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ABSTRACT 

The Cape Flats Aquifer (CFA), Western Cape, covers an area in excess of 400 km
2
 and extends from 

False Bay in the south to Tygerberg Hills and Milnerton in the northeast and northwest, respectively. 

Geologically the Cape Flats is underlain by the fluvial, marine and aeolian Tertiary and Quaternary 

sedimentary deposits of the Sandveld Group, which unconformably overlie weathered Malmesbury 

Group and Cape Granite Suite basement rocks. The Elandsfontyn, Springfontyn and Witsand 

Formations form the major aquifers within the larger CFA. Basal fluvial-channel gravels located 

within bedrock palaeochannels have the highest groundwater yields.  

A characteristic of the CFA is that it recharges quickly and has a relatively low residence time. The 

nature of urban expansion on top of this aquifer poses an ongoing pollution threat.  This large 

resource of groundwater has deteriorated over the past decades and is now non-potable in certain 

areas, with varying levels of contamination. The deterioration is due to a combination of pesticides 

and fertilizers from agricultural practices, waste-water treatment plants, informal settlements, unlined 

or leaking canals, leaking sewerage pipes in some areas and, storm-water runoff.  While not yet 

measured or modelled, it is likely that the amount of ‘unnatural recharge’ is greater than that of 

naturally infiltrated waters. The result is a mass-balance problem, whereby the input to the aquifer 

exceeds its current capacity, contributing to problems of winter flooding.   This poses a health risk to 

communities, particularly those within informal settlements, and an environmental risk especially to 

False Bay. This research paper presents an innovative approach to urban aquifer management in South 

Africa that takes into account the realities of growing urbanisation, informal settlements, industrial 

development, urban agriculture and the potential for aquifer and environmental rehabilitation. It 

involves abstraction, treatment, storage and use from both surface- and groundwater and is based on 

proven technologies and various operating examples from around the world.  



INTRODUCTION 

The Department of Water and Sanitation requested Umvoto as part of the Support to the Continuation 

of the Water Reconciliation Strategy for the Western Cape Water Supply System to develop a strategy 

for the City of Cape Town to: 1) remediate the current state of the CFA; 2) restore ecosystem 

functioning, 3) maintain and expand small-scale community supply, and 4) use for bulk water supply 

through artificial recharge.  The study began by meeting with all the relevant departments within the 

City of Cape Town to find out: 1) What are their concerns?  2) How are they currently impacting on 

the CFA?  3) How could they potentially utilize the Cape Flats Aquifer? During the meetings, 

hydrochemical data, maps and relevant strategies, policy documents and mandates were gathered. 

This data forms the basis of a recommended strategy, developed using the DPSIR (Drivers, Pressures, 

States, Impacts and Responses) framework (European Environment Agency (EEA)).  The strategy 

highlights that, firstly, the sources of contamination need to be rectified. The potential short-term uses 

that can take place concurrently are developing the non-potable water for watering sports-fields, 

gardens, firefighting and local sanitation. The proposed medium- to long-term intervention is to use 

bioremediation and biomimicry to cleanse the aquifer, including recharging treated effluent from 

selected WWTW’s, which would thereafter allow its development as a storage sink for reclaimed 

water (Aquifer Storage Recovery). The option of artificially recharging treated effluent into the 

aquifer and then abstracting water at another location would greatly benefit the bulk supply of the 

City of Cape Town. This approach is based on international case studies such as Orange County, 

California and Berlin, Germany but replicated in a South African context embracing urban expansion. 

Storage and mass balance modelling to evaluate various scenarios is underway. 

Topographically the region generally has a very low relief with elevations ranging from 0 mamsl 

along the False Bay coastline to approximately 110 mamsl in the northeast (DWAF, 2008). Mean 

annual precipitation in the area ranges from 500 mm to 700 mm, and occurs predominantly 

throughout the winter months between May and August (Adelana and Xu, 2006). Average 

temperatures generally range from 12°C to 28°C in summer and 8°C to 20°C in winter (Umvoto 

Africa, 2009). 

The land use is shown in Figure 1 below. The following is noted (DWAF, 2008): 

• Formal Townships is the primary land use, followed by Informal Townships; 

• Formal residential land use occurs only on the fringes of the Cape Flats area; 

• The central and eastern areas of the Cape Flats have large open areas of thicket/bush land or 

shrub land; 

• Light industrial areas are present in the centre, north and northeast of the area. Informal 

townships are commonly seen adjacent to these areas; 

• A large number of small-holdings are present in the south east – the Philippi farm area land is 

used for agriculture; 

Owing to these dense human settlements, industrial and agricultural activities, primary aquifer 

groundwater is particularly sensitive to their associated contaminants. As with land use and water 

quality in the aquifer, there is an intimate relationship between the aquifer, open water bodies, 

shoreline and nearshore environmental issues. For example, discharge from the aquifer and from the 

rivers results in periodic phytoplankton blooms along the False Bay coastline that over time have 

observed to be worsening (see Figure 1).  These impacts on the marine and beach ecosystems, and 

recreational risks must be considered in development and management of the Cape Flats Aquifer. 



 

Figure 1: Illustrates the locality of the CFA study area along with the various landuse types. The 

various districts that manage the study area have been overlain. Google earth image of the 

phytoplankton blooms along the False Bay coastline overlain. 

Regional Geology and Hydrogeology 

Geologically, the Cape Flats is comprised of the fluvial, marine and aeolian Tertiary and Quaternary 

sedimentary deposits of the Sandveld Group, which unconformably overlie weathered Malmesbury 

Group and Cape Granite Suite basement rocks. The sedimentary deposits are usually composed of 

interbedded sands, clay, clayey sand, limestone, sandstone, coarse gravels and peats.  A generalised 

geological section of the Cape Flats would be represented by a basal fluvial channel gravel present 

within a palaeochannel (Elandsfontyn Formation), overlain by phosphatic rich estuarine to marine 

sands (Varswater Formation), aeolian calcareous sandstone and calcrete (Langebaan Formation), 

aeolian fine to medium quartz sand (Springfontyn Formation), and another unit of aeolian fine to 

medium grained quartz sand (Witzand Formation) (Roberts et al., 2006).  The Elandsfontyn, 

Springfontyn and Witzand Formations form the major aquifer units within the larger Cape Flats 

Aquifer. Cross-sections indicate that the CFA sands reach a maximum of ~55 m thick. The thickest 

deposits occur in the palaeochannel running north-south in the south west of the Cape Flats (the 

Elsieskraal Palaeochannel). 

Groundwater generally flows in a semi radial fashion from the higher lying basement in the northeast 

near Durbanville, towards Table Bay to the northwest and the False Bay coast to the south. The 

hydrogeology of the Cape Flats Aquifer is considered to be dominated by preferred flow paths arising 

from palaeochannels of the present day Kuils (Kuils River Palaeochannel), Lotus and Elsieskraal 

Rivers (Elsieskraal Palaeochannel) (see Figure 6).  At the broadest scale the aquifer is predominantly 

unconfined (with groundwater within a few metres below the surface), and rivers and wetlands are 

likely to be hydraulically connected to the relatively shallow groundwater. Where the aquifer is semi-

confined (e.g., within the deep gravels in the palaeochannels), or at small local scale where the aquifer 

is semi-confined by laterally discontinuous calcrete or clay lenses, rivers and wetlands are only likely 

to be in hydraulic connection with the shallow groundwater in the uppermost unconfined sand unit. 



 

Problem Statement 

A characteristic of the CFA is that it recharges quickly and has an estimated residence time of 

approximately 20 years (DWAF, 2008).  The nature of urban expansion has increased the threat of 

anthropogenic contamination to the sustainability of the Cape Flats Aquifer for potable use and over 

the past decade it has deteriorated so much that it is non-potable in certain areas (see Figure 2 and 3). 

The Cape Flats area is characterised by dense human settlements along with industrial and agricultural 

activities. Direct and indirect recharge to the aquifer from these areas poses a threat since a primary 

aquifer is particularly sensitive to contaminants.  Potential contamination sources within the Cape 

Flats area are waste sites, waste water treatment works, industrial areas, cemeteries, informal 

settlements, inadequate infrastructure and agricultural areas (DWAF , 2008; DWA 2014). Overall the 

Cape Flats Aquifer has a high to very high aquifer-contamination hazard especially with regard to 

salinity, agrochemicals and heavy metals (Skogerboe and Walker, 1981). This impacts False Bay into 

which the aquifer discharges. In this sense, the Cape Flats area and aquifer are the headwaters of False 

Bay. 

Water from natural recharge and ‘urban recharge’ (the encroachment of settlements, particularly 

informal settlements, in low-lying areas or areas previously overlain by sand dunes), results in winter 

flooding (see Table 1).  Aquifer contamination and loss of natural dune and wetland filter systems 

result in poor water quality entering False Bay (see Figure 4).   

 

Figure 2: A temporal series of aerial photography covering a section of the study area (Zeekoevlei and 

the Cape Flats WWTW). The series highlights the impacts of urban development in the CFA region, 

most notable the removal of large sand dunes which filtered water prior to discharging into False Bay. 



 

Figure 3: Map from 1880 to 1900 of the CFA study area. It illustrates that sand dunes used to cover an 

area reaching to Bellville, since been removed for urban development. All natural water bodies (vleis, 

dams, springs) have been highlighted in blue, this emphasizes how urban development has expanded 

into wetland areas which has resulted in flooding every winter. The various natural flow systems into 

False Bay now have barriers (Coastal Park waste site and Cape Flats WWTW) which inhibit through 

flow.  

 

Figure 4: Map illustrating the CFA study area and the major inflows arising from urbanisation. The 

CFA is naturally receiving rainfall and runoff from the surrounding mountains but is now receiving 

additional water from stormwater and WWTW’s (see table 1). This has resulted in winter flooding 

due to a shortage of space in the aquifer and contaminated water entering the aquifer and False Bay. 

 



Table 1: Mass balance of water through the CFA.  

Input (Mm3/a) Output (Mm3/a) 

WWTW (CoCT, 2012) 177.3 

Groundwater 

abstraction 

(DWAF, 2008) 

9.1 

Runoff (Stormwater & 

natural) (2012 Rainfall of 

782 mm and Runoff 

Coefficient of 0.1936) 

150.2  Flow into False 

Bay  

(Henzen, 1973 / 

Gerber, 1981) 

0.29/0.1 

Recharge (DWAF, 2008) 11.3 

 

Brief and expected outcome 

The brief from the Department of Water and Sanitation (DWS) was to develop an urban aquifer 

management approach for the City of Cape Town (CoCT) by designing a strategy to: 1) Remediate 

the current state of the CFA; 2) Restore ecosystem functioning; 3) Maintain and expand small scale 

community supply, and 4) Utilise the CFA for bulk supply. 

METHODOLOGY 

Data was collected during the interviews and meetings with the relevant departments and people in 

the CoCT. The DPSIR Framework was used to develop a strategy for the sustainable, coordinated, 

cooperative aquifer management of the CFA for the CoCT. Firstly a concept map was developed 

using the DPSIR Framework for each department in the CoCT. This was done to ensure that all 

possible outcomes were analysed and none overlooked. These conceptual maps were then grouped 

together for departments that have similar impacts or uses of the CFA. These groupings are as 

follows: Sanitation (Solid Waste, Waste Water, Stormwater), Large scale supply (Bulk Supply, 

WCDM, Spatial Planning), Small scale uses (City Parks, communities, private uses, agriculture and 

industry) and Environmental Resources (Biodiversity and Coastal Management). 

 

Figure 5: Illustrates the basis of the DPSIR framework used to develop the strategy. The DPSIR 

framework is used by the European Environmental Agency (EEA). 

On the basis of the identified drivers and pressures to the CFA, an approach could be formulated to 

respond to the negative impacts on the CFA.  

Different scenarios and sequencing of actions will be considered using discrete event simulation 

models (ARENA and DES Software) (Arena Simulation Software, 2015).  The model consists of 

flows, storages, uses and losses, with hourly calculation and monthly outputs recorded to Excel. 

Flows and storages are uniquely numbered and can be analysed individually.   Rainfall, evaporation, 



use, storage, etc., are simulated per hour and recorded per month. Using Excel it can easily be viewed 

once the model run is completed. The front-end depicts a geographically linked flow diagram using 

the Google image as a background which enables the users to relate easily to the model and give 

inputs. The flows are all numbered, with losses in red and interventions in yellow.   A numerical 

groundwater flow model provides input to the Arena model.  Current research being undertaken by 

the Water Research Commission (WRC) will allow improved local scale data on storm water runoff 

and recharge to the aquifer. Daily, weekly and monthly discharge data from WWTWs will be 

included as available for artificial recharge to the aquifer, either as water treated for re-use or for 

filtration through the aquifer. The restoration of natural ecosystem services provided by the aquifer, 

wetlands and dunes, whether through strategic positioning of remediation ponds above ground and/or 

optimal use of the preferred flowpaths in the aquifer development in association with the False Bay 

Ecology Park planning, is considered in context of present urban spatial and land use planning 

strategies   

Table 2: List of meetings held with the relevant departments and people within the CoCT. This was 

used to find out their concerns, how they are currently impacting on the CFA, how they could 

potentially utilise the CFA and to gather information. 

 

 

SOLUTIONS 

The outcome from the DPSIR study was that there are multiple solutions that have different time lines 

(Immediate-term, short-term and medium- to long-term). This however does not mean that the 

solutions are independent of each other; they can in fact all run in simultaneously. 

Immediate  

The immediate solution is to systematically reduce and limit contamination to the CFA. This is 

critical to any of the other solutions in that they rely on the water being of a sufficient standard to be 

utilised. The approach would be to confirm and stop all point and non-point sources of contamination 

such as stormwater, leaking canals, informal settlements and leaking sewerage.  



Short term 

This will involve supplying non-potable groundwater to small scale users for irrigation such as 

schools, sportsfields, parks and community gardens. Figure 6 shows the distribution of schools found 

in the Cape Flats area and which of these are situated near the highest potential areas of the CFA. 

Schools and community gardens in the Mitchells Plain and Khayelitsha areas have great potential for 

non-potable groundwater which will also benefit in uplifting the community. Other examples to be 

explored are to re-open considerations of using boreholes in cemeteries for aesthetic improvement and 

high-water-table management, liaison with Disaster Management for local scale community first 

responders to fires and possible local scale sanitation by optimisation of dual reticulation and supply 

at proposed large scale property developments (ACSA). 

Whilst small scale uses can benefit from utilising the CFA for non-potable water the most important 

solution is to improve the state of the current CFA, which is becoming more contaminated as time 

goes on. Bioremediation is a potential method to remediate the CFA by using natural or manmade 

wetlands and vleis to cleanse the water. Figure 7 highlights areas that could be used for 

bioremediation, with Zeekoevlei and the Philippi horticultural areas having the greatest potential. 

Dams in the Philippi horticultural area could be joined by unlined canals forming wetlands which will 

bioremediate the contaminated water coming into the system. The unlined canals will also allow for 

recharge into the aquifer which will further remediate the water as it moves through the sands.  

 

Figure 6: Map of the aquifer thickness, (blue representing thickest and white, thinnest) with the 

groundwater flow paths in red representing the highest potential of groundwater. The schools in the 

CFA region have been overlain in order to illustrate which schools have the better potential for 

groundwater use. 

 



 

Figure 7: Map of the CFA study area with the potential sites for bioremediation highlighted in blue. 

The most northern site is not well suited due to it been situated alongside the airport because it would 

increase the bird population and becoming a hazard. 

Medium to long term 

Medium to long term solutions involve the continued aquifer and wetland restoration with large-scale 

supply. Large-scale bulk supply can be done by combining artificial recharge and abstraction (see 

Figure 8). Many towns worldwide use this technique to supply their water, such as Berlin, Germany 

and Orange County, California. It involves artificial recharging/injecting water (most commonly 

treated effluent) into the aquifer through infiltration basins/ponds or injection wells and then 

abstracting the water at another location, hence using the aquifer as a subsurface storage facility. An 

additional benefit of artificial recharge and abstraction is the remediation of the aquifer. By recharging 

the aquifer with good quality water, it is circulated and ultimately dilutes and cleans the initially 

contaminated water. 

 

Figure 8: Conceptual image of how artificial recharge and abstraction could be used in a urban area. 

This would enhance the water quality and contribute to the bulk supply of the City of Cape Town. 

 



CONCLUSIONS 

There are multiple solutions to the current state of the CFA but these all rely on the immediate 

reduction of the point and non-point sources of contamination. The short-term solutions can 

immediately benefit the poorer communities and help with upliftment by creating better sportsfields, 

more attractive parks, food sources and job creation through the community gardens. Bioremediation 

will enable greater use of the CFA and lower potential health risks that there are currently. 

Bioremediation in association with urban development will create natural areas of wetlands and vleis 

that will have a biodiversity benefit to the ever shrinking natural habitat (Ramsar Convention). The 

medium- to long-term solution will not only help with bulk supply and the remediation of the aquifer 

but it will also help with the disposal of treated effluent which is already a problem in Cape Town. 

Table 3: Summarises the various solutions to the contamination of the CFA and potential uses of the 

CFA that communities could benefit from.  

 

IMMEDIATE RECOMMENDATIONS 

• Additional meeting with the relevant CoCT departments need to be held to halt the 

contamination of the CFA. This can only be done by a joint effort. 

• Various schools, sportsfields, parks and community gardens should be investigated to find 

ones that are run well and by willing, likeminded people so that a pilot study can be initiated.  

• Community meetings need to be held with the Philippi horticultural members to hear what 

their opinions are on the bioremediation of the CFA through canals. This will in the long term 

benefit them by having a constant good quality water supply. 

• A model of the CFA [using ARENA and DES software (see Figure 9)] be done to  test 

various conceptual designs, associated cost benefits and time lines for sifting from aquifer 

remediation to aquifer utilization for either storage of treated effluent or for abstraction of 

water for bulk supply. Currently the model consists of the WWTW, followed by injection 

wells.  Groundwater will flow via the CFA toward abstraction wells were it will be pumped in 

to constructed wetlands for bioremediation. The final effluent from the wetlands will be piped 

to a treatment facility, cleaned, piped back and stored as clean water in the CFA to create a 

clean water subsurface storage barrier.  The clean water barrier will have two functions (a) to 



serve as a barrier between False Bay and the CFA to allow clean water into the ocean and (b) 

as a raw water source where clean water can be pumped from the CFA and with minimum 

post-treatment can be upgraded to potable water to augment the potable requirement for Cape 

Town.  

• This basic model will be upgraded and the general arrangement may change as more 

information becomes available. Once finalised it can be used to assess and plan the 

implementation of the various solutions in increasing spatial and temporal detail.  

 

 

Figure 9: Conceptual model of artificial recharge and abstraction in the CFA utilising the western 

most palaeochannel. 
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