexity lies in the fact that regulators are still in the process of addressing the
challenge of regulating water harvesting. Until such time that there is a clear and realistic strategy to
ensure waterquality issues at household level can be regulated, RWH on residential properties should
not be proposedinless there is clear use for ngotable applications onlyHowever the state and

large commercial operators in the area, who can be held accountademore easily regulated,
should be targeted to install comprehensive RWH systems. These will also serve to demonstrate over
time the potential advantages of RWH to residents.

5.5.3 Ecological opportunities

This site has been flagged as a priority conseradiea, acting as an extension to a much larger open
space network. Important attributes that have been flagged include the presence of primary
vegetation and habitat for plant and mammal species of conservation concern. It would therefore be
ideal if halitat in the case study area could be rehabilitated and managed as part of a broader open
space network.
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The reality however is that existing conservation values have been significantly undermined in the
upper reaches of the site and there is clearly amfyalemand for agricultural land that has led to
significant transformation of natural habitat along the drainage line. Given this context, it is likely that
a compromise will need to be made between agricultural use and conservation effdatts the
management of use of the wetland and buffer zones forming an integral part of an integrated
approach to this area that will create and achieve sustainable/achievable social and ecological
objectives concurrently.

It is also important to recognise that thisesiessentially provides a supportive role to the broader
ecological network, and water quality enhancement and stormwater management functions provided
by this area can serve to protect and improve the condition of downstream areas which are already
heavilyimpacted and in need of positive enhancement interventions. Any actions that can serve to
address pollutant impacts and mitigate hydrological changes should therefore be viewed positively
from a water resource management perspective.

Given the context andealities of the site, it is recommended that ecological considerations be
balanced with functional enhancement opportunities, the need for agricultural land and stormwater
management constraints linked to urban encroachment. This could be achievedusgifug strongly

on wetland rehabilitation efforts in strategic locations to enhance water quality functions whilst also
maintaining appropriatananagement (see 5.6.8pntrols to agricultural activities and further urban
encroachment.

In Zone 1 the wetlands still maintain critical functional values, particularly in relation to water quality
enhancement values. Erosion in the form of channel incision andtigaatlvancement pose a threat

to the ongoing provision of these services. Phierity in this zone should therefore be to protect and
enhance these functional values. Levels of disturbance in the surrounding buffer are widespread
including dumping, excavatioand infilling solid waste with evidence of limited agricultural aiti®s.
Maintaining a vegetated buffer is regarded as important in this zone, in particular excluding
encroachment of further development which could serve to exacerbate impacts and further
undermine ecological values. Agricultural use could be considerélde periphery of the open space
system but should be excluded from the wetland and buffer zone.

In Zone 2, wetlands have been encroached upon by residential developments, with a number of
houses established within the wetland boundary. Such encroachmas not only affected the
wetland but subjects residents to considerable flooding risks. Road drainage and incision has
dramatically undermined the functioning of wetlands in this zone whilst the integrity of the buffer
zoneshas also been undermined bwggricultural activities which extend right up to the wetland
boundary. Whilst there are opportunities to stabilise the wetlands, opportunities are limited in the
upper reaches of the site due to stormwater risks associated with neighbouring residaetisl a
Opportunities do however exist at the base of this zone above Kagiso Drive where wetlands can be
enhanced to improve water quality functions. Agricultural activities could be allowed to the south of
the channel and could be linked with an approfeiavater harvesting structure to facilitate irrigation.
Such agricultural activities should however not encroach into the wetlands and should ideally be
excluded from a 15m buffer zone.
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A strong ecological focus should be maintained in Zone 3 to maiatalrenhance the biodiversity
values of the broader open space network. As such, agricultural activities should be discouraged
whilst efforts to maintain and enhance functional values and wetland habitat should be promoted
through wetland rehabilitation drts.

5.5.4 Community opportunities

Schools and community to be involved before further decision making is dékeexplained in the
workshop outcomes, the need for public open space, as a park or as a sports field, the need for
irrigation water, as well as theafety aspect are important discussion points with the community
before further possible design of the proposed options.

Already an employment creation maintenance team in the areBhe Chief Mogale community
centre, where the workshop was held, had asjpive community feeling around it, with a large group

of women being employed for maintenance in the Kagiso area from the community centre. The centre
had a small bioswale in front, which could be used to further explain the concept of SuDS in a practical
way.

5.5.5 Maintenance & Management

Maintenance, monitoring and management of SuDS is as important at this site as it is at the others in
thisstudy. The discussions in Sections 3.7.6 and 4.4.5 are relevant here. Perhaps one of the differences
with Kagiso is tht the importance of getting the community interested and active in the losigen
performance of the scheme is almost a critical challenge for this site. As mentioned above, it could be
a critical success factor.

Job creation was mentioned as a possithtazer for encouraging community interest, but a higher
level of stakeholder terest will also be important. Examples afwers for this might include:

X Involve the community in monitoring the health and performance of the scheme, and the
surrounding envonment. The range of monitoring would go well beyond the site itself, in
much the same way as catchment monitoring was promoted for the Bonaero Pan and Wetland
system.

x Develop a catchment management plan for the wider Wonderfonteinspruit. This wouldyideal
be established by the municipality. Initiate planning for similar SuDS schemes in other
communities in the catchment, and the various communities involved may help build the right
momentum.
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6 CONCLUDING REMARKS

The three case studies present three vdifferent environments and applications of SuDS. Each case
study presents a baseline of the potential for the water quality and quantity performance that will
provide a platform for shaping and defining a SuDS scheme. Recommendations at the end of each
case study will assist. The studies also highlight the urban design and biodiversity opportunities that a
community can consider in developing the plans. Hence, each case study represents the first stage in
the development and planning of SuDS interventiana site. It is clear that community participation

is an important part of the process in the subsequent stages.

However, the case studies are intended to introduce provincial government to the potential for SuDS
in Gauteng, and to assist in defining aos necessary at a provincial level to assist the adoption and
implementation of SuDS. The following is an overview of some of the key outcomes.

The outcomes reinforce the understanding that the planning and application of SuDS is context
specific. It isvidely recognised that planning and design of SuDS requires a multidisciplinary team, but
less mentionedsd the fact that it is a creative design process. This is an important difference to
common stormwater practice.

All sites represent retrofit scenario$his is arguably the greater challenge for the implementation of
SuDS in Gauteng where most of the urban river systems are in a very poor state. SuDS needs to be
part of their longterm recovery plan which will be an important step in securing the sanfaaters in

the province as a water resource.

Water resources and water security is a common theme for all three case studies. Overloaded storm
and sewer systems in the CBD lead to severely polluted conditions in the Robinson Canal and the
Klipspruit. Thé8onaero pan and wetland system provides important flood and treatment functions at
the headwaters of the heavily developed Blesbokspruit catchment. The Kagiso case study investigates
how stormwater management in urban areas around the Wonderfonteinspafithtnent could
contribute to the longterm benefit of the highly disturbed system.

Pollution control is a significant function of SuDS. Common practice in South Africa treats stormwater
as a waste product and pollution removal has had relatively low &ttenA key performance measure

in SuDS, and therefore an important consideration in design, is the pollution load reductions. This is
not easily addressed in most of the design methods available in South Africa where hydraulic
performance can be analyséud detail, but pollutant removal is typically left to broad guidelines, few

of which are derived for conditions in Gauteng, or even South Africa. The application of MUSIC in this
study has demonstrated the benefits of a model that addresses pollution @odirectly. This
substantially advances the planning and design of a SuDS treatment train which would otherwise be
dependent on hydraulic performance to define the makeand scale of the system. However, MUSIC
only addresses nitrogen and phosphorus las tommon urban stormwater pollutants. Hence, some

of the main pollutants in Gauteng rivers, such as E.coli and high salt loads (dissolved solids) are missing
from the analysis. Therefore, there is considerable work to be done to develop appropriataquollut
control analysis into stormwater management practice in Gauteng.

Two other aspects of SuDS implementation common to each of the case studies are the importance
of planning SuDS as part of the community space and the ecological function of an urbal igrea
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evident from the case studies that there is considerable thinking around the needs of modern urban

spaces in South Africa. While each of the case studies present very different environments and
opportunities on how people access and use these spatés common to all that planning for SuDS

as an integral part of the urban space requires both forward planning and community support. An

important outcome of the study has been that community adoption of the SuDS interventions is a

critical success &or. As such, the next step in developing the SuDS plans at each of the sites will need
to include community participation.

In contrast, current thinking on ecological functions and biodiversity planning in urban environments
in Gauteng appearless advaced. Perhaps, like setting urban catchment water resource and flood
management targets, there is a lacko¢éaningfuttargets for water management (levels, flows, water
guality) to supporthabitat and biodiversity tayets to support site based design déais. Until such

time as the catchment plans are done, site based decisions will be very general and risk being
subordinate to other hydrological and urban design targets. Perhaps this is most in evidence at the
BonaercAtlasville study area where, despithe strong argument for the conservation of the
biodiversity of the integrated system, there is a sense that it will be left to the preferences of local
landowners to define the future of that site. It is therefore a question whether this is an aspeot whe
provincial government could play a significant role, building on the platform provided by-fianC

and developing catchment based biodiversity targets that can assist in the planning and design of SUDS
at a site scale.
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Model for Urban Stormwater Improvement Conceptualisation (MUSIC) is a software devéipped
research cooperatives, academia and scientists funded by the Australian Government.

The software was born out of a need to analyse and model the behaviour of flow and pollutants in
urbanised areas, as well as understand the changes in hydrology both on the urban catchment and
downstream of catchment and receiving water bodig®JSIC now &s wide application in Australia,

and international adoption and use continues to grow.

MUSIC capabilities and science can be broken down in three parts.

a. Rainfalirunoff modelling. MUSIC has the ability to model volumes of runoff based on:
a. Rainfall and Epotranspiration data
b. Percentage impervious of the catchment
c. Catchment soil characteristics
The modelling can be performed at timesteps from 5 minutes all the way to daily, and even
custom timesteps.

b. Pollution generation science based on extensive research. The key pollutants modelled in
MUSIC are Total Suspended Solids (TSS), Total Nitrogei ¢#@l Phosphorus (TP) and
Gross Pollutants (GP).

c. Performance of pollution treatment nodes/elements (e.g. wetland) for TSS, TP and TN
pollutants.

MUSIC can model a wide range of treatment devices to find the best way to capture and reuse
stormwater ruroff, remove its contaminants, and reduce the frequency of runoff. MUSIC helps to
evaluate these treatment devices until the best combination of cost, hydrology and water quality
improvement is achieved. MUSIC is a purpose built WSUD modelling tool wheoenatonly used
treatment devices (see below) and their specific performance algorithm are represented by dedicated
nodes.

Bioretention systems

These are vegetated stormwater filtration systems that use a soil or-Basédd filtration medium to remove
particulates and soluble contaminants. The system may be lined or unlined and may or may not have :
underdrain. In MUSIC, based on significant extra data and research, bioretention nodes take better ac
of the characteristics of the filter media and tgtion. MUSIC users can now more accurately design or
represent a variety of different bioretention systems.

Infiltration systems

Unvegetated infiltration systems, for removing contaminants, which have no underdrain. MUSIC offer:
greatlyenhanced infiltration modelling capacity to account for horizontal flows from storage and allow f
changes in flow with depth. There is greater flexibility to model systems with lined sides or base.

Media filtration systems
Unvegetatedstormwater filtration systems for removing contaminants, using media such as gravel, sai
other fine granular material. They are assumed always to have an outlet pipe (underdrain).

Gross pollutant traps
These mestiike devices are designed to remofleating and suspended rubbish and debris above 5mm ii
size. Many are proprietary ofhe-shelf items.



Buffer strips

Strips of vegetated land beside a road are effective in the removal of coarse and m&deisuspended
particles; they provide good p+geatment prior to a bioretention system or other vegetated treatment
measures.

Vegetated swales
Open channels that use vegetation to primarily remove suspended solids. Subject to high flows, they t
shallow slopes and the density and height ofe&®tion, to work well.

Ponds and sedimentation basins
Open water bodies act as temporary stores to allow the settling of suspended solids. They can include
ornamental ponds, but usually lack vegetation. Reuse of the water is an option.

Rainwater tanks

These domestic water stores enable roof runoff to be captured and used. Contaminants can either set
the tank or are removed when the water is used on a garden. Tanks can reduce stormwater flows and
to counteract the increase imipervious area that urbanisation brings. They also provide an alternative
water supply.

Wetlands

These are heavily vegetated water bodies; the physical, chemical and biological processes that they f
remove fine suspended sediment and soluble amsoluble contaminants. Wetlands are commonly used
ZV }( %)% [ U *UE U pu3 E vs E « E Z +Z}AMUSEZEn alse InddplEeust
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Detention basin

Assists in stormwater peak flow management.

Generic treatment nodes

MUSIC allows the user to model a treatment device that is not a specific node within the priégineraser

has sufficient data to model it effectively; for example, flow diversifiog; dilutions or contamination by
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quality.
MUSIC is onlgoftwarecurrentlyin the marketthat offers easyto-use WSUD modellingapabilities at
conceptual and planning leveMUSIC is used and approved extensively by the Australian Local and
State Government Authorities, making it an established player in the Australian and International

marketplace.

Below there is a (hconomprehasive) list of purposes for which MUSIC has been used in Australia and
internationally. The use of MUSIC for these purposes has generally been approved by government,
consultants and research organisations.

Different MUSIC uses:

1. Analysis of pollutant gemation
MUSIC allows modellers and developers to create pre and post development scenarios. This
informs authorities of the difference in pollutant generation associated with a change in land
use.

2. Analysis of treatment efficiencies
This allows developersnd authorities to investigate what is the best use of capital in order
to achieve maximum efficiency (maximum pollutant removal) per cost of device. This also
allows targeting a specific pollutant. For exampfe areas where TSS and TN are not a
problem,but TP needs to be controlled, MUSIC informs the modeller of what the best use of
land and capital may be.



3. Ability to size devices such as Gross Pollutant Traps (GPTs) for both maximum flow and
storage requirements. This allows engineers to specify thstrafficient GPT from a space
and cost perspective.

4. Analysis of performance of rainwater tanksizing for supply security and ability to cater for
various demand uses.

5. Ability to calibrate

a. The pollutant generation, to account ftcal/country conditions

b. Pollution removal in treatment nodes, to account for local
climate/construction/plants/materials

c. Pollution removal in treatment nodes, to easily model the performance of devices
which are not represented by native MUSIC nodes.

From the above, it can be confidently that MUSIC has great strengths and no other competing
J(SA E % | P+ /]33 }v 3Z u ElI SX Dhr/ [+ 0 € +3E vP3Zs E W

1. All aspects of MUSIC modelling are based on the best existing science,

2. MUSIC can accept local railtfand Evapdranspiration data, anywhere on Earth,

3. Dh”r/f e}uyE v} « v <]oOC 0} o0oC o] & S (}E& u} oo0]vP }(
pollution generation,

4. MUSIC treatment nodes can be modified so that their performance can be calibrated to local
condtions,

5. MUSIC can do lifeyclecostinganalysis on each device, as well as the treatment train,
allowing authorities to break down installation vs maintenance costs, as well as analyse
sensitivity to discount rates,

6. MUSIC can lock its parameters so that fhuthority can easily ensure all models have the
appropriate parameters (antampering auditor) via MUSIIRIK.

7. MUSIC can easily analyse the performance of water harvesting devices such as rainwater
tanks and ponds

8. Within next oneyear MUSIC will be inggated ineWaterSource, providing a complete
solution to water modelling, from small Urban catchments to entire rvasin sized water
needs.

9. MUSIC is widely accepted in Australia and internationally as the industry standard for
modelling UrbarStormwater.

SinceMUSIGwas first developed in 2001, the software has been used by thousands of professionals
working in private practice and in state, regional and local government agencies throughout Australia.

With rigorous testing by hundreds of usetse feedback we have received abddtSIChas been
used to expand its capabilities and make it more robust and reliable.

More information on the software and its application can be found at
https://ewater.org.au/products/music/musioverview/
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CBDSTUDY SITEIty of Johannesbu)yg

Main features Former Central Business District of the City of Johannesburg. The CBD layout
§ ¢« (E}u §Z o0 &ndidnayedominated by high rise commercial

buildings, a high percentage of hard surfaces, but with potentially important
open space areas that could, over time, be converted to support stormwater
management and heat management interventiqne. cented on the
mutual benefits of SuDSPhe area selged for analysis is home to a number
of large corporates andfficesof the Province and Municipality. This
provides great opportunytto promote the upgrade of the public realm
which can include SUDS intentions.

Services: Traditional piped sewer systems are employed in the CBD. The JRA describes
15 ¢ 8Z ~ep% EJu%e}e Vv SA}EI_AZ E 35Z <3}EUA § @&
the foul sewer network. There are frequent problems with both systems,
resulting in mixig of flows, and resulting in high levels of sewage pollution
in the receiving drains and streams.

This part of the CBD area selected for this study drains to the Robinson Canal
that passes to the west of the study arédooding is a problem in the

system and the JRA is looking at a regional attenuation facility (outside the
study area) to mitigate flood risk in the Booysens area.

The JRA has recently appointed a consultant to develop a stormwater master
plan for the CBD stormwater system, including dtad inspections of the

pipe network. SuDS is not included in the scope of the master plan due to
concerns withpercolation to deeper groundwatefhe JRA has instructed

the consultants to adopt a very conservative approach and look at an
upgrade of the risting network, assuming 100% paved catchments,

designed for the 100 year event.

However, the JRA is interested in the outcomes of this study as a guide to
the potential for SuDS within the CBD area.

Street widths are typically 5 lanes (~15m), inclugiagking lanes, and
sidewalkon either sidepf typically 2m todm wideeach

Future urban planning and implications for the area:

In the Spatial Development Framework for Johannesburg, 2016, and
the Inner City Transformation Roadmg®13),there is commitment to
supporting the densification and intensification of land uses and people
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within the Inner City. To support an increase in density they propose that

efforts are made to increase the liveability of the space by investing in urban
amerities, such as public open space. Another objective is to make a more
connected city, one which provides public transport services and attractive
connecting streets, pedestrian streets and an enhanced road network, to be
achieved through the incorporatioof public spaces around which activities
can intensify. The last relevant objective is a resilient city which talks to the
challenges of climate change. They specifically call for investment in strong
well connected open space systems and the refurbishreébuildings to
include green infrastructure.

In conclusion the spatigolicy supports the greening of the ground plain in
the inner city and the shift towards less vehicles and more PT and NMT on
the road space. This will result in less of a need fokipg and, in time,

should free up portions of the cross section of the roads that currently
accommodate parking along their full length.

The JDA and the COJ have managed sewajaicts aimed at upgrading and
stimulating investment in specific areastire inner city including for
exampleupgradingof Main Street and making it pedestridriendly. This
initiative acknowledges the importance of qualitative pulgiitvironmentto
improve the experience of commuter, employees, shoppers and residents
and to incentivise private investment.

There are a number of other significant projects in process currently
including the Kopanong Gauteng Government Precinct focussed around the
Beyes Naude Square and the Diversity project looking at 6 blocks around
the ABSA Towers Main Building. The latter is however outside of the
catchment which is the focus on this study. The projects include the
demolition of some buildings and the refurbishmegitothers. Proposals
generally include huge investment in public open spaces which are planted
and landscaped to offer increased amenity to new inner city residents and
workers. Proposals also suggest that roof gardens and planted facades will
be incorporaed in building designs to address heat buildin the city.

Key questions: (1) What difference could rooftop SuDS make to stormwater peak discharge
from the CBD aréaWhat percentage cover would be necessary to make a
difference?

(2) What street levéinterventions (e.g. takeip of one lane) could be
employed for SuDS?

(3) Explore the potential for utilisation of existing open space (at ground
level) for SUDS interventions. These include existing parks, parking areas,
landscape areas and building fitage.

(4) How much will the above improve heat management?
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Rooftop SuDS

Base datdfor the general study area) Services:
Street aregexcl. pavements) 32% Amenity: 99
Roof area: 44% Land values: 9
Landscaped: 3% Ecological: 9?
Paving(parking, front of buildings, etc.) 21% Attenuation: 9?
Block area 3600nT to 5600nT (max. 10,0001 Infiltration: X?
Treatment: 9?
Economic: 9
Notes:

Roof area coverage filse largest portion of the coverage of the CBD area, and therefore is likely
be the largest contributor of stormwater runoff. There will be structural and architectural limitat
for converting existing roofs to green roofs with sufficient depthaf t® result in meaningful
contribution to stormwater management. In addition, there is competition with solar energy
systems for roof space. Hence, any plan for conversion of roof space to green roofs will be a |

term plan.

However, the study can ingégate the potential difference a green roof could make at a single b
scale. This would provide baseline data for future planning.

Data requirements:

Stormwater network JRA t already obtained
WQ monitoringat stormwater outfall CoJ?
Terrain(DEM, contours, LIDAR, etCoJ/JRA
Rainfall data (SAWS?)

Determine water storage (soil depth) potential.

Determine typical useable roof space (??)

Outline sketch of SuDS interventions:

Proposed analysis:

Attenuation size (dejpt area)(MUSIQ
Biofiltration capacity(MUSIC)
Ecological guidelines (??)

Amenity assets/enhancements (??)
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StreetSuDS

Base data: Services:

Street width: 15m Amenity: 99

No. lanes: 5 (including parking lane) Landvalues: 99

Length of block: typically60-75m (east to west) Ecological: 9?
Attenuation: 9?
Infiltration: X?
Treatment: 9?

Notes:

Streets present the secorldrgest portion of the coverage of the CBD afajaprox. 32%)and
therefore also a significant. In most places the width of the sidewalk is not large enough to
accommodate SuDS interventions, and so it is proposed consideration is given to taking up on
the 5 lanes for SuDS and incorporating this into the sidewalk space.

The study can investigate the potentipkrformance of an interlinked system of bio
retention/filtration units along one of the main streets running east to west acrbesstudy area
The primary catchment may be the street, but this can be reviewed.

This would againprovide baseline data for future planning.

Data requirements:

Outline sketch of SuDS interventions:

Stormwater network (JRA)already
obtained

WQ monitoring at stormwater outfalJoJ?

Terrain (DEM, contours, LIDAR, etc.)
(CoJIIRA

Rainfall data (SAWS?)

Land ownership & cadtaal information
(JRA)

Determinepotential depth of bieretention
units (and tree pods).

Proposed analysis:
Biofiltration capacity(MUSIC)
Attenuationpotential (MUSIC)
Ecological guidelines (??)

Amenityassets/enhancements (??)
Heat Island effect
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Treatment train

Base data: Services:

Open areagin study area) 12%of CBD aregpprox) Amenity: 99

Includes Land values: 99
x off street parking areas (informal & formal) Ecological: 9?
X parks & landscaped areas Attenuation: 97
X Forecourt and apron areas (in front lofiildings) Infiltration: N,
x Vacant areas _
x Sites under construction Treatment: 9?

Notes:

Investigate the creative use of existing open spaces to include stormwater management functi
(and still retain their current functions). Examples include lowering forecourt and car parking a
to provide temporary attenuation, r@rofile landscaped@reas to receive (and infiltrate) stormwate
runoff, and use of permeable paving. These would be integrated with the existing stormwater
network on a bloclby-block basis, and combined with the other initiatives identified abdivis.
noted that at present therare few plans for a system of interconnected open space/green aga
indicated in the CoJ open space plan (see below).

Data requirements: Outline sketch of SuDS interventions:

Stomwater network (JRAJj already obtained
WQ monitoring at stormwater outfalQoJ?
Terrain (DEM, contours, LIDAR, ef€J/IRA
Rainfall data (SAWS?)

Land ownership & cadastral information (JRA)
Determine water storage (soil depth) potential.
Determinetypical useable roof space (??)

Proposed analysis:

Attenuation size (degt area) (MUSIC)
Biofiltration capacity(MUSIC)
Ecological guidelines (??)

Amenity assets/enhancements (??)
Land Value
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Otherpotential supporting initiatives:

1. Stormwater harvesting & reuse within the CBD area (e.g. irrigation)
2. Foundation dewatering, harvesting & reuse (e.qg. for internal building secondary water use
(toilet flushing), irrigation, etc.).

These are nostrictly SuDS initiatives and therefore outside of the scope of the study.

Annexure 2 CBD Sité’relim Outlinefinal.docx 6



ANNEXURE Field notes for Bonaeutlasville



GT/GDARD/094/2018SuDS in Gauteng

BONAERO STUDY SITES

Main features Three pans & large wetland

Services: Cumulatively, the sites provide important stormwater (quantity and quality),
ecological and amenity value the urban environment and downstream
systems.

Futureurbanplanning and implications for the area:

The sites are part n area currently the subject of precinct planningeT
Aero-Blaawpan Precinct: Detailed Development Framework, 20 April 2018
(Final Daft) prepared by GAPP Consortidras resulted in the compilation

of a Detailed Development Framework which looks to the development
opportunities in the area in relation to future planned infrastructure and
bearing in mind } [ plans for an AerotropolisThe site is seen as having
great potential to accommodate an Aerotropolis Tech Hub using the vacant
and underutilised land to thevest andeast of the wetland. The Precinct plan
identifiespans and the wetland as a great opportunity to improve and
suppot ecological function, serve as a recreational asset, and provide a high
guality public environmentThey also make reference to the possibility of
using the pans and wetland as green infrastructure.

The framework proposes that the pans and wetlands fone¢entral

( SuE A]38Z]v 3ZY WmXaGEm g vegiohalpark and biodiversity
system, with passive recreation and leisure activities, including walkways,
cycleways, picnic areas and parks with play areas. The natural open space
system is incorpora&d into this, improving biodiversity and promoting
conservation. This allows for leimpact activities including birdratching,
ecotrails and nature walks. Where appropriatienited educational and

retail activities will be permitted, such as a restaurand information

learning centre. These proposals will be subject to a detailed study and
master plan, which is to include a detailed environmental impact assessment
to determine development possibilities and establish a precise delineation of
thewetland*C+*S u v }% Vv *%o E _ ~%00-

Land Uses planned for the west of the precinct include institutional and
hospitality activities in the form of business parks, estates and campuses.
Areas to the east of the wetland have been identified for light indabtr
business park developmeniith small pockets of mixed use and residential
development What is of nost relevance to the GDARD SUDS pragettte
proposed PWV 15 freeway which will be located down the central wetland
Additional cross routes are alppoposed one of which is provisionally
located along the southern edge of Blaaupan and the K86weest link

which will be an extension of Merlin Drieger the wetlands towards
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Daveyton. In this regard the consultants and support specialists concluded

with the following recommendations:

X The alignment of the proposed PWV 15 road entails that the primary
valleybottom wetland system through which this road is proposed
to be aligned (the road is aligned longitudinally through the wetland
in the direction offlow and not perpendicularly across it) could be
significantly adversely affected by the road through the loss of
wetland habitat and the alteration of hydrology (through
canalisation, etc.). It is strongly recommended that consideration be
given to the ealignment of this road to the east of the wetland to
avoid such impacts from materialising;

X The concept of linkages between the eastern and western segments
of the precinct site is supported, but these must take the presence of
the wetland, and potentiaimpacts on the wetland into
consideration. Should a road (vehicle) access be required, it is
recommended that this connection across the central vallestom
wetland be located as far north of Brentwood Park Road as possible,
in order to cross the vallegottom wetland at its narrowest point.
Crossing the wetland to the north (closer to the church complex) will
also avoid the large seepage wetlands located to the west of the
valley bottom wetland in the southern part of the site;

X Where new roads are plaed in the vicinity of any wetlands, in
particular the valleybottom wetland (e.qg. linkage roads planned
along the western side of the quarry), the environmentally
sustainable planning of stormwater discharge from the road must be
incorporated into the deigin of these roads. No direct stormwater

] Z EP Jv8} 8Z A So v <Z}po 00}A U v §Z
engineering features such as swales for attenuation features, in line
with the principles of Sustainable Urban Drainage (SUDS) must be
implemented;

x  Similarly, future development that will result in hard surfaces around
wetlands, in particular the pans around the site, must ensure that
stormwater runoff from these sites is managed so that inflows into
these wetland features do not degrade the wetland he use of soft
features for attenuation that will allow the gradual inflow of
stormwater into these pans must be incorporated into new
developments.
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Spatial Development Outomeperspective, extracted from Aero Bonaero Detailed Development
Framewok, 2018

Key questions: (1) Incorporate the pans and wetland as parts of the SuDS system?

(2) Protect the pans and wetland using SuDS in the catchment -{iting)?
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Overview of the integrated pan and wetland system
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Blaauwpan
Base data: Services:
Surfacearea: 40ha (approx) Amenity: 99
Land use: PomulaPrivateNature Reserve Land values: 99
Catchmentarea: 1220 ha (12.2kA) Ecological: 9
Catchment land useAirport Attenuation: 999
Infiltration: X?
Treatment: 99
Notes:

The pan is a key stormwateontrol point and has protected downstream systems from potential
severe flooding and pollution (jet fuel spillages). The flood relief scheme at Atlasville is reliant
continued performance of the pan as an attenuation featiReferences to previgs quarrying

activities in the pan have not been confirmed, but it may mean the pan is deeper than anticipa

The pan and park larslrrounding thepermanentwater bodyallows public access and provides &
important amenity service to the local commundnd visitors from further afield especially the
fishing communityThe Pan is the central focus of the Pomula Private Nature Reserve. Access
Reserve is through Mirabel Street where an entrance fee is charged. The Reserve offers picni
andacces to the A § @dge for fishingSwimming is forbiddemA controversial land sale in 2011
seems to have been halted but there remains the risk that the pan and surrounds can be sold
private developerswhich would result in the municipalitpsing control of the site as a key
stormwatercontrol point.

The surrounding area comprises a mix of small holdings, suburban residential development, u
a Mall and high density housinghe Pan is embedded and rthat visible and oeasily accssible by
the general public.

Outline sketch of SuDS interventions:
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Blaauwpan
Data requirements: Proposed analysis:
WQ monitoring (CoE) Pan attenuation capacity (PCSWMM)
PES (?) Retention time & circulation velocity (DWF)
Airport attenuation systems (ACSA) Sediment trap size (MUSIC)
Reedbed treatment (MUSIC)
Ecological guidelines for island & shallows(??)
Amenity assets/enhancements (??)
Notes:

The pan serves a very particular purpose. Its water depth and defined water edge seem to sui
requirements of fisherman who comprise the biggest group of users.

Additional wetlands along the edge of the water should therefore ideally be limitedtémito

VeHE 3Z § (]*Z Gu v v }3Z & pe E+ }( 82 Z » EA v *3]o(
Notwithstanding this cautionary note, wetlands can add amenity value by improving habitats fg
birds thereby providing interest to other user groups.

The Reseve should ideally be used by a broader grouping of people and in particular, more loc
residents to ensure this green open space is maximised to its fullest. To encourage use by loc
residents, It would be preferable to have additional entrances. Rridatvelopment of a commercig
v Su& €E}luv 8Z % v }po o0} }IVSE] uS S} u lJvP 8Z %o v
Involving private developers could also address the issue of the cost of maintaining such a reg
Full privatisation of th edge of the pan should however be discouraged as far as possible to pr
its role as a public amenity.

Ecological enhancements may need to give preference to amenity value and public access. A
will need to be considered.
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Panl (Middlgan)

Base data: Services:

Surface area: 13.0ha (wet area, approx..) Amenity: 9?
5.9ha (vetlandmarginarea, approx..) | Land values: 9?
18.%ha (total) Ecological: 999

Land use: Open space, ecological area Attenuation: 9?
(ownership??) Infiltration: 9?

Catchment area: 96 ha (0.96 ki) Treatment: X

40 ha (between pan & wetland)
Catchment land useCultural(church) and industrial

Notes:

Although he panis not in its original state (e.g. evidence of ground disturbance and excavation
appears to be in a relatively healthy ecological state with good biodiversity and minimum alien
invasive plant species. If the three pans in the study area, itapatentiallythe most
representative of the original state of the pans.

The parreceives stormwater runoff from the existing development on its fringes, and there is
evidence of more disturbance at these points. The extent of attenuation on these devehtm
should be determined.

The properties surrounding the pavhich include a large church site and new business/ industria
developmentshave been designed with little attention given to the potential amenity that the pa
can offer.There are limitedbverooking features that allow staff andsitorsto enjoythe view. This
seems like a wasted opportunity. Visitor areas, meeting rooms, canteens and offices could all
from views overlooking t pan Outdoor eating areas and relaxation areas coultbloated along
the edge of the properties overlooking the pan. Theee} }Vv[S %o % dBpEdrtunities r
employees of the industry, business and Chuachccesghe pandirectly from the respective
properties

Outline sketch of SubO/terventions:
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Panl (Middlgan)

Data requirements: Proposed analysis:
WQ monitoring (Cofor adjacent developmenys| Sediment trap sizéMUSIC)
PES (?) Reedbed treatment (MUSIC)

Attenuation systemsas approved by CoE for thq Ecological guidelines ftine pan(set outline
church, Toyota, Aveng and other sites. (CoE) | requirements for the Wetland Management
Plar??)

Amenity assets/enhancements (?7?)
Land valuéenefits (??)

Upslope contributions (i.e. Denel)?

Notes:

Connectivity of the outflow to the main wetland is important. The effect of theswiace
interception drain(filter drain)could be detrimental to the natural hydrology of the system in its
current form. Ideally there should not be an outflow at the esfdhe drain as seems to be the cas
at present. Plugging the drain at 100m intervals could assist to encourage the transmission of
into the pan along its entire perimeter, rather thanainingthe water away[Post note: it seems
that the filter diain was established to reduce the impact of paved area runoff into the pan,
minimising ecological imacis.

Pathways and seating with bird hides around the edge of the pan could provide local residents
workers opportunities to recreate and enjoy contadth wildlife in a very urban context. Pathway
together with outdoor entertainment, eating and socialising spaces on the adjacent properties,
overlooking the pan would result in activation of the space and better surveillance. This is imp
as openspace without surveillance is likely to attract asticial activities such as dumping and

vandalism etc. A key challenge to management of a large ecologically functional space such g
pan which is surrounded by multiple property owners is managenientay be that the
municipality has to take a lead in setting up some form efmf@anagement arrangement.

This area is clearly desirable given the type of industry giants that have chosen to invest in the
However given the lack of design responséh® opportunity inherent in locating next to an
ecological area, one would assume that the current property value is not related to its location
pan, but the location in relation to the Airport and Atlas Rd which provide good visibility and
accessibity to the region. Should emanagement of the space result in improved amenity value,
there is no doubt that the value of the surrounding properties will increase. Industrial / Busine
Parks which have invested in wetlands and created positive gpsaes and increased amenity fq
employees and residents , have been popular and deemed successful from a property perspe
Examples include Century City and Capricorn Business Park in Cape Town.
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Pan2 (Clearwateta Como Lifestyle Estgte

Base data: Services:
Surfacearea: 12.3ha (wet area, approx..) Amenity: 99
3.3ha (buffer area, approx..) Land values: 99
15.6ha (total) Ecological: 99
Land use: Water feature, ecological area | Attenuation: 9?
(private ownership) Infiltration: 9?
Catchmentarea: 178 ha (1.78 kf) Treatment: X
34 ha (between pan & wetland
Catchment land useMixed use (residential,
commercial) secure site

Notes:

The pan has been converted to a water feature (e.g. a dam) for the development. Although it i
primarily a landscape featuré,does offer ecological value which is simtlathe Blaauwpanbut
likely to bein abetter state.

The pan receives stormwater runoff from tearroundingdevelopment evidently with SuDS styled
features but these are more likely to lbkesigned byandsapearchitects than designedy
engineers and ecology specialifiis specific stormwater biwetention/attenuation or filtration
purposes Therefore any attenuation or treatment performance may be undefined, but the
ecological and amenity services qetentially important

The edge of the water body has been fenced off to restrict access to the waters edge and tran
zone betweerthe aquatic and terrestriabiomes where habitats are often very sensitiathways
happen outside of this fenced areResidents and visitors are only able to access the water at
specific point which has been formalised into a pavilion that is built above the waterTéeel.
amenity value is therefore mostly visual with some value related to the opportunity to walk in
green landscape overlooking water. The SUDS type landscape features also provide iantegtity
they offer visual relief and areas for communal play, relaxation and recreation.

Data requirements: Outline sketch of SuDS interventions:

WQ & level monitoring (estate) (none)

Water sources for théake (i.e. is the lake
just reliant on stormwater runoff or is it
augmented?)

Attenuation systems as approved by Co
for the estate. (CoE)

Upslope contributions (i.e. above the
estate)?
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Pan2 (Clearwateta Como Lifestyle Estgte

Proposed analysis:

Sediment trap size (MUSIC)
Reedbed treatment (MUSIC)
Ecological guidelines (??)

Amenity assets/enhancements (??)

Land value benefits (?7?)

Notes:

The facility already provides considerable amenity value. However the amenity value is limited
those who lave bought into the secure estates surrounding the pan. This is not an optimal con
although it does allow the municipality a means to ensure that the private sector is responsiblg
management and maintenance of this part of the broader naturaivoek. See discussion below.

It is clear that investment in the landscaping spaces receiving stormwater and the pan itself hg
added value to the development and are part of the marketing strategy to encourage people tq
in the area. The entire devgdment is orientated around the feature to ensure that the offices,
residences and lifestyle centre have direct views of the water and bird life that it attracts. The V
itself is out of bounds but the area surrounding the pan has some opportunitiegi&ng and
running. The maintenance of the pan and edges requires property owners to pay high levies tc
the costs of maintaining such a system. This in turn limits potential buyers to the top end. This
common of lifestyle estates. However the @it influencer of value of lifestyle estates such as th
La Como Estate is security. Should the Estate have been designed round a publicly accessibl¢
the land value created may well have been lower.

Connectivity to the main wetland is importariEcological buffers (filter strips) are important to not
and maintain Public access viard hides/viewing deckis suitable
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Wetland

Base data: Services:

Surface area: 66ha (wetland area, approx..) Amenity: 9
113ha(incl. margindetween wetland | Land values: 9
and pans) Ecological: 999

Land use: Wetland aregqmunicipal ownership) | attenuation: 999

Catchmentarea: 1755ha (1755kn) Infiltration: 9

Catchment land useAirport, residential, commercial Treatment: 999
industrial, mining, agriculture.

Notes:

Thewetland area has reduced by approximatéy9 «]v §Z id6i[s H S} o v A
is further threatened by future road development schemes (P8VV 15 andk86). The ecological
and hydrological continuity between the wetland and the paralss threatened by development.
However, the wetland still provides important hydrological and ecological services to the
surrounding areas and downstream systems. It is also a key link in the Green Infrastructure cg
extending from the airport to Hoestead Lake and beyond, a minimum distancélon to
Homestead Lake dam wall (and as much as 11km to Kleinfontein Lake dam wall).

The wetland is framed by a range of developments and urban landscapes including business
residential estates, nature reserves, small holdings, residential development, old industrial are
old mining sites. None of these developments interfadththe wetlands positively. Most turn thei
backs on the space. This creates a negative environment in which people are unwelcome and
There is also no clear legible networkpefdestrianroutes along the space. Paths crisscross the
space allowinghe sensitive vegetation and habitats to be disturbed and in some places severe
compromiseddue to dumping, fires etc.

Data requirements: Outline sketch of SuDS interventions:

WQ monitoring (CoE, or adjacent developmen
PES (?)

Threats (e.g. pollution) from eastern catchmen
especiallythe mine.
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Wetland

Proposed analysis:

Pan attenuation capacity (PCSWMM)
Reedbed treatment benefits (MUSIC)
Ecological management guidelines (?7?)
Amenity assets/enhancements (??)
Land value benefits (?7?)
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Wetland

Notes:

Maintenance of corridors between the systems is important. plamneddevelopment ofmajor
roads through this ares a very significant threat to the wetland

Ecological enhancements should perhapsus on enhancing the local ecological attributeshase
is limited connectivity to the broader open space netwakkydrains and other impact features
should be verified and rehabilitated.

The existing ponds at the base of the system just above the road could perhaps be
redesigned/enhanced as opevater features as part of the SUDS network below future
developments.

There is considerable potential to increase amenity value of this large open green space. With
carefully considered development of the edges and improved interfaces, development h#ong t
edges can contribute to the making of a safer space, that can be more intensively used. Desig
wetland space will however have to be done in a manner which concentrates human activity a
manages this activity. New continuous footpaths alongdtige of the watercourse and wetland w
allow for passive recreation. Nodes of activity where nestluth and eastwest pedestrian routes
intersect will create a legible system of movement that controls and limits disturbance of the n:
habitats. Thevetland environment can also be used as an educational tool.

Intervention and ongoing management of this space is likely to be led by the municipality due {
critical role at the broader scale. There is no doubt that investment in the system aspdice to
improve its amenity value will result in increased property values of the land immediately adjac
to it.
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KAGISO STUDY S(VBgale City)

Main features Urban stormwater outfalls into drainage line that supports multiple land
uses. The site is divided into three distinct sections by mradsings.

Services: Local services currently include stormwater conveyance, ssgmoomic
activities (subsistence agriculture, graziagd wasterecycling), informal
waste dumpingpedestrian crossingsnd ecological servicéa/hich are
impacted by # of the above). The amenity potential of the site has not been
utilised by the community.

Services to the regional area are currently limited, but are potentially very
significant. Particularly flash flood attenuation and water quality
improvements forthe receiving Wonderfonteinspruit.

Urban structure, land use and property characteristics

Kagiso is svell-establishedesidential township outside Randfontein and
while it is supported by a number of schools, key institutions and retalil
nodes, it lacksa legible public realm and public areas to which the
community are attracted and in which local residents can gather, socialise,
recreate, find relief and interact with nature. This is partly as a result of its
development by the then apartheid governmamho saw the township as a

0 }UE %}}0 S} *U%o%}ES 0} 0 u]Jv e v ]Jv HueSECX < P]
informed by topography or natural systems but largely by the need to be
efficient. The potential to integrate the public space network with a system
of green open spaces for water collection, attenuation and cleaning and
recreation was never considered. Stormwater is accommodated in a piped
system under ground and more recentiy the later extensions, by a set of
narrow, left over corridors linking down tbe site.(See cadastrahap

below). Backyards and high boundary walls frame these linear spaces
ensuring that they remain unsafe and unmonitored. See sketch attached for
the location of the green corridors.

The site itself is not identified as a valued part of the public space network
or green open space network. It is left over space and appears to be
regarded as havingwtility role, receiving stormwater flows and
accommodating other large water and sewsgpelines. However the site has
ironically become a spatial integrating element thanks to the bridges which
connect over the shallow valley and watercourse. These bridges link various
neighbourhoods and allow residents to access key facilities and retail
opportunities and schools on either side of the watercourse. The bridges
themselves are the site of significant informal social and economic
interaction.
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Properties adjacent to the site are generally accessed from the reverse side

with the boundaries facig the site, defined and secured by means of high
boundary walls These wallgestrict viewstowardsand direct access to the

site. The other characteristic of Kagiso which is not unique to the area is the
phenomenon of baclyarding. Properties to which pete have title present
opportunities to increase household income by leasing out of additional
accommodation. Additional rooms are built in the backyards of formal
houses. Yards are often hardened to maximise on the space. Rainwater is
often channelled im the stormwater network to ensure the yards are not
flooded. Backyarding puts enormous strain on the servicasd in

particular the stormwater system.

Residential densities are approximately-80 du/ha but with backyarders

the density can double if ndtiple. Officials have suggested that the average
number of people per site of between 258@ind 300 is approximately

12.

(1) Evaluate the site giving primary focus to the stormwater functions (i.e. a
SuDS focus on quantity and quality)

(2) Evaluate the site as supporting multiple services to the community; socio
economic, ecology and stormwater (i.e. a Green Infrastructure appr@ach)

(3) What catchment interventions coulsk employed to make a difference
(e.g. rainwater harvestingittenuation in existing open spaces)?
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Catchment space: Utilise available open space

Base data: Services:

Catchment area: 448 ha (4.48kR) Amenity: 999

Urbanarea: 373ha (3.73kn) Land values: 9

Land use: Residentia(~90%), schools, municipal| Ecological: 9?
institutional, religious& retail. Attenuation: 999

Density: 32 stand#per hectare (guideline) Infiltration: X?

With backyarding this could double or

triple.
% Impermeable:  85% (within stands).

Treatment: 9?

Notes:

The catchmenteeding the site in questiois predominantiyformal residential butwith backyard

shack estalishment

Thereare open areas that may be utilised (in the future) for SuDS. These typically include mun
open space areas, school sports ground, churchrgite and undeveloped retail areas. The questi
is whether these areas are enough to maksifeerence?

Data requirements:

Stormwater network (MC)

WQ monitoringat stormwater outfall (MC)
Terrain (DEM, contours, LIDAR, etc.) (MC)
Rainfall data (SAWS?)

Outline sketch of SuDS interventions:

Proposed analysis:

Attenuation size (deptarea)(MUSIG
Sediment trap size (MUSIC)
Reedbed treatment (MUSIC)
Network feasibility (inspection)

Ecological guidelines (??)
Amenity assets/enhancements (??)
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Catchment space: Domestic rainwater harvesting

Base data: Services:
Catchment area: 448 ha (4.48kR) Amenity: 9
Urban area: 373ha (3.73kn) Land values: 9
Land use: Residential (~90%), schools, municjpg Ecological: ?
institutional, religious & retail. Attenuation: 99?
Stand size: 250 to 300m (average) up to >BIM | |niltration: X
Occupation: up to 12persons/stand (Stephan du | Treatment: 2
Toit)
Density: 32 stands/per hectare (guideling)ut
potentially much higher witthe
effects ofbackyarding
Roof area: 50% stand size (guideline)
% Impermeable:  85% (within stands).

Notes:

A question (raised in the workshop) is whether domestic rainwater harvesting could be relied u

to reduce stormwater runoff?

What are critical success factors? (that makes a difference in stormwater ruraffje of

scenarios?)

Are there regulatory constraints andowid it be feasibly to change the regulat@gyvironment?

Outline sketch of SuDS interventions:

Data requirements:

Sample stormwater networkoptional (MC)

Continuous rainfall data (SAWS)

Determinewater use potential (no#potable)

Proposed analysis:

Continuous simulation ofrater balance &
overspill in tankgMUSIQ)
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SuDS Sitéefreatment train(combinations)

Base data: Services:
Surface area: 46.7ha Amenity: 99
Zone 1 (Geba $41) 12.2ha Economic (Agric, indust.p 9
Zone 2 (R4Xagiso Dr) 10ha Land values: 9
Zone 3 (Kagiso BWonderftnspr) 24.5ha Ecological: 99
Land use: Subsistence agriculture, grazing, waste | Attenuation: 999
recycling, wetlands, vacant. Infiltration: 97
Catchment area: ~ 448ha @.48knY) Treatment: 999
Catchment land useResidential(est. >85%)commercialretail,
municipal.
Notes:

Informal (agriculture) and formal (waste recycling) usthefarea has been taken up, but large pa
of the stream corridor are degraded by erosion, dumping and poor water quality in the stormw
from the catchment.

Also important are a number of pedestrian crossing points along the stream. There is alab a R
Water flushing station in Zone 1 (for flushing sediment out of the bulk water main). Provision s
be made for these.

The sewer network crosses the stream corridor (details needed).

Wonderfonteinspruit:

X Attenuation of urban stormwater runoff isnportant to reduce flood flows in the spruit.
X WQ conditions are severe in the spruit, and dilution from urban tributaries will be beneficia

Data requirements: Proposed analysis:

AnyWQ monitoringdata (MC) Attenuation requirements (PCSWMM, MUSIC?
Municipal services (particularly stormwater &| Water balance analysis for harvesting (& irrigati
sewer) (MC) potential) (PCSWMM, MUSIC?)

Details for the Mogale City agricultural Sedimentrap size (MUSIC)

assistance programme. (MC) Reedbed treatment (MUSIC)

Any rainfall data for Mogale City (MC) Ecological guidelines (??)

Kagiso Siterelim Outline_Final 6
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Outline sketch of SuDS interventions:

The study area can be broken into three separate zones:
X The solutions cahe repeated in each zone, or
x The SuDS facilities can be tailored for each to maximise the potential for the whole are

Possible priorities
1. Attenuation & WQ improvement
2. Economic land use
3. Ecological enhancement
4. Public amenity enhancement

A successful balance of all four priorities would be the best outcome. The key decidng factors
be:

X Surface area needed for effective attenuation
X Water balance (is there enough for meaningful irrigation??)
x  Will WQ improvements be enough for (1) émgical enhancement & (2) irrigation?

Kagiso Siterelim Outline_Final 7
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ANOTHER
OPTION

ONE
OPTION

Kagiso Sitérelim Outline_Final 8
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Guidelines for increasing amenity alaohd value:

This sketch can form the basis of
guidelines to improve amenity valug
ttalksto the principle ofcreating
defined and activated edges

Kagiso Siterelim Outline_Final 9
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RESEARCH ON THE USE OF SUDS IN GP

Workshop report: Stakeholder CBD Workshop

Date: 11 April 2019

Location: Swan Boardroom, Turbine Hall

Time: 10h00 - 13h00

Document: Approved by PMC for sending to participants.

(GC)

Present
NAME ORGANISATION | POSITION / DEPARTMENT EMAIL
$DILVKD 'R| AquaLinks Research Intern support@aqualinks.co.za
(AD)
André Nel (AN) JRA Operations Manager: Roads anel@jra.org.za
and Stormwater

Andrew Barker KLIP-SA and andrew@andrewbarker.c
(AB) Klipwa$S and 0.za

JICP
Anne Steffny JICP Director anne.steffny@gmail.com
(AS)
Dakalo Phaswa GDARD Intern Dakalo.Phaswa@gauten
(DP) g.gov.za
Freddie Letsoko | City of EISD: Catchment FreddieL @joburg.org.za
(FL) Johannesburg Management

MM
Greg Crookes Tellurian Environmental Specialist greg@tenv.co.za

Hannelie
Coetzee (HC)

www.Hannelie
Coetzee.com

Artist integrating science and
culture to encourage empathy
for and engagement with
nature

Hannelie@hanneliecoetz
ee.com

Jacob Morodi

JRA

Project Manager Robinson
Canal

imorodi@jra.org.za

Kagiso Nonyana
(KN)

FNB Bank City

Facilities Manager

KNonyana@fnb.co.za

Dr Kousar Omar | UJ Water Quality Specialist, kousaro@uj.ac.za
(KO) manages UJ collaboration with
Klipriver Stewardship Initiative
and with Jukskei River
Rehabilitation
Lindokuhle Njoko | GDARD Waste Management Lindokuhle.njoko@gaute
(LN) ng.gov.za
Lori Coogan (LC) | City of Government  Water, infolcps@mweb.co.za
Johannesburg Sanitation and Climate for
MM Gauteng/Enviro specialist for
CoJ; going to chair meetings in
Environment & Infrastructure
Dr Michael WIBC & JICP Idea Sherpa info@wibc.biz
Magondo (MM)
Marieke de Aqualinks Project manager marieke@aqualinks.co.z

Groen (MG)

(Consultant £

a
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van Rensburg
(NJVR)

Environment Technology
Station

NAME ORGANISATION | POSITION / DEPARTMENT EMAIL

Project manager

and facilitator)
Ndivhudza GDARD (Project | Control Environmental Officer: | Ndivhudza.nengovhela@
Nengovhela (NN) | manager Client) | A gauteng.gov.za
Neggie GDARD Environmental Officer: Neggie.Bakwunye@gaut
Bakwunye (NB) Specialised Production eng.gov.za
Ngcebo Nsimbini | Gauteng - DID Ngcebo.Nsimbini@gaute
(NN) ng.gov.za
Nomvula City of EISD: Water Services NomvulaMof@joburg.org.
Mofokeng (NM) Johannesburg Regulation za

MM
Ondela Tywakadi | City of EISD: Water Services OndelaTy@joburg.org.za
(OT) Johannesburg Regulation

MM
Nickey Janse uJ Manager: Process, Energy & nickeyjvr@uj.ac.za

Rina Taviv (RT)

GDARD (Project
Leader)

Control Environmental Officer:
B

Rina.Taviv@gauteng.gov
.Za

Shaun Burgess
(SB)

OPH

Commercial Officer

shaun@ophprop.co.za

Stuart Dunsmore
(SD)

Fourth Element
(Consultant £
Team leader)

Team leader

stuart@fourthelement.co.
za

Weivy Makou

(Wm)

JRA

PM Robinson Canal CBD

wmakou@jra.org.za

Apologies received

NAME

ORGANISATION

POSITION / DEPARTMENT

EMAIL

Basani Ndindani

GDARD

Environmental Policy, Planning
and Coordination: Director

Basani.Ndindani@gauten
0.gov.za;

Initiative (and
IWMI)

Gerson GDARD Control Environmental Officer: | Gerson.Nethavhani@gau
Nethavhani A teng.gov.za
Ingrid Shelton Urban Manager Ingrid.Shelton@cwexcell
Management - erate.com
CID Forum
Inga Jacobs Klip Water Initiator ingajacobs30@gmail.co
Mata Sustainability m

Louise Gordon

Johannesburg
City Parks and
Zoo

Business Development and
Stakeholder Management

Igordon@jhbcityparks.co
m

Malcolm Fiddes

Johannesburg
City Parks and
Zoo

mfiddes@jhbcityparks.co
m
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NAME ORGANISATION | POSITION / DEPARTMENT EMAIL

Marc Leroy GDARD GIS and data specialist Marc.Leroy@gauteng.go
v.za

Werner Mulder ATTACQ/SAPOA | Sustainability Director werner@attacq.co.za

Had indicated to come but was not present

NAME ORGANISATION | POSITION / DEPARTMENT EMAIL

Eugene Urban Operations Manager (South Eugene.Nyetsane@cwex

Nyetsane Management - Western Improvement District | cellerate.com
CID Forum is legislated CID in study area)

Jane Eagle City of EISD JaneE@joburg.org.za
Johannesburg
MM

Nardo Snyman Growth Point Sustainability Expert nsnyman@growthpoint.c
Properties 0.za

Salona Moodley | JRA/SAICE Stormwater Specialist smoodley@jra.org.za

When it is known explicitly who gave the input, initials indicate this in left column. For convenience of
reading and follow up, the discussions happening during the workshop are ordered in topics rather
than reported chronologically.

Input Action item / Notes of the meeting Respon- | Date
by sibility
RT 1. Welcome

Rina Taviv welcomed all who were present on behalf of GDARD.
MdG 2. Objective and Introductions

Marieke de Groen outlined the objectives of the workshop and

then gave everyone the opportunity to introduce themselves.
NN 3. Outline of the Objectives and Scope of the

Study

Ndivhudza Nengovhela outlined the objectives of the project and

explained the scope of the study. She also provided an update on

where the project was at the time, what deliverables had been

completed and which ones were in progress.
MdG & 4. Presentation & 5. Discussion
SD

7 KH D U WHyERad iNalking the intercontinental Watershed “by
the artist Hannelie Coetzee was used to introduce the Research
on the Use of Sustainable Urban Drainage Systems:



http://www.hanneliecoetzee.com/2018-hyenas-walking-intercontinental-watershed-origins-museum-johannesburg/

Input
by

Action item / Notes of the meeting

Respon -
sibility

Date

¥ Waters hed: Some of the stormwater that falls in the study
area could be used to replace some of the potable water use that
is currently pumped up from a lower point in the catchment;

¥ Water quality : Hyenas would probably smell the pollution
in Robinson Canal;

T Hardened surfaces: The square is an example of the
hardened surfaces in the CBD leaving no room for infiltration and
in most cases draining quickly to the piped stormwater drains;

¥ People and heat stress: Those who watch the animation
ofartworkonthe DUWLVWIV ZHEVLWH ZLOO VH
crossing the square being exposed to heat stress, while a greener
environment would have helped them.

¥ Litter: The art is made out of waste material, reminding
us that litter is the cause of blockages in the study area.

T Nature;: 7KH DUWLVWY LQWHQWLRQV D
and culture to encourage empathy for and engagement with
QDWXUH" 7ZZZ KDQQHOLHFRHW]HH FRP
Sustainable Urban Drainage Systems do. Apart from the
stormwater function SuDS in most cases have a greening
function. They contribute to creating biophilic cities; cities that
embrace nature, to make citizens enjoy.

Marieke de Groen gave a presentation introducing Sustainable
Urban Drainage Systems, explained what they are, how the
treatment train works and showed examples of SuDS around
Gauteng.

Stuart Dunsmore explained the study area and kind of SuDS
measures that are being investigated, at building level (green
roofs), at street level (bioretention cells), and in open areas. The
discussion and the questions during the presentation are
integrated in the summary below.

General

Design questions

MM
&SD

Targeted runoff reduction

What would be a significant amount of run-off/reduction which
would make measures feasible? The principle of SuDS is to mimic
pre-development. In the manual for the City of Johannesburg, if a
redevelopment is going to occur, one has to mimic pre-
development. The idea is to reduce loads in the system for the
site. Hardened surfaces in Johannesburg easily convert as much
as 50% or more of the annual rainfall to stormwater runoff. Ideally
the target would be to get that back to around 3 to 7% typical for
undeveloped catchment areas. It would be great to get down to
something like a 20% runoff. This is an off-the-cuff guess, since
there is no strong guideline yet. Instead it would be up to the City
to see how much could be achieved cost effectively. Studies like
this will feed into that kind of decision.

SD

Impact of litter and se wage

The impact of sediment and littering on the functioning of
bioretention cells needs further attention. Another complication in
the CBD is that although it is not a combined system of sewage
and stormwater systems, the sewerage is on top of the
stormwater systems and leaks in the system make sewage pollute
stormwater.




Input
by

Action item / Notes of the meeting

Respon -
sibility

Date

SD, RT,
AB, AS,
NN, SB

Surfaces and block sizes

Based on the Kopanong Precinct, the team found that roof areas
constituted 40%, streets 30%, paved areas 20% and landscaped
and possibly permeable areas about 10%. This seemed a high
percentage for roads to the research team, but has not been
internationally benchmarked. It was clarified that the CBD of
Johannesburg has a relatively small block size. Then the
suggestion was madetomake sR FDOOHE QRKSINY FH
two or more blocks leaving the current road in between for SuDS
and Non-Motorized Transport or residential development. While
HLVXEHORFNVY KDYH EHHQ FRQVLGHUHG G
Kopanong, concerns were expressed that it may increase traffic
challenges Superblocks fhave already been created for FNB and
for the Carlton Centre and the Ghandi East precinct. According to
AS some of them are up to 9-12 blocks and she can provide the
full list.

AS

KO, SD,
MdG,
MM

Becoming a smart city

Internationally, the development of smart cities could be of interest
to this SuDS research. The research team has not looked into it,
but indeed acknowledges that with IT opportunities (weather
forecasts for example), operational management of stormwater
systems and also possibly asset management could be improved.
City of Johannesburg is trying to reduce its potable water losses in
the system (unaccounted for water part of non-revenue water).
The original target of 15% is not met and the City is reviewing its
target. MM can share more information on this.

MM

Incentives and Opportunities

AS

Outreach is possible

The Kopanong precint has 22 buildings, JICP has 24 buildings
among its members and 200 buildings in the inner city are going
to be renovated. This is an opportunity for the introduction of
SuDS at a large scale within the CBD.

HC,
MdG

The involvement of the individual citizen

Hannelie is confident individual citizens can be more involved, and
this workshop is missing that element. For example, by asking
citizens to donate a tree back to the city that got damaged +
creates a citizen led budget owned by the people to replace trees.
Co-designing with communities xwho then obtain ownership of
the change zis an important recommendation for the Best
Practices coming out of this research project.

KN, FL,
NM

Johannesburg is water scarce and  has pipe bursts

Joburg is in need of reduced water pressure, to decrease pipe
bursts. With SuDS providing opportunities for alternative sources
from stormwater, if this could be a significant portion that could
reduce pressure, this would help. Gauteng is in serious need of
alternative water sources, we could be structurally worse off than
Cape Town in a few \H D UV { aldbLdrhg the need for
developing local sources. This is not just about drought response
but about more urgent needs. The City is working on a review of
water services by-laws that will be promulgated in the new
financial year, and which will have a chapter on use of alternative
sources, which Nomvula Mofokeng can share with the team.

NM




Input Action item / Notes of the meeting Respon- | Date
by sibility
MM Facilitate capital investments by private se  ctor
There is need to find a collaborative way to support cities in their
infrastructure plans and the implementation of these plans by the
private sector.
AS, SD, | No Capital Investment without a Management Contract
AN Many capital investments fail because there is no management
(after contract in place between community (businesses and individuals)
lunch) and city. Maintenance is essential, and can create jobs. Joburg at
Work was considered for JRA a good initiative for improving on
maintenance, but failed due to failing financial management. The
Expanded Public Works Programme (EPWP) with car guards
managed by CIDCO is also said to work well. Out of the 39
contracts Anne Steffny has been involved in, there have only been
4 with financial irregularities.
AS, HC | Role of City as enabler AS

Anne Steffny says that if the City is an enabler, voluntary
management initiatives can work, with a mixture of property
owners and the community working and living in an area. There
are currently 19 voluntary management initiatives within the JICP.
Hannelie Coetzee adds that it has taken her three years to
understand how the city works, to introduce an initiative that
needs more than one department. As an enabler, the city would
also have to improve on this, to make use of the innovation
capacity of the private sector. Anne Steffny is of the opinion that if
the government sets rules, the private sector can respond and
deliver. The City Parks is trying to develop a policy on co-
management, and Anne Steffny also has several examples of
suchapolicy DYDLODEOH $ WHPSODWH FRXO(
management practice recommendation in this SuDS project.
Hannelie Coetzee makes the point that communities should also
be educated by City Planning departments so that they do not
spend effort and money on what might not be realized.




Input Action item / Notes of the meeting Respon- | Date
by sibility
B. Building Level interventions (green roofs, water
harvesting, decreasing groundwater pumped into
sewer / stormwater system , permeable parking )
Sketch of building level intervention studied
Design questions
Additional potable water demand
MM, Does the introduction of SuDS like green roofs not create higher
MdG & demand for potable municipal water for irrigation? This is indeed
AD an important design consideration, influencing for example the
choice of plants.
Green roofs on top of Heritage Buildings
SD & Are Green roofs allowed on heritage buildings? Anne Steffny
AS thought this would probably not be a problem.
HC, MM | Food gardens & Rooftop gardening

Introducing food gardens at ground level, soil bound, could help in
creating more permeable areas. Current food gardens are in the
study area on roofs tmostly introduced by WIBC. These are
hydroponic, and therefore have the advantage of low water use.
Rainwater harvesting is not needed for the hydroponic gardens,
as they use far less water than soil bound gardens, and also have
the advantage that they are less heavy which may be necessary
for some of the roofs that would structurally not be able to carry
the weight of conventional food gardens. However, the suggestion
is made to use the roofs of green houses for rainwater harvesting
for other uses.




Input
by

Action item / Notes of the meeting

Respon -
sibility

Date

Incentives and Opportunities

SB, AB,
SD, LC,
NM, FL,
RT, NN,
MM

Business case for green roofs , rooftop gardening or

rainwater harvesting

For property owners the business case for green roofs needs to
be clear. If the roof can be rented out for rooftop gardening, that
might make more sense to the property owner. However, if the
property owner would be obliged, to reduce stormwater impact, or
would have less costs on municipalrates DYRLG WKH pUJ
or less penalties, it could be a business case for them to invest in
green roofs. If the green roof or other SUDS measures would also
increase the value of the property, it also could add to the
business case. For rainwater harvesting, the expectations are that
there is no business case yet, as the price of water is relatively
low. But the City could introduce incentives for rainwater
harvesting. The Planning Department for the City is currently
formulating a policy for the greening of the City in which such
incentives could be introduced. For existing buildings, the
challenge might be large, but such policies could address only
buildings that are built new or redeveloped. For Kopanong, there
is a more recent revised feasibility study which can be shared with
the research team. For Kopanong, also the requirements are still
to be specified for the bidders, which provides an opportunity for
the inclusion of aspects like SUDS measures, rainwater harvesting
and water re-use targets. For the City of Tshwane green building
guidelines were adopted, but these miss a well-defined incentive
model for property owners. The wish was expressed for the
project to contribute to ideas for such an incentive model.

NN

MM, AB,
OT, RT

Other use of water pumped from basements

The consumptive use of the water pumped from basements can
be increased, by actively doing something and giving the
opportunity to explore the possibilities (City Labs), which can then
later become economic activities (such as a use for car washing +
WLS $% WDON WR ODUN .UXJHU $IWHUQR
waterless system.). The water quality could be as good as natural
spring water; the inner city used to have springs and there are still
some there. The burden of water licensing may have to be
reduced to make use of such opportunities, and the scale needs
to be sufficient to have sufficient return on investment.

HC, AN

Vertical gardens

Instead of only considering green roofs, vertical gardens could
possibly also help in stormwater management. Hannelie Coetzee
is currently developing a green billboard of 80 m? for Sandton
Gate. The city has tried vertical walls, but failed as it did not
maintain them and did not use succulents.

Data collection

AS, DP,
SB, OT

Inventory of roofs and basements
As for an inventory of roofs and basement pumping, which Dakalo
Phaswa is going to conduct:
X Anne Steffny can send out questionnaire to her network;
X Shaun Burgess can see what he can do for the OPH
properties;

DP
(initiative)
AS
SB

KN




Input Action item / Notes of the meeting Respon- | Date
by sibility
x Kagiso Nonyana promises to cooperate for the FNB

building; FNB currently reuses only 5% of the total water

pumped out and opted for artificial grass to reduce

maintenance. The rest goes into the stormwater system.

The water quality is tested and good,; oT
x Ondela Tywakadi can share some research already done

on the topic;

LC, RT, | Choice of plant species on roof tops LC, FL,
FL, HC Lori Coogan is aware of an Honours thesis of a family member for | RT, HC
the choice of grass species in Johannesburg that are indigenous.

She can share a link to this Honours thesis. Freddie Letsoko is
also aware of a WRC study using grasslands to treat acid mine
drainage. (After note: Is it maybe this study by B. Ramla and C.
Sheridan? http://www.wrc.org.za/mdocs-
posts/se410210/se410210-2/)
Rina Taviv is aware of a study at Wits University (see
https://www.wits.ac.za/news/latest-news/research-
news/2019/2019-02/when-the-water-flows-in-alex.html) . Hannelie
Coetzee also knows of a person studying the use of highveld
grasses. The team requests contact details and, or the
references.

C. Street Level interventions (lined bioretention cells
in closed off lane)
Sketch of street intervention studied
Design questions
Drop off zone for parking

SB Rather than having a full lane for SuDS could it not be that some SD

drop off zones / short parking spaces are created in between?
Currently people being dropped off are creating traffic jams in the
City. The research team has made it part of their method to
assess what the impact is of not turning a full lane but part of a
lane into SuDS, and that would mean part of the lane could
indeed be for drop off zones or for other purposes.
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AN, HC,
AD

Vandalism proof

All creations in the public space have to be vandalism proof. This
is a plea for concrete, although cement production is a source of
greenhouse gases.

AN

Street Hydroponics

Andre Nel is aware of an initiative in the United Kingdom who
have street hydroponics, which might be a consideration for the
street level interventions. (After note: not easily found by googling
tplease provide reference).

AN

Incentives and Opportuni ties

HC

7 KH EH IShgtChble oorer fas an opportunity
When trees need replacement because of damage by the shot
hole borer this may create an opportunity.

HC

Combination with Eco -tree seat

The collective with which Hannelie Coetzee works is currently
GHYHORSLQWD®EHI(WHRDWY ZLWK D FRPPXQ
Jukskei catchment (upstream of Bruma lake). The Eco-tree seat
takes stormwater away from the road. The creation of the Eco-
tree seat is combined with the timing of earthworks from JRA. A
narrative workshop form was used to have the people who will
build it, learn the purpose. Combined with a mosaic, the eco-tree
seat gets a higher amenity value.

Risks, Weaknesses, Threats

AN, RT,
FL, AS,
MM.

Risk for transport

Accessibility of the City is still a problem currently as well as
parking space. The Bus Rapid Transit (BRT) system has done
more harm than good in that sense. Creating too much green and
giving up parkings and lanes is seen as a risk. The CBD is part of
the Corridors of Freedom plan therefore public transport and Non-
Motorized Transport is high on the policy agenda. Transport
planning of the inner city is currently happening and JICP can
provide the contact details. The critical issue of a functioning mass
public transport system is to have sufficiently short distances from
stop to destination and a safe finalwalk 3ODVW. PLOH"

However, the research team is currently more focused on
assumptions on decoupling a certain percentage of buildings from
the normal grey water system to check what percentages would
make sense from an urban drainage perspective, and not yet
deciding necessarily on certain streets or buildings, therefore the
integration with transport planning is beyond the scope of this
research.

SD, OT,
FL

Risk of interaction with Acid Mine Drainage

The street level interventions are lined, to avoid contamination
and interaction with the groundwater, because of the Acid Mine
Drainage (AMD). There is no AMD in the study area, but the
ingress could have a pressure influence on areas with AMD,
therefore lining is advised. It is not completely certain that the
connection to the AMD polluted void exists, but as a precautionary
measure, for the purpose of modelling the effect of street level
interventions, the assumption of lining is agreed as a safe

approach.

10
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D Interventions at a larger scale (treatment trains )
Sketch of treatment train at study area level
Incentives and Opportunities
AB New artificial wet land
In the Klip River Valley the plan is to create an artificial wetland of
about 20ha to treat the water from the Robinson Canal, which
could then form part of the treatment train.
SD, AN, | Commercial value for silt / sediment?
HC If sediment had a commercial value, the costs of trapping and
(after collecting it could (partly) be earned back. The value depends on
lunch) the quality of the silt. Isabel Weyersbye has done research on
using trees to clean mine dumps. Maybe some of these species
could be introduced in urban areas. Experience with sediment
traps was gained in the Jan van Riebeek Park, Alberts Farm, and
a dam in Rivonia and one in Lonehill.
Risks, Weaknesses, Threats
Illegal sewer connections
Several new / renovated buildings bordering the Robinson Canal
have illegal sewer outlets straight into the Robinson Canal.
(As communicated to MdG during lunch break)
AN, RT, | Capital investments in parks have failed
AS In the Turffontein Corridor an investment was done in a private
(after park that no one uses, as it is unsafe and is no longer maintained.
lunch) On the contrary, the Wilds is mentioned as a park of which the

use has increased during last few years. Failed projects often do
not have a proper management contract in place (see remarks
under General). 7KH p$GRSW D 3DUNY H[HUFLVH

Andre Nel of JRA be done with care as communities do not
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sibility

Date

understand the challenges of the parks, with their streams and
wetlands. ([DPSOHV RI ZKHUHHD UG RKIDW B BHQ
Winchester Hills and 120 End Street. The process of changes in
Parks, which need an EIA, is also considered too complicated.
GDARD could possibly consider a general authorisation
procedure for urban zone as defined in the Gauteng EMF.

SD, OT,
AN, HC,
(after
lunch)

'LITLFXOW WR JHW pKRoahage @liectios by Ty | R
Good garbage collection is important for the sustainability of
SuDS. Will the City get its house in order? The workshop
participants confirmed the intent of the City, but financial
constraints and lack of capacity remain issues.They expressed
that the inner city would need additional garbage collection
initiated by the private sector. It was an expressed that rather than
funding the high operational costs of litter traps, money should
instead be made available for the community for litter collection.
Communities need to get something out out of it. Dr Melanie
Samson of Wits University has ¥ollection by waste pickers “as a
research topic.

AN
(after
lunch)

Trapping litter is expensive / difficult

JRA had to remove litter grits on stormwater inlets due to liabilities
and because the grits appeared to increase the blockages. A
waste management trap in a Johannesburg river has an
operational cost of ZAR 120 000 / month, partly for guarding. The
one in the Robinson Canal was vandalised. A cheaper litter trap *
D VWHHO -igah beks@leinéifd has to be cleaned after every
thunder storm.

AS,
MdG

City maintenance challenges

Even if there is a maintenance and/or garbage collection contract

in place (see remarks under general), the City still has to manage
these challenges. But this does not happen sufficiently. A
WorldBank report on why fixing water pipes did not happen in

many countries pointed out that there is no ribbon to cut, not
something to win an election campaign on and in the South
$ILULFDQ FRQWH[W LW LV DOVR VDLG WK
contract opportunities in maintenance.

It was questioned whether in fact we should stop expecting the
the City will carry out its maintenance obligations. It was noted
that many countries experience diminishing budgets for
maintenance, and that in many cases stormwater management is
last in line for budget allocations. There was some consensus that
in fact these guidelines for SuDS implementation should
contemplate a reality that the City will not be able to maintain
them. This would place greater importance to the community
driven initiatives mentioned in the meeting.

6. Action Points

The meeting did not get time to repeat action points agreed. See
LQ USGHVSRQVLELOLW\Y FROXPQ ZKDW ZD

NN

7. Closure

Ndivhudza Nengovhela concluded the meeting by thanking all for

being present and contributing to the meeting.
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The meeting closed at 13h 00, followed by lunch
And then continued for half an hour for those who

were interested to stay. These points have also contributed
to the notes above.
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ANNEXURE BonaereAtlasvilleStakeholder Workshop Minutes



RESEARCH ON THE USE OF SUDS IN GP

Workshop report: Stakeholder Suburb Bonaero =

Atlasville Workshop

Date: 04 April 2019

Location: Lago Puccini, La Como Lifestyle Estate

Time:

10h00 - 13h00

Document status: Approved by PMC for sending to

participants.

Present
NAME ORGANISATION | POSITION EMAIL
$DTLVKD 'R| AquaLinks Research Intern support@aqualinks.co.za
(AD)
Andries Botha Toyota . abotha5@toyota.co.za
Senior Manager Bl
(AB)
Andries Sibiya ACSA
(AS)
Basani Ndindani | GDARD Environmental Policy, Planning | Basani.Ndindani@gauten

(BN)

and Coordination: Director

g.gov.za;

CJ Botha (CB)

La Como Estate

Estate Manager

clientservices@Ilacomo.c
0.za

(IM)

Ekurhuleni MM

Department, Senior Engineer
Planning

Gary Taylor (GT) | City of Parks Division Gary.Taylor@ekurhuleni.
Ekurhuleni MM gov.za

Gerson GDARD Control Environmental Officer Gerson.Nethavhani@gau

Nethavhani (GN) teng.gov.za

Greg Crookes Tellurian Environmental Risk greg@tenv.co.za

(GC) (representing Management
Section 21)

Isaac Mosoane City of Roads and Stormwater Isaac.Mosoane @ekurhul

eni.gov.za

Bakwunye (NB)

Specialised Production

Liezl Vermaak City of Chief Horticulturist for Liezl.Vermaak@ekurhule
(LV) Ekurhuleni MM Boksburg Depot ni.gov.za
Marc Leroy (ML) | GDARD Control Environmental Officer | MARC.LEROY @gauteng
-gov.za
Marieke de Aqualinks Project manager marieke@aqualinks.co.z
Groen (MG) (Consultant £ a
Projectmanager
and facilitator)
Nathalie Smal City of
(NS) Ekurhuleni MM Roads and Stormwater S Nathalie.smal@ekurhule
Department, Planning Division ni.qov.za
Manager SLgmerd
Ndivhudza GDARD (Project
Nengovhela (NN) | manager Client) | Control Environmental Officer: | Ndivhudza.nengovhela@
A gauteng.gov.za
Neggie GDARD Environmental Officer: Neggie.Bakwunye@gaut

eng.gov.za
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NAME

ORGANISATION

POSITION

EMAIL

Pamela
Madondo (PM)

ACSA

Environmental Compliance
Officer

Pamela.Madondo@airpor
ts.co.za

Pastor Simon
(PS)

Christian Family
Church
International

Projects Manager

projects@cfcsa.co.za

Rina Taviv (RT)

GDARD (Project
Leader)

Control Environmental Officer:

B

Rina.Taviv@gauteng.gov
.Za

Stuart Dunsmore
(SD)

Fourth Element
(Consultant £
Team leader)

Team leader

stuart@fourthelement.co.
za

Thsilidzi Airports Senior Technician: Civil tshilidzi.rashitanga@airp
Rashitanga (TR) | Company South | Maintenance orts.co.za
Africa (ACSA)

Apologies received

(CC: Workshop report )

NAME ORGANISATION | POSITION EMAIL
Sekhonyana City of Sekhonyana.lerotholi@ek
Lerotholi Ekurhuleni MM Wetland Unit urhuleni.gov.za

City of Is'haag.Akoon@ekurhule
Is'’haag Akoon Ekurhuleni Natural Scientist ni.gov.za

City of jan.burger@ekurhuleni.g
Jan Burger Ekurhuleni MM Parks division ov.za

Musa.Dlamini@airports.c

Musa Dlamini ACSA Environmental Manager 0.za

When it is known explicitly who gave the input, initials indicate this in left column. For convenience of
reading and follow up, the discussions on the different pans happening during the workshop are

combined per pan and in topics such as current situation and governance.

Inpu
t by

Action item / Notes of the meeting

Respon | Date

-sibility

RT

1. Welcome

Rina Taviv welcomed all who were present

MdG

2. Objective and Introductions

Marieke de Groen outlined the objectives of the workshop and
explained that as a research project this project would not come with
funding for implementation but rather derive lessons from the case
study. She then gave everyone the opportunity to introduce
themselves.

NN

3. Outline of the Objectives and Scope of the
Study

Ndivhudza Nengovhela outlined the objectives of the project and
explained the scope of the study. She also provided an update on
where the project was at the time, what deliverables had been
completed and which ones were in progress.

SD &
MDG

4. Presentation & 5. Discussion

Stuart Dunsmore gave a presentation introducing Sustainable Urban
Drainage Systems and explaining the kind of measures that are being
investigated for the study area. After the presentation, discussions
were facilitated under the different pans. Summaries are given of
clarifications during presentation and after presentation pan below.
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Inpu | Action item/ Notes of the meeting Respon | Date
t by -sibility

Total Study Area with focus on three southern pans and bright green

marked area of wetlands and channels around it.

On Blaauwpan:
SD Measures considered to be researched such as: 1) sediment trap

combined with emergency pollution control booms; 2) shallows plus a
reed bed in front of the inflow to the lake; 3) an island refuge in the
centre of the lake for improved circulation. The function of the
improved circulation happening and this proposed intervention helping
to improve the circulation, would need further assessment. Other
preliminary results include:

X The modelling of the pan with the software package PCSWMM
indicates that the pan already has an important attenuation
function.

X Modelling of water quality improvements with MUSIC (Model for
Urban Stormwater Improvement Conceptualisation) indicate that
on its own the pan provides substantial trapping of typical
stormwater pollutants (total suspended sediment +TSS, nitrogen
=TN, and phosphorus =TP)

x Introducing a sediment trap into the inlet canal to the pan enables
around 26% reduction in TSS (but other configurations could be
tested).

X Adding a shallow wetland (5% of the pan area) at the inlet to the
pan further improves water quality into the pan (reducing overall
TSS by ~60%, TN by ~20% and TP by ~40%). These could
provide an important buffer to improve overall ecological condition
of the pan.

Hence initial trials suggest there are options of improving the

ecological health of the pan while preserving its overall stormwater

protection of downstream areas.




Inpu | Action item/ Notes of the meeting Respon | Date
t by -sibility
Sketch of possible measures considered for Blaauwpan.
Current situation
GT & | ACSA has taken measures already to cater for emergency pollution,
NM which makes the proposed emergency pollution control for ACSA
accidents suggested less critical.
GC There is sewage spilling into Blaauwpan and a sewerage pipe that
& NS | burst on South-East. The quality of water in the Blaauwpan is
therefore also compromised. There is a project to replace a portion of
the sewerage pipe to address this. NS
NS The channel that flows into Blaauwpan and the parcel of land around it
are probably municipal state land, but this will be confirmed.
GC There should be a large fuel separator on-site at the Airport to cater PM
& NS | for the 100 year flood as a follow up on the fuel spill in 2008.
& SD
The outlet of the pan is a simple sluice and outlet without further
operational management. The water level is not brought down before
heavy rainfall is expected, so the management of the water level is not
actively used for flood management
Data availability
PM | ACSA currently does not monitor the water quality on their site, but PM a.s.a.p
they are in the final stages of an appointment to get it done going
forward. They have a sensor for measuring flows in the channel. The
records will be shared. There might also be sediment samples
available. ACSA might have stormwater management plans, but the
ACSA team attending the meeting would have to find out.
TR TR

ACSA will share stormwater related information as well as future plans
and will find out if stormwater plans and models can be shared.




Inpu
t by

Action item / Notes of the meeting

Respon
-sibility
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GT

PM

Knowledge on data availability (water quality, ecology) in the
Blaauwpan itself would have to come from the Wetlands unit from
Ekurhuleni, whose representative has apologized for this meeting.

On the aspect of ecological functioning of Blaauwpan and the fuel
spillage that occurred in 2008, ACSA will find out if they can provide
the information that was submitted to GDARD related to the
monitoring of the fuel spillage and the mitigation measures thereafter.

PM

GT,
SD &
GC
& GT

TR

SD,
GC,
IM,

NM

Governance

Within Ekurhuleni, City Parks is responsible for the area on land and
the Wetland Unit for the water bodies. Additionally, currently a
conservation unit is being established. It is explained that the
differences in staffing for maintenance and management of wetland
and park areas within Gauteng is large. Ekurhuleni has relatively very
few staff members.

ACSA started projects to investigate attenuation of stormwater at the
OR Tambo Airport. This was triggered by the flood in 2016, which
flooded the airport.

According to the research team, the Wetlands Unit, the Parks Division
and the Roads and Stormwater Department would need to work
together, if SUDS are going to be successfully implemented. It was
then suggested that the Private Sector should also be considered in
the implementation and maintenance of SuDS because it might be a
more successful venture than if it was only left to the government. The
Roads and Stormwater representatives agreed that Ekurhuleni MM
currently does not have sufficient capacity to maintain SuDS, but
would not like to sell current assets such as pans that are having key
role in stormwater management. An innovative way, not yet applied in
Ekurhuleni Metropolitan Municipalities, could be to lease out such
properties to private companies or Not for Profit Organisations.

Next steps to finali se site assessment.

X The modelling of the sediment trap and wetland will be further
refined.

X The research team will review pollution loads (and stormwater
flows) from the ACSA site on the basis of the information that
will be supplied by ACSA.

X The function of the improved circulation happening and this
proposed intervention helping to improve the circulation, will
be further assessed.

On the Middle Pan : (Pan 1 in map)

SD

Of the three pans in the study area, this pan most closely represents
its original function. Suggestions that the research team considered
were treatment buffer zones at the outlets of the drainage of the
different companies and an interception zone at the current planned
housing development. However, access to the sites had been limited
during the field visit, therefore the importance of this workshop.
According to the simulations with PCSWMM the pan currently has
almost zero outflow.
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Sketch of possible measures considered for the Middle Pan

GC

GC

SD

GC

AB

GC

AB

Current situation

The pan can successfully serve as a habitat for many fauna and flora
species and is close to its natural ecological status.

There is a bioswale around the pan from where Aveng is located to
the Christian Family International Church. In the north it is 0.5 m deep,
near Toyota 2 m. This bioswale has been designed by Bigen Africa to
serve as a buffer between the stormwater coming in and the pan. This
bioswale helps to keep the ecological value of the pan intact and
allows it to function as a pan rather than a dam, as the bioswales
reduce the flows going into the pan and therefore creates a buffer to
reduce peak outflows, but the main reason to introduce the bioswale
was to reduce pollution loads on the pan.

The research team was not aware of this and will incorporate this as
part of the treatment measures considered thus far. Any data relating
to the design and performance of the bioswale, and existing outfalls
into the pan, will be taken into account.

During the initial stormwater design plans, the development team was
faced with a dilemma because there were complaints from
downstream residents about flooding and requesting upstream
corporations to slow down the water to decrease the flooding in the
downstream channel (Atlaspruit) and to use the pan rather as a flood
protection dam. However, the developers also had to consider the
ecological value of the pan and protect it. The current situation is a
compromise, as a downstream weir was created to create some more
storage capacity to assist in attenuating floods.

Maintenance includes regularly cleaning out the bioswale, testing the
water quality, keeping alien invasive vegetation at bay (removal of
exotics every two months) and addressing illegal dumping.

Toyota Warehouse regularly gets flooded due to the inflow of
stormwater from Denel Industries upstream. Toyota already has SuDS

SD

GC
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PS

AB

AB

in place such as a berm bordering their property and the pan, three
bioswales and underground water tank. They use borehole water and
are also considering using their harvested water as a potable water
source.

In addition to the bioswale and the measures at Toyota, Aveng and ID
logistics also have their own Attenuation ponds on site.

The Christian Family Church also has two attenuation ponds in their
parking lot and a berm to protect the pan.

The catchment area as drawn by the research team is smaller than
the actual situation. He said that the areas draining into Pan 1 include
ACSA and SCM. SCM has approximately 17ha of compacted earth
and the stormwater that comes off their site includes the oil spillages.
The Bowling Club often gets washed out during intense storms.

The Christian Family Church is in the process of extending to the
North, which would require a rezoning of the property.

7KDW WKH SDQ KDV DPHQLW\ YDOXH LV H[S
reqguesting extra benches for breaks at the sites overlooking the pan

GC

AB

Data availability

X There are no flow data available.

X Water quality sampling results (4 spots in pan, 2 in river also
outflow of Blaauwpan), as well as the environmental
management plan can be shared.

X The EIA number of the Toyota development can be shared.

GC

AB

Done

GC

GC

PS &
GC

Governance

The measures to protect the pan were taken as a result of the
environmental management plan that followed from the environmental
impact assessment. Had it not been for GDARDS reactions on the
development initiative, then the pan would probably have been far less
protected.

The pan was one property before the surrounding area was
developed. It is now owned jointly by the different companies owning a
part of the surrounding area, under a Non-Profit Organisation (NPO,
established under Section 21).

The corporations surrounding the middle pan formed a Section 21
company to protect the pan. Tellurian was involved in the EIA in 2007
and has since been contracted by the Non-Profit Organisation and
maintains the pan on their behalf. The NPO was able to achieve this
GXH WR *'$5'fV VWULFW SROLFLHV LQ SODF
improve the ecological value of the pan as well as prevent it from
becoming an illegal dumping site.

The NPO functions quite well, but this is because most companies are
responsible corporate citizens. One of the owners, however, is not
cooperative. For a corporate like Toyota, it gets support from higher
management as it implements company policy which includes looking
after the environment. Toyota only purchased the land surrounding the
pan once the EIA was approved.
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PS,
GC
& AB

Action does not seem to happen against the owner who illegally
graded land, while this company was reported to the authorities. The
NPO owns a quite a portion of the land around the pan, but the
question is how the sound environmental management is managed
around this area at the properties itself.

Next steps to finalise site assessment.

X The treatment buffer zones will be refined in light of the
surrounding bioswale. This will be concluded after the water
quality data are received and studied.

X The area of Denel will be further studied to consider measures
there and note will be taken of already implemented SuDS
measures on the attenuation in the properties surrounding the
pan.

On Souther n Pan (Pan 2):

SD

The water quality of the pan, for an urban pond, seems reasonably
good. The pan displays significant attenuation potential and will play
an important role in downstream flood risk.

The study team has questions on what may be considered for this
site. First thoughts included additional attenuation on the north side, or
analysis of converting some of the green strips in the development to
SuDS treatment trains.

The question was put to the meeting and the responses are presented
below.

Sketch of possible measures considered for the Southern Pan
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CB

CB,
& NS

NS

Current situation and future

Due to the amenity value, houses closer to the pan are more
expensive then further away. The Clearwater properties increased in
value after the La Como Estate was established (in ten years, property
values tripled). La Como Estate also has to deal with large quantities
of stormwater from Denel Industries. The Office Parks in the area
have attenuation ponds on-site that release into Pan 2.

The water level in the Pan is natural and it drains out into the wetland.
Usually two days after a storm, there is still stormwater from Denel
Industries that is depositing into the pan. In winter, the water level
drops about 1 m.

The Denel industries area will be redeveloped, and it would be helpful
to assess SuDS interventions to mitigate existing impacts on the
Clearwater Estate and the pan.

There is also a proposed development along Brentwood Park Road as
well, which will impact on the existing wetland system.

CB

Data availability
X Property prices over the years are known to Clearwater and
can be shared.
x EIA for Denel and Brentwood Park and possible
developments by ACSA are probably available.

CB

GDARD

CB

SD &
NS

NS
et al.

Governance
The pan is privately owned therefore privately maintained.

The developments and re-development offer some opportunities for
stormwater management improvement there, in case the municipality
requests consideration of downstream issues. However, the Roads
and Stormwater department points out that they can only get involved
once the stormwater plans have been submitted and even then, they
have no legal standing to enforce on individual residential 1 zoned
stand alone stands, only within developments.

Most new township developments require an EIA, therefore there
should be one already for the Denel re-development. But the new
Gauteng Environmental Management Framework of 2016 allows for
some developments within urban zone and industrial zones (zone 1
and zone 5) to request exclusion from EIA approval.

SD

Next steps to finalise site assessment.
X Leave the current situation as is in the estate itself,
X Look at the new (re-)developments planned and the
possibilities there.

General discussion and conclusions

SD

Governance

SuDS are not yet a requirement and it is not in the by-laws, although
Ekurhuleni is in the process of drafting stormwater by-laws. The
purpose of this research project is to help the Gauteng Province drive
the municipalities and private sector. Strong guidelines and by-laws
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PS &
SD

BN

NS

SD,
CB,
AB,
PS,
AD

GC

would help the environmentally responsible developers. The objective
of the workshops is to pick up on policy thinking and the obstacles to
SuDS implementation.

If SuDS became a requirement, it would have to be installed as
development takes place. If current developers complied with their
original stormwater requirements the law does not give the obligation
to retrofit. Downstream stakeholders would have to be aware in the
case of up-stream non-attenuation to better inform their stormwater
management.

GDARD aims for this research project to influence the way forward
and inform the EIA process and stormwater designs. The
Environmental Management Framework is a decision support tool that
provides a guide and Minimum standards for exclusion cases,
however it does not take preference over the by-laws, even in zone 1
and 5.

The suggestion was discussed on whether it would be desirable and
possible for the Municipality to lease their assets (like the Pans for
example) to private stakeholders or NPOs, as the municipality might
not have the resources to maintain the asset in that period of time but
the private stakeholder will. This would be to ensure that the
municipality is able to regain control after a period of time when they
have the resources and capacity to properly maintain the asset.
However, it was stated that the MFMA does not allow the leasing of
property for a 99 year lease as in the past, but is now limited to 3
years.

The uptake of SuDS is slow internationally due to the issue of bad
maintenance. Once assets have been privately sold, the stormwater is
out of the control of the municipality. This could be solved by at least
introducing an institutional arrangement to develop a SuDS asset
management registry. The private property owners in the room did not
have any objection against such a registry, as a first reaction. It would
also be in their own interest to maintain the stormwater system and
therefore a check on management and maintenance of their
stormwater assets by the municipality would not be objected against.

The experience was shared that EIA and stormwater management
plan approvals are not aligned, and developers then do as if they
comply with the contradictory requirements. GDARD authorises
projects based on the EIA and the developer agrees to comply with
certain requirements of the EIA process, and might have SuDS
proposed. Successively, the municipal Roads and Stormwater
department would refuse to approve SuDS plans and demand grey
infrastructure. As the developer wants to get his plans approved as
soon as possible, he changes to grey infrastructure. There is a
discrepancy between GDARD and the local municipality where the
latter disregards the recommendations of the former.

Closing comments:

GT

Gary Taylor recommended that people should try to work with nature
as much as possible. If you know that reeds are going to grow, find
ways to make systems work with them. Also, do not try to mow the
whole park but leave some grass growing around as this will also
benefit nature.

10
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GC
& SD

ML

NS

PM

CB

Greg Crookes inquired about whether the project is going to look at
design components and green ideas and concepts. Stuart Dunsmore
responded by stating that the aim of this project is not to go into
detailed design, most SuDS systems are creative and standard
components perform duplicate functions therefore it is all about the
concept behind fitting components together.

Isaac Mosoane came up with the idea to introduce warning systems in
place for private homeowners to release their harvested stormwater
before a major storm event so that they are able to perform the
rainwater harvesting function that they are required to and attenuate
the water on their property. Marieke said such sensors are indeed
existing.

Marc Leroy stated that an asset registry should be mapped and
understood including the effect of treatment trains to better inform
downstream planning.

Nathalie Smal remarked that from a municipal point of view, SuDS
should be promoted and they should fight hard to protect stormwater
management assets as well as create an asset registry

Pamela Madondo stated that this workshop was an eye-opener for
her, as it made ACSA aware of the downstream effects of its
stormwater.

CJ Botha stated that the private sector is willing to work with the
municipality and that the EIA process and the departments should be
catering for SuDS from the outset.

NB

5. Action Points

Neggie Bakwunye presented the summary of actions to be completed
subsequently:

x Pamela Madondo to find out if ACSA can provide flow data from
their flow channel sensor, the report submitted to GDARD related
to the fuel spillage and to check if there is a fuel separator that
caters for the 100 year flood design;

PM

X Greg Crookes to provide water quality data for Pan 1, the detailed
design of the bioswale and the stormwater management plans for
the pan;

GC

DONE

x CJ Botha to provide the consultants with data on property value
improvements related to La Como Estate and the surrounding
developments as well as data available for the Pan;

CB

x Nathalie Smal to follow up on the status of the sale of a portion of
Blaauwpan and the ownership of the channel that flows into
Blaauwpan as well as the parcel of land surrounding it. Nathalie to
also find the township numbers for the new ACSA and Denel
Industries developments;

NS

x Tshilidzi Ratshitanga to find out if she can share stormwater
related plans and future plans for stormwater management with
the consultants;

TR

x Andries Botha to provide the consultants with the true catchment
area for Pan 1 as well as the EIA reference number and EMPr for
7TR\RWDTYTV; SURMHFW

AB

X Greg Crookes to provide a contact for the Department of Water
Affairs who works on SuDS;

GC

11



Inpu | Action item/ Notes of the meeting Respon | Date
t by -sibility
X Andries Botha or Greg Crookes to provide an estimate of figures AB &
regarding maintenance. GC
NN 6. Closure

Ndivhudza Nengovhela concluded the meeting by thanking all for
being present and contributing to the meeting.

The meeting closed at 13h00, followed by lunch
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Date: 09 April 2019

Location: Chief Mogale Hall, Kagiso

Time: 10h00 - 13h00

Document status: Approved by PMC for sending to

participants.

Present

NAME ORGANISATION | POSITION / DEPARTMENT EMAIL
$DTLVKD 'R| AquaLinks Research Intern support@agualinks.co.za
(AD)
Azwindini Mogale City Ward Councillor (36) geoffrey.mutele@gmail.c
Geoffrey Mutele om
(AM)
Bregenev Koza West Rand Disaster Management bkoza@wrdm.gov.za
(BK) District

Municipality
Caroline Sithi GDARD Impact Management Caroline.sithi@gauteng.g
(CS) ov.za
Gabisile Mogale City Environmental Management Gabisile.hlongwane@mo
Hlongwane (GH) and Planning galecity.qgov.za
Harry Moiloa Itsose Recycling | Owner
(HM) Centre
Koogan Naidoo Mogale City Environmental Management Koogan.naidoo@mogale
(KN) and Planning city.gov.za
Marieke de Aqualinks Project manager and facilitator | marieke@aqualinks.co.z
Groen (MG) (Consultant) a
Moipone West Rand Disaster Management mmangope@wrdm.gov.z
Mangope (MM) District a

Municipality

Ndivhudza
Nengovhela (NN)

GDARD (Project
manager Client)

Control Environmental Officer:
A

Ndivhudza.nengovhela@
gauteng.gov.za

Neggie GDARD Environmental Officer: Neggie.Bakwunye @gaut
Bakwunye (NB) Specialised Production eng.gov.za
Patricia Tshitema | Mogale City Environmental Management patricia.tshitema@mogal
(PT) and Planning ecity.gov.za
Pontsho Modise | John Martin Educator admin@johnmartincs.co.

(PM)

Catholic School

za

Rina Taviv (RT)

GDARD (Project
Leader)

Control Environmental Officer:
B

Rina.Taviv@gauteng.gov
-Za

Stephan du Toit
(SdT)

Mogale City

Environmental Management
and Planning

stephan.dutoit@mogaleci
ty.gov.za
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NAME ORGANISATION | POSITION / DEPARTMENT EMAIL
Stuart Dunsmore | Fourth Element Team leader stuart@fourthelement.co.
(SD) (Consultant) za

Tumi Pharumele | West Rand Disaster Management ipharumele@wrdm.gov.z
(TP) District a
Municipality

Apologies received

NAME

ORGANISATION

POSITION / DEPARTMENT

EMAIL

Basani Ndindani

GDARD

Environmental Policy, Planning
and Coordination: Director

Basani.Ndindani@gauten
0.gov.za;

Gail Andrews Rand Water Approached because of Rand | gandrews@randwater.co.
Water Pipeline through site za
Marc Leroy GDARD GIS and data management Marc.leroy@gauteng.gov
expert .za
Molebatsi Mogale City Ward 11 Councillor 21721659@sbs.ac.za
Jeremiah Jim
Michael Stadler Mogale City Roads and Stormwater michael.stadler@mogale
city.gov.za
Nico Britz Mogale City Roads and Stormwater johan.britz@mogalecity.g
ov.za
Gail Andrews Rand Water Approached because of Rand | sstelli@randwater.co.za
and Samantha Water Pipeline through site
Stelli
Susan Stoffberg | West Rand Environmental Manager susanenvironment@gmai
District l.com
Municipality

When it is known explicitly who gave the input, initials indicate this in left column. For convenience of
reading and follow up, the discussions are not written in chronological order but in an order that make

sense for follow up.

Input
by

Action item / Notes of the meeting

Respon - Date

sibility

SaT &
RT

1. Welcome

Stephan du Toit welcomed all on behalf of Mogale City and Rina

Taviv welcomed all who were present on behalf of GDARD

MdG 2. Objective and Introductions

Marieke de Groen outlined the objectives of the workshop and
explained that as a research project this project would not come
with funding for implementation but rather derive lessons from
the case study. She then gave everyone the opportunity to
introduce themselves.

NN 3. Outline of the Objectives and Scope of the

Study

Ndivhudza Nengovhela outlined the objectives of the project
and explained the scope of the study. She also provided an
update on where the project was at the time, what deliverables
had been completed and which ones were in progress.

MdG &
SD

4. Presentation and 5. Workshop session

Marieke de Groen gave a presentation introducing Sustainable
Urban Drainage Systems, explained what they are, how the
treatment train works and showed examples of SuDS around
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Input
by

Action item / Notes of the meeting

Respon -
sibility

Date

Gauteng. Stuart Dunsmore explained the study area and kind of
SuDS measures that are being investigated. For the upstream
catchment rainwater harvesting at individual household level,
and peak storage at sport fields were considered. For the area
along the R41, sediment traps, a stormwater pond for irrigation,
and a detention pond were considered. The report on the
discussion is grouped around the upstream and the wetland
area downstream, rather than in the chronological order of the
meeting, for convenience of follow up.

Sketch of rainwater harvesting tanks at household level

Sketch of SuDS facilities in Sportfields and municipal open
spaces
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by

Action item / Notes of the meeting

Respon -
sibility

Date

Sketch of measures at Wetland Study Site

HM

Ash dumping site (Wetland Study Site)
The area of the Itsose recycling centre and surroundings is an
old ash dumping site.

HM

Blockages by litter and rubble dumping (Wetland Study
Site)

Harry Moiloa stated that there are tonnes of rubble lying
upstream from the Itsose recycling centre that have been
dumped during the mall redevelopment and block the culvert,
together with litter. This results in stagnant water of bad quality
on the other side of Geba Street. This presents a health hazard
for people in the area and especially children who play in the
water after rains. His recycling centre gets flooded often which
sometimes forces him to close for 2 days. Harry Moiloa has
been bringing this to the attention of the local and provincial
authorities without getting a satisfactory response.

HM,
PT &
RT

Solid waste management (General)

Harry Moiloa asked who were responsible for managing the
management of illegal dumping and implementing the law
became a point of discussion. Patricia Tshitema responded that
metro municipalities have Green Scorpions who are specially
trained to deal with Environmental Impact issues but this is not
the case for smaller municipalities. It would help if Green
Scorpion programmes would be effectively implemented in
smaller municipalities with assistance of the Province. Stuart
Dunsmore emphasized that indeed solid waste management is
also important for stormwater management. (See further illegal
dumping and litter collection below.)

HM

New development without EIA  (General)

Harry Moiloa mentioned that there is also a plan to build a
church in the area upstream of the Itsose recycling centre, but
there does not seem an Environmental Impact Assessment
process started.




Input
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Action item / Notes of the meeting

Respon -
sibility

Date

SdT &
SD

Harvesting from pond (Wetland Study Site)

Stephan du Toit enquired about the possibility of how the pond
could be used for harvesting purposes. Stuart Dunsmore
responded that in the current suggested system, the pond is
located as high as possible in the study site to enable gravity
feed of water to irrigate the food gardens. However, this will limit
the volume that can be harvested.

Locating the pond lower in the study site (closer to the
Wonderfonteinspruit) will increase the harvest potential, but will
require pumping to get the water back up to the food gardens.

SdT

Treatment train necessary (Wetland Study Site & Upstream )
Stephan du Toit remarked that the low flow percentage
reductions from the proposed SuDS measures is a clear
indication that mitigation measures in the catchment are
required to help with stormwater attenuation and improve the
efficiency of the SuDS measures in the site.

SD agreed, saying the principle of SuDS is to start treatment at
VRXUFH 3ZKHUH WKH UDLQ IDOOV"’ 7Kl
pollution loading in the lower parts of the catchment. If SuDS is
only implemented in the lower parts then the size of the SuDS
required for treatment is often too large (and expensive) to build.
Rina Taviv asked about estimated peak reduction, but Stuart
explained that MUSIC model GRHVQTW FDOFXODWH

ST &
SD

Sediment loads (Upstream area, impact on  Wetland Study
Site)

Stephan asked about whether the sediment loads from the
sidewalks have been taken into consideration when setting up
the SuDS model. Stuart Dunsmore responded by stating that
the sediments loads used are based on data for residential
areas from international research. The data is not specific to
sidewalks, streets of roofs, but from the general land cover in a
residential area. There is very limited data available in South
Africa on pollutant loading and this is one of the gaps identified
for the design of SuUDS in South Africa. Therefore, the MUSIC
model uses default values for a Mixed-use residential area.

KN

Wonderfonteinspruit river clean  -up campaign (Bigger
catchment)

Koogan Naidoo stated that there is a river-clean up campaign
between GDARD and Mogale City to clean up the
Wonderfonteinspruit. The programme started on the 18t
February 2019. Service Providers are tasked with providing
equipment and transporting the waste that has been collected.
The service providers are required to keep records of everything
that they provide and collect.

MM &
AM

lllegal dumping (General)

Moipone Mangope remarked that the community should be
made aware of illegal dumping and that they should be
educated about sensitive areas. Azwindini Mutele remarked that
people should be discouraged from illegal dumping and
meetings should be held to raise awareness.
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HM &
RT

SD

Harry Moila asked about the deterrents for illegal dumping with
impunity. Rina Taviv responded that the by-laws and waste
management should be the deterrents for illegal dumping.
Municipalities do not need green scorpion training to deal with
illegal dumping, they need trucks and the capacity within the
municipality in terms of human and financial resources. The
implementation of SuDS needs to also address illegal dumping
because the performance of SuDS facilities becomes hampered
with the presence of solid waste

Stuart Dunsmore added that the issue of maintenance and
illegal dumping should be addressed with the implementation of
SuDS.

HM

Litter collection (General)

Harry Moiloa stated that there are individuals who are serious
about recycling and collect at their premises for two weeks, after
which garbage collectors of Itsose recycling centre collect.
Itsose also provides schools and other collectors with bags for
recycling that allows the practice of source separation. The rate
of recycling is quite high, for everything with value.

PM

MdG

RT

NN

Rainwater harvesting (Upstream catchment)

Pontsho Modise stated that schools need time to educate
children before they can implement rainwater harvesting
systems. The schools currently do not irrigate their sports fields
but they have toilets and they often have issues with water
supply, where water can be cut for up to four hours a time.

Since the current water supply is unreliable, the question was
posed how the participants assessed the risk of harvested
rainwater used for consumption. It was confirmed this was
indeed a risk, but the group thought this could be solved by
proper instructions.

Rina Taviv mentioned that a Water Research Commission
(WRC) project, developed a kit for the treatment of water and
that the recommendations made to harvest rainwater should be
accompanied by suggestions on the treatment of that water if it
is used for drinking.

Ndivhudza Nengovhela suggested that Pontsho Modise contact
the Cooperative Governance and Traditional Affairs (COGTA)
that encourages rainwater harvesting by donating tanks to
schools.NN will provide contact details.

NN

AM &
HM

MdG,
AM,
HM

Food gardens (Wetland Study Site )

Azwindini Mutele is in favour of agriculture and stated that there
are approximately between 4-5 people with plots on the SuDS
site.

Do the fields require irrigation? According to the locals in the
workshop knowledge, the fields do not require irrigation for the
crops currently grown, but maybe it would create the opportunity
for some winter vegetables.

Reuse of sediment from sediment traps ~ (Wetland Study
Site)
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RT, SD

Rina Taviv suggested that the sediment traps might also serve
as an opportunity to harvest and re-use the sediment. Stuart
Dunsmore responded that recycling sediment could be an
important opportunity, for example for building material (coarse
sediment) or composting (finer sediment). It would depend on
whether the sediment is contaminated in any way. Regular
testing of sediment would be required.

PT

RT &
PT

SaT

Safety in open spaces (General)

Patricia Tshitema remarked that safety is a very important issue
to consider when planning SuDS. Safety measures such as
fencing off areas (at least 1.8 m high) to prevent access should
be considered to prevent children from accessing certain areas
that may be unsafe for them. In terms of areas that provide
recreational activities with SuDS employed, the SuDS must be
designed in a manner that is safe and does not pose safety
hazards.

Rina Taviv stated that there are lessons to be learned from
GDARD who are establishing parks. Patricia Tshitema stated
that the GDARD parks initiatives in Westrand prove the point
that safety is not considered and the projects fail after two years
because they expect the municipality to take over the operations
and maintenance of the projects, but the municipalities lack the
capacity to do so.

Stephan du Toit pointed out that ponds pose the risk of
drowning and that the design should be based on gentle slopes
and low depths. Otherwise, the areas must be secured using
fences.

SdT

PT &
SaT

RT &
PT

RT

Creation of Park Areas and Public Spaces (General)
Stephan du Toit stated that SuDS presents an opportunity for
informal soccer fields to be formalised through the construction
of SuDS.

Patricia Tshitema confirmed that there is a need for parks in the
area however it is not a priority and it would need to be in the
plans for future parks developments in the Spatial Development
Framework. Stephan du Toit added that there are no developed
parks within a 2.8 km radius therefore there is a need for parks
in the area.

Rina Taviv stated that it is crucial for the creation of green
spaces to mitigate the effects of climate change. With climate
change, there is an anticipation for extreme heat waves and
especially in township areas where people might not be able to
afford air conditioners, green spaces would assist in reducing
the heat effects. Patricia Tshitema added that even just the
creation of green belts would make a difference

Rina Taviv suggested that schools in the neighbourhood could
partner with the municipality to look after parks. There could be
programmes where school kids could be disciplined by cleaning
up litter in parks.

SdT

Detention Zone (Wetland Study Site )
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BK

The detention zone should not compromise the integrity of the
roads infrastructure. The peak flows of the last years have never
been so high that there was any attenuation, as the culvert
capacity was higher than the flows.

The West Rand District Municipality Disaster Management
department had not had any complaints on flooding downstream
of the culverts, where the houses seem to be in the flood risk
zone.

SdT

Park area (Wetland Study Site )

Stephan du Toit informed the group that Kagiso Extension 9,
that is currently part of the study site with the idea of making a
park area there, is planned to be developed into a residential
area.

SaT

On stakeholders involved in the site  (Wetland Study Site )
Stephan du Toit remarked that there are potential role-players
who are not at the workshop and could add value and serve as
potential beneficiaries such as Rand Water who has sumps that
flush into the stream and the company with petrol pipes that run
parallel to the road. (After note: Rand Water had apologized for
not attending this workshop.)

Closing comments:

KN

PT

GH

CSs

SD

HM

Koogan Naidoo suggested that the SuDS plan should be
aligned to the Spatial Development Framework, the Transport
Plan for Mogale City and make use of the mapping of wetlands
for the West Rand District Municipality.

Patricia Tshitema emphasized the safety aspect of SuDS,
suggested that job creation around communities should be a top
priority in the recommendations for SuDS, and mentioned that
the workshop made her realize how much SuDS require an
integrated approach with several departments and parties
working together.

Gabisile Hlongwane mentioned that the land-use
recommendations and illegal dumping is an element of poverty
because people intentionally dump in order to create
employment and get the municipality to hire them to clean up.

Caroline Sithi recommended that SuDS be enforced in the
development for township authorisations.

Stuart Dunsmore added that the maintenance of SuDS systems
offers the ideal opportunity for job creation.

+DUU\ ORLORD UHPDUNHG WKDW SHRSO
LQ LW IRU PH” PLQGVHW

Consultant

NB

5. Action Points
Neggie Bakwunye presented the summary of actions to be
completed subsequently:

Koogan Naidoo to contact persons of the following:
x  Spatial Development Framework: Caliphornia (Local
Economic Development) 081-3395737

KN

DONE
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X Roads and Transport Plan: Michael Stadler 082-
3343542

X GDARD Wetland Clean Up campaign 071-2464959

Harry Moiloa to engage separately with the consultants about
the rubble and illegal dumping on site, directly after the
workshop.

HM

DONE

Patricia Tshitema to investigate the relevant safety aspects and
park requirements which might be relevant for consideration of
SuDS in Kagiso and sent her findings to the consultants.

PT

The consultants to check on the rainwater treatment Kit,
developed with WRC funding.

Consultant

NN

6. Closure

Ndivhudza Nengovhela concluded the meeting by thanking all
for being present and contributing to the meeting.

The meeting closed at 13h00, followed by lunch
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1. Purpose

The purpose of this report is to present findings of the study that was undertaken with
the aim of investigating basements and rooftops in selected buildings of the inner-city
of Johannesburg Metropolitan Municipality. This report will not only be shared with
GDARD officials and external stakeholders but is also presented as an annexure to
the Sustainable Drainage Systems (SuDS) Implementation Manual for the Research

on the use of SuUDS in Gauteng Province.

2. Background and objectives

This study resulted from the observation made during a site visit to the Johannesburg
CBD by the project management team of the Research on the Use of Sustainable
'UDLQDJH 6\VWHPV LQ *DXWHQJ 3URBDS Qdiddtyi¥ cEBemRWMHFW 71
conducted by the Environmental Policy, Planning and Coordination (EPPC)
directorate, with the help from the appointed consultants (Fourth Element Consulting
(Pty) Ltd. The SuDS project focuses on three identified study areas, which are
Bonaero Park-Atlasville, Ekurhuleni Metropolitan Municipality, Kagiso in Mogale City
and the catchment area that drains to the Robinson Canal in the Central Business
District (CBD) of Johannesburg Metropolitan Municipality with focus on the Kopanong
Precinct. Site visits were conducted in each study area, hence from the CBD site visit,
it was noted that many buildings engage in dewatering practices in their basements

on a regular basis.

It was hoped that the findings of this study could help in gaining knowledge of the
amount of water pumped from basins and whether this water is reused and whether it
is currently drained on the stormwater drainage systems. This is useful information to
(1) understand the impact on the stormwater system and (2) to quantify if this pumped
water could be an alternative water source, in particular because the project
investigates the possibility of green roofs or bio-retention areas in the CBD, and these
might need irrigation at least during the years of establishment, dependent on their
design. There are discussions currently ongoing for reuse of the pumped water, not
necessarily for SuDS, as discussed with Johannesburg Inner City Partnership (JICP)
and :RXOGQTW , WIBCH & Bom@any helping to establish entrepreneurs. The
findings of this research will also be made available to them for that purpose.



It was agreed that information on the roof tops would be useful, for a better
understanding of whether different types of green roofs would be possible (depending
on access to roof, safety, roof cover, strength of roof) and what areas they could cover.
In the CBD the WIBC is introducing urban agriculture entrepreneurs who use
hydroponics farming, the alternative of this kind of agriculture, which has less structural
requirements and is not a SuDS system, as it does not influence stormwater. By
looking at properties of the roof such as the type of roof, surface area, accessibility
and boundary walls, the research could also benefit WIBC, and rooftop greenhouses

could be considered for suitable roofs in preference over SuDS green roofs.

In light of the above, the Research and Development unit embarked on a study that
aimed at investigating the basements and rooftops in selected buildings of the inner-
city of Johannesburg Metropolitan Municipality, with assistance from the Fourth
Element Consultancy Team as a skills transfer project for Dakalo Phaswa, intern at

the Research and Development Unit.

3. Activities

The activities of the study included the following:

X List the government and private owned buildings selected for this survey.
x Collect data and analyse existing dewatering measures in place.

x Enter the data into a database, including spatial details for further analysis.
x Collect data on type and accessibility of roof tops.

x Collect data on the amount/volume of water pumped from basements.

x Determine the opportunities for rooftop buildings for urban agriculture.



4. Methodology
This section focuses on the approaches used to collect, analyse and validate the

data utilised for the study. Below is the explanation of the approaches deployed:

4.1 Data Collection
The survey method was used as the main tool for data collection in the study.
Questionnaires were designed to collect relevant information and distributed to the

targeted stakeholders. The questionnaire used is attached (see Appendix 1).

In ensuring that the questionnaires reached the stakeholders and completed, walk-ins
were done to different Gauteng Provincial Department buildings (such as Gauteng
Department of Sport, Arts and Culture; Gauteng Department of Education; Gauteng
Treasury etc.) to hand over the questionnaire. They were followed up with telephone
calls and emails. Other buildings that contributed to the study include: Sci-bono, Bank
City, Anglo American and South Point and others. The Johannesburg Inner City
Partnership assisted with the distribution of questionnaires to the property owners
through emails. Follow-up through phone calls and emails was done by the project

team.

In total, questionnaires from 19 buildings were received. An additional 27 buildings
had information on Assessment reports done by Gauteng Department of Infrastructure
Development (GDID) and the others had information on water seepage received from
City of Johannesburg Metropolitan Municipality.

Further, the Kopanong feasibility assessment was consulted. The Kopanong feasibility
assessment of the GDID included Cost & Benefits Analysis for 4 clusters of buildings
in CBD. The estimated capital costs (expressed as Net Present Value for a 22 years
period) per cluster of R1 222M to R2 296M are higher than current costs.
Unfortunately, to cut the costs it was decided to not implement green star rating for
existing buildings (only for 2 new ones). The operation and maintenance costs did not
include cost of water, electricity, etc. The storm water options were not considered in

the Cost & Benefits Analysis.

The investigation by Johannesburg Metropolitan Municipality by Council for

Geosciences in 2017 (entitled 3Investigation of groundwater occurrence within the



inner city and its surrounding areas) showed that there are many areas where
leakages from water and sewage reticulation systems or old infrastructures systems
causing water seepage into basements. There are some areas in which the
occurrence is related to rain water and the seepage takes place only during rainy
seasons. This may be related to rising water table (level) during rain or direct seepage
of rainwater into the building. The investigation focused on groundwater and explained
W K Dhé/ oécurrence of groundwater can be characterized into three broad groups:
near surface occurrence within the weathered profile; occurrence within fractures,
dykes and shear zones; and occurrence within dissolution cavities in the dolomites. In
some parts, randomly oriented left lateral strike slip faults with minor occurrence of
right lateral strike slip faults with the associated weathered and sheared zones can
potentially act as a conduit for accelerated groundwater flow. 3 7KH ERUHKROHV ZH
drilled and water levels and water quality were measured at 9 locations. Water levels
varied between 2.95m to 17.7m deep while water quality was good at most of the sites.
The main pollutants of concern were nitrate and Faecal Coliforms, which are indicators
of sewage pollution. The water seepage rate analysis could not be conducted due to
the access problem. The study recommended further monitoring, but have not
provided any specific suggestions for groundwater use.

4.2 Data analysis

The data from the completed questionnaires has been consolidated into an excel
spreadsheet for the purpose of analysis (see Appendix 2). The questionnaire
contained questions such as the levels of the basement, dewatering practices, re-use

of water from basements, types and access to roofs, etc.



5. Findings

This section of the report presents findings of the study conducted. This is done by
discussing the findings of the basement areas and later discussing the roof tops of the
buildings used in the study. Work done in relation to each topic that is being discussed
is acknowledged and possible uses of both the water pumped out of the basements

and rooftops are explained.

5.1 Basements

5.1.1 Presen ce of basement area
The graph below indicates that 18 buildings have basement area with only one building

is without basement area. The building without basement area still included part of the

study since it contained data that was used for rooftop analysis.

5.1.2 Depth of basement

The graph below shows the depth of the basements present in the buildings. The

majority of the buildings have 1 to 2 levels of basement. The respondents indicated

generally that they practice dewatering from basement 1 up to basement 4. Other
UHVSRQGHQWY GLGQYfW VSHFLI\ WKH GHSWK RI WKHLU EDV
have basement areas present, hence the graph below has an unspecified (N/A)

column.

Depth of Basement

0

1 Basemenf Basement3 Basement4 Basements Basement§ Basements N/A

Graph 1: Depth of basement



5.1.3 Dewatering system in the basements
The graph below indicates the number of buildings with dewatering systems, with

almost all the buildings having dewatering systems available.

From the 19 questionnaires submitted, 13 buildings indicated that they do have
dewatering systems, whereas 4 of tKH EXLOGLQJV LQGLFDWHG
dewatering systems, with one building that has specified as unknown and the other

one with no basement at all, hence the response is not applicable (N/A).

Dewatering system present

= Yes = No = Unknown = N/A

Graph 2: Dewatering system in the basements

5.2 Water

The graphs below illustrate the usage of water and also indicate as to whether the
measurement of water quality is being conducted, and also look at where is this water
being directed to. They also provide information on how buildings re-use their
groundwater if it being re-used and also specify what is the water being re-used for.

5.2.1 Measurement of water quality conducted
It is noted that none of the buildings know the water quality of the water pumped from

the basements. Interest has however been shown with regards to having tests done

to measure the water quality.

5.2.2 Where is the water being directed to?
From the findings, 7 buildings indicated that they directed their water to the stormwater

network, 4 directed them to sewerage, 6 did not know where the water goes to (4
indicated as such and 2 stated from sump pump), the remaining direct it either for

internal use or not applicable, since there is no basement.

WKDW



Reciever of water

A

= Sewerage = Storm water network= Internal Use

Sump pump = Unknown = N/A

Graph 3: Where is the water being directed to?

5.3 Water re -use

5.3.1 Is the water re -used
Even though water is pumped out of the basement of the buildings that the study was

conducted in, the majority of the respondents stated that they do not re-use their water.
The water pumped out is regarded as waste water, although it could be considered for

re-use.

All of the buildings that practice dewatering are directing their water to stormwater or
sewerage with exclusion of FNB Bank City, where they are using some of their water
for fountains and external cleaning. For some buildings it was answered that the water
is pumped to a sump, but that is a temporarily storage facility and does not clarify

where the water is going to afterwards.

5.3.2 Type of re -use
7KH JUDSK EHORZ VKRZV WKDW WKH PDMBUheW waket,

hence it supports finding above that the water is not being re-used but treated as a
waste element. This is important for the study since it indicates the potential of
harvesting the water, which will improve water security and reduce the burden in the

stormwater network.
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Graph 4: Type of water re-use

5.4 Pumps

The graph below mainly looks at the operation of the pumps in these buildings.
However, there seems to be insufficient data concerning pumps. The questionnaire
asked for the volume of water pumped, capacity of the pump and the usage of the
pumps that are used. All buildings for which the survey was conducted did not provide

any data with regard to the volume of water pumped.

5.4.1 Volume of water pumped
From the answers provided it was deduced that the amount of water pumped out of

the basements is unknown and in some cases unspecified. Such shows that there is
lack of interest in the water that is being pumped out, hence education and awareness
of how the water can be re-used can play a vital role and positively influence the

amount of money spent when purchasing water.

5.4.2 Capacity of pump
Majority of the buildings stated that they are not aware of the capacity of the pump,

even though they are aware of the presence of the pump and that the pump is
frequently being used since they experience basement flooding. One response stated

that pump capacity is 140m?/h, while another said it is 1000 kpa.



5.4.3 Pump operating hours
The usage of the pump is also not presented in the questionnaires by majority of the

buildings. This is followed by almost quarter the number of buildings saying that they

operate their pumps between 21 and 24 hours.

Pump usage (hours per day)
1

11

Automated = 21- 24 Hours/ day= Unknown = N/A

Graph 5: Pump Usage

5.5 Analysis of r oof data

The graphs below illustrated how the roof tops, for which questionnaires were
received, are structured. The graph below clarifies information with regard to the type
of roof, can the roof be walked on, boundaries of the roof, accessibility of the roof and
the surface of the roof. This data will also be beneficial to stakeholders dealing with
urban agriculture, such as Wouldn't It Be Cool (WIBC) which is one of the
organisations that is practising urban agriculture within the Johannesburg Metropolitan
Municipality in the inner-city.

5.5.1 Type of roof

Chalatse (2003) suggests that the usability of urban and suburban roofing for existing
and new houses based on the gradient / slope of the roof, materials used, etc. hence
in quest to find out possible uses of the roof for urban agriculture, the type of roof
guestions were asked. The findings reveal that the majority of the roofs have a flat
structure. Therefore, there is a possibility of using the roof for green roofs or rooftop
agriculture, etc. However, there is one respondent who indicated that they are not

aware of their roof type.
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Type of roof
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Graph 6: Type of roof

5.5.2 Accessibility to roof

The ability of the roof to be walked on was another important element of the study
EHFDXVH IRU DQ\ VHFRQGDU\ DFWLYLW\ VXFK DVwWaRRI WRS .
on the structure. All buildings involved in the study, with one exception, indicated that

the roof can be walked on.

Accessibility of the roof was also an important component to study since it influences
whether a building roof can be used or not. For all but one of the buildings there is an
accessible roof, and stairs are there for access.

5.5.3 Boundaries on the roof

Most of the buildings indicated that they have wall boundaries. The remaining buildings
HLWKHU KDG QRQH D |IHQF Hdgrlds &t B aoftart i Sdtesines théyR X
can serve as safety measure for roof activities and in some specific cases can retain

the rain water for sometime.

Boundaries of roof

9
5
4
[ |

Wall None Unspecified  Fence

10

o N A O

Graph 7: Boundaries of roof
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5.5.4 Surface area of the roof
Most of the buildings indicated that they have roof sizes between 100sgm +1500 sgm.

Important to note with that there are buildings with larger sizes up to 16000sgm. This

will allow the possibility of having more than one activity carried out on the roof.

Surface area of the roof
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Graph 8: Surface area of the roof

6. Conclusions

The majority of the sample of 19 buildings have basements from which water is
pumped (13 out of 19), but amounts of water are generally unknown. For many of the
buildings it is unknown where this water is pumped to, but some pump to the
stormwater system (7 out of 19) and surprisingly some are reported to pump to the
sewerage system (4 out of 19). There would thus be potential for using the pumped
water more effectively. Currently of the buildings consulted only FNB is having re-use
on site. For none of the buildings tests are carried out on water quality. For most
buildings it was confirmed that the research team would be welcome to take samples

(see Appendix 2 with all results).

The roofs of the buildings are generally well accessible and most have flat area.
Therefore most of the buildings are technically suitable for green roofs, if structural

strength is confirmed, or alternatively for roof top farming.
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7. Recommendations

This investigation did not yet do analysis on the combined answers in one
guestionnaire, but these are quite simple to derive from the full database of answers
in Appendix 1. For example, if there is interest to develop a green roof, then it could
be checked if the same building has already excess water it pumps from the basement
that can be diverted to be used for irrigation. Such analysis only makes sense for
locations that are seriously considered either as green roof or for bio retention (not so

high pumping head, similar to current stormwater or sewerage system).

The ability for reusing the water pumped out from basements for irrigation and urban
agriculture should be explored further. Such an exploration would benefit from an
additional survey for every building where dewatering is practiced, to measure how
much is pumped and to possibly suggest the savings on the cost of water should the

water be used.

Education and awareness with facility management of the buildings would be needed

for consideration of the water pumped as an additional source of water.

It is recommended that further studies be conducted on the water quality of the
pumped water. This will influence the use of the water and has the potential to tell a
story of whether the water that is pumped out from the basement is from the aquifers

(ground water), leaking pipes or just rainwater seepage.

As for the roofs, for interested facility managers / property owners, the
recommendation would be to consider contacting WIBC for the possibility of
agricultural farming on their roof. The consideration for green roofs would also need
further considerations by managers/ property owners, further defining the objectives
of such a green roof apart from stormwater management. This survey did not make
an attempt to ask for structural capacity of the roofs, which would be an important

design input as well.
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9. Appendix 1: Questionnaire

Project GDARD: Research on the Use of Sustainable Urban Drainage Systems in Gauteng Province, Case Study CBD
Johannesburg (Oct 2018 -Sept 2019)

Kindly reply to DAKALO.PHASWA@gauteng.gov.za, with cc to support@aqualinks.co.za

Kindly reply before 8 May 2019, your cooperation is appreciated.

Questionnaire for buildings in Inner City

Questions Unit Answers | Contact details to get
further information

General

Building Street Address

Building Name (if available)

Building Owner (if available)

Latitude (if available) Lat

Longitude (if available) Long

Respondent Name

Email

Phone nr

Erfnr

Basement




Does your building have a basement area?

Yes / No / Do not
know

If Yes above, then kindly answer the following questions:

Do you have a dewatering system for your
basement/foundation? (removal of groundwater seeping
into the basement)

Yes / No / Do not
know

What is the depth of the basement?

m or nr of parking
levels
underground

Where is this water directed to?

Sewerage/Storm
water network
and, or Internal
Use of water or
Do Not Know

Do you monitor the water quality of the groundwater that is
being removed? (if so, can you provide more information
on the water quality or give permission to take a sample)

Yes, as follows or
No, or No but you
are welcome to
come and take
samples.

If the water is reuse d, what s it reused for?

E.g. watering of
gardens, toilet,
cleaning of
garages etc.
Please be as
specific as
possible on
amounts of water
used.

What is the volume of water pumped per day? (If seasonal
differences please indicate)

m~3/day

If Question 7 is not known, then maybe 8 and 9 are known:
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What is the capacity of the pump? m”~3/hour or /s
How many hours a day is the pump switched on for? (If hours/day
seasonal differences please indicate)
ROOF
Is the roof flat? Yes / No / Do not
know
Can the roof be walked on? Yes / No / Do not
know
Does it have a fence / wall around it? Yes / No / Do not
know
Is the roof easily accessible? (Staircase) Yes / No / Do not
know
What is the surface area of the roof (approximately)? m”2
THANK YOU!
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10. Appendix 2: Data Collected

10.1 Basement Data

Name of Building Street Basement | Depth of Dewatering | Measurement of | Volume of | Capacity
Building Address area basement (i.e system water quality water of the
present number of present conducted pumped pump
parking levels
underground)

Sci-bono. Corner Helen Yes 2 Basements Yes Welcome to take | Unknown Unknown

Joseph and Miriam samples

Makeba street,

Newtown,

Johannesburg.
Periousia 90 Albertina Sisulu | Yes 1 Basement No No Unknown Unknown
(PTY) Ltd & Cnr Harrison

Street
45 Main Street = 45 Main Street Yes 2 Basements Yes No Unknown Unknown
44 Main Street = 44 Main Street Yes 1 Basement No No Unknown Unknown
47 Main Street = 47 Main Street Yes 1 Basement No No Unknown Unknown
55 Marshall 55 Marshall Street | Yes 6 Basements Yes No Unknown Unknown
Street
42 Marshall 42 Marshall Street | Yes 2 Basements No No Unknown Unknown
Street
BankCity c/o Kerk And Yes 4 Basements Yes Welcome to take | Unknown Unknown

Simmonds samples
Surrey House | 35 Rissik Street Yes 4 Basements Yes Welcome to take | Unknown Unknown

samples

Imumba 75/77 Fox Street Yes 3 Basements Unknown No Unknown 1000 kpa
House
Diamond 35 Melle street Yes 2 Basements Yes No Unknown Unknown
house
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Name of Building Street Basement | Depth of Dewatering | Measurement of | Volume of | Capacity
Building Address area basement (i.e system water quality water of the
present number of present conducted pumped pump
parking levels
underground)

Phumelela 99 Simonds street | No No N/A N/A N/A N/A

House

Epozini 66 De Korte Yes 2 Basements Yes Welcome to take | Unspecified | Unspecified
samples

Argon 87 Juta Street Yes 2 Basements Yes Welcome to take | Unspecified | Unspecified
samples

Mvelelo 19 Melle Street Yes 2 Basements Yes Welcome to take | Unspecified | Unspecified
samples

Van der stel 20 Melle Street Yes 2 Basements Yes No Unknown Unspecified

place

46 De korte 46 De Korte Yes 1 Basement Yes Welcome to take | Unspecified | Unspecified
samples

Black Burn 77 Juta Street Yes 1 Basement Yes Welcome to take | Unspecified | Unspecified
samples

Norvic House | 91 De korte Street | Yes 1 Basement Yes Welcome to take | Unspecified | Unspecified

samples
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10.2 Receiver of Water, Water Reuse, Hours of pumping

Name of Building Building Street Address Receiver of water Water reused Type of re | Pump usage
(yes/no) use (hours per day)

Sci-bono. Corner Helen Joseph and Sewerage No None Automated
Miriam Makeba street.

Periousia (PTY) Ltd 90 Albertina Sisulu & Cnr Unknown No None Unknown
Harrison Street

45 Main Street 45 Main Street Sump pump No None Automated

44 Main Street 44 Main Street Unknown Unknown None Unknown

47 Main Street 47 Main Street Unknown Unknown None Unknown

55 Marshall Street 55 Marshall Street Sump pump No None Automated

42 Marshall Street 42 Marshall Street Unknown No None Unknown

BankCity c/o Kerk And Simmonds Internal Use Yes Cleaning Unknown

Surrey House 35 Rissik Street Storm water network | No Toilets Unknown

Imumba House 75/77 Fox Street Sewerage No None 21- 24 Hours/ day

Diamond house 35 Melle street Storm water network | No None Unknown

Phumelela House 99 Simonds street N/A N/A N/A N/A

Epozini 66 De Korte Storm water network | No None Unknown

Argon 87 Juta Street Sewerage No None Unknown

Mvelelo 19 Melle Street Sewerage No None Unknown

Van der stel place 20 Melle Street Storm water network | No None Unknown

46 De korte 46 De Korte Storm water network | No None 21- 24 Hours/ day

Black Burn 77 Juta Street Storm water network | No None 21- 24 Hours/ day

Norvic House 91 De korte Street Storm water network | No None 21- 24 Hours/ day
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10.3 Rooftops

Name of Building

Building Street

Type of roof

can the roof be

Boundaries on

Accessibility of roof

Address (e.g flat) walked on? roof e.g. Staircase
Sci-bono. Corner Helen Joseph Partly flat Yes None Stairs

and Miriam Makeba

street.
Periousia (PTY) 90 Albertina Sisulu & Cnr | Unknown No None Other
Ltd Harrison Street
45 Main Street 45 Main Street Flat Yes Wall Stairs
44 Main Street 44 Main Street Partly flat Yes Wall Stairs
47 Main Street 47 Main Street Partly flat Yes Wall Stairs
55 Marshall 55 Marshall Street Partly flat Yes Wall Stairs
Street
42 Marshall 42 Marshall Street Partly flat Yes Wall Stairs
Street
BankCity c/o Kerk And Simmonds | flat Yes Unspecified Stairs
Surrey House 35 Rissik Street flat Yes Wall Stairs
Imumba House 75/77 Fox Street flat Yes Wall Stairs
Diamond house 35 Melle street Flat Yes Wall Stairs
Phumelela House | 99 Simonds street Flat Yes Fence Stairs
Epozini 66 De Korte Flat Yes None Stairs
Argon 87 Juta Street Flat Yes Wall Stairs
Mvelelo 19 Melle Street Flat Yes Fence Stairs
Van der stel place | 20 Melle Street Flat Yes Fence Stairs
46 De korte 46 De Korte Flat Yes None Stairs
Black Burn 77 Juta Street Flat Yes None Stairs
Norvic House 91 De korte Street Flat Yes Fence Stairs
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