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INTRODUCTION

The City of Cape Town (CoCT) has developed a new water strategy in response to the 2015-2018drought (CoCT, 2019)). This encapsulates the CoCT's desire to increase its water resilience facilitated through the New Waters Programme (NWP). The NWP seeks to increase water supply through, inter alia, the construction of more dams, desalination, and sustainable groundwater abstraction. Groundwater abstraction in the CoCT will occur in the three principal aquifers: the Table Mountain Group, Atlantis, and Cape Flats. Notably, it has been proposed that the sustainability of groundwater use will be assured by implementing managed aquifer recharge (MAR) -purposefully adding water underground into an aquifer -using treated wastewater effluent.

At the same time, stormwater harvesting (SWH) has been posited as a viable resource in the CoCT, with research suggesting that it is best harvested via MAR in some of the CoCT's stormwater detention ponds that are suitably retrofitted. However, the specific method of retrofitting the CoCT's detention pond and the efficacy thereof is yet to be established, while the fact that many of these ponds are in very low-income, highly contested areas of the city is a cause for concern. Developing and validating suitable methods of using pond retrofits to facilitate MAR in the CoCT's stormwater detention ponds is thus necessary.

This paper describes a study that sought to develop and implement low-cost, nature-based, community-centred methods to retrofit some of CoCT's detention ponds to facilitate MAR and other benefits such as water quality improvement, amenity, and enhanced biodiversity (the last two are not dealt with here). The CoCT has 848 detention and retention ponds, of which ~ 507 are detention ponds. This study involved an experimental retrofit in one of the detention ponds.

Study Area

This study was conducted in Cape Town, the second most populous city in South Africa, with a population of approximately 4.6 million. The site chosen for the retrofit experiment was originally designed and constructed as a dry detention pond in Rondevlei Park, Mitchells Plain, and is owned and maintained by the CoCT (Figure 1).

Figure 1: Location of the School Pond

The pond is located within the Mitchells Plain West hydrological catchment overlying the Cape Flats Aquifer (CFA). The CFA is a large, unconfined, sandy aquifer comprised of quaternary sands upon weathered Malmesbury formation, Table Mountain sandstone, and Cape granite basement (Schalke, 1973). It is adjacent to the Leadership College, a privately-run primary school and is thus referred to as the 'School Pond' in this paper.

METHOD

Establishing Urban MAR In Retrofitted Infiltration Basins in Cape Town

The initial retrofit concepts were developed with communities' input. These were refined considering the design's cost and practicality. The final design called for a 90 m long, 450 mm high sandbag wall (berm) along and in front of the two pond inlets (Figure 1). The design also included riprap protection at the inlets to dissipate the stormwater's energy, followed by forebays to trap most of the sediment. Rock check dams served as litter traps. A V-notch weir was installed at the outlet for measuring purposes. The retrofit elements were constructed using a community-based labour method where local residents formed work teams that were financially compensated for their labour. Using local labour increased the community's buy-in by providing short-term employment and skills transfer. The materials for the construction were deliberately chosen to be low-value and easily replaceable. The berm wall was made from recycled sandbags using sand from the site, the litter traps were constructed with riprap stone, and the outlet weir was fabricated from plywood and Perspex as metal elements tend to be removed and sold as scrap metal in these areas of Cape Town. The pond retrofit with all the designed elements was completed in 25 days.

Evaluating the hydrogeological performance of the retrofitted detention ponds

The hydrogeological performance of the retrofitted pond was evaluated using a calibrated and validated surface and subsurface PCSWM model. The model was developed using meteorological data from the CoCT and a weather station installed at the school. The UCT-GIS laboratory provided the topographical data, while other data, such as water table levels, and infiltration characteristics, were obtained from literature and field surveys. The surface model was calibrated using the observed flow from one of the inlets recorded using a portable area-velocity flow meter because a permanent meter with a logger could not be installed due to the risk of theft. The groundwater response was calibrated by comparing the simulated and observed groundwater levels as observed from the monitoring wells installed in the pond. Ten scenarios were developed and used to evaluate, inter alia, the retrofits' long-term performance under different geophysical and meteorological conditions.

Evaluating the treatment performance of a retrofitted detention pond

The column experiments were designed to replicate the vadose zone in the detention basins and determine the treatment effect that this zone may have on contaminants in the infiltrating stormwater. The experiment setup comprised eight 2 m long PVC columns filled with soil and aquifer material from the site to a depth of 1.5 m. Synthetic stormwater (SSW) containing contaminants at both concentrations typical of a formal residential catchment and five times higher (to represent a worst-case scenario) were used. The worse-case SSW contained metals Cr, Cu, Pb, Ni, and Zn at mean concentrations of 8.3, 63.3, 3.7, 9.1 and 480 µg/L, respectively. In addition, the SSW also contained inorganic and organic nutrients, namely TP, TN, and TOC, at 1.1, 24, and 64 mg/L, respectively. The experimental runs comprised nine 14-day cycles where the columns were loaded with 9 L of synthetic stormwater on each 'rain' day (days 1, 2 and 3) before being allowed to dry on the following eleven days (days 4 to 14) to simulate typical Cape Town conditions. A saturated zone was created in the columns during the loading cycles, which was deliberately allowed to increase in depth to represent the rising water table at the site.

RESULTS

The post-construction monitoring established that stone riprap sufficiently retards the stormwater's velocity and allows silt deposition. The deposited silt can be shovelled out when necessary. The litter traps effectively kept the bulk of the litter within the forebays making cleaning up the pond easier. Stormwater flows across the extent of the infiltration swale, which serves as the primary infiltration site. Weirs at the end of the sandbag berms ensure that the stormwater is ponded to a depth of 300 mm before it overflows (Figure 2). The overflow cascades to the central part of the pond -called the 'Swampy Area' in Figure 2 -the lowest part of the pond aside from the outlet. The excess flow goes over the Vnotch weir located immediately upstream of the outlet and into the existing trunk stormwater network. The water in the swale generally infiltrates in less than 24 hours. The hydrogeological model shows a significant increase (at least 118%) in infiltrated water when the retrofit is introduced through detaining and infiltrating water that would otherwise be lost to the stormwater network. Furthermore, future scenarios -where the CFA groundwater table is reduced due to CoCT abstraction -suggest a further increase in MAR by 244% compared to the pre-retrofit scenario.

The column experiments show that 0.5 m of infiltration depth is sufficient to reduce the outflow concentrations of the added metals and organic carbon by at least 76% to concentrations below the South African drinking water standards. In addition, nitrogen removal was improved after the addition of a saturated zone. While carbon and nitrogen compounds can be consumed and transformed by microorganisms, metals are immobilised in the soil through processes such as sorption until the soil sorption capacity is reached. Immobilised metals may be re-mobilised under different conditions (such as a change in pH). However, they can be removed by either removing the soil and 'rinsing it' or phytoremediation (Xu et al., 2019) within a contained region (the infiltration swale).

CONCLUSION

This study has shown that retrofitting the CoCT's detention pond for MAR is possible but requires the consent and input of residents. Further, high-water tables might initially limit the benefits that might accrue from converting detention ponds to MAR over the CFA. However, if the CoCT implements the planned groundwater abstraction, MAR in retrofitted ponds could contribute to a significant 'topping up' of the water table in the wet season and thus contribute to meeting the CoCT's water demand. The study is ongoing and is funded by the Danida MFA (Danish Ministry of Foreign Affairs) as part of Grant number: DFC-18-M05-KU.
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  Figure 2: Retrofitted Pond
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