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Abstract

Currently most stormwater design in South Africa focuses on collecting the 

runo�  and channelling it to the closest watercourse – frequently having a 

signi� cant impact on the environment as a consequence of the raised peak 

discharges and poor water quality. Overseas, in recent years, numerous al-

ternatives to the traditional stormwater management approach have been 

developed to manage these impacts – generally by dealing with storm-

water as close to its source as possible. Various terms have been applied 

to these alternative approaches, but the most descriptive is Sustainable 

Drainage Systems (SuDS) which is the term that has been adopted in the 

UK (and elsewhere). SuDS have now become mandatory in all new devel-

opments in many – if not the majority – of developed countries. In 2008, 

the WRC awarded a research contract to a consortium led by the Univer-

sity of Cape Town to, inter alia, develop user-friendly guidelines for SuDS in 

South Africa. The draft Guidelines were completed in March 2011, and have 

been presented in some of the major centres. This paper outlines the pro-

posed Guidelines and the supporting documentation – including a simple 

Excel-based model for the economic comparison of various alternatives. 

The project is due for completion on 31 March 2012.

1. Introduction

Currently most stormwater design in South Africa focuses on collecting the 

runo�  and channelling it to the closest watercourse – frequently having a 

signi� cant impact on the environment as a consequence of the raised peak 

discharges and poor water quality. Overseas, in recent years, numerous al-

ternatives to the traditional stormwater management approach have been 

developed to manage these impacts – generally by dealing with stormwa-

ter as close to its source as possible. Apart from addressing issues of exces-

sive discharges and poor water quality, these alternatives also attempt to 

maintain biodiversity and improve amenity – largely by mimicking natural 

processes. Various terms have been applied to these alternative approach-

es, but the most descriptive is Sustainable Drainage Systems (SuDS) which 

is the term that has been adopted in the UK (Woods-Ballard et al., 2007). 

SuDS have now become mandatory in all new developments in many – 

if not the majority – of developed countries. In 2008, the Water Research 

Commission of South Africa (WRC) awarded a research contract (K5/1826: 

Alternative technology for stormwater management) to a consortium led 

by the University of Cape Town to, inter alia, develop user-friendly guide-

lines for SuDS in South Africa. The � rst draft Guidelines were completed in 

March 2011, and have been presented at workshops in some centres (Cape 

Town, Durban, George, Johannesburg and Centurion/Pretoria). This paper 

describes why conventional stormwater systems – that have been used for 

decades in South Africa – are (usually) so bad, describes some of the al-

ternatives o� ered by the SuDS approach, then outlines the proposed new 

South African SuDS Guidelines and supporting documentation – which in-

cludes a simple Excel-based model for the economic comparison of various 

alternatives. The project is due for completion on 31 March 2012.

2. Why conventional drainage systems are (usually) so bad?

For years now, the standard approach to stormwater management has been 

one of getting rid of the rainwater as quickly as possible. Roofs are drained by 

gutters and downpipes designed to convey the water away from the build-

ing as fast as possible. Roads and parking areas are generally sealed with an 

impervious material such as bitumen or concrete and designed to shed wa-

ter towards strategically placed catch-pits. Underground pipes convey the 

rainwater, by now often highly polluted with litter, silt, heavy metals (coming 

largely from car exhausts and brake linings), hydrocarbons (car exhausts) 

and pathogens (associated with organic matter) to the nearest receiving wa-

ter course – usually the closest stream (Opher & Friedler, 2010). 

The stream doesn’t have a chance. Hardening the surfaces in the catch-

ment area not only ensures that as much as ten times more rainwater ! ows 

directly to the stream, it travels much faster over the relatively smooth sur-

faces. Peak ! ows can be up to seven times higher than prior to develop-

ment (SANRAL, 2006). The result is erosion in the vicinity of the stormwater 

inlets – and deposition downstream. For many years, the conventional “so-

lution” to this was to line the streams with concrete or put in retaining walls, 

but all this does is to shift the – much bigger – problem downstream. Any 

aquatic life in the vicinity of the development is obliterated; if not by the 

concrete construction, then by the poor quality water. Flows from informal 

settlements or dysfunctional wastewater treatment works exacerbate the 

problem. Add to that the acid mine drainage threat and the prognosis for 

the streams, rivers, estuaries and beaches is very poor indeed. Figures 1 

and 2 show typical pre- and post-development runo�  scenarios associated 

with the conventional approach to stormwater management.
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Figure 1: Typical pre- and post-development runo!  scenarios with the 

conventional approach 

(After Haskins, 2010, Wilson, et al., 2004)
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Figure 2: Typical hydrographs associated with pre- and post-development 

employing the conventional approach to stormwater management 

(After Wilson et al., 2004, Woods-Ballard, et al., 2007)
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Engineers have known about the problems associated with conventional 

drainage for years. Commencing around 1980, there was a world-wide 

move to provide arti� cial storage in the stormwater systems in the form of 

stormwater detention and retention ponds. A detention pond temporar-

ily stores water during storm periods – releasing it at a more gradual rate 

once the storm has abated. A retention pond ordinarily has water in it but it 

functions in much the same way as a detention pond in that surplus water 

is temporarily stored until the storm is gone. Currently there are thousands 

of detention and retention ponds scattered around the metros of South Af-

rica – some 800 in the City of Cape Town alone (CSRM, 2011). The problem 

is that they have a number of short-comings: they take up lots of land, they 

can be a drowning hazard, they do little to improve water quality and they 

are unable to replenish the groundwater table in the catchment outside of 

the immediate surrounds of the ponds.

3. The world-wide move to SuDS

As the extent of the adverse impact of stormwater drainage on receiving 

waters became widely recognised towards the end of the 20th Century, 

legislation such as the European Union Water Framework Directive (2000) 

and the United States Clean Water Act (1972 – amended in 2002) started 

forcing changes in the way stormwater is managed in the more developed 

world. The result has been the rapid growth in the use of more ecologically 

friendly ways of managing stormwater. This new approach is known by a 

variety of di� erent names including: Sustainable Urban Drainage Systems / 

Sustainable Drainage Systems (SuDS) in the UK, Low Impact Development 

(LID) and increasingly Green Infrastructure (GI) in the USA, and Water Sensi-

tive Urban Design (WSUD) in Australia. In South Africa, I propose that the 

term Sustainable Drainage Systems (SuDS) be used for the new approach 

to stormwater infrastructure whilst Water Sensitive Urban Design (WSUD) 

be used for the holistic approach to water management – including storm-

water – within urban planning and design, which was the original inten-

tion of the Australians (see, for example, WSUD, 2011). It is clear that South 

African practitioners, on the whole, have fallen a long way behind their in-

ternational counterparts in this critical area of service provision and steps 

need to be taken to enable them to catch up – taking into consideration, of 

course, our particular socio-economic circumstances.

4. The SuDS approach to stormwater management

SuDS attempt to mimic the pre-development situation in three impor-

tant areas: runo�  quantity, runo�  quality, and ‘amenity and biodiversity’. 

They achieve this by: treating the stormwater as close to its source as 

possible, using a ‘treatment-train’ to successively treat any runo�  (Figure 

3), and making maximum use of the stormwater system to create green 

spaces for people and protect indigenous biota. Maximum use is also 

made of local storage and the possibility of local in� ltration. Hardened 

surfaces and concrete channels are avoided wherever possible – within 

reason of course.
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Figure 3: SUDS Treatment train schematic (After Woods-Ballard, et al., 2007)

The concept of a treatment-train is a powerful one. There has been a ten-

dency in the past to assume that stormwater can be handled in a ‘one-stop 

shop’. Nothing could be further from the truth. As everyone knows, there is an 

in� nite variety in rainfall patterns and the pollution pro� le of the associated 

runo� . It is very hard to design a single structure that can cope with this scale 

of diversity, and in any case, no single structure can simultaneously solve all the 

problems everywhere in the catchment. In a treatment-train, there are three 

main ‘carriages’: source controls, local controls and regional controls. 

4.1 Source Controls

Source controls attempt to treat stormwater at the point where it lands on the 

earth. Examples are: ‘green’ roofs, rainwater tanks and in� ltration structures. 

4.1.1. Green roofs are designed to intercept the rainwater that lands di-

rectly on the building. Vegetation is deliberately planted on the roof – either 

in boxes or in a specially designed layer of soil that is laid on the specially 

reinforced roof structure (Figure 4). Rainwater is temporarily stored on the 

leaves or in the growing medium. Much of it is eventually evapo-transpirated 

back into the atmosphere after the storm has gone. Only a relatively small 

quantity of water ! ows from the roof – and then only from particular big 

storms (intensity and/or duration). Green roofs have other positive impacts: 

they provide excellent insulation to the buildings thus reducing the heating 

and cooling bill; they help to reduce the ‘heat island’ e� ect that sees the tem-

perature in the centre of a large city rise to as much as 4oC above that of the 

surrounding countryside; they provide a safe refuge for endemic vegetation; 

and they potentially provide private gardens for jaded workers.

Figure 4: Green Roof, Headquarters of the Department of Environmental 

A! airs and Development Planning, Cape Town

4.1.2. Rainwater tanks come in many sizes and shapes. Usually they take the 

form of prefabricated tanks holding only a few thousand litres (Figure 5), but in 

the Far East they are sometimes to be found in the form of large underground 

reservoirs holding several thousand kilolitres. The water should not be used for 

drinking without proper treatment (although this is often done in rural areas!), 

but is usually quite suitable for watering gardens or ! ushing toilets.

Figure 5: Domestic roof rainwater storage tanks
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4.1.3 In! ltration structures are a family of devices that attempt to in-

ject rainwater into the ground as quickly and e#  ciently as possible. They 

usually take the form of an underground chamber for temporary storage 

linked to a soakaway. They are typically used to treat roof runo�  (Figure 6). 

Clearly in� ltration structures are inappropriate where the soil is relatively 

impermeable or where the injection of concentrated rainwater poses 

a danger to foundations e.g. in dolomitic areas, or in areas of heaving or 

collapsing soils.

Figure 6: Groundwater recharge of runo!  from a single residential dwelling, 

Cotswold Downs Estate, Hillcrest

4.2 Local Controls

Local controls attempt to handle stormwater at a slightly larger scale; typi-

cally from a number of properties. Examples include: bio-� lters / bio-reten-

tion areas, � lter strips, permeable pavements and swales.

4.2.1 Bio-! lters / bio-retention areas refer to a family of carefully de-

signed vegetated areas that temporarily store stormwater before in� ltrat-

ing it into the root system of carefully selected plants (Figure 7). The storm-

water is treated in the root zone before being evapo-transpirated through 

the leaves, percolated through the ground horizons to join the underlying 

water-table, or extracted via specially provided under-drains. The scale var-

ies from quite small e.g. linked to a single building, to very large e.g. treat-

ing an entire development. 

Figure 7: Bio-retention area situated between housing units, Evergreen 

Retirement Village, Cape Town

4.2.2 Filter strips are vegetated barriers to the overland movement of 

stormwater to more formal drainage structures. The vegetation slows the 

water down resulting in the deposition of silt and the consequent remov-

al of many of the � ne particulate matter including heavy metals that are 

often to be found adsorbed onto the silt grains. Litter is also � ltered out 

through the vegetation. Filter strips come in many forms – from lawns to 

‘natural’ areas next to streams (Figure 8).

Figure 8: Vegetated " lter strip adjoining a stream

4.2.3 Permeable pavements are, at � rst glance, a road engineers’ worst 

nightmare come true! Conventionally roads are designed to shed stormwa-

ter as quickly as possible in order to prevent it getting into the road pave-

ments where it removes the � ne material – ultimately the main cause of pot-

holing. To this end, roads and parking areas are usually given a ‘raincoat’ in 

the form of asphalt (black top) or concrete seal. In permeable pavements, the 

specially graded gravel layers are replaced with coarse sand and/or stone, 

whilst the surface is deliberately made permeable. The permeable surface 

can come in many forms including: specially designed brick or concrete pav-

ing (Figure 9), gravel (Figure 10) or grass (Figure 11). Ordinarily, permeable 

pavement in� ltrate stormwater into the underlying soil strata, however in 

areas of low soil permeability – or where the stormwater can be used for 

watering purposes – the structural layers can be lined with an impermeable 

membrane and used as an underground reservoir. 

Figure 9: Permeable concrete block pavers with open joints and slotted ends 

" lled with a pea-sized gravel

Figure 10: Gravel pavement system, Bishops Court O#  ce Park, Hillcrest
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Figure 11: Modular pavement system planted with grass, Clifton Hill Estate, 

Hillcrest

4.2.4 Swales are shallow vegetation-lined channels with relatively ! at 

bases and sloping sides (Figure 12). Although grass is the normal vegeta-

tion of choice, various di� erent plants can be used to suit the characteris-

tics of the speci� ed site. Unlike with conventional concrete-lined ditches, 

swales are able to temporarily store considerable quantities of stormwater 

thereby lowering peak ! ows downstream. Limited reduction in the ! ood 

volumes is achieved through in� ltration into the ground through the bot-

tom and sides of the channels. The vegetation not only helps to slow the 

water down, it also acts as a sieve to trap sediment and gross pollutants 

and provides a measure of bio-treatment.

Figure 12: Roadside swale, Cotswold Downs Golf Estate, Hillcrest

4.3 Regional Controls

Regional controls attempt to treat stormwater from much larger catch-

ment areas. They include detention and retention ponds described earlier, 

but constructed wetlands are often preferred because they o� er much bet-

ter water quality improvement. Wetlands are marshy areas of open water 

and containing aquatic vegetation (Figure 13). They provide a vibrant habi-

tat for � sh, birds and other wildlife. Stormwater treatment usually compris-

es sedimentation coupled with biological nutrient and pathogen removal. 

If carefully designed and maintained, a wetland can greatly enhance the 

values of surrounding properties. On the other hand, care must be taken 

to ensure that they don’t constitute a drowning hazard – or become an 

eyesore owing to inadequate maintenance.

Figure 13: Constructed Wetland, Century City, Cape Town

A common criticism of the SuDS approach is that the various SuDS op-

tions are generally more expensive to construct and maintain than conven-

tional equivalents. This however ignores the fact that conventional systems 

externalise the cost of treating the stormwater. Life-cycle analyses carried 

out on a number of installations around the world consistently show that 

the SuDS approach is usually more cost-e� ective than conventional sys-

tems when the comparison is carried out on a fair basis.

 A further objection concerns their applicability in heavily-built areas, for 

example the CBDs of big cities. However, although there are clearly di#  cul-

ties retro-� tting SuDS in these environments compared with more open 

and/or green-� eld sites, a number of innovative solutions have been found: 

for example a combination storage tank / in� ltration bed in an upmarket 

plaza outside a bank in central San Francisco (Figure 14) or a combination 

sediment trap / bio-� lter in a catchpit in central Melbourne (Figure 15). 

Figure 14: Rainwater falling on this plaza in downtown San Francisco $ ows 

through slots into a stone bed below the paving 

 A � nal objection concerns the applicability of SuDS in low-income areas. 

This clearly provides a challenge as some SuDS options are inappropriate 

in such areas. On the other hand, it should be noted that rainwater tanks, 

swales and wetlands are used in low-income areas throughout the world. It 

is also likely that, in future, low-income areas will be increasingly integrated 

with higher-income areas thereby increasingly opportunities for more sus-

tainable solutions. 
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Figure 15: A catchpit designed as a bio-" lter in downtown Melbourne

As with underground pipes, SuDS are designed to handle frequent rain-

fall events. Engineers still need to design separately for major storms e.g. 

the one in 50 or 100 year storm events, by ensuring that there are suitable 

! ood paths to safely convey the water away to the nearest river, lake or 

beach. There may also be a need, in certain circumstances, to put in a com-

bination of SuDS and pipes, but then the pipes will generally be smaller 

than with a conventional design.

5. The proposed South African SuDS guidelines

The proposed South African SuDS Guidelines are the product of over three 

years of research into international best practice. There are designed to ap-

peal a wide audience – not just engineers, but all professionals involved 

with infrastructure development. Engineering jargon has thus been kept 

to a minimum and, what terms are used, are de� ned in a Glossary at the 

beginning of the document. Only seven – very simple – equations are in-

cluded. The intent is to quickly introduce everyone to the basic concepts, 

and then refer those that need more information to the large library of doc-

uments sourced from around the world that has been compiled on a single 

DVD together with the electronic version of the Guidelines. A website is 

also under construction. Version 10 (7 March 2011) of the DVD contains 

2.34GB of data and comprises of the following folders:

1.  Principal documentation (the draft Guidelines, three City of Cape Town 

documents that describe that city’s approach to SuDS implementation, 

and the ‘Simple Economic Model’ which is an Excel program that can be 

used to determine and compare Life Cycle Costs of stormwater systems)

2.  Manuals (27 SuDS manuals – or links to SuDS manuals – from the UK, 

USA and Australia)

3.  Conference Proceedings (from recent conferences on SuDS or related 

stormwater issues)

4.  Case Studies (from the UK, USA and Australia)

5. Informative SuDS websites

6. Permeable Paving Products (links to software)

7.  Ridding Stormwater of Litter (Reports and papers emanating from WRC 

studies on this important aspect of stormwater management)

8. Acrobat Reader

The draft SuDS Guideline document (as presented in Version 10 of the 

SuDS Resources DVD) contains a glossary of technical terms, � ve chapters 

and six appendices. The � rst chapter is an introduction to SuDS, the second 

an overview of design criteria and methods, and the remaining three chap-

ters cover source controls, local controls and regional controls respectively. 

In these latter chapters, twelve SuDS approaches are described under the 

sub-headings: general description, general design guidelines, advantages, 

limitations, operation and maintenance, technology derivatives, case stud-

ies, and further reading. Appendices cover: SuDS design frameworks, pol-

lutant removal capacities, general designs for SuDS options, life-cycle cost-

ing of stormwater management, description of the ‘Simpli� ed Economic 

Model’ and stormwater management costing fact sheets.

 In the � nal version of the SuDS Resources DVD (to be released some time 

in 2012), the intention is to hyperlink references in the Guidelines to the 

various supporting material in order to make access easier for users. 

Conclusions

Present stormwater management in South Africa which focuses on collect-

ing the runo�  and channelling it to the nearest watercourse is no longer 

regarded as acceptable in the more developed countries of the world. Al-

ternative techniques which address minimise damage to the environment 

by addressing issues of excessive discharges and poor water quality whilst 

attempting to maintain biodiversity and improve amenity are being intro-

duced. These are termed Sustainable Drainage Systems or Sustainable Ur-

ban Drainage Systems (SuDS) in the UK. A WRC research contract awarded 

to a consortium led by the University of Cape Town has developed draft 

guidelines for the implementation of SuDS in South Africa. These are ac-

companied by an Excel-based program for the estimation of the Life Cycle 

Costs of stormwater systems as well as a library of various resources on a 

DVD. The project is due for completion on 31 March 2012.
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