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Preface 

This report is the fifth deliverable for the Water Research Commission project entitled: Enhancement 

of the method to identify and delineate South Africa’s Water Source Areas (K5/2431). The project is 

structured according to a set of eight report deliverables, in which each report builds on previous 

ones, such that: 

Deliverable 1: Amended project proposal following approval of funds 

Deliverable 2: Project Inception Report describes proposed methods for identifying strategic water 

source areas; stakeholder inputs and suggestions for refining these methods; and decisions 

made at the Inaugural Reference Group meeting to address these stakeholder inputs.  

Deliverable 3: Conceptual Framework Report provides a literature review, the data collated for 

applying the methods of identifying strategic water source areas, and some initial ideas on 

developing a map for groundwater and surface-water source areas.  

Deliverable 4: Benefit Flows Report links the initial set of strategic water source areas to key 

beneficiaries via linked engineered infrastructure. 

Deliverable 5: Impacts Report provides a final, reviewed map of integrated strategic water source 

areas along with stakeholder review, as well as an assessment of the key impacts in each 

area and the threats to downstream beneficiaries. 

Deliverable 6: Implementation Guidelines highlights key impacts in each strategic water source area 

and management needed to protect them and promote coordinated action. 

Deliverable 7: Draft Integrated Report documents the technical details of identifying and mapping 

strategic water source areas and the associated downstream engineered infrastructure, the 

impacts in these areas, and the consequences to downstream beneficiaries, as well as the 

stakeholder engagement process. 

Deliverable 8: Final Integrated Report and Knowledge Dissemination Report which finalises 

deliverable 6. 
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Terminology 

Aquifer A geological formation which has structures or textures that hold water or permit 
appreciable water movement through them (National Water Act 1998). A saturated 
stratum which contains intergranular interstices, or a fissure / fracture or a system of 
interconnected fissures / fractures capable of transmitting groundwater rapidly enough to 
supply a borehole or spring directly. 
 

Baseflow The volume of water in the stream when at its minimum or base level of flow; this is the 
level to which the stream flow returns between storms; in climates with seasonal rainfall it 
is often treated as the dry season flow; it is commonly viewed as being derived exclusively 
from groundwater flow or discharge, but may include drainage from deep soil and 
weathered material; generally synonymous with the term low flow. 
 

Beneficiaries The people benefiting from a particular ecosystem service. In the context of strategic water 
source areas, beneficiaries are defined broadly as those who benefit from the water supply 
and quality regulation performed by healthy ecosystems in the associated strategic water 
source area. 
 

Groundwater In common usage includes all subsurface water but in this document the use of this term is 
restricted to water in the zone of saturation. It flows into boreholes/wells, emerges as 
springs, seeps out in streambeds or elsewhere in surface catchments and is not bound to 
rock (particle) surfaces by forces of adhesion and cohesion. Generally used for water 
contained in aquifers. There is consensus between the wetland and groundwater literature 
on the definition of groundwater in that it only includes the portion of the subsurface 
which is saturated and not all water that occurs underground. According to Colvin et al 
(2007) underground water may occur (i) In the unsaturated zone as soil water and 
interflow, (ii) in the saturated zone as groundwater in aquifers (extractable), and (iii) 
groundwater in aquitards and aquicludes (not extractable). 
 

Interflow Refers to the (rapid) lateral movement of subsurface water from rainfall through the soil 
layers above the water table to a stream or other point where it reaches the surface; 
generally synonymous with subsurface stormflow. In the context of this report, interflow is 
considered as temporarily saturated lateral flow in the unsaturated (vadose) zone. 
 

Mean Annual 
Runoff 

 

Mean annual run-off is the amount of water on the surface of the land that can be utilised 
in a year, which is calculated as an average (or mean) over several years 
 

Strategic 
water source 

areas 

A subset of natural water source areas that are considered of strategic significance from a 
national planning perspective. Criteria for identifying strategic water source areas will be 
developed as part of this project. 
 

Water 
source areas 

All natural source areas for both surface-water and groundwater. From these, a subset of 
‘strategic water source areas’ can be distinguished, depending on how ‘strategic’ is defined. 
For the purposes of this project, ‘strategic’ is defined according to a national planning 
perspective for water security. Thus, the term ‘strategic water source areas’ refers to a 
subset of water source areas that are considered of strategic significance from a national 
planning perspective, and it may include groundwater and surface-water source areas. 
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1 Introduction  

1.1 Background 

Managing and protecting water source areas is a cost-effective means of keeping contaminants out 

of drinking water and delivering a continued supply of good quality water to downstream users. The 

importance of protecting these areas for enhancing water quality and quantity has been recognised 

worldwide, and is extremely relevant in the South African context. Firstly, the country is 

characterised by highly variable climate and rainfall, which is reflected in the uneven distribution of 

water resources – a tiny fraction of the country produces most of the water. Secondly, South Africa 

has a looming water supply crisis, with 98% of its surface water already developed, demand 

outstripping supply in most catchments, and a growing water quality problem. Water managers are 

inevitably faced with finding new and innovative ways of improving both water quality and quantity 

to meet the increasing water demands of the country. Managing strategic water source areas 1 is 

one way to meet this challenge. 

Previous work mapped South 

Africa’s surface-water source 

areas and showed that 8% of the 

country’s land surface area 

contributes 50% of its runoff (Nel 

et al., 2013). These statistics focus 

exclusively on surface-water 

runoff; groundwater has not yet 

been considered. Given that 

groundwater is set to play an 

increasing role in meeting future 

water demand in the country 

(DWAF, 2013), this is a critical gap 

in previous work that needs 

addressing.  

Figure 1: Strategic surface-water source areas on which this project builds. 

 

1.2 Project aims 

This project is a 3-year Water Research Commission project (July 2015 – December 2017) led by the 

Council for Scientific and Industrial Research (CSIR) and DELTA-H that will address these gaps by 

producing an integrated map of strategic surface-water and groundwater source areas, and advance 

our knowledge on the benefit-flows and management of these areas. The project’s aims are to: 

                                                           
1
 For this project, the term ‘water source area’ refers to integrated water source areas that include 

consideration of both surface-water source areas and groundwater source areas. The term ‘strategic water 
source areas’ refers to a subset of water source areas that are considered of strategic significance from a 
national planning perspective. Criteria for identifying strategic water source areas will be developed as part of 
this project. 
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• Review and refine the understanding of the hydrological processes that lead to the 

generation of runoff and groundwater recharge in South Africa’s water source areas, and 

especially in groundwater systems. 

• Develop an integrated method to identify and delineate water source areas that include run-

off generation and groundwater recharge. 

• Link the water source areas and their associated water resources to key benefit flows. 

• Identify key pressures and recommend management and protection options water source 

areas. 

• Explore policy mechanisms for the uptake of the products. 

 

1.3 Purpose and structure of this report 

This report is the fourth in a set of eight deliverables:  

 Deliverable 1: Amended project proposal following approval of funds 

 Deliverable 2: Project Inception Report describes proposed methods for identifying strategic 

water source areas; stakeholder inputs and suggestions for refining these methods; and 

decisions made at the Inaugural Reference Group meeting to address these stakeholder inputs.  

 Deliverable 3: Conceptual Framework Report provides a literature review, the data collated for 

applying the methods of identifying strategic water source areas, and some initial ideas on 

developing a map for groundwater and surface-water source areas.  

 Deliverable 4: Benefit Flows Report links the initial set of strategic water source areas to key 

beneficiaries via linked engineered infrastructure. 

 Deliverable 5: Impacts Report provides a final, reviewed map of integrated strategic water 

source areas along with stakeholder review, as well as an assessment of the key impacts in each 

area and the threats to downstream beneficiaries. 

 Deliverable 6: Implementation Guidelines highlights key impacts in each strategic water source 

area and management needed to protect them and promote coordinated action. 

 Deliverable 7: Draft Integrated Report documents the technical details of identifying and 

mapping strategic water source areas and the associated downstream engineered 

infrastructure, the impacts in these areas, and the consequences to downstream beneficiaries, 

as well as the stakeholder engagement process. 

 Deliverable 8: Final Integrated Report and Knowledge Dissemination Report which finalises 

deliverable 6. 

Each report builds on previous reports, and does not necessarily repeat previous information. The 

final report will collate all necessary information into a consolidated technical document. In this 

report, we identify draft strategic groundwater source areas and refine the existing map of strategic 

surface-water source areas. This work is based on an assessment of both supply and use of the 

water arising from strategic water source areas. This assessment is also used to explicitly link 

strategic water source areas to downstream users of water in urban centres. Finally, we examine 

options for integrating both sets of strategic water source areas (groundwater and surface-water) 

into a single map. 
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2 Identifying strategic groundwater source areas 

2.1 Introduction 

2.1.1 Broad approach 

The proposed groundwater methodology, the technical challenges and proposed solutions to 

address them, were presented at the inception workshop and outlined previously in Deliverable 2 

(Progress Report: Inception Workshop).  The methodology is summarised in this section, and has 

been applied in the delineation of groundwater source areas (section 2).  Draft groundwater source 

areas were reported on in the previous deliverable Progress Report 5, and are updated here based 

on stakeholder comments, and a revision of some approaches.   

The intended purpose of the groundwater source area maps should be used to inform the 

methodology. However, the potential reach and applicability of the surface water source areas was 

not recognised until they were mapped, and as such, the results of the mapping can also influence 

their ultimate purpose. There has therefore been a somewhat iterative procedure between the 

development and design of the product. A draft set of groundwater source areas were developed, 

based on a preliminary methodology, and after discussion with stakeholders, a final set of 

groundwater source areas have been developed and are presented here. Only the final methodology 

is included in this report (rather than represent the development of the approach chronologically), 

with a comments/ responses table included in the appendix to the main report. 

SWSAs are defined as areas that have disproportionately high surface water availability, with runoff 

being the primary factor controlling surface water availability (prior to consideration of man-made 

storage).  Applying the same definition to groundwater source areas requires mapping areas of high 

groundwater availability. There is no single parameter however for groundwater availability, neither 

is there one that can be mapped at national scale in two dimensions. An aquifer yield is dictated by 

the ability of abstraction to capture natural discharge and enhance recharge, the acceptability of the 

associated impacts dictating the sustainability (section 2.1.2). As such, groundwater recharge was 

used as a proxy for groundwater availability. Groundwater use is also considered a proxy for high 

groundwater availability and favourable hydrogeological characteristics, enabling the use of 

groundwater.  

Implementing a strict definition of “source” area (note, not “resource” area), would include 

consideration only of groundwater availability. The intended purpose of delineating GWSAs was in 

order to raise awareness of the country’s water sources, and lead to their protection (for sustained 

human or ecological use). As the results show, high groundwater availability areas generally coincide 

with surface water source areas, it is therefore not useful to delineate areas based only on high 

availability.  As such, the mapping of GWSAs incorporates areas where groundwater is important for 

use (i.e. thus also incorporating to some degree “resource” areas not just source areas). Several 

criteria are designed to achieve this. 

In summary, a groundwater source area can therefore be defined as an area with high 

groundwater availability and where this groundwater forms an important resource.  A strategic 

groundwater source area can therefore be defined as an area with a high source of groundwater 

and where this groundwater forms a nationally important resource.    
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2.1.2 Recharge as a proxy for groundwater availability 

Areas of high runoff can be directly related to areas of high surface water availability. The use of 

recharge mapping was specified in the Terms of Reference, however is important to recognise that 

recharge is not a direct indicator of groundwater availability. 

When an aquifer is pumped, the abstracted water is met by a combination of reduced discharge 

(often baseflow), and enhanced recharge (often streamflow depletion), and groundwater storage is 

reduced (water levels will reduce). Groundwater availability is therefore dictated by the ability of 

pumping to “capture” natural discharge, and enhance recharge without continually depleting an 

aquifer (Devlin and Sophocleous, 2005; Lohman, 1988, 1972; Seward et al., 2007; Theis, 1940). 

Groundwater availability is not directly dependent on recharge rates. The ability of pumping to 

“capture” natural discharge, and enhance recharge without continually depleting an aquifer, can 

only be determined at an aquifer-scale. Nevertheless, the project requires an indicator for 

groundwater availability at national scale. Prior to pumping an aquifer is in a state of dynamic 

equilibrium in which natural recharge is numerically equivalent to discharge. As these are 

equivalent, recharge can be considered a proxy for one of the factors influencing groundwater 

availability (discharge). As it does not consider enhanced recharge, which could increase 

groundwater availability, it cannot be a direct indicator. In the absence of a better dataset, recharge 

is used as an input to identify groundwater source areas. 

National recharge datasets provide information on recharge derived from direct infiltration. This is 

only 1 mechanism by which recharge occurs. There is however no national dataset for information 

on rivers that recharge groundwater (“losing rivers”). Time frames are also different when 

considering recharge and runoff. Rainfall generates runoff which is imminently stored in dams and 

available for use (time frame of hours and days). Groundwater recharge is slower, and abstracted 

water may have been recharged several hundreds or even thousands of years previously. This is an 

important consideration in protection of current groundwater resources, as in some aquifer settings, 

whatever policy is implemented now, may only benefit future generations.  

It has been acknowledged by DWS that there are “no reliable national recharge estimates” available 

(DWA, 2010). The best available national dataset (GRAII: (DWAF, 2006)) is largely based on the 

Chloride – method, but its reliability is hampered by an insufficient national coverage of rainfall 

chloride measurements, the interpolation methods used, and application of data to a 1km grid 

(DWA, 2009a).  Recent research has also shown the chloride content of rainwater varies by 3 factors 

seasonally (Van Wyk, 2010).  However, locally to regionally, more detailed recharge information is 

available, derived for aquifer scale or regional scale groundwater resource investigations or for 

research purposes. The challenges with the national scale recharge mapping were acknowledged in 

the proposal, however development of a new recharge map is not part of this project scope. 

Although not considered central to the definition of a strategic groundwater source area; one 

deliverable for this work was to “refine the understanding of processes that generate recharge”. This 

was met with the recharge literature review presented in Deliverable 3 (Conceptual framework 

report) and will be incorporated in the final report. 
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2.1.3 Groundwater use  

Groundwater use is also considered a proxy for high groundwater availability, as high groundwater 

use suggests high availability and favourable hydrogeological characteristics. Furthermore 

groundwater use is considered a factor for delineation of GWSs because areas where it is used (i.e. 

an important resource), warrant the protection feasible from the project more so than areas where 

groundwater is simply a source (yet may be remote or inaccessible). 

2.2 Criteria and thresholds for identification of strategic groundwater 

source areas 

2.2.1 Recharge and groundwater availability  

Given that recharge is being used as a proxy for groundwater availability, we sought criteria and 

thresholds that could highlight high (absolute) recharge values (in mm/a).  National level recharge 

was mapped for the Groundwater Resource Assessment II (DWAF, 2006) and shows that its 

distribution is largely controlled by the relationship between the topography (Figure 2) and the 

precipitation (Figure 3Error! Reference source not found.), which is strongly controlled by 

orographic gradients between the montane areas and the adjacent coast.  

 

Figure 2: The topography of South Africa showing the high elevation interior plateau outlined by the Great 
Escarpment which extends from the south-west to the north-east. 
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Figure 3: Mean annual precipitation based on data from the WR90 study. 

At the national scale, areas of high rainfall largely correspond (at least in the theoretical datasets) to 

areas of high recharge. In certain areas the correlation is not direct and the underlying geology, and 

aquifer type, influences the recharge. For example, the eastern limb of the Cambell Group and 

Malmani Subgroup dolomites, which form a karstic aquifer, (between Pretoria and Johannesburg 

(Figures 4-7) is mapped with higher recharge than neighbouring areas of similar precipitation. These 

geological controls on recharge appear more strongly in the earlier national recharge mapping effort 

of (Vegter, 1990) (Figure 8) than they do in the data from the GRAII study (Figure 9), although the 

combination of rainfall and geology still highlights some local effects (Figure 10).  The GRAII (DWAF, 

2006) dataset was used in the analysis that follows.  
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Figure 4: Geology showing the main rock type based on data from the WR90 study (Midgley et al., 1994). 

 

Figure 5: Geology showing the stratigraphy based on data from the CGS. 
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Figure 6: Aquifer types, including Groundwater control areas based on (Vegter, 1990).  

 

Figure 7: Aquifer types showing including typical borehole yields based on data from the National 
Groundwater Database (DWA). 
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Figure 8: Aquifer recharge (Vegter, 1990). 

 

Figure 9: Aquifer recharge based on data from (Vegter, 1990). 
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Figure 10: Aquifer recharge as a percentage of the mean annual precipitation based on the GRAII data 
(DWAF, 2006). 

Recharge values greater than 65mm/a were selected as significant, based on a calculation showing 

that the areas with >65mm/a contribute more than 50% of the national recharge volume (Table 1: ). 

The areas with >65mm/a cover 9% of the land surface. 

 

Table 1:  National recharge statistics based on an analysis of GRAII data (DWAF, 2006) 

Recharge 
category (mm/a)  

Recharge volume 
contributed by category 
(million m

3
/a) 

Recharge contributed 
by grouping (% 
towards total SA 
recharge) 

Land area occupied 
by recharge category 
(km

2
) 

Land area 
contributed by 
grouping (% towards 
total SA land area) 

150+ 3,641 10% 14,687 1% 

>=100 11,228 32% 44,920 4% 

>=65 17,980 52% 111,416 9% 

>=35 28,884 83% 287,231 23% 

 
SA total 
recharge 

34,912
2
 

SA total land 
area 

1,272,835 

 

                                                           
2 Note that this volume was calculated through summing the 1km

2
 disaggregated recharge. It differs from that 

provided in the GRAII datasets, therein calculated through summing the GRAII average recharge per 
quaternary catchment to national scale (which equates to 30,366 million m

3
/a).  
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An additional recharge criterion is considered necessary, to highlight regionally important recharge 

(that is not necessarily above 65mm/a), and considered a regionally important source.  This can be 

achieved through mapping the recharge ratio of a particular area compared to a larger area. Areas 

with a ratio less than 1 have recharge below the regional average and, for example, an area with a 

ratio of 2 has twice the regional average. Various approaches were tested, including for example 

recharge per quaternary catchment, compared to the average recharge of the primary catchment 

(Figure 11).  

 

Figure 11: Ratio of recharge (GRAII) (DWAF, 2006) per quaternary catchment to the average of the primary 
catchment into which it falls  

The boundary of the areas delineated by a ratio higher than 2 is affected by the quaternary 

catchment boundaries, which may themselves include significant spatial variability in recharge, 

suggesting that the quaternary catchment scale is too large. Furthermore the areas mapped as high 

(ratio above 4 for example) generally coincide with high absolute recharge values (in mm/a), hence 

the area used for the ratio (primary catchment) is too large to usefully capture regional variability. 

The ratio of recharge per 1km2 grid cell, compared to the average recharge of the secondary 

catchment shows more useful results (Figure 12).  
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Figure 12: Ratio of recharge (GRAII) (DWAF, 2006) per 1km
2
 grid cell, to the average of the secondary 

catchment into which it falls [Criteria 2] 

This approach succeeds in highlighting the regional variability especially in catchments where there 

is high recharge variability, for example: 

 just south of Springbok, where MAP is slightly higher, typical borehole yields are slightly 

higher,  

 the Gouritz area, where the mountainous areas (high rainfall, high recharge to the TMG 

aquifers) have 4 to 5 times the regional average compared to the drier low-lying areas with 

Karoo sediments.  

 the eastern wetter part of the country (sub-humid region in Figure 3Error! Reference source 

not found.) generally has lower regional variability with ratios of up to 2-3.  

The ratio of recharge per 1km2 grid cell, compared to the average recharge of the secondary 

catchment was selected as a criteria for groundwater source areas. Various thresholds were tested 

(1.0, 1.5, 2.0, 2.5) and based on the results, the threshold of 1.5 was selected as it contained a 

subset of areas that seemed most appropriate for potential consideration as a groundwater source 

area.  This setting of the threshold was therefore iterative and subjective, based on the intended 

result. 

2.2.2 Groundwater use  

Various datasets are available for an analysis of groundwater use.  The ideal dataset would contain 

actual groundwater use (location and volume), including domestic groundwater use / use by a water 

services provider. For domestic supply, the percent supplied by groundwater compared to the total 

supply source is also of interest.   
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The DWS database of authorised or registered abstraction (WARMS database), was extracted 

January 2016, and is a primary dataset for groundwater use, especially private agricultural or 

industrial use.  A known challenge with the dataset is the inaccuracies of the user-supplied 

coordinates. The property details per registered user were used to adjust coordinates that did not 

match the property details.  This generally assumes that the abstraction occurs on the property of 

the registered user, which may not always be met. Large users with different use coordinates to 

property were manually assessed, however for small users the assumption is adequate especially at 

national scale, and improves the dataset from one with inaccurate user-supplied coordinates. The 

major assumption applied is that registered groundwater use equates to actual use; necessary in 

absence of any other national dataset. 

The resulting sum of registered abstractions per quaternary catchment is provides useful 

information but, again, is the boundary of the high use areas (for example use > 5 million m3/a) is 

affected by the quaternary catchment boundaries (Figure 13). The quaternary catchments are large 

especially in the north and northwest of the country, and may contain significant variations in 

groundwater use (and variations in aquifers). The variability in size of catchment means comparisons 

across the country are meaningless. The use of quaternary catchment boundaries is too large a scale 

for a useful analysis.  

 

Figure 13: Groundwater use in WARMS – expressed as sum per quaternary catchment (WARMS data 
extracted in January 2016). 

When the WARMS registered abstractions are mapped as points it becomes clear that the high use 

areas extend over catchment boundaries (Figure 14).  
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Figure 14: Groundwater use in WARMS – expressed as l/s per 1km
2
 (using Kernel function, WARMS data 

extracted in January 2016) [Criterion 3] 

In an attempt to group areas with clustered groundwater use, and those with higher registered 

volumes, the registered groundwater use was mapped using a density function normally applied for 

calculation of population density (the Kernel function). For each registered use, the function sums 

the groundwater use within a 1km2 search radius. The result is various fields of registered yield per 

area (l/s / km2). Clustered (high density) use, and/or high volume abstraction will therefore be 

highlighted in the higher fields.  Although groundwater use occurs almost across the country, there 

are areas in which groundwater use is more significant (clustered or higher use) (Figure 14): 

a) In the Western Cape Winelands areas that largely use TMG or alluvial aquifers (Stellenbosch 

and Franschoek in the Berg, and the Breede Valley)  

b) The Sandveld region on the West Coast 

c) Around Bloemfontein 

d) Kuruman, between Mafikeng and Gauteng, corresponding to the karstic dolomite aquifers 

e) The Limpopo province 

The registered groundwater use data plotted as l/s/km2, was selected as a criteria for groundwater 

source areas. Various thresholds were tested (>0.1, >0.3, >0.5) and based on the results, the 

threshold of 0.3l/s/km2 was selected as it contained a subset of areas that seemed most appropriate 

for potential consideration as a groundwater source area.  Again the setting of the threshold was 

therefore iterative and subjective, based on the intended result.  There are several areas with an 

apparent high density of WARMS registrations, that fall outside of the lowest category 
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(<0.03l/s/km2) such as the Eastern Cape, Transkei area, KwaZulu Natal, and the Karoo. The individual 

registrations in these areas are lower such that the sum per km2 is lower. 

However, not all groundwater use is registered, even use by water services providers and/or 

municipalities. Domestic use is generally considered more important, or requiring a greater 

reliability of supply, than private industrial or agricultural use by DWS. So domestic use could be 

used in the delineation of groundwater source areas. Domestic water supply was informed by the 

DWS All Towns Reconciliation Strategy Study ((DWA, 2012a) and 2016, combined from various 

sources listed in the text box below and in references), and from the DWS reconciliation strategies 

for each of the major metropoles (i.e. those areas not included in All Towns).  Through the merging 

of datasets and application of several assumptions, a dataset of the current water supply makeup to 

all settlements (towns and villages) was generated. All those with a groundwater supply of greater 

than 50% of the total available water supply are shown in Figure 15.  A groundwater supply of 

greater than 50% is classified as “sole supply” form groundwater, according to (DWA, 2011a). 

 

 

Figure 15: Towns and villages where groundwater is >50% of the water supplied and thus qualifies as the 
sole supply (DWA 2011). [Criterion 4] 

The results are similar to WARMS (as expected): 

a) A clear clustering of sole groundwater supply settlements is evident running from the 

Kuruman area in the west via Mafikeng and Gauteng to Polokwane in the northwest. This 

area extends beyond the dolomites and groundwater control areas, and is also underlain by 

various basement geologies (primarily the pre-Karoo Supergroup), most of which form 

fractured and weathered igneous/ metamorphic rock.  
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b) Settlements with sole groundwater supply is scattered across most of the interior of the 

country (i.e. the Karoo Supergroup: aquifer type fractured and weathered compact 

sedimentary rock), excluding KZN and east of Lesotho, and including the Northern Cape.  

The results also highlight areas in which the WARMS threshold is not necessarily high (because the 

volumes are not high), but there are several sole groundwater supply settlements: 

c) Coastal towns such as Hassequa and Bitou Local Municipality, between East London and Port 

Elizabeth where a number of small towns all use groundwater.   

d) Towns such as Lambert’s Bay, Eland’s Bay, Graafwater in the Sandveld region of the West 

Coast (of the Western Cape) 

e) Towns such as Hermanus, Stanford, Struis Bay on the southern coast of the Gouritz primary 

catchment, (Overberg District Municipality, Overstrand and Cape Agulhas Local 

Municipalities).  

The groundwater resource unit associated with the supply source is not available from the DWS All 

Towns Reconciliation Strategy Study datasets.  The point data (Figure 15) is located at the centre of 

the supply scheme area and has been given a 10km radius (hence large orange dot). The 10km 

radius was selected to hopefully incorporate the groundwater resource unit (although unlikely to be 

all of it). No threshold was applied to this dataset: i.e. all areas under the 10km radius of sole 

groundwater supply settlements are considered falling within criterion 4. 

 

Datasets for sole groundwater supply settlements  
 
The DWS reconciliation strategies for each of the major metropoles (i.e. those areas not included in 
All Towns) were reviewed (with information informing criteria 5). None of the major metropoles are 
sole groundwater supply.   
The DWS All Towns Reconciliation Strategy Study (ATS) generated one report (or short strategy) per 
town or village cluster, notably with a name assigned as relevant to the study (i.e. “Mbhashe LM 
Village cluster 1”). Various summary datasets were received for the two phases of the All Towns 
Study (2012 and 2016), each with different contents and formats:  
2nd phase 2016:  

 A summary spreadsheet of the word/ pdf document strategies was generated by each of the 
four consultants completing the four regions of the study. The spreadsheet format was not 
consistent between regions, and each region contained several blanks for supply source. 

 Two of four regions also generated shape files, using either a scheme /supply area, or only a 
point data per strategy.  

1st phase 2012 

 A shape file was received from DWS in which supply source was categorised as groundwater, 
surface water or combined, reflected as one point per strategy (the centre of the town or 
settlement). 

 Strategies for individual towns, accessible online (https://www6.dwa.gov.za/DocPortal/) 

 A Phd researcher reviewed each strategy (>800), and compiled a summary spreadsheet of 
supply source; part of Cole, MJ, Bailey, RM and New, MG 2016. Spatial disaggregation of 
national sustainable development indicators: A case study of water use and access in South 
Africa. In preparation. 

 A researcher likewise reviewed each strategy (>800), and compiled a summary spreadsheet 
and national spatial dataset with scheme area shown per strategy (J. Du Plessis, University of 
Stellenbosch), which was shared with CSIR. 
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 Summarised national data including spreadsheets and spatial data supplied by J Du Plessis to 
CSIR, however yield information per source is missing for ~25% strategies 

In order to use latest 2016 data for supply source, and show all sole supply groundwater 
settlements, the summary spreadsheets from the four regions were combined into one dataset, and 
as many data gaps (for supply source) filled as possible through application of various assumptions. 
The names of the strategies in the combined sheet were then matched to the names of the national 
shape file from 2012, to provide a spatial dataset. This caused several data gaps as strategy names 
may not have remained consistent between 2012 and 2016 and, furthermore, individual workers 
have assigned different names to strategies in the summary sheets or spatial datasets.  Several 
assumptions were applied in order to minimise data gaps however, gaps remain for ~10% of the 
strategies completed, and some of which may clearly be sole source. Therefore, the information 
shown in Figure 15 should be considered a minimum representation of sole groundwater supply 
areas. Depending on project priorities during 2017, it is possible that the dataset can be further 
checked and updated during this project, otherwise recommendations will be made for DWS to 
provide a combined dataset. 

 

One challenge with the All Towns dataset is that the spatial data refers to the scheme area or 

settlement only as points, and those pints may not include the resource supplying the town, if the 

wellfield is distant from the town. Even where the wellfield is within the 10 km buffer, the 

abstraction may be from a confined aquifer which is recharged some distance away.  

It is not possible to map all of the groundwater resource units for domestic supply, in a national 

scale project. A focus of the project is on protecting the water source for areas that are significant at 

national scale. Therefore, the 26 “areas of national economic significance” as listed in the National 

Water Resources Strategy (DWAF, 2013) were selected as a subset of “key areas” that can be 

considered significant at national scale. For these key areas, it was deemed appropriate that, if 

groundwater is part of the supply system (currently, or in future), its groundwater resource unit be 

included as a groundwater source area.  The current and proposed future supply source was 

investigated in greater detail for the two areas, and where groundwater is used (currently, or in 

future), the groundwater resource unit was mapped using existing reports (Figure 15, Figure 16). 

Where resource units were not delineated in existing reports, the delineation was based on geology, 

topography, drainage and knowledge of the area. In some cases only a circular area 10km radius of 

the town (as per Criteria 4) could be applied, where there was no information on the future 

groundwater resource location, other than that it is likely to be local to the town. Each of the areas 

identified forms criteria 5 (strategic use). 

Future use is therefore explicitly included for the 26 areas of national economic significance. It was 

not possible however to include future groundwater use for all settlements. Although future 

reconciliation interventions are included in the All Towns Study reports, the groundwater resource 

unit is rarely outlined, nor the future water supply makeup quantified (% supply), and significant 

effort would be required to collate the data from the summary spreadsheets and strategies 

received.  The groundwater control areas were initially setup to protect these areas for future 

municipal use, recognising the high groundwater potential in the areas. They were delineated based 

on several factors i.e. not only the resource outline, but also to include agricultural / interest groups. 

Not all have been utilised. Groundwater control areas have therefore been included (within criteria 

5, strategic use) as a proxy for future potential groundwater use i.e. highlighting where there is 

potential that may not be used. 
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Figure 16: Current and future groundwater supply to 26 areas of national economic significance and 
groundwater control areas [Criterion 5]. 

Each of these areas which meet the conditions of criterion 5 are included as groundwater source 

areas, i.e. no threshold is applied.   

 

 

 

The distribution of groundwater use (from WARMS data and from DWS data) correlates strongly 

with settlement type: the dense groundwater use in the Limpopo and North West Province, and to a 

slightly lesser extent in the Eastern Cape and KwaZulu Natal, correlates with locations of rural 

settlements (Figure 17). Other clustered groundwater use is likely to be supporting agriculture (i.e. 

Western Cape). 

Criteria 4 and 5: Inconsistent % Groundwater considered, and area included: 

Criterion 4 includes those settlement points that are >50% supplied by groundwater. However, for the 26 

areas of national economic significance, any current or future use of groundwater as part of the supply 

system to that key area (>0 to 100%) has been included (and its groundwater resource unit delineated 

where possible, rather than using a point with 10km radius from the town) to meet the requirements of 

criterion 5. This approach was largely dictated by the data available and the scope of this assessment, 

and it is in line with the national focus of the project.  Furthermore, it is assumed that future water 

demand is likely to increase in these key areas and thereby also the overall or strategic contribution by 

groundwater.  
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Table 2:  Groundwater contribution to current or future water supply at 26 areas of national economic 
significance (Category 5)   

Area Current % 
Groundwater 
supplied 

Current Aquifer  Future groundwater 
use, aquifer 

References for delineation 
of current groundwater 
resource unit, and potential 
future supply 

Cape Town, 
Worcester 2% 

TMG Albion springs (Cape 
Peninsula) & Atlantis 

Yes; Cape Flats aquifer 
and TMG 
Southwestern Cape 
Fold Belt 

(CCT, 2015, 2012; Delta-h, 
2016; DWS, 2016; H Seyler 
et al., 2016) 

Saldanha 11% Langebaan Road Aquifer System 

Yes; Langebaan Road 
Aquifer System, 
Elandsfontein Aquifer 
System 

(DWAF, 2007a; H. Seyler et 
al., 2016) 

George, 
Mossel Bay 

0% (backup / 
drought relief 
only) Local TMG aquifer  

Yes; Peninsula aquifer 
north of George town 

(DWS, 2014a) 

Port 
Elizabeth 2% Uitenhage springs 

Yes: Coega TMG 
aquifer 

(Groundwater Africa, 2012) 

Richards 
Bay 6% 

Supply source is (GW fed) lakes. 
The lakes receive 6% of their 
yield from groundwater. 

No increased 
groundwater supply 
planned 

(DWS, 2015a, 2015b)  
Delineation of lake 
groundwater catchment 
based on geology, 
topography and surface 
water drainage. 

Welkom, 
Kroonstad None n/a 

Yes; Kroonstad 
groundwater local to 
Kroonstad 

(DWA, 2012a) All Towns 
strategy  

Gauteng <9% Pretoria Springs (Dolomite) 
No (DWA, 2009a, 2009b; DWAF, 

2009) 

Mafikeng 71% 

Grootfontein spring (Dolomite): 
Molopo / Grootfontein 
Compartment 

Yes; increased use of 
same aquifer 

(DWA, 2009b), DWS All 
Towns strategy 

Lichtenburg >50% *
1
 

Licthenberg dolomites 
compartment / NW Dolomites  

Yes; increased use of 
same aquifer 

(DWA, 2009b), & based on 
information in DWS All 
Towns strategy 

Thabazimbi 34% 
Alluvial aquifer around Crocodile 
River 

No Based on information in 
DWS All Towns strategy 

Rustenburg No n/a 
Yes; groundwater 
local to Rustenburg 

DWS All Towns strategy 

Phalaborwa No n/a 
Yes; groundwater 
local to Phalaborwa 

DWS All Towns strategy 

Polokwane >11% *
2
 

Basement aquifer local to 
Polokwane  

Yes; increased use of 
same aquifer 

Assumed based on 
information in DWS All 
Towns strategy 

Tzaneen No n/a 

Yes; groundwater 
local to Tzaneen 

Assumed based on 
information in DWS All 
Towns strategy 

Gyani 26% Basement aquifer local to Gyani 

Yes; increased use of 
same aquifer 

Assumed based on 
information in DWS All 
Towns strategy 

*
1
No yield information is contained within the Lichtenburg All Towns strategy, however >50% can safely be assumed based 

on the supply make up to surrounding towns in the Ghaap Plateau 

*
2
 Groundwater yield in the Polokwane All Towns strategy provided a yield for groundwater of greater than a particular 

number, hence this translates as >11%. 
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Figure 17: Distribution of the different settlement across South Africa. 

2.3 Draft Strategic Groundwater Source Areas 

2.3.1 Delineation approach  

The five criteria and the associated thresholds (as described in Section 2.2) can be summarised as 

follows (Table 3):    

Table 3:  Summary of criteria and thresholds used in groundwater source area delineation  

Criteria Description Threshold Motivation 

1 Recharge as mm/a  (GRAII, (DWAF, 2006)) >65mm/a Corresponds to >50% 
national recharge volume 

2 Ratio of recharge per 1km2 grid cell 
compared to the average recharge of the 
secondary catchment 

>1.5 Threshold set iteratively 
and subjectively 

3 Registered groundwater use (WARMS) as 
l/s per km2 (Kernel function) 

>0.3l/s / km2 Threshold set iteratively 
and subjectively 

4 Towns/village clusters with groundwater 
sole supply, for current domestic water 
supply, mapped as points with 10 km 
radius. 

None (i.e. all 
areas 
included) 

All areas are relevant, no 
threshold to be met 

5 Groundwater resource unit used for 
current or future supply to an area of 
national economic importance, and 
groundwater control areas  

None (i.e. all 
areas 
included)  

National interest 
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Areas that meet any of the criteria and thresholds are shown together in Figure 18Error! Reference 

source not found.. Translating areas that meet any of the five criteria (and their thresholds) into 

groundwater source areas is a process dictated by the purpose and definition developed for GWSAs.  

Implementing a definition of “source” area that relates only to availability (note, not “resource” 

area), would include consideration only of groundwater availability i.e. areas meeting criteria 1 and 2 

could be included in a delineation.  

 

Figure 18: Areas meeting all five criteria for groundwater source area definition (see Table 2). 

As the results show, areas meeting criteria 1 generally coincide with surface water source areas 

(Figure 1), as is to be expected given that high rainfall translates to high recharge and, in turn, high 

baseflow. High rainfall also translates to high runoff, and surface waters are furthermore supported 

by high baseflow in the same areas. As the areas overlap, there is already some protection to areas 

with high groundwater recharge, provided by the fact that these are (surface) water source areas.  It 

is therefore not useful to delineate areas based only on criteria 1 and 2.  The intended purpose of 

delineating GWSAs is in part to raise awareness of the country’s water sources, and lead to their 

protection (for sustained human or ecological use). As such, the mapping of GWSAs incorporates 

areas where groundwater is important for use (i.e. thus also incorporating to some degree 

“resource” areas not just source areas).  Groundwater source areas have therefore been considered 

areas where groundwater availability and use is high. 

Therefore, a groundwater source area can be defined as an area with high groundwater availability 

(criteria 1 or 2 is met) and where groundwater forms an important resource (criteria 3, 4 or 5 are 

also met).  In addition, even if only criterion 5 is met, this area also is considered a groundwater 

source area in order to include current and/or future groundwater sources to areas of national 
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economic significance. A strategic groundwater source area can be defined as an area with a high 

source of groundwater and where groundwater forms a nationally important resource.  Almost all 

areas where criteria 5 is met are considered strategic groundwater source areas (or national 

importance), and others are also considered strategic / national importance based on stakeholder 

feedback. The utilisable groundwater exploitation potential, or UGEP, (“the volume of available 

renewable groundwater”, (DWA, 2010)), is also shown in Figure 20, and was used to inform the 

delineation alongside criteria 1 and 2 (although no formal criteria or threshold was set). For 

example, some areas that are not highlighted with high recharge do have relatively high potential 

(i.e. parts of the dolomites). Conversely some areas shown as high recharge do not have a high 

groundwater potential due to (relatively) poor aquifer properties such as the Karoo Supergroup in 

KwaZulu Natal. 

In a handful of cases, groundwater source areas were delineated where the above conditions 

(criteria 1 or 2, and 3 or 4 or 5) were not strictly met (Figure 18). Each of these have a particular 

motivation. Furthermore,  

 areas with high groundwater availability only (meeting criteria 1 or 2) could be considered 

areas with high groundwater potential, and  

 areas with high groundwater use only (meeting criteria 3 or 4) could be considered areas 

where groundwater is an important (perhaps sole) resource, 

 and these areas are shown in the maps provided, although not separately delineated. 

 

Table 4:  Groundwater source areas (regional verses national i.e. strategic), highlighting which criteria are 
met by each one.  

Number GWSA Name Significance Criteria met 

1 Arlington Regional 1 or 2 and 4 

2 Beaufort West Regional 1 or 2 and 4 

3 Blouberg Regional 1 or 2 and 4 

4 Bo-Molopo Karst Belt National (GW Control) 1 or 2 and 3,4,5 

5 Cape Peninsula and Cape Flats National 1 or 2 and 5 

6 Carnarvon Regional 1 or 2 and 4 

7 Central Pan Belt National 1 or 2 and 3,4 

8 Coega TMG Aquifer National (GW Control) 5 

9 Crocodile River Valley National (GW Control) 3,5 

10 De Aar Region Regional 1 or 2 and 4 

11 Eastern Kalahari A Regional 1 or 2 and 3,4 

12 Eastern Kalahari B Regional 1 or 2 and 4 

13 Eastern Karst Belt National 1 or 2 and 3,4,5 

14 Eastern Lowveld Escarpment Regional 1 or 2 

15 Eastern Upper Karoo Regional 1 or 2 and 4 

16 Far West Karst Region Regional 1 or 2 and 3 

17 George National 1 or 2 and 5 

18 Giyani National 5 

19 Great Kei Regional 1 or 2 and 4 

20 Hertzogville Regional 1 or 2 and 4 

21 Kamieskroon Regional 1 or 2 and 4 

22 Klipriver Karst Region National (None) 

23 Komaggas Cluster Regional 1 or 2 and 4 

24 KOSH Karst Region National (None) 

25 Kroondal / Markina (Rustenburg) National (GW Control) 3,5 

26 Kroonstad National 5 

27 Langeberg Regional 1 or 2 

28 Letaba Escarpment Regional 1 or 2 and 3,4 
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Number GWSA Name Significance Criteria met 

29 Lower Mzimvubu Regional 1 or 2 and 4 

30 Loxton Regional 1 or 2 and 4 

31 Natalspruit and Springs Karst Basin National 3 

32 Nelspoort Regional 1 or 2 and 4 

33 Northern Ghaap Plateau Regional 1 or 2 and 4 

34 Northern Highveld Regional 1 or 2 and 4 

35 Northern Lowveld Escarpment Regional 1 or 2 and 4 

36 Northwestern Cape Ranges National 1 or 2 and 3,4,5 

37 Nyl and Dorps River Valley National (GW Control) 1 or 2 and 3,4,5 

38 Overberg Region Regional 1 or 2 and 4 

39 Phalaborwa National 5 

40 Port Nolloth Regional 1 or 2 and 4 

41 Richards Bay GW Fed Estuary National 1 or 2 and 5 

42 Sandveld National (GW Control) 1 or 2 and 3,4,5 

43 Sishen / Kathu Regional 1 or 2 and 3,4 

44 Southern Ghaap Plateau Regional 1 or 2 and 4 

45 Southwestern Cape Ranges National 1 or 2 and 3,5 

46 Soutpansberg Regional 1 or 2 and 3,4 

47 Strandfontein Regional (GW Control) 4,5 

48 Sutherland Regional 1 or 2 and 4 

49 Transkei Middleveld Regional 1 or 2 and 4 

50 Tulbagh-Ashton Valley National 1 or 2 and 3 

51 Upper Keurbooms Regional 1 or 2 and 4 

52 Upper San (Polokwane) Aquifer System National 1 or 2 and 3,4,5 

53 Van Wyksdorp Regional 1 or 2 and 4 

54 Vanrhynsdorp Regional 1 or 2 and 4 

55 Ventersdorp/Schoonspruit Karst Belt National (GW Control) 3,4,5 

56 Vivo-Dendron National (GW Control) 3,4,5 

57 West Coast Aquifer National (GW Control) 5 

58 Westrand Karst Belt National (GW Control) 1 or 2 and 3,5 

59 Willowmore Regional 1 or 2 and 4 

60 Zululand Coastal Plain National 1 or 2 

2.3.2 Resulting strategic groundwater areas 

Based on the above definitions, the resulting groundwater source areas are shown in Figure 19.   

The outlines were drawn manually to capture any area where Criteria 1 or 2 and 3, 4 or 5 are met.  

The outlines are considered useful at national scale, but do not delineate exact regional / local areas. 

In places the outlines follow geological boundaries to capture the aquifer unit (i.e. Ghaap Plateau, or 

where the outline is based on criterion 5 only) but in other areas they simply group areas that meet 

the criteria (i.e. KZN coastal). Where criterion 5 is met, but the area was not incorporated in a 

groundwater source area via other criteria, the area was transferred directly to be a groundwater 

source area (i.e. Richards Bay).  
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Figure 19: The final set of strategic groundwater source areas. 

The utilisable groundwater exploitation potential, or UGEP, (“the volume of available renewable 

groundwater”, DWA, 2010) (Figure 20), and was used to inform the delineation alongside criteria 1 

and 2 although no fixed threshold was set. For example, some areas that are not highlighted with 

high recharge do have relatively high potential (i.e. parts of the dolomites). Conversely some areas 

shown as high recharge do not have a high groundwater potential due to (relatively) poor aquifer 

properties such as the Karoo Supergroup in KwaZulu Natal. 

The total land included under GWSAs is 124,069km2, equivalent to 10% of South Africa. The subset 

of strategic GWSAs make up 4% of South Africa. 
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Figure 20: Utilisable groundwater based on the exploitation potential (DWA 2006). 

2.3.3 Discussion and limitations 

The resulting strategic groundwater source areas hold a clear imprint of the underlying geology and 

corresponding aquifer types in the case of the TMG and the dolomitic karst aquifers.   Interestingly, 

all of the surface water source areas coincide with a groundwater source area, or an area of high 

groundwater availability (area that meets criteria 1 and 2 only).  Where surface water is in 

abundance, so is groundwater. A significant number of the groundwater source areas do not overlap 

surface water source areas. These areas are generally located away from high recharge (in mm/a) 

and away from high runoff, illustrating that regional groundwater recharge (a proxy for groundwater 

availability) can be important, and that groundwater use is important away from surface water 

resources. A key limitation of the project is the available recharge information, and especially the 

lack of national scale data for indirect recharge. Furthermore, data limitations certainly impact the 

representation of groundwater use. 

The approach presented here, incorporating criteria and thresholds, was developed in order to 

provide a defensible, numerical approach, and minimise potentially subjective manual input.  

However, how the areas meeting the various criteria translate into groundwater source areas, and 

what is considered nationally and regionally important, are both subjective steps. Criteria 5 aimed to 

ensure that any area of national economic significance was incorporated, but use of criteria 5 only in 

the identification of strategic groundwater source areas would certainly be an underestimate (and 

reflect resource only, not source). Yet and including all areas met by the criteria (i.e. by 1 or 2 and 3 

or 4, the regional and national areas) would be an overestimate at national scale.   
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Several areas with sole groundwater supply (criteria 4) do not form a groundwater source area 

(strategic or otherwise), because they do not also meet criteria 1 or 2 (i.e. they are a resource area, 

not a resource and a significant source). They are (arguably) not areas of national significance, yet 

are areas that rely on groundwater and hence their resource should be protected. 

3 Refinement of the existing surface water strategic source areas  

The existing map of surface-water source areas (Nel et al., 2013) includes only source areas with the 

highest surface-water runoff, ignoring some important but lower run-off source areas that are linked 

to current or future national economic development nodes (e.g. the Waterberg energy development 

node). In addition, the potential supply of water provided by the source areas was not considered in 

relation to use of, and access to, the water supply. This strongly influences the importance of a 

source area in contributing to the country’s water security. An area that has low human need for the 

water supplied by the source, or is remote or inaccessible, is arguably less important from a water 

resource development perspective.  Conversely, source areas with relatively low supply but high 

dependency are more critical areas. 

We used experts familiar with future water resource development thinking to help identify key gaps 

in the existing map of surface-water source areas. A workshop was held on the 16 February 2016 

and was attended by Isa Thompson and Neil van Wyk from Department of Water and Sanitation. 

3.1 Gaps identified in Waterberg, Upper Usutu and Upper Vaal 

Upper Usutu: Currently the Mbabane Hills SWSAs is located downstream of the dams which supply 

the Vaal WSS and the power stations in the Olifants Catchment. By creating an additional SWSA for 

the Upper Usutu this would ensure that water is available for interbasin transfers. 

Upper Vaal: The Upper Vaal provides a diluting function in a heavily mined area. There is no SWSA in 

the Upper and Middle Vaal Catchment which is an additional reason to delineate a SWSA in the 

catchment. 

Waterberg: It was recommended to include the Waterberg because it is responsible for supply water 

to Mokolo Dam and to Lephalale and ensure that water is available for the future growth of 

Lephalale and future coal mining and power stations which are being built. 

3.2 Removal of the Pondoland Coast and Zululand Coast SWSAs 

The Pondoland Coast is located in a remote area where there the demand for water resources is low, 

population densities are low and the soils are largely unsuited to agricultural development. There is 

little potential for industrial development because of its remoteness. Commercial plantation forestry 

has been identified as a potential land-use as the impacts on water resources would be acceptable, 

but the remoteness lack of road infrastructure is a constraint. There are heavy mineral deposits but 

these are located right on the coast and so would not affect water security. The current planning 

focuses on developing tourism so the area is not seen as a priority for water resource management 

and has been excluded from the SWSAs. 

The Zululand Coast is also remote and much of the area is also part of the Isimangaliso Wetland Park 

and other conservation areas. There is extensive agricultural development with about 23% being 

irrigated agriculture (mainly sugar cane) and 12% is under commercial forest plantations. About 17% 
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is urban areas. However, these extensive developments are largely supplied with water from rivers 

that arise further inland so the local pressure on water resources is relatively low although there is 

some groundwater use. This area is also not seen as a national priority and has been excluded.   

3.3 Adding in the Upper Vaal, Upper Usutu and Waterberg 

This section describes the approach taken to defining these additional SWSAs based on suitable 

runoff thresholds to use in defining sets of runoff polygons for each of these new SWSAs.  

Upper Usutu: Currently the Mbabane Hills SWSAs is located downstream of the dams which supply 

the Vaal WSS and the power stations in the Olifants Catchment. Creating an additional SWSA for the 

Upper Usutu would ensure that water is available for interbasin transfers. We have added an ellipse 

to cover the headwaters of the Usutu River system (W5) which includes the dams used for water 

transfers for power generation and the Vaal WSS. There are MAR grid-cells that exceed the 135 

mm/yr cutoff for a national SWSA in the eastern part of the area, but only a few in the southern 

headwaters of the catchments that feed the dams used for water transfers. Some of the northern 

headwater quaternaries of the Usutu River system have an MAR <75 mm/yr, but a threshold of ≥75 

mm/yr defines important areas for water resource protection in the headwater quaternaries of this 

catchment. Areas with a MAR of 75-135 mm were, therefore added into the SWSA dataset. 

Upper Vaal: The Upper Vaal provides a diluting function in a heavily mined area. There is no SWSA in 

the Upper and Middle Vaal Catchment which is an additional reason to delineate a SWSA in the 

catchment. We have added an ellipse which covers the headwaters of the Vaal, Olifants and Komati 

River systems. There are no MAR grid-cells that exceed the 135 mm/yr cutoff for a national SWSA in 

this area. However, there are areas with an MAR ≥75 mm/yr which have been used to define the 

important areas for water resource protection within the headwater quaternaries of these river 

systems. The portions of the MAR data that fell in the range 75-135 mm and on or within the 

boundaries of the Upper Vaal catchment (C1) were used to define the boundaries and add it into the 

existing SWSA polygons. 

Waterberg: Stakeholders recommended inclusion of the Waterberg because it the main source of 

water to Mokolo Dam and to Lephalale, and ensure that water is available for the future growth of 

Lephalale and future coal mining and power stations which are being built. We have added an ellipse 

to cover the headwaters of the Mokgalakwena, Lephalala and Mokolo rivers. There are a few MAR 

grid-cells that exceed the 135 mm/yr cutoff for a national SWSA in the eastern part of the 

Waterberg. A MAR threshold of ≥75 mm/yr was used to define boundaries of the polygons that 

identify the highest yielding areas of these catchments. 

These new SWSAs areas have been outlined in a similar manner to the “blobs” on the original SWSA 

map (Figure 21). 
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Figure 21: Revised map of strategic surface-water source areas for South Africa. 

3.4 Refining the revised surface water areas 

3.4.1 Introduction 

The initial approach to defining and naming Strategic Water Source Areas for surface water 

resources was logical and defensible and reasonably easy to grasp (Nel et al., 2013). However, the 

combination of SWSAs defined by pixel-level MAR thresholds, and the blobs or ellipses used to 

identify specific areas with memorable names has generated some confusion. Many have mistakenly 

thought that the ellipses define the SWSAs but they do not, their purpose was to help stakeholders 

recognise and associate with them (WWF-SA, 2013). The addition of a new MAR threshold of >75 

mm for areas that the stakeholders in this study identified as important – Upper Vaal, Upper Usutu 

and Waterberg and the exclusion of some areas – Pondoland Coast and Zululand coast – based on 

surface management and water demand matters although MAR is >135 mm (see section ##), also 

complicates the issue.  

The use of the pixel-level MAR thresholds also resulted in numerous, widely scattered, single or 

small cluster of pixels which would be difficult, and not necessarily effective, to protect or manage to 

sustain their water runoff and quality. In addition, the accuracy of the MAR data, which was 

generated from interpolated rainfall data (Lynch, 2004; Schulze et al., 2008), is probably not 

sufficient to set the boundaries based on the individual pixel values. The best way to address the 

pixel problem, consolidate high MAR areas and also create defensible and manageable boundaries 

for the SWSAs is to produce interpolated (smoothed) envelopes or polygons to define the 

boundaries. 
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3.4.2 Smoothing the MAR data 

There are two main ways of interpolating the MAR data set. The one is to run an averaging process 

over the pixel grid such as a focal mean, where each pixel value is replaced with a value calculated 

from its neighbours, or to produce MAR contours. However, this tends to still pick out small groups 

of pixels unless a large number of neighbours is used which then tends to overly smooth the surface 

and expand the SWSA envelopes. Another approach is to extract the pixels that exceed the 

thresholds in each SWSA using a spatial mask, convert the pixels to points and to interpolate the 

data using a kernel density function. The advantage of this approach is that it uses the density per 

unit area of the points to create a surface with density contours where the edges, as defined by the 

pixel MAR threshold, are steep minimising the inclusion of low MAR areas. The relationship between 

the pixel-level MAR data and density surface can then be analysed to identify a density value which 

strikes a balance between removing scattered pixels and including pixels which were below the 

threshold.  

A spatial mask was created to which included all the pixels with an MAR >135 mm and those >75 

mm in the three additional SWSA areas - Upper Vaal, Upper Usutu and Waterberg. The pixels of the 

spatial MAR data which fell within this mask were extracted with all other cells being represented by 

a “no data” code. This dataset was then converted to a point dataset with the value set to the MAR. 

The Kernel Density tool in ArcMAP 10.3 was then used to generate a density surface with the same 

spatial resolution and spatial extent as the MAR dataset. The following settings were used: default 

search radius based on Silverman’s rule (Silverman, 1986), population input was set to the MAR 

value, cell size was the same as the MAR pixel, the search radius was the default, area unit scale was 

a hectare, output was densities, and the method was geodesic which takes the curvature of the 

spheroid (earth’s surface) into account.   

A range of threshold values of the kernel density was then tested to identify a density value which 

optimised the inclusion of areas with MAR greater than the selected thresholds while reducing the 

occurrence of isolated of small clusters of pixels.  Three tests were done: (a) the degree to which the 

pixels which exceeded the 135 mm MAR threshold were included, the proportion of the total MAR 

which they accounted for, and an examination of the degree of inclusion of two extreme cases of 

SWSAs. The one is the Swartberg where the pixels with high MAR form a narrow strip only a few 

pixels wide, the other was the Waterberg where two small areas have an MAR >75 mm.  

Once the boundaries of the smoothed or consolidated SWSAs were defined as described in the 

results below, the SWSA envelopes which included more than one of the original SWSA names 

(blobs) (ellipses) were sub-divided using quaternary catchment boundaries to make them more 

hydrologically consistent. There were still a few isolated SWSA areas and these were given the same 

name as the SWSA they were most closely aligned with.   

3.4.3 Results 

The map of the kernel density shows clearly that the areas with a spatial concentration of high MAR 

are highlighted whilst excluding isolated pixels (Figure 22). The interpolated surface also results in 

the infilling of areas with a MAR below the threshold within the high MAR concentrations, 

particularly in the range between 0.199 and 0.649. The high kernel density values found in the 

Boland, Pondoland, Kwa-Zulu-Natal-Lesotho and Swaziland to Mpumalanga Drakensberg stand out 

clearly. 
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Figure 22: A classification of the Kernel Density output data using the Natural Breaks. The input data was the 
all pixels with an MAR > 135 mm except in the Upper Usutu, Upper Vaal and Waterberg areas where the 
MAR threshold was >75 mm.  

The percentage of the pixels in each of the classes that was included varies as the kernel density 

increased, which is to be expected given that the extent of the area decreased and the density 

increases (Figure 23). Only a few cells in the lowest MAR class (0-25) were included at all (at most 

<0.35%), and these were located mainly on the inland side of the Cape mountains where there are 

very steep rainfall gradients. At the other end of the MAR values, from 421-2702 mm, between 

99.4% and 97.0% were included, depending on the density value. Likewise, between 94.2 and 82.4% 

of the 136-220 mm range is included over the range of kernel densities shown here. When the total 

MAR is used as a measure, a kernel density of 0.10 encloses 61.9% of the MAR compared with 53.4% 

at a value of 0.20. At e kernel density value of 0.25 only 48.8% of the MAR is encloses even though 

the high MAR areas of the eastern coast were included.  
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Figure 23: The relationship between the kernel density value and the percentages of the pixels included for 
different ranges of MAR. The kernel density was computed from the density of points (i.e. pixels) where the 
MAR exceeded the threshold for inclusion in a SWSA. 

The third assessment of the relationship between the kernel density and the inclusion of pixels 

which exceeded the threshold MAR examined two small SWSAs, the Swartberg which is a long and  

narrow mountain range and the Waterberg which has two small areas with a MAR >75mm. In both 

areas the proportion of pixels included drops progressively more rapidly as the kernel density 

increases, particularly between 0.16 and 0.18.  

Table 5: The relationship between the kernel density and the percentage of the pixels which exceeded the 
MAR threshold in two of the smallest SWSAs.  

SWSA 0.10  0.12 0.14 0.16 0.18 0.20 

Swartberg 91.67 90.83 89.17 79.17 60.00 37.50 

Waterberg 87.62 84.69 74.59 66.12 53.09 42.35 

 

Based on these three assessments, a kernel density cutoff of 0.14 was selected as providing an 

appropriate balance inclusion and exclusion of high MAR areas, and thus for defining the boundaries 

of the consolidated SWSAs. This value is obviously open to debate and different values could be 

applied in different SWSAs but we believe that it is an appropriate value to use at the national level, 

especially for the SWSAs where areas were identified with lower MAR threshold of <75 mm. 

The results show that the consolidated SWSAs, excluding the eastern coast, form much more 

coherent grouping of the key surface water runoff generating areas (Figure 24). Where the new high 

MAR envelopes included more than one SWSA, the divisions using catchment boundaries were 

designed to avoid fragmenting them unnecessarily. So, for example, the Upper Usutu SWSA includes 
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areas within the Upper Vaal which contain the watershed between these two river’s catchments 

rather than attempting to split them exactly along the divide.  This should help to focus any 

management and protection interventions on protecting the integrity of the whole high MAR area 

rather than on particular catchments. 

 

Figure 24: The new SWSA boundaries based on the kernel density threshold and the use of catchment 
boundaries where a continuous envelope covered more than one SWSA. The Pondoland and Zululand Coast 
SWSAs (see Figure 1) have been excluded from the surface water component as described in Section 3.2 (see 
Figure 21).   

4 Combining surface water and groundwater source areas as 

Strategic Water Source Areas 

The final step in this assessment is to combine the surface-water based SWSAs with the additional 

ones identified in the identification of groundwater source areas (see Section 2). Both surface runoff 

and groundwater recharge are positively related to rainfall so they are closely related. This results in 

a close spatial correspondence or overlap between areas of land with a MAR of >135 mm (i.e. 

accounting for 50% of the total MAR) and areas with a recharge >65 mm (i.e. accounting for 50% of 

the recharge). Some of the areas where they overlap have also been identified as important source 

areas for groundwater. Where there are such overlaps, the outer boundary should be used to define 

the important areas for protection. There also are a few areas with a recharge >65 mm which do not 

overlap with the surface-water based SWSAs source areas and are not considered important for 

groundwater. These have not been included in the combined SWSA dataset (Figure 25) for national 

water protection purposes but could be included among the regional priorities if they were deemed 

sufficiently important. Every one of the 9 Water Management Areas has a substantial  number of 
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SWSAs to take account of in their planning for the protection of water sources, whether for the 

protection of ground water, surface water, or both. The Maloti SWSA falls almost entirely within 

Lesotho so its protection, which is vital for all the downstream water-users and ecosystems. Will 

have to be negotiated with the Lesotho government. The same applies to Swaziland where the 

Mbabane Hills SWSA falls largely within Swaziland but crosses the border in South Africa, as does the 

Upper Usutu.  

 

Figure 25: The new SWSA areas based on combining the updated surface water source areas and the 
groundwater source areas to form the final set of SWSAs.   

5 Linking strategic groundwater source areas to beneficiaries 

5.1 Human beneficiaries: domestic use 

Within the primary catchments, a river will have headwaters in the surface water source area of the 

upper catchment where runoff is high, which is generally dammed at some point, and used 

downstream in the urban areas, or even in a neighbouring catchment where inter-basin transfers 

occur. For surface water, the beneficiary and source can therefore be significantly disconnected, as 

is the case with Gauteng using water essentially from Lesotho, and Cape Town using (some) water 

from the Upper Breede River.  

Most aquifers are not laterally extensive on a scale greater than a primary catchment, with hydraulic 

barriers such as dykes, faults, or less permeable formations forming a boundary to one groundwater 

flow system. An assumption can therefore be applied that groundwater use is in the vicinity of the 

groundwater resource unit. In some cases though, aquifers are extensive and devoid of such barriers 
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(i.e. parts of the Karoo). Even in these cases however, as groundwater travel time is low, and 

propagation of impact from abstraction is slow (propagation is dependent on aquifer diffusivity and 

duration of abstraction, not volume pumped), for planning purposes (within perhaps a 200 year 

period), the abstraction can be assumed to source water relatively local (on a national scale) to the 

abstraction vicinity.  As people’s use of groundwater has been included in the delineation of source 

areas, so it can be assumed that in most cases, these areas are already rudimentarily connected to 

human users within their areas. To quantify the human use / beneficiaries of the GWSAs, an 

assessment of population under sole groundwater municipal supply, within the GWSA boundaries, 

has been completed (Table 6). Population data are taken from the All Towns dataset (DWA, 

2012a)(section 2.2.2) which were derived from census information and provided for a mix of 2013, 

2014 and 2015 populations. The population data has several gaps, and several sole source towns are 

likely to be omitted (section 2.2.2), so the population figures should be seen as a minimum.  

Table 6: Municipal sole groundwater supply towns within groundwater source area (GWSAs with no sole 
supply groundwater settlements within it are excluded) 

GWSA Name Town name Population 
(per town) 

Population 
(sum) 

Arlington Arlington Town Area 5,075 5,075 

Beaufort West Murraysburg 5,291 40,772 

Beaufort West 35,481 

Blouberg Avon Groundwater Scheme 29,411 86,597 

Blouberg Regional Water Scheme 28,105 

Thalahane Groundwater Scheme 4,102 

Ga-Hlako Rural Water Scheme 24,979 

Bo-Molopo Karst Belt Shiela Water Supply Scheme 61,208 397,193 

Wondermere-Slurry Water Supply Scheme Cluster 4,836 

Boikhutso Base Supply Scheme 39,386 

Dinokana Water Supply Scheme 44,538 

Mafikeng Water Supply Scheme Cluster 224,416 

Matikiring-Carlisonia Cluster 2,024 

Zeerust Water Supply Area 20,785 

Carnarvon Carnarvon Town 7,086 7,086 

Central Pan Belt Petrusburg Town Area 9,025 9,025 

De Aar Region De Aar Town 31,068 35,066 

Hanover Town 3,998 

Eastern Kalahari A Tlhakgameng Cluster 19,020 19,020 

Eastern Kalahari B Atamelang Cluster 23,184 165,071 

Mofufutso Cluster 16,332 

Driehoek-South Supply Scheme Cluster 52,444 

Stella Town 5,202 

Maipeng Cluster 9,460 

Motsitlane Cluster 28,366 

Old Kraaipan Cluster 9,947 

Setlagoli Cluster 20,136 

Eastern Karst Belt Delmas/Botleng and Eloff Sundra Cluster 53,491 53,491 

Eastern Upper Karoo Noupoort Town Area 7,463 26,143 

Middelburg and Rosmead 18,680 

Great Kei Centane 5,167 111,469 

Mnquma Rural Village 1 Cluster 85,251 

Great Kei Villages 21,051 

Hertzogville Hertzogville Town Area 10,614 10,614 

Kamieskroon Garies 2,253 5,918 

Kamieskroon 919 

Leliefontein 623 

Southern Namaqualand GRWSS 2,123 



49 | P a g e  
 

GWSA Name Town name Population 
(per town) 

Population 
(sum) 

Komaggas Cluster Komaggas Cluster 3,927 3,927 

Letaba Escarpment SEKGOPO GROUNDWATER SUPPLY SCHEME 24,981 24,981 

Lower Mzimvubu WSU 2b Villages 94,397 94,397 

Loxton Loxton Town 762 762 

Nelspoort Nelspoort 1,619 1,619 

Northern Ghaap Plateau Kagung Cluster 5,802 128,176 

Kuruman Cluster 21,410 

Sedibeng Cluster 6,596 

Batlharos Cluster in the Lower Vaal 26,477 

Moshaweng Ward 11 2,763 

Moshaweng Ward 3 7,788 

Moshaweng Ward 4 4,405 

Moshaweng Ward 6 5,050 

Moshaweng Ward 7 4,772 

Moshaweng Ward 8 7,314 

Mothibistad Cluster 35,799 

Northern Highveld Doornkop Cluster 2,133 4,181 

Bankfontein Cluster 2,048 

Northern Lowveld Escarpment Mafefe Individual GWS Cluster 7,601 57,325 

Mathabatha Individual GWS Cluster 7,399 

Blyde Local Sources Water Supply Scheme 16,356 

Penge Water Scheme 7,191 

Calais RWS Cluster 2,497 

Lebalelo North Water Supply Scheme 7,602 

Moremela Water Supply Scheme 8,679 

Northwestern Cape Ranges Op Die Berg 1,614 1,614 

Nyl and Dorps River Valley Mookgopong Regional Water Scheme 35,216 35,216 

Overberg Region Hermanus 53,936 80,175 

Stanford 5,038 

Wolvengat 51 

Bredasdorp 15,524 

Elim 1,412 

Napier 4,214 

Port Nolloth Port Nolloth Town Area 7,599 7,599 

Sandveld Citrusdal 7,177 19,485 

Elandsbaai 1,525 

Graafwater 2,261 

Lamberts Bay 6,120 

Leipoltdville 298 

Eendekuil 1,530 

Redelinghuys 574 

Sishen / Kathu Dibeng in the Lower Vaal 8,830 32,673 

Kathu Town in the Lower Vaal 23,843 

Southern Ghaap Plateau Campbell 1,662 53,581 

Griekwastad Town 5,848 

Postmasburg Cluster 34,110 

Danielskuil Town 11,961 

Soutpansberg Matshavhawe Kunda Water Supply Area 2,665 114,880 

Mutale Main Water Supply Scheme Area 12,324 

Nzhelele Makhado Regional Water Supply Scheme Area 2,228 

Sinthumule Kutama Regional Water Supply Scheme Area 85,439 

Valdezia Regional Water Supply Scheme Area 11,116 

Vhembe Individual Water Supply Scheme Areas 1,108 

Sutherland Sutherland Town 1,821 1,821 

Transkei Middleveld Engobo & Cluster 7 Villages 44,660 346,526 

Chris Hani Cluster 6 Villages 26,404 

Elundini Rural 2 27,007 

Elundini Rural 1 29,680 
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GWSA Name Town name Population 
(per town) 

Population 
(sum) 

WSU 4a Tsolo, Qumbu and Villages 181,404 

Alfred Nzo Cluster 3 Villages 37,371 

Tulbagh-Ashton Valley Rawsonville 3,386 3,386 

Upper Keurbooms Krakeel 2,775 4,727 

Misgund 1,952 

Upper San (Polokwane) Aquifer 
System 

Moletje South Individual Groundwater Supply Scheme 13,580 13,580 

Van Wyksdorp Van Wyksdorp 643 643 

Vanrhynsdorp Nieuwoudtville Town 1,577 1,577 

Ventersdorp/Schoonspruit Karst Belt Grootpan Water Supply Scheme 1,432 1,432 

Vivo-Dendron Busydorp 1,687 1,687 

West Coast Aquifer Aurora 578 578 

Willowmore Willowmore 7,910 7,910 

 All GWSAs n/a n/a 2,016,998 

All strategic / national GWSAs n/a n/a 427,355 

All sole source settlements 341 (count) n/a 5,691,645 

All South Africa
3
 n/a n/a 54,000,000 

 Percentage of South African population with groundwater sole supply n/a 11% 

Percentage of sole source settlement population falling within GWSA n/a 35% 

Percentage of sole source settlement population falling within national/ strategic GWSA n/a 8% 

Based on this analysis (Table 6): 

 11% of South Africa’s population reside within sole groundwater supply towns /settlements  

 35% of these sole groundwater supply settlements lie within GWSAs 

 8% of these sole groundwater supply settlements lie within national GWSAs 

  

                                                           
3
 South African population listed for 2014, in line with the data available for population per town (All Towns data, a mix of 

2013, 2014 and 2015). 
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These results highlight the pattern of data illustrated thus far:  

 Many settlements with sole groundwater supply are rural village clusters or small towns. 

Only 35% of these fall within GWSAs because the remainder do not coincide with high 

groundwater availability. 

 None of the 11 metropolitan municipalities have >50% groundwater supply, hence the 

population under sole groundwater supply, is only a small proportion of the total population 

(11%) 

 Few of the 26 areas of national economic importance are sole supplied by groundwater. As 

these 26 areas in part inform what is considered national/ strategic verses regional GWSA, 

few sole supply settlements fall within national GWSAs (8%) 

The population supported by some (although <50%) groundwater is clearly significantly higher than 

those shown in Table 6, and would include several metropolitan areas (Cape Town, Port Elizabeth, 

Gauteng/ Pretoria).  

This assessment includes municipal supply only, and a much larger population would be 

incorporated if “off grid” private abstraction for domestic use within the GWSAs (and indeed across 

South Africa) was included. The Schedule 1 use, as registered in WARMS, was assessed to determine 

if (through application of a typical domestic use rate in l/c/d) this could be translated to off-grid 

population supported. However the Schedule 1 registrations are not accurate enough to reflect 

domestic off-grid groundwater use; zero Schedule 1 registrations are recorded in some areas known 

for rural farmsteads with wind pump groundwater abstraction for domestic use, conversely very 

high total volumes listed under Schedule 1 in some other agricultural areas, where the use cannot be 

solely attributable to domestic use. 

Areas where the above listed assumptions regarding the source being local to use, do not apply 

include the karstic dolomites where travel times can be quick, and in the TMG where confined flow 

paths can be long. The karstic dolomite aquifer boundaries are well understood (DWA, 2009b), and 

where the groundwater source areas are associated with dolomite, aquifer compartments have 

been taken into account in the delineation.  It was recognised at proposal stage that not all 

groundwater source areas could be linked to users, and not all groundwater use could be linked to a 

source area that follows a groundwater resource unit, in a national scale mapping project. The 

proposed approach was to complete this link for “key areas”. The 26 areas of national economic 

importance (DWAF, 2013) were selected as key areas, and for each of these the resource unit has 

been included as a draft strategic groundwater source area, hence user is linked to source area.   

5.2 Human beneficiaries: agricultural and industrial use 

Groundwater abstraction for agricultural and industrial use has been summed (m3/a) per GWSA. This 

is compared to the total registered (groundwater and surface water) agricultural and industrial use 

per GWSA, to provide a perspective on the relative contribution of GW (to SW) for agricultural 

production and industrial activity per GWSA (Table 7). It is assumed that this % split translates 

directly to a % split of economic value (i.e. 1 litre of groundwater generates the same benefit as 1 

litre of surface water), and hence, a GVA derived from groundwater per GWSA is provided. Data for 

GVA is sourced from [CSIR dataset for GVA requested and awaited – source?] 
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Table 7: Agriculture and industry supported by groundwater and GWSAs, as water volume, and GVA
4
 

GWSA Name GWSA Type Agricultural 
GW Use 
(WARMS, 
m3/a) 

Industrial 
GW Use 
(WARMS, 
m3/a) 

Agricultural 
GW use as 
a % total  

Industrial 
GW use as 
a % total  

Agricultural 
GW 
contributio
n to GVA 

Industrial 
GW 
contributio
n to GVA 

Arlington Regional 165176 11500 6 100   

Beaufort West Regional 1100178 0 84 0   

Blouberg Regional 106530 0 100 n/a   

Bo-Molopo Karst Belt National 56685496 1766959 96 19   

Cape Peninsula and Cape Flats National 7288953 3933035 88 13   

Carnarvon Regional 83640 326705 92 100   

Central Pan Belt National 45417121 356704 92 100   

Coega TMG Aquifer National 1194351 110701 8 100   

Crocodile River Valley National 45104312 17840 54 100   

De Aar Region Regional 739240 3000 68 100   

Eastern Kalahari A Regional 38535000 5785 100 100   

Eastern Kalahari B Regional 8993859 0 100 n/a   

Eastern Karst Belt National 33090048 1666203 78 45   

Eastern Lowveld Escarpment Regional 481456 288000 1 2   

Eastern Upper Karoo Regional 6471914 0 67 n/a   

Far West Karst Region Regional 3517369 8378 21 11   

George National 1064045 0 4 n/a   

Giyani National 473851 8876 11 100   

Great Kei Regional 57496 99308 3 57   

Hertzogville Regional 409100 0 100 n/a   

Kamieskroon Regional 0 0 0    

Klipriver Karst Region National 7718230 1488367 35 67   

Komaggas Cluster Regional 180000 0 100 n/a   

KOSH Karst Region National 252272 1576 18 100   

Kroondal / Markina National 9636706 1315027 43 100   

Kroonstad National 481473 30000 9 35   

Langeberg Regional 3302861 1576 5 0   

Letaba Escarpment Regional 21500589 43600 11 6   

Lower Mzimvubu Regional 0 0 0 n/a   

Loxton Regional 115800 0 33 n/a   

Natalspruit and Springs Karst Basin National 6319105 482949 41 30   

Nelspoort Regional 0 0 n/a n/a   

Northern Ghaap Plateau Regional 2055665 345600 100 100   

Northern Highveld Regional 838668 44341 12 100   

Northern Lowveld Escarpment Regional 16346841 1576 13 7   

Northwestern Cape Ranges National 70728359 1438539 34 75   

Nyl and Dorps River Valley National 12701324 765866 80 99   

Overberg Region Regional 5249163 75031 27 100   

Phalaborwa National 68400 70312 38 100   

Port Nolloth Regional 0 0 n/a n/a   

Richards Bay GW Fed Estuary National 489600 0 4 0   

Sandveld National 67171107 126216 78 100   

Sishen / Kathu Regional 288088 1413512 100 100   

Southern Ghaap Plateau Regional 2697692 261200 1 2   

Southwestern Cape Ranges National 17784922 861736 7 1   

Soutpansberg Regional 32914452 87893 42 81   

Strandfontein Regional 628800 0 100 n/a   

Sutherland Regional 210400 130000 34 100   

Transkei Middleveld Regional 0 7300 0 33   

Tulbagh-Ashton Valley National 45530615 483353 26 6   

Upper Keurbooms Regional 3283717 1576 5 2   

Upper San (Polokwane) Aquifer 
System 

National 13616451 5334924 83 88   

Van Wyksdorp Regional 1068651 42000 32 100   

Vanrhynsdorp Regional 7274104 0 88 n/a   

Ventersdorp/Schoonspruit Karst Belt National 54299293 303984 97 100   

Vivo-Dendron National 43011207 18576 89 100   

                                                           
4
 Blanks in % column reflect no registered (surface or groundwater) use for agriculture or industry within GWSA. A 0% 

conversely suggests there is some surface water use registered, yet with 0 groundwater registration, groundwater forms 
0%. 
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GWSA Name GWSA Type Agricultural 
GW Use 
(WARMS, 
m3/a) 

Industrial 
GW Use 
(WARMS, 
m3/a) 

Agricultural 
GW use as 
a % total  

Industrial 
GW use as 
a % total  

Agricultural 
GW 
contributio
n to GVA 

Industrial 
GW 
contributio
n to GVA 

West Coast Aquifer National 12260265 848676 84 100   

Western Karst Belt National 41255096 82415 85 67   

Willowmore Regional 300335 0 25 n/a   

Zululand Coastal Plain National 107826 0 12 n/a   

(data below shown as million m3/a) 

All GWSAs n/a 753 25 7 1   

All strategic / national GWSAs n/a 594 22 6 1   

All South Africa n/a 1609 60 14 3   

 

Percentage of groundwater use 
within GWSA 

n/a 
47% 41% 

n/a n/a n/a  

Percentage of groundwater use 
within strategic GWSAs 

n/a 
37% 36% 

n/a n/a n/a n/a 

 

The data in Table 7 show that: 

 While groundwater abstraction makes up only 7% of the total water abstracted for 

agricultural purposes, almost 50% (47%) of the groundwater abstraction for agriculture 

comes from within GWSAs (which only cover 10% of the land surface). 

 Almost 30% (37%) of the groundwater abstraction for agriculture comes from within 

strategic GWSAs (which only cover 4% of the land surface). 

These figures suggest that agriculture is an important beneficiary of groundwater, particularly in 

GWSAs. The percent support for industrial abstraction is similarly high. 

5.3 Surface water beneficiaries 

It is clear that all of the surface water source areas coincide with either a groundwater source area, 

or at least areas of criteria 1 or 2 (high groundwater availability) as well as contributing to baseflow 

(Figure 26). Rainfall is the dominant controlling factor in the recharge dataset used, and rainfall is the 

dominant control on runoff, hence coincidence oh high recharge and surface water source areas is 

to be expected. The surface water source areas are all located where baseflow is at least 11-

25mm/a, indicating an enhanced link between groundwater and surface water.  It can therefore be 

assumed that aquifers in high groundwater recharge areas are providing (some) discharge to surface 

water within its vicinity, contributing to surface water discharge hence partly responsible for the 

surface water source areas.  
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Figure 26: The relationship between groundwater source areas and river baseflow based on (Vegter, 

1990) 

The degree (or %) to which each surface water source area receives its runoff from baseflow, and is 

hence reliant on groundwater varies (Table 8). The proportion was calculated by assessing the 

volume of baseflow as a % of the runoff volume, within each SWSA. This analysis is highly simplified, 

as runoff within a SWSA may receive significant baseflow upstream of the SWSA that has not been 

quantified.  It is suggested that in these areas there is little need to distinguish between surface 

water derived from runoff and that derived from groundwater contribution to baseflow, thus 

acknowledging that groundwater is generally the source of all rivers (springs), the surface water 

source areas could simply be considered integrated areas within which surface water and 

groundwater contribution to baseflow should be protected. 

 

Table 8: Groundwater contribution (as a % runoff) to the SWSAs 

SWSA MAR (sum, m3/a) Baseflow (sum, m3/a) % contribution from 
groundwater  

List each SWSA    

    

Note: this table is suggested for inclusion, but we can only be calculate it once SWSAs are digitised by CSIR i.e. 

the outline of the areas digitised, rather than the blobs and the underlying raster data. Pls send shapefiles of 

the SWSA outlines and we will fill in table. 

Most of the groundwater source areas do not overlap surface water source areas. These areas are 

generally located away from high recharge (in mm/a) and away from high runoff (Figure 26), 
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illustrating the importance of regional groundwater recharge (a proxy for groundwater availability), 

and the lack of other resource, as relevant factors in determining where groundwater use is 

significant.  Nevertheless, these groundwater source areas will still be supporting surface water 

through natural discharge. The baseflow generated within each GWSA, compared to the runoff 

within the GWSA is presented in Table 9: Groundwater below. Again this analysis is simplified: 

aquifers within the GWSA may discharge to surface water outside of the GWSA, nevertheless is it a 

useful indication. Furthermore there are significant simplifications in the (quaternary catchment – 

scale) baseflow data available for analysis. In certain areas, where there is significant groundwater 

discharge to baseflow, yet rainfall and runoff is not particularly high, the resulting percent is high 

(Eastern Karst Belt, Westrand Karst Belt, Kroondal / Marikana, Ventersdorp/Schoonspruit Karst Belt). 

Each of these groudnwater source areas is associated with karstic aquifers and hence significant 

recharge.  Other regions where the percent is high are associated with regions of significant rainfall, 

where baseflow is simply also high (Lower Mzimvubu, Langeberg, Northern Highveld, Lowveld 

Escarpment). Low percent’s arise in dry parts of the country where baseflow is considered to be zero 

or very low (i.e. Karoo areas).  

Table 9: Groundwater contribution from GWSAs to surface water (as a % runoff)  

GWSA Baseflow (sum, m
3
/a)  MAR (sum, m

3
/a) % contribution from 

groundwater  

Arlington 20,414 60,808 34% 

Beaufort West 1,421 34,876 4% 

Blouberg 119 5,148 2% 

Bo-Molopo Karst Belt 7,422 48,297 15% 

Cape Peninsula and Cape Flats 28,006 131,574 21% 

Carnarvon 0 852 0% 

Central Pan Belt 2,316 43,347 5% 

Coega TMG Aquifer 22,042 97,346 23% 

Crocodile River Valley 5,183 20,048 26% 

De Aar Region 0 9,686 0% 

Eastern Kalahari A 391 4,905 8% 

Eastern Kalahari B 120 6,890 2% 

Eastern Karst Belt 32,929 57,456 57% 

Eastern Lowveld Escarpment 338,490 508,523 67% 

Eastern Upper Karoo 11,959 74,284 16% 

Far West Karst Region 28,912 23,744 122% 

George 58,093 139,344 42% 

Giyani 0 10,798 0% 

Great Kei 69,771 188,749 37% 

Hertzogville 0 1,682 0% 

Kamieskroon 0 2,480 0% 

Klipriver Karst Region 6,788 18,542 37% 

Komaggas Cluster 0 362 0% 

KOSH Karst Region 6,937 24,583 28% 

Kroondal / Markina 13,356 17,902 75% 

Kroonstad 5,899 20,749 28% 

Langeberg 194,917 435,599 45% 

Letaba Escarpment 132,436 314,320 42% 

Lower Mzimvubu 124,629 280,384 44% 

Loxton 0 1,470 0% 

Natalspruit and Springs Karst Basin 16,942 40,466 42% 

Nelspoort 155 3,578 4% 

Northern Ghaap Plateau 174 13,865 1% 

Northern Highveld 36,668 73,166 50% 

Northern Lowveld Escarpment 379,080 706,369 54% 

Northwestern Cape Ranges 282,877 848,535 33% 
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GWSA Baseflow (sum, m
3
/a)  MAR (sum, m

3
/a) % contribution from 

groundwater  

Nyl and Dorps River Valley 25,583 65,260 39% 

Overberg Region 38,951 120,300 32% 

Phalaborwa 0 4,018 0% 

Port Nolloth 0 164 0% 

Richards Bay GW Fed Estuary 82,309 185,995 44% 

Sandveld 30,716 132,459 23% 

Sishen / Kathu 0 3,833 0% 

Southern Ghaap Plateau 1,262 67,135 2% 

Southwestern Cape Ranges 596,107 1,744,701 34% 

Soutpansberg 206,131 491,664 42% 

Strandfontein 0 1,020 0% 

Sutherland 168 4,082 4% 

Transkei Middleveld 534,423 1,216,708 44% 

Tulbagh-Ashton Valley 109,057 334,986 33% 

Upper Keurbooms 116,432 236,776 49% 

Upper Sand (Polokwane) Aquifer System 106 8,789 1% 

Van Wyksdorp 1,205 12,217 10% 

Vanrhynsdorp 128 15,193 1% 

Ventersdorp/Schoonspruit Karst Belt 43,196 92,728 47% 

Vivo-Dendron 139 10,368 1% 

West Coast Aquifer 9,939 37,682 26% 

Westrand Karst Belt 29,681 46,811 63% 

Willowmore 9 2,349 0% 

Zululand Coastal Plain 138,930 304,716 46% 

6 Linking strategic surface-water sources to urban beneficiaries  

From a planning perspective, it is essential to understand water source areas and their associated 

water supply in the context of access and use of water for current and potential downstream 

beneficiaries. Here, beneficiaries are defined primarily as the people, or sectors, that access the 

supply of water from the water source areas. 

The relationship between strategic water source areas, current water supply access via engineered 

infrastructure, and potential future access and use provides valuable information for planning. Using 

such information, the social-economic impact of different catchment development futures can be 

explored, or returns on different catchment management investments can be assessed. Here we 

explicitly link the strategic surface-water source areas to major urban centres, providing easy to 

understand schematics of water-flow pathways from source to tap. The tabulated information 

shown here has also been provided in spreadsheet format. 

 

6.1 Deriving a list of major urban centres 

The urban centres were selected based on the 26 areas of national economic importance ((DWAF, 

2013), Figure 27) and 14 reconciliation strategy studies that have been done. Seventeen of the urban 

centres were identified for the assessment of urban beneficiary flows, based on the methods shown 

in  

Table 10:  
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Figure 27: Figure 6 from the National Water Resource Strategy (DWA, 2013) 

 

Table 10: Major urban centres in South Africa which were linked via engineered infrastructure to strategic 
water source areas. 

Reconciliation 
Strategy Area 

Area of National 
Economic 

Significance/Urban 
Centre 

Estimated 
Population 

(Census 2004) 

% national 
population 

Total GVA 
(2004) 

% 
national 

GVA 

Vaal and 
Crocodile 

West 

Gauteng 10 213 353 21.8% 490 744 655 40.2% 

Western Cape Cape Town-
Worcester area 

3 721 716 7.9% 163 495 507 13.4% 

KwaZulu-Natal 
Coastal 

Metropolitan 
Area 

Durban-
Pietermaritzburg 

Area 

4 413 552 9.4% 54 446 520 4.5% 

Olifants Witbank-Secunda 
area 

784 758 1.7% 37 469 744 3.1% 

Algoa Port Elizabeth area 1 207 810 2.6% 36 430 221 3.0% 

Crocodile 
West 

Rustenburg area 699 655 1.5% 18 415 605 1.5% 

Richards Bay Richards bay area 601 670 1.3% 18 075 814 1.5% 

Bloemfontein/ 
Manguang 

Bloemfontein 693 674 1.5% 13 191 447 1.1% 



58 | P a g e  
 

Reconciliation 
Strategy Area 

Area of National 
Economic 

Significance/Urban 
Centre 

Estimated 
Population 

(Census 2004) 

% national 
population 

Total GVA 
(2004) 

% 
national 

GVA 

Amatole East London area 924 197 2.0% 11 817 841 1.0% 

Vaal Potchefstroom-
Klerksdorp area 

549 652 1.2% 11 778 519 1.0% 

Outeniqua George-Mosselbay 
area 

353 422 0.8% 11 092 286 0.9% 

Mbombela Nelspruit-
Bosbokrand area 

674 925 1.4% 9 260 182 0.8% 

Vaal WSS Welkom-Kroonstad 
area 

623 521 1.3% 7 459 578 0.6% 

Vaal WSS Kimberley area 241 726 0.5% 6 545 526 0.5% 

 Mafikeng-
Lichtenburg area 

324 249 0.7% 6 378 218 0.5% 

Luvuvhu 
Letaba 

Thohoyandou-
Giyani area 

737 084 1.6% 5 833 019 0.5% 

Olifants Polokwane area 302 964 0.6% 5 437 431 0.4% 

 Newcastle area 424 109 0.9% 5 386 913 0.4% 

 Umtata area 423 260 0.9% 4 611 628 0.4% 

Olifants Phalaborwa area 112 579 0.2% 4 246 170 0.3% 

Crocodile 
West 

Thabazimbi area 41 110 0.1% 4 152 555 0.3% 

Vaal WSS Bethlehem-
Harrismith-

Phuthadithjaba area 

476 447 1.0% 3 754 672 0.3% 

Luvuvhu 
Letaba 

Tzaneen area 420 361 0.9% 3 208 898 0.3% 

 Saldanha area 59 416 0.1% 2 675 482 0.2% 

Orange River Upington area 122 252 0.3% 2 327 683 0.2% 

 Ladysmith area 198 014 0.4% 2 277 061 0.2% 

 

6.2 Collating information on water use in major urban centres 

To examine urban benefit flows, the major urban centres covered by the reconciliation strategies in  

Table 10:  were connected to their sources via engineered infrastructure. Large dams and transfer 

schemes are the main types of engineered infrastructure that allow access to surface-water supply, 

and through which benefit flows can be explicitly assessed.  

For the urban centres covered by a reconciliation strategy, we obtained information on water 

sources (which includes dams and interbasin transfers) from the original reconciliation strategies. 

Current water use and predicted water demand was generally obtained from more recent 

documents such as updated progress reports, steering committee meeting presentations, etc. The 

water sources from the original Reconciliation Strategies were used to populate the second column 
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of the spreadsheet. The water sources included dams, inter basin transfers, groundwater and re-use 

figures. In more detail: 

 We distinguished between yield and capacity and used the "1:50 year yield or existing 

allocation/use”. In some instances the yield information was not available for the individual 

dams, and in such cases these dams were grouped together and the total yield or existing 

allocation/use. It is important to note that although the updated progress reports contained 

updated use values, these were often summarised for the reconciliation strategy area and 

not linked back to the individual water sources as contained in the original reconciliation 

strategy reports. In some instances the Historic Firm Yield was used if no other information 

was available.  

 Using Google Earth, the positions of the dams were identified and the connectivity to an 

upstream Strategic Water Source Area was documented. Google Earth was used because the 

dams were easily located in the database. 

 The river system for each dam was identified in GIS. 

 We used current use and future requirements as per the latest information available on the 

Department of Water and Sanitation Website, https://www.dwa.gov.za/projects.aspx. The 

original use figures from the Reconciliation Strategies were not used because it was 

outdated. For each urban centre the date of the current use was documented and the future 

growth graphs were captured from the source material. The latter sometimes included the 

original reconciliation strategy documents. Where possible the current use for 2015 was 

used and the future use for 2035 was used. 

 

Table 11 below shows the information sources used for each area, and notes some of the 

issues/challenges we had. This was used to develop the spreadsheet and tables shown below for 

each urban centre. Table 12 provides a summary of the water yields, requirements and future 

demand for the different water reconciliation areas while Figure 28 summarises the reconciliation 

graphs used in each urban centre. 

 

Table 11: Information sources used to collate the water use and access for each urban area.  

Reconciliation 
Strategy Area 

Information Source 

Western Cape 
WSS 

Riemann, K., Hay, R., Botha, F. & Beater, A., 2015. Western Cape Water 
Supply System Reconciliation Strategy. Administrative and Technical 
Support Meeting #10. [Online] [Accessed 04 June 2016]. 
(DWS, 2014b) 

KwaZulu-Natal 
Coastal Metro 

(AECOM SA, 2015) 
 

Richards Bay WSS (DWS, 2015b) Bulk Water Supply Reconciliation Strategy 
 

Vaal WSS (DWAF, 2009, 2007b) Bulk Water Supply Reconciliation Strategy 

Bloemfontein (DWA, 2012b) Bulk Water Supply Reconciliation Strategy 

Amatole (DWA, 2012c) Amatole Water Supply Reconciliation Strategy.  

Algoa (DWA, 2011b) Algoa Reconciliation Strategy 

Outeniqua (DWAF, 2007c) Outeniqua Coast Water Situation Study 

https://www.dwa.gov.za/projects.aspx
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Reconciliation 
Strategy Area 

Information Source 

Orange River WSS (DWA, 2014a) Orange River Final Reconciliation Strategy. November 
2014.  

Upington (DWA, 2011c) Siyanda District Municipality in the Northern Cape 
Province: Reconciliation Strategy for Upington Town in //Khara Hais Local 
Municipality in the Lower Orange WMA. May 2011. 
(Jeleni and Mare, 2007) Review of Existing Infrastructure in the Orange 
River Catchment. Study Name: Orange River Integrated Water Resources 
Management Plan 

Mbombela (DWA, 2014b) Water Requirements and Availability Reconciliation 
Strategy for the Mbombela Municipal Area. Current and Future Water 
Requirements and Water Resources 

Luvuvhu Letaba (DWA, 2012d, 2012e) Development of a reconciliation Strategy for the 
Luvuvhu and Letaba Water Supply System: Starter Document. List of 
Augmentation and Intervention Options and Literature review report.  

Olifants  (DWA, 2011d) Development of a reconciliation Strategy for the Olifants 
River Water Supply System. WP10197. Final Reconciliation Strategy.  

 

Table 12: Summary of the water yields, requirements and future demand for the different water 
reconciliation areas from the NWRS2 (DWAF, 2013) 

Supply System Current 
available 

water 
resource 

yield (2012) 

2012 Total 
water 

requirements 

2012 balance 2035 High 
water 

requirement 
scenario 

Western Cape 580 513 67 950 

Algoa 170 170 - 240 

Amatole 108 85 23 120 

KZN Coastal Metropolitan Area. 375 440 (65) 600 

Vaal River 3 000 3 000 - 3 229 

Crocodile West 1 090 1 045 45 1 405 

Olifants River 1 023 1 036 (13) 1 179 

Manguang 84 84 - 168 
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(a) City of Cape Town (Riemann, 2014)  (b) KZN CMA, Mgeni WSS (AECOM SA , 2015)  (c) City of Johannesburg projected water usage with WC/WDM 

 

 

 

 

  

 

 

(d) City of Tswane projected water usage with WC/WDM (e) Ekurhuleni projected water usage   (f) Crocodile West (Schroder et al., 2012) 

 

 

 

 

 

 

 

 

(e) Greater Bloemfontein (DWAF, 2012a)  (f) Richards Bay (DWS, 2015)   (h)  Mosselbay (DWAF, 2007) 
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(g)  Amatole (Kleynhans et al., 2008)  
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(i) Algoa WSS (DWAF, 2011a)        (j) Olifants (DWAF, 2013) 

 

 

 

 

 

 

 

 

Figure 28: Summary of the reconciliation graphs used to construct the tables of water use for the urban centres 
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6.3 Linking urban centres with their strategic surface-water source areas 

6.3.1 City of Cape Town 

The Western Cape WSS is responsible for supplying City of Cape Town with water. The large dams 

responsible for supplying the bulk of the water is Theewaterskloof, Berg River Dam, Wemmershoek, 

Voëlvlei and the Upper and Lower Steenbras (Table 13). As of 2015, the system had a yield of 582 

mcm with a revised domestic allocation of 392.9 mcm and agricultural allocation of 216.2 mcm. The 

total allocation is 609.1 mcm which exceeds the system yield of 582 mcm. The bulk of the WCWSS 

supplies CoCT (City of Cape Town) with 357.9 mcm, with the next largest being the West Coast 

District Municipality which receives 22.8 mcm.  Overberg Water receives 4 mcm and Stellenbosch 

Local Municipality receives 3 mcm. Drakenstein Local Municipality receives 1.2 mcm and Piketberg & 

PPC receives 2.9 mcm.  The total agricultural allocation is 216.2 mcm.  

A schematic of the CoCT supply system is shown in Figure 29. Theewaterskloof (29.6%) supplies the 

most water to the CoCT , followed by the Berg River Dam (20.3%) and Voëlvlei Dam (17.7%). 

Wemmershoek Dam supplies 13.5% and the Steenbras Upper and Lower Dams supply 10.0%. The 

Table Mountain dams only supply 1.6% of Cape Town’s water. 

City of Cape Town receives a total of 98.4% of its water from SWSAs as summarised in Table 13. The 

two SWSAs which supply the dams are the Boland Mountains, which supply 96.8% of the water, and 

the Table Mountain SWSA which supplies 1.6% of the water. The additional water sources are the 

Albion Spring and the Atlantis system which supplies a combined total of 1.6% 

 

Figure 29: Schematic showing the main dams which supply CoCT with water and the percentage of the total 
supply 
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Table 13: Benefit Shed for City of Cape Town showing the SWSA and river system in which the dam is 
located 

Urban 
Centre 

Dam associated 
with urban 
town 

Volume the 
urban centre 
gets from each 
dam (m3) 

 Yield  Percentage Strategic 
Water 
Source 
Area 

River 
System 

Cape 
Town 

Berg River 130 000 000 81 000 000 20.3% Boland 
Mountains 

Berg 
River 

Cape 
Town 

Theewaterskloof 480 000 000 118 000 000 29.6% Boland 
Mountains 

Bree 
(Breede) 

Cape 
Town 

Voelvlei 164 122 000 70 400 000 17.7% Boland 
Mountains 

Berg 
River 

Cape 
Town 

Wemmershoek 58 644 000 54 000 000 13.5% Boland 
Mountains 

Berg 
River 

Cape 
Town 

Steenbras 
Upper 

31 767 000 40 000 000 10.0% Boland 
Mountains 

Steenbras 

Cape 
Town 

Steenbras Lower 33 517 000 Boland 
Mountains 

Steenbras 

Cape 
Town 

Palmiet River 
(Rockview and 
Kogelberg 
Dames) 

 22 500 000 5.6% Boland 
Mountains 

Palmiet 

Cape 
Town 

Land en Zeezicht 451 000 6 300 000 1.6% Boland 
Mountains 

Disa 

Cape 
Town 

Kleinplaats 1 368 000 Table 
Mountain 

  

Cape 
Town 

Lewis Gay 182 000 Table 
Mountain 

  

Cape 
Town 

Woodhead 954 000 Table 
Mountain 

  

Cape 
Town 

Hely Hutchinson 925 000 Table 
Mountain 

  

Cape 
Town 

Victoria 128 000 Table 
Mountain 

  

Cape 
Town 

Alexandra 126 000 Table 
Mountain 

  

Cape 
Town 

De Villiers 243 000 Table 
Mountain 

  

Cape 
Town 

Groundwater: 
Albion Springs  

18 416 878 1 500 000 0.4%     

Cape 
Town 

Groundwater: 
Atlantis 

18 416 878 5 000 000 1.3%     

 

6.3.2 Durban and Pietermaritzburg 

The reconciliation strategy for the KZN Coastal Metropolitan Area (AECOM SA, 2015) covers the 

eThekweni Metropolitan Municipality (MM), Msunduzi LM as well as portion of the uMgungundlovu, 

iLembi and Ugu DMs. The study area as shown in Figure 30 includes the Mooi-Mgeni Transfer 

Scheme MMTS) with Mearns Weir (Phase 1) and the Spring Grove Dam (Phase 2) as well as linkages 
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between the Northern and Western Aqueducts and the South Coast Augmentation (SCA) and Lower 

Thukela Bulk Water Supply Scheme (LTBWSS) conveyance infrastructure. The figure also includes the 

proposed transfer from the uMkhomazi catchment to the Mgeni catchment via the uMkhomazi 

Water Project Phase 1 (uMWP-1). A schematic of the supply scheme is shown in Figure 31. The 

newly built Spring Grove Dam, which is part of the Mooi-Mgeni Trans Scheme (MMTS in Figure 30) 

contributes 14.4% to the total volume. The combined dams on the Mgeni River (Midmar, Albert 

Falls, Nagle, Henley and Inanda) have a combined supply of 84.1% of the Mgeni WSS. Hazelmere 

Dam, located on the Mdloti River contributes 1.5% although this volume will change as the dam wall 

is raised scheduled to be completed in 2018. Although a small percentage, Hazelmere dam is 

responsible for supplying the suburbs in Northern eThekweni which are under severe water 

restrictions because of the low water level in the dam. The information is summarised in Table 14.  

In summary eThekweni and Pietermaritzburg receive 100% of their water from SWSAs. The Southern 

Drakensberg supplies 98.5% of the water and the Zululand Coastal SWSA provides 1.5% of the water. 

 

 

Figure 30: Study area of the KZN CMA Reconciliation Study. Taken from Figure 1.1 (AECOM SA, 2015) 
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Figure 31: Schematic showing the KZN CMA source dams. The Spring Grove Dam on the Mooi River is 
responsible for 14.4% of the total supply. The dams on the Mgeni River system (Midmar, Albert Falls, Nagle, 
Henley etc) are responsible for 84.1% of the total supply (excluding the Spring Grove transfer). Hazelmere 
Dam is responsible for 1.5% of the total supply although this will change with the increasing of the dam wall. 

 

Table 14: Benefit shed for the urban centres of eThekweni and Pietermaritzburg on the Mgeni WSS, showing 
the yields and percentage of the various dams in the supply system and the strategic water source area in 
which they are located. 

Urban Centre Dam 
associated 
with urban 
town 

 Yield  Percentage Strategic 
Water Source 
Area 

River 
System 

eThekweni 
Pietermaritzburg 

Albert Falls 
Dam 

350 000 000 84.1% Southern 
Drakensberg 

Mgeni 
River 
System 

eThekweni 
Pietermaritzburg 

Inanda Dam Southern 
Drakensberg 

Mgeni 
River 
System 

eThekweni 
Pietermaritzburg 

Mearns Dam Southern 
Drakensberg 

Mgeni 
River 
System 

eThekweni 
Pietermaritzburg 

Nagle Dam Southern 
Drakensberg 

Mgeni 
River 
System 
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eThekweni 
Pietermaritzburg 

Dudley Pringle 
Dam 

Southern 
Drakensberg 

Tongati 
River 

eThekweni 
Pietermaritzburg 

Henley Dam Southern 
Drakensberg 

Mgeni 
River 
System 

eThekweni 
Pietermaritzburg 

Midmar Dam Southern 
Drakensberg 

Mgeni 
River 
System 

eThekweni 
Pietermaritzburg 

Spring Grove 60 000 000 14.4% Southern 
Drakensberg 

Mooi 
River 
System 

eThekweni 
Pietermaritzburg 

Hazelmere 
Dam 

6 264 000 1.5% Zululand Coast Mdloti 
River 
System 

 

6.3.3 Vaal Water Supply System 

 

The Vaal Water Supply System consists of a series of interbasin transfers into the Upper Vaal 

Catchment as shown in Figure 32. The Lesotho Highlands contributes 52.5% (600 mcm), the Tugela 

Catchment contributes a combined 42.3% and the uSuthu Catchment contributes 5.5%. There are 

two transfers from the Tugela into the Upper Vaal. The transfer from Woodstock dam is in the order 

of 431 mcm while the transfer from Zaalhoek dam into Groodraai dam is 55 mcm. The transfer from 

Heyshope in the uSuthu catchment is 63 mcm. The information is summarised in Table 15. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32: Schematic of the Vaal WSS showing the interbasin transfers into the system 
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Table 15: Yields of the dams and interbasin transfers which supply the Vaal WSS 

Urban Centre Dam 
associated 
with 
urban 
town 

 Yield  Percentage Strategic 
Water 
Source 
Area 

River System 

Vaal - Lesotho 
Highlands 

Mohale 600 000 000 52.2% 
 

Maloti 
Drakensberg 

Senqu/Orange 

Vaal - Lesotho 
Highlands 

Katse 

Vaal - Lesotho 
Highlands 

Matsoku 

Vaal WSS - Tugela Woodstock 431 000 000 37.5% Northern 
Drakensberg 

Thugela 

Vaal WSS - Tugela Zaalhoek 55 000 000 4.8% Thukela Thugela 

Vaal Wss – Usuthu Heyshope 63 000 000 5.5% Upper 
Usuthu 

Usuthu 

 

6.3.4 Crocodile West (Johannesburg, Pretoria and Rustenburg) 

The Crocodile West system receives 524 mcm from Randwater from the Vaal System for domestic 

water use. This is projected to increase to 725 mcm in 2035. The volume of return flows in the river 

system for 2015 is modelled at 321 mcm, and projected to increase to 428 in 2035. The domestic 

demand for 2015 for the Crocodile West River catchment is 694 mcm, with 268 mcm for agriculture 

and 116 mcm for mining power and industry. The transfer from the Vaal River system therefor 

account for 75.5% of the domestic water demand in the Crocodile West Catchment, and 48.6% of 

the total water supply in the catchment. Almost 50% of domestic water returns to the system as 

return flows (Figure 33 and Table 16). 

Based on the 2005 water balance for the catchment done as part of the 2008 reconciliation strategy, 

interbasin transfers from the Vaal River System account for 47% of the water in the catchment as 

shown in Table 16.  

Table 16: The 2005 water balance for the Crocodile West Catchment 

Groundwater Surface 
Water 

Urban 
runoff 

Return 
flows 

Interbasin Transfer in Total 

82 154.5 40.4 347.8 554.4 1179.1 

7% 13% 3% 29% 47%  
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Figure 33: Schematic showing the interbasin transfers into the Crocodile West Catchment from the Vaal 
River System. This accounts for 75.5% of domestic water use, and 48.6% of total water use. The return flows 
are shown in shaded arrows. Return flows account for 29% of the water balance for the catchment. 

Table 17:  Domestic water requirements for the municipalities in the Crocodile West Catchment. The full 
domestic water requirements for the City of Johannesburg is in the order of 500mcm. The figures in the 
table only represent the volumes supplied by Rand Water and does not take into account municipal owned 
supply. 

Municipality Domestic Water Requirements (mcm) 

2015 2035 

City of Tshwane MM 287.7 395.3 

City of Johannesburg 
MM 

188.2 247.7 

Ekurhuleni MM 89.7 118.2 

Rustenburg LM 39.5 56.3 

 

Randwater supplies 100% of the water for City of Johannesburg. City of Tswane receives 81.3% of its 

water from Rand Water and Magalies Water, with the remaining 18.7% supplied by Rietvlei, 

boreholes and springs. Rustenburg receives water from Rand Water and Bospoort Dam, with 19.8 

mcm supplied by Rand Water from the Vaal Barrage. 

Thabazimbi receives its water from Magalies Water with the source being Vaalkop Dam. 
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6.3.5 Greater Bloemfontein 

Nearly 70% of the surface water runoff originates in Lesotho, with just more than 30% from the 

Upper Orange Catchment within South Africa (DWA, 2012b). Virtually 100% of the surface water 

originates in the Caledon River, which is then manipulated through a series of transfer schemes from 

the Welbedacht Dam to Bloemfontein, most notably from an interbasin transfer into the Modder 

River as shown in Figure 35. Only the Lesotho portion of the headwaters of the Caledon River is 

located in a Strategic Water Source Area, which would mean that the SWSA is responsible for 70% of 

the water supply to Bloemfontein WSS (Figure 34). However this approach has not been used for 

other water supply schemes as this data was not available on an individual dam level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34: Greater Bloemfontein WSS (DWA, 2012b) 

The June 2012 Reconciliation Strategy (DWA, 2012b) does not include the Gariep Dam transfer 

scheme. The 3 main transfer water supply schemes are the Caledon-Bloemfontein Transfer Scheme, 

the Maselspoort Scheme (approximately 25% of Bloemfontein’s water, and the Caledon-

Modder/Novo Transfer Scheme. 

The Caledon-Bloemfontein Transfer Scheme supplies potable water from Welbedacht Dam on the 

Caledon River. The yield from Welbedacht Dam has decreased due to siltation from 115 mcm to 15.5 
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mcm. This has been supplied by the Knellpoort off-channel storage dam on the Rietspruit, a tributary 

of the Caledon. The Welbedacht Water Treatment Works has a capacity of 145 Ml/day. 

The Maselspoort Scheme includes the Maselspoort WTW (110 Ml/day and Maselspoort Weir, 

located on the Modder River, downstream of Mockes Dam. This supplies approximately 25% of 

Bloemfontein’s water needs. 

The Novo Transfer scheme operates from the Caledon River into the off-channel Knellpoort Dam 

which is then transferred to the Modder River, upstream of Rustfontein and Mockes Dam. The 

operating rules are that it maintains approximately 60% water level in Rustfontein Dam, which 

means it has run almost continuously since December 2008.  

Bloemfontein receives 100% of its water from the Maloti-Drakensberg SWSA via the Caledon River. 

The yields for the dams were not available for the Bloemfontein so instead the treatment capacity of 

the WTW was used as the supply to Bloemfontein is constrained by the treatment capacity of the 

WTW. These percentages are shown in Table 18 and Figure 35. 

 

Table 18: Percentage that each Water Treatment Works supplies to the Greater Bloemfontein WSS 

Water Treatment 
Works 

Ml/D Percentage Areas of Supply 

Welbedacht WTW 145 39% Bloemfontein, Wepener, 
Dewetsdork, Reddersburg and 
Edenburg 

Rusfontein WTW 100 27% Bloemfontein, Botshabelo, 
Thana Nchu and Excelsior 

Maselspoort WTW 110 29% Bloemfontein 

Groothoek WTW 18 5% Botshabelo, Thaba Nchu and 
Excelsior 
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Figure 35: Schematic for the Greater Bloemfontein WSS showing the three transfer schemes in green and 
the percentage each Water Treatment Works supplies. All the water originates from the Caledon River with 
transfers into the Modder River. 

 

6.3.6 Richards Bay WSS 

Richards Bay receives its water from a series of lakes and transfer schemes. The three lakes which 

supply Richards Bay are Lake Nsezi, Lake Chuba and Lake Msingazi which are characterised by strong 

groundwater surface water interactions. There is a transfer scheme from the Mfolozi to Lake 

Nhlabane which is allocated to Richards Bay Minerals. There is an additional transfer from the 

Thukela River into Goedertrouw Dam. The transfer point is located in the lower reaches of the 

Thukela River, about 100km from the river mouth. If river flows are low then dam releases from 

Spionkop Dam, located in the Northern Drakensberg SWSA can be used to if needed. The location of 

the lakes and transfer schemes is shown in Figure 36 and summarised in Table 19.  

Richards Bay WSS receives 100% of its water from SWSAs.  The Zululand Coast SWSA is responsible 

for supplying 49% to the lakes and Goedertrouw Dam. The Mfolozi Headwaters SWSA supplies 30% 

and the transfer from the Thukela relies on both runoff from the Northern Drakensberg and Zululand 

coast. 
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Figure 36: Schematic showing the Richards Bay WSS and the various yields as a percentage from the 
different water sources 

 

Table 19: Benefit shed for Richards Bay showing the water source, the yield (and as a percentage), the 
strategic water source area associated with the water source and the river system the water source is 
located on. 

Urban 
Centre 

Dam associated with 
urban town 

 Yield  Percentage Strategic 
Water Source 
Area 

River 
System 

Richards 
Bay WSS 

Lake Nsezi 6 600 000 4% Zululand Coast Nsezi 

Richards 
Bay WSS 

Lake Mzingazi 10 500 000 7% Zululand Coast   

Richards 
Bay WSS 

Lake Chubu 400 000 0% Zululand Coast   

Richards 
Bay WSS 

Goedertrouw Dam 
(excluding Thukela 
water transfer) 

51 500 000 33% Zululand Coast Mhlatuze 

Richards 
Bay WSS 

Tukela water transfer 
to Goedertrouw Dam 

33 000 000 21% Northern 
Drakensberg/ 
Zululand Coast 

Transfer 
from 
Tugela 
River 
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Richards 

Bay WSS 

Mfolozi support to 

Lake Nhlabane 

46 600 000 30% Mfolozi 

Headwaters 

Mfolozi 

Richards 

Bay WSS 

Lake Nhlabane: with 

no support from 

mfolozi 

7 900 000 5% Zululand Coast   

 

6.3.7 Amatole – East London 

The Amatole WSS is responsible for supplying East London, King Williams Town and Bisho with 

water. Maden Dam and Rooikranz Dam supply King Williams Town and Bisho with water as well as 

via the Wriggleswade Transfer from Wriggleswade Dam on the Kubusi River to the Buffalo River 

upstream of Laing Dam. Bridledrift Dam on the Buffalo River and Nahoon Dam on the Nahoon River 

supply East London with water. The main dams and their yield as percentage of the total yield are 

shown in Figure 37. The yields and volumes are summarised in Table 20. 

The Amatole SWSAs is responsible for supplying 91.1% of the water to the dams in the Amatole 

WSS. The only dam which is not located within or downstream of the Amatole SWSA is the Nahoon 

Dam. 

 

 

Figure 37: Benefit shed for the Amatole WSS showing the main dams which supply the scheme and the 
Wriggleswade transfer scheme. The percentages represent the various yields of the dams and includes the 
transfer losses from Wriggleswade dam.  
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Table 20: Summary of the benefit shed for Amatole showing the yield (and as a percentage) of each dam in 
the Amatole WSS and the strategic water source area associated with the dam. 

Urban 
Centre 

Dam associated with 
urban town 

 Yield  Percentage Strategic Water 
Source Area 

River System 

Amatole 
WSS 

Maden Dam 480 000 0.5% Amatole Buffalo River 

Amatole 
WSS 

Rooikrantz Dam 3 700 000 3.9% Amatole 

Amatole 
WSS 

Laing Dam 18 270 000 19.2% Amatole 

Amatole 
WSS 

Bridledrift Dam 29 410 000 31.0% Amatole 

Amatole 
WSS 

Gubu Dam 2 870 000 3.0% Amatole Gubu River 

Amatole 
WSS 

Wriggleswade Dam 31 800 000 33.5% Amatole Kubusi River 

Amatole 
WSS 

Nahoon dam 8 410 000 8.9% None Nahoon 
River 

 

6.3.8 Algoa WSS 

The Algoa WSS supplies water to the Nelson Mandela Bay Municipality (NMBM) and consists of a 

Western, Eastern and Central System as shown in  

Figure 38.  The Western System supplies water to NMBM from the Churchill and Impofu Dams on 

Kromme River, from the Kouga Dam on the Kouga River and the Loerie Balancing Dam on the 

Loeriespruit.  The Loerie Balancing Dam is fed by an irrigation canal from Kouga Dam. The Eastern 

System consists of an interbasin transfer from the Gariep Dam on the Orange River via the Orange-

Fish Tunnel, The Fish River, the Fish-Sundays Canal, Skoenmakers River and Darlington Dam. The 

Lower Sundays River Water User Association receives its water from the same transfer scheme and 

does not receive water from the Algoa WSS. The Central System consists of the older NMBM dams 

on the Sand, Bulk, Van Stadens and Kwa Zunga Rivers and the Uitenhage Springs. The Groenendal 

Dam forms part of the Central System. The yields of the dams are summarised in Table 21. 

The Titsikamma SWSA supplies Algoa WSS with 27.9% and the Kouga SWSA supplies 47.4% of the 

water to Algoa WSS. The Sundays River Government Water Scheme supplies 16.1% of the water 

which it receives from the Gariep Dam, located downstream of the Maloti Drakensberg SWSA. In 

total SWSAs are responsible for 91.3% of the water used in the Algoa WSS. 
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Figure 38: Schematic of the Algoa WSS showing the main water sources and the yield from each resource 

 

Table 21: Benefit shed of the Algoa WSS showing the water sources and the percentage yield from each 
resource and the associated SWSA and river system 

Urban 
Centre 

Water source 
associated with 
urban town 

 Yield  Percentage Strategic Water 
Source Area 

River System 

Algoa WSS NMBM older dams 3 300 000 2.1% None   

Algoa WSS Groendal Dam 6 500 000 4.1% None   

Algoa WSS Churchill/Impofu 
Dams 

44 400 000 27.9% Titsikamma Kromme 
River 

Algoa WSS Kouga dam 75 500 000 47.4% Kouga Kouga River 

Algoa WSS Loerie dam Kouga Loeriespruit 
(trib of 
Gamtoos) 

Algoa WSS Sundays River GWS 25 600 000 16.1% Maloti 
Drakensberg  

Orange River 
(Gariep Dam) 

Algoa WSS Uitenhage Springs 2 400 000 1.5%     

Algoa WSS Re-use 1 700 000 1.1%     
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6.3.9 Mosselbay 

The Mosselbay Regional WSS is part of the Outeniqua Reconciliation Strategy. Hartbeeskuil is 

included in the assessment although currently the water from the dam is not being used because of 

the poor quality. The main dams responsible for supplying Mosselbay with water are the Wolwedans 

dam on the Great Brak River and the Klipheuwel off channel dam on the Klein Brak River as shown in 

Figure 39 and summarised in Table 22. 

The only dam not located in or downstream of the Outeniqua SWSA is the Hartbeeskuil. The 

Outeniqua SWSA is responsible for 95.1% of the water for Mosselbay RWSS. 

 

 

Figure 39: Schematic showing the main dams which supply Mosselbay WSS and the dam yield as a 
percentage of the Mosselbay WSS. 
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Table 22: Benefit shed for Mosselbay indicating the percentage yield from each dam in the system and the 
SWSA which supplies the dam. 

Urban 
Centre 

Dam associated with 
urban town 

Yield Percentage Strategic Water 
Source Area 

River System 

Mosselbay 
RWSS 

Hartbeeskuil 1 100 000 4.9% No Hartenbos 

Wolwedans Dam 14 400 000 64.0% Outeniqua Great Brak 
River 

Klipheuwel Off 
channel dam 

6 000 000 26.7% Outeniqua Moordkuil/ 
Klein Brak 

Ernest Robertson 
Dam 

800 000 3.6% Outeniqua Great Brak 
River 

Kleinbos Weir 200 000 0.9% Outeniqua Beneke River 

 

6.3.10 George 

George Municipality is supplied by the George RWSS which includes the town of Wilderness. George 

receives its water from the Garden Route Dam as shown in Figure 40. Historically George also 

received water from the Swart River Dam but the pump scheme is not operational and has been 

excluded from the assessment. The Kaaimans River Weir was recommissioned to begin operation in 

2007, however recent information was not available about the yield and abstraction of this system. 

The town of Wilderness receives its water from the local run-of-river of the Touw River Weir as well 

as augmentation from the George RWSS when necessary. The yields of the dams and weir are shown 

in Table 23. 

The Outeniqua SWSA supplies 100% of the water for George, via the Garden Route Dam, and 

Wilderness via the Touw River Weir. 
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Figure 40: Schematic showing the water sources for George and Wilderness. 

 

Table 23: Benefit shed for George Municipality showing the supply dams and weirs and the associated SWSA 
and river system. 

Urban 
Centre 

Dam associated 
with urban town 

 Yield  Percentage Strategic Water 
Source Area 

River System 

Outeniqua 
WSS - 

George 
RWSS 

Garden Route Dam      11 000 000  96.3% Outeniqua Swart/kaaimans 

Touw River Weir           425 000  3.7% Outeniqua Touw River 

*Swart River Dam 
(past) 

       2 300 000    Outeniqua Swart River 

*Kaaimans River 
weir  

 unknown   Outeniqua Kaaimans 

 

6.3.11 Upington 

Although the Orange River system supplies a large area of the Northern Cape with water as well as 

water to the Eastern Cape as shown in Figure 41, only Upington is included in the assessment as an 

urban centre. Upington was included in the Lower Orange River Management Study with an 

allowance of 21.4 mcm for 2010 and increasing to 23.1 mcm by 2025 (DWA, 2011c). The report 
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notes that although Upington has the highest urban demand along the Orange River, this demand is 

still relatively small in comparison to the total demand on the system. Upington has a WARMS 

registered use of 25 mcm. Actual water usage for Upington in 2008 was 12.80 mcm (Jeleni and Mare, 

2007). Upington receives its water from the run-of-river from the Orange River. The predicted future 

use is shown in Table 24. 

Most of the runoff of the Orange River is generated in Lesotho and the Upper and Middle Vaal 

(Figure 42). It is unlikely that the water used by Upington in the middle reaches of the Orange River 

is supplied by SWSAs which although located in the headwaters, are located far from the abstraction 

point. As a result it is assumed that the SWSAs do not contribute significantly to the water supply of 

Upington as shown in Table 25. 

 

Table 24: Current and modelled future use for Upington 

Urban Centre Current Use (mcm) 
(2008) 

Future Use (High) 
(2030) 

Future Use (Low) 
(2030) 

Upington 12.302  19 17 

 

 

Figure 41: Schematic showing the area supplied by the Orange River, including the interbasin transfers to 
the Eastern Cape rivers. 
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Figure 42: Diagram showing the relative runoff for the different catchments in the Orange-Senqu Basin, from 
Jeleni and Mare (2007). 

 

Table 25: Benefit shed spreadsheet for Upington showing the Orange River as the only source of water for 
the urban centre. 

Urban 
Centre 

Dam associated with 
urban town 

 Yield  Percentage Strategic Water 
Source Area 

River System 

Upington Orange Run-of-river        25 000 000  100%  None Orange River 

 

6.3.12 Mbombela-Nelspruit 

The natural runoff for the Crocodile Catchment is in the order of 1 136 mcm, with the dams in the 

catchment commanding 450 mcm, which means that 2/3rds of the runoff in the catchment remains 

in the streams and rivers and is not captured by dams. The water use for the Mbombela study area is 

summarised in Table 26 and includes the water source of each area in the Comments column. 

The main dams which supplying Mbombela are shown in Figure 43 with the yield of each dam as a 

percentage of the total system yield and summarised in Table 27. As mentioned above, 2/3rds of the 

runoff remains in the rivers as shown by Nelspruit which receives its water from a diversion weir on 

the Crocodile River and not from a dam. All of the dams are located within the Mpumalunga 

Drakensberg SWSA. The Mpumalunga Drakensberg supplies 100% of the water for Mbombela dams 

as well as the runoff in the rivers. 
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Table 26: Current (2014) and future use for the different areas within Mbombela Reconciliation Strategy 

Urban Centre 
and Use 

2014 use 
 

2030 low 
water 

2030 high 
water   

Comments 
 

Nelspruit 
Domestic 

9 070 000 13 480 000 15 050 000 
Nelspruit is from a diversion 
weir on the Crocodile River Nelspruit 

Industrial  
6 300 000 7 030 000 

White River: 
Domestic 

2 770 000 3 470 000 6 780 000 

White River: Witklip Dam is 
0.75 mcm, Longmere dam is 

1.25 mcm, White river country 
estate is 0.37 mcm. Borehole 
0.15. and WTW in Nelspruit 

0.26 mcm.  White River: 
Industrial 

660 000 860 000 1 810 000 

Karino/Plaston 
Corridor: 
Domestic 

 
3 090 000 3 570 000 

1.31 mcm from Primkop Dam 
and direct abstract from 
Crocodile River Karino/Plaston 

Corridor: 
Industrial 

 
460 000 520 000 

Nsikasi South: 
Domestic 

19 000 000 20 460 000 21 880 000 
Directly from Crocodile River. 
19.3 mcm Nsikasi South: 

Industrial 
290 000 290 000 290 000 

Matzulu: 
Domestic  

7 680 000 7 990 000 Crocodile River. 4.8 mcm 

Nsikazi North: 
Domestic 

10 720 000 12 520 000 13 260 000 

8.2 mcm from Sabie River, 1.82 
mcm from small tributaries of 

Sabie River. 0.7 mcm from 
boreholes 

HazyView: 
Domestic 

1 390 000 1 650 000 1 710 000 
Sabie River (irrigation canal). 
1.39 mcm 

Domestic: 
Other: 
Elandshoek 

54 121 37 000 
 

Mountain stream: 54 121 m3/a 

Domestic: 
Other: 
Ngodwana 

500 000 500 000 
 

  

Domestic: 
Other: 
Kaapsehoop 

31 000 31 000 
 

Kaapsehoop - boreholes   

Industrial Sappi 
Ngodwana 

14 000 000 14 000 000 14 000 000   
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Figure 43: Schematic of the major dams which supply the Mbombela area. Nelspruit receives its water 
directly from the Crocodile River. 

Table 27: Benefit Shed table for the Mbombela Study Area showing the dam yields as a percentage of the 
total system yield. 

Urban 
Centre 

Dam associated with 
urban town 

Yield Percentage Strategic Water 
Source Area 

River 
System 

Mbombela: 
Crocodile 

Kwena Dam 87 500 000 41.4% Mpumalanga 
Drakensberg 

Crocodile 

Mbombela: 
Crocodile 

Witklip Dam 8 500 000 4.0% Mpumalanga 
Drakensberg 

Sand 

Mbombela: 
Crocodile 

Klipkopje Dam 10 600 000 5.0% 
 

Mpumalanga 
Drakensberg 

Crocodile 

Mbombela: 
Crocodile 

Longmere Dam Mpumalanga 
Drakensberg 

White 
River 

Mbombela: 
Crocodile 

Primkop Dam 10 300 000 4.9% Mpumalanga 
Drakensberg 

Crocodile 

Mbombela: 
Crocodile 

Ngodwana Dam 22 400 000 10.6% Mpumalanga 
Drakensberg 

Crocodile 

Mbombela: 
Sabie 

Inyaka Dam 50 700 000 24.0% Mpumalanga 
Drakensberg 

Sabie 

Mbombela: 
Sabie 

Da Gama Dam 10 800 000 5.1% Mpumalanga 
Drakensberg 

Sabie 
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Urban 
Centre 

Dam associated with 
urban town 

Yield Percentage Strategic Water 
Source Area 

River 
System 

Mbombela: 
Sabie 

Maritsane Dam 10 500 000 5.0% Mpumalanga 
Drakensberg 

Sabie 

 

6.3.13 Luvuvhu/Letaba 

The Luvuvhu/Letaba Reconciliation Study Area includes Tzaneen and the growing towns of Giyani 

and Thohoyandoi. There are two transfers out of the catchment. The first transfer is from Albasini 

Dam to Makhado and the second transfer is from Ebenezer and Dap Naudé Dams to Pholokwane 

(Figure 44). There is an intrabasin transfer from Nandoni Dam to Nsami Dam to augment the water 

supply to Giyani. 

The Luvuvhu Letaba Reconciliation Study is still underway (Table 28) so the information needed to 

complete the spreadsheet was not available off the DWS website, in particular the yields of Tzaneen 

Dam and the volume each town receives from the supplying dams.  

 

 

Figure 44: Schematic showing the main dams in the Luvuvhu-Letaba catchment and the transfer schemes. 
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Table 28: Benefit Shed for the Luvuvhu Letaba Catchment which could not be completed because the 
reconciliation study is still underway. 

Urban Centre Dam associated 
with urban town 

Yield  Percentage Strategic 
Water Source 
Area 

River 
System 

Giyani Middle Letaba 16 600 000    Wolkberg and 
Soutpansberg 

Little Letaba 

Giyani Nsami 1 000 000    None Little Letaba 

Thohoyandou Vondo 13 400 000    Soutpansberg Luvuvhu 

Thohoyandou Albasini 4 910 000    Soutpansberg Luvuvhu 

Thohoyandou Nandoni 46 700 000    Soutpansberg Luvuvhu 

Tzaneen Tzaneen Dam     Wolkberg Groot Letaba 

Tzaneen Ebenezer Dam     Wolkberg Groot Letaba 

 

6.3.14 Olifants  

The Olifants River Reconciliation Strategy is separated into the Upper Olifants (which includes 

Emalahleni and Middelburg), the Middle Olifants (which includes Lydenburg) and the Lower Olifants 

(which includes Phalaborwa) as shown in Figure 45. The summary of the water requirements for 

these three sections is shown in Table 29. The water requirements for the power generation in the 

Upper Olifants are fully met by interbasin transfers from the Upper Vaal and the Upper Komati 

Catchments, with no return flows into the Olifants River. The benefit shed spreadsheet for the 

Upper, Middle and Lower Vaal is shown in Table 30, and includes the dams which transfer to 

Mokopane and Polokwane.  

The Dan Naude and the Ebenezer dams are located in the Wolkberg SWSA and contributes 1% to the 

total yield of all the dams in the Olifants catchment. The location of the Mpumalanga Drakensberg 

SWSA contributes 40.8% to the dams in the Middle and Lower Olifants. The Phalaborwa Barrage 

(6.4%) is located downstream of the Wolkberg SWSA. In total, SWSAs contribute 47.3% to the total 

yield of the dams in the Olifants Catchment. SWSAs do not supply water to the towns in the Upper 

Olifants Catchment so there are no SWSAs which supply Emalahleni Municipality with water. The 

runoff in the Upper Olifants Catchment is diffuse and there is no single subcatchment which would 

fulfil the objectives of the strategic water source area.  

 

Table 29: Summary of water requirements for the Upper, Middle and Lower Olifants 

Management 
Zone 

Irrigation Urban Rural Industrial Mining Power 
Generation 

Total 

Upper 
Olifants 

249 93 4 9 26 228 609 

Middle 
Olifants 

81 56 22 0 28 0 187 
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Management 
Zone 

Irrigation Urban Rural Industrial Mining Power 
Generation 

Total 

Lower 
Olifants 

156 29 3 0 32 0 220 

Total 486 178 29 9 86 0 1016 

 

 

Figure 45: Schematic of the Olifants River Catchment, showing the Upper, Middle and Olifants management 
areas. The main dams are shown on the figure as well as the percentage yield of the total dam supply to the 
catchment. 

 

Table 30: Benefit shed for the Olifants catchment summarising the main dams the percentage yield. 

Urban Centre Dam associated 
with urban town 

Yield Percentage Strategic 
Water Source 
Area 

River 
System 

Olifants Outside 
study area: 
Polokwane 

Dap Naude Dam 6 200 000 0.8% Wolkberg Great 
Letaba 

Olifants Outside 
study area: 
Polokwane 

Ebenezer Dam 1 200 000 0.2% Wolkberg Great 
Letaba 
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Urban Centre Dam associated 
with urban town 

Yield Percentage Strategic 
Water Source 
Area 

River 
System 

Olifants Outside 
study area: 
Mokopane 

Doorndraai Dam 4 400 000 0.6% None Mogalakwe
na 

Olifants Upper Bronkhorstspruit 23 500 000 3.1% None Wilge 

Olifants Upper Middelburg dam 14 000 000 1.8% None Klein 
Olifants 

Olifants Upper 
 

Wilge Dam 8 000 000 1.0% None Wilge 

Olifants Upper Witbank Dam 33 000 000 4.3% None Olifants 

Olifants Upper Loskop Dam 168 000 000 21.9% None Olifants 

Olifants Upper Rust de Winter 
Dam 

11 700 000 1.5% None Elands 

Olifants Upper Mkombo with 
Weltevreden weir 

14 000 000 1.8% None   

Olifants Middle Flag Boshielo 56 000 000 7.3% None Olifants 

Olifants Middle De Hoop 66 000 000 8.6% None Steelpoort 

Olifants Lower Ohrigstad 19 800 000 2.6% Mpumalunga 
Drakensberg 

Ohrigstad 

Olifants Middle Buffelskloof 147 000 000 19.1% Mpumalunga 
Drakensberg 

Spekboom 

Olifants Middle Der Bruchen 8 300 000 1.1% Mpumalunga 
Drakensberg 

Not sure of 
location 

Olifants Middle Belfants 5 700 000 0.7% Mpumalunga 
Drakensberg 

Not sure of 
location 

Olifants Middle Lydenburg 2 500 000 0.3% Mpumalunga 
Drakensberg 

Not sure of 
location 

Olifants Lower Blyderivierspoort 130 000 000 16.9% Mpumalunga 
Drakensberg 

Blyde 

Olifants Lower Phalaborwa 
Barrage 

49 000 000 6.4% Wolkberg Olifants 

 

6.4 Summary of linkages between urban centres and strategic water 

source areas 
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Table 31 summarises the percentage water which is supplied by the strategic water source areas to 

each urban centre. 

  



90 | P a g e  
 

Table 31: Summary of Urban Centres and the Percentage water which is supplied by strategic water source 
areas. 

Urban Centre Percentage 
supplied 
by SWSAs 

Strategic Water Source Areas 

City of Cape 
Town 

98.4% Boland Mountains: 96.8% and Table Mountain: 1.6% 

eThekweni and 
Pietermaritzburg 

100.0% Southern Drakensberg: 98.5% and  Zululand Coastal: 
1.5% 

Johannesburg 100.0% Maloti Drakensberg: 52.2%;  Northern Drakensberg: 
37.5%; Thukela: 4.8%; and Upper Usuthu: 5.5% 

Pretoria 81.3% Maloti Drakensberg: 42.4%; Northern Drakensberg: 
30.5%; Thukela: 3.9%; and Upper Usuthu: 4.5% 

Bloemfontein 100.0% Maloti Drakensberg: 100% 

Richards Bay 100.0% Zululand Coast: 49%, Mfolozi Headwaters: 30%; 
Northern Drakensberg and Zululand Coast: 21% 

Amatole 91.1% Amatole: 91.1% 

Algoa 91.3% Tsitsikamma: 27.9%; Kouga: 47.4%; and Maloti 
Drakensberg: 16.1% 

Mosselbay 95.1% Outeniqua: 95.1% 

George and 
Wildnerness 

100.0% Outeniqua: 100% 

Mbombela 100.0% Mpumalanga Drakensberg: 100% 

Olifants 47.3% Mpumalanga Drakensberg: 40.8% and Wolkberg: 7.4% 

7 Agricultural benefit flows from strategic water source areas  

7.1 Introduction 

South Africa is the 30th driest country in the world with a low mean annual rainfall of about 490 mm 

and evaporation which is 3-5 times as much, resulting in only about 9% of the rainfall becoming 

available as runoff or groundwater. More than half the country has an annual rainfall of less than 

500 mm which means that is unsuitable for crop cultivation unless it is irrigated. Almost all of the 

land assessed as having a high agricultural capability (i.e. both suitable for cultivation and with a 

suitable climate (Laker, 2004; Schoeman et al., 2002)) is already under cultivation with the actual 

extent varying with economic and climatic conditions (Biggs, 2002), which also leaves little land for 

additional cultivation. The 2015 drought has highlighted the growing water and food security 

problems, especially shortages of important dryland crops such as maize and wheat. There are 

ambitious plans to expand irrigated agriculture by about 50% (or at least 80 000 ha) to meet food 
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security requirements, but most of the utilisable water is already allocated, leaving very little for 

such expansion, so that water use efficiency will have to increase significantly (DWAF, 2013). 

Based on the agricultural survey of 1996, the total area of farmland was 100 655 792 ha (82.3% of 

the total area) of which 16 737 672 is considered potentially arable, most of which is cultivated, and 

1 433 964 ha are under commercial forest plantations (DAFF 2016). In 1993 about 9 528 309 ha were 

under field crops and 3 898 486 ha under horticultural crops (orchards, vines, vegetables) on 

commercial farms. About 1 354 128 ha were under irrigation on commercial farms (Development 

Bank of Southern Africa, 1991 in (DAFF, 2016)). No data were provided for farms in the former 

homelands. Irrigated agriculture currently requires about 7 920 million m3/year of water, which is 

about 60% of the national annual water requirements, but about 35-45% of the water is lost before 

it is applied to the crop (DWAF, 2010, 2004). Irrigated agriculture is also an important source of 

pollution through its return flows, i.e. surplus water that drains back to rivers (CSIR, 2011; DWAF, 

2013) (CSIR 2011; DWAF 2013). Nevertheless, irrigated agriculture accounts for almost all the 

vegetable and fruit production in the country which makes it critical for meeting people’ nutritional 

requirements. 

About 8.5 million people are directly or indirectly dependent on agriculture for employment and 

income (DWAF, 2013). The sector contributes about 3% to the national GDP and provides about 7% 

of the formal employment. The GDP is, however not a very meaningful measure as it simply 

measures monetary flow (i.e. cash turnover) and not the sector’s value in providing food for the 

nation and in earning foreign exchange.  An analysis of the 2011 Census data found that 2.9 million 

households (20% of the total) were involved in agriculture, with the percentage involvement ranging 

from 25% in Kwazulu-Natal, 21% in the Eastern Cape to 3% in the Western Cape and 2% in Northern 

Cape (Statistics South Africa, 2013).  

For this analysis we identified the major areas of irrigated agriculture, sourced estimates of the 

water allocated to each area, and related these back to the water source areas, as well as 

quantifying their contribution to the economy. We have relied on existing sources of information 

and compared and synthesised them to derive what we believe is a credible dataset on irrigated 

agriculture. 

7.2 Data sources and selection 

The primary sources of information on agriculture are the databases on agricultural statistics 

maintained by the Department of Agriculture, Forestry and Fisheries  (DAFF) 

(http://www.daff.gov.za/daffweb3/Branches/Administration/Statistics-and-Economic-

analysis/Publication) and Statistics South Africa (http://www.statssa.gov.za/?page_id=735&id=4). 

Water requirements for irrigation are described in the national water resources strategy (DWAF, 

2013) and other strategic planning documents held by the Department of Water and Sanitation. The 

most recent statistics available for agriculture are for 2015 and are summarised in the annual 

abstracts (DAFF, 2016). However the key statistics on cultivated areas were no more recent than 

1996 and irrigation data were from 1991. The statistics are also only available at the provincial level 

which is not suitable for identifying where the main irrigated areas are located.  

The National Water Accounts provide information on areas of irrigated land, water allocations and 

economic contributions for each of the water management areas (Statistics South Africa, 2010).  The 

statistics on areas under agricultural are given for 2002 and information is provided on areas and 
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production of field crops and horticultural crops, in tons and Rands, in each of the 19 Water 

Management Areas as originally defined for South Africa (DWAF, 2004). They also provide an 

estimated average water allocation (m3/ha/year), water use (m3/year), volume purchased, cost 

(cents/m3) and production (Rands per m3). The data identify the WMAs where there are large 

irrigated areas and there is a high water allocation as well as the value of the produce. 

However, these data are still relatively coarse and more than 10 years old. An update is under way 

as part of a Water Research Commission project (W. Nomquphu, personal communication, July 

2016), but the results are not available yet. The Water Resources 2005 (Middleton and Bailey, 2008) 

and 2012 studies (Bailey and Pitman, 2015) provide information on irrigated areas and allocations 

for each quaternary catchment in South Africa. However, the information on the areas under 

irrigation is based on the 1996 land cover (Fairbanks et al., 2001) which is out-of-date, and there 

only seem to be estimates of allocations where these are documented, leaving many gaps. Estimates 

of water allocations are made by the Pitman models used in these water resource assessments, but 

the allocations are contained in the model parameter files and outputs (A.K. Bailey personal 

communication June 2016) and are not easily extracted. 

The 1996 land cover explicitly distinguished between irrigated (including pastures) and dryland 

cultivation and between perennial and short-lived crops (Fairbanks et al., 2001). This is generally 

regarded as a high-quality dataset with extensive ground-truthing and aerial photograph verification. 

A land cover dataset was produced for 2000 (Van den Berg et al., 2008) but the classes do not 

explicitly distinguish between irrigated and non-irrigated field crops, whether under commercial of 

subsistence farming systems. Although some horticultural crops are grown on drylands, the vast 

majority are grown under irrigation so it is acceptable to assume that they are all irrigated. The same 

issues apply to the 2014 land cover (GTI, 2015), but it does provide information on the crop vigour in 

each class for field crops. Since irrigated crops typically grow more vigorously than dryland crops it 

would be acceptable to assume that the high vigour class fields are irrigated. However, these fields 

comprise a relatively small component, so we excluded them and used the 2014 data for the classes 

including pivots, orchards, vines, pineapples and sugar cane to represent the current irrigated areas.  

The Department of Agriculture, Fisheries and Forestry has created datasets for all the cultivated 

fields in each province in South Africa based on SPOT imagery, the most recent version being for the 

year 2013 (DAFF, 2015).  The classes are very similar to the national land cover and include annual 

crops or pastures, horticulture or viticulture and pivots. Although additional crop data (e.g. pulses) 

are available for some provinces, they are not available for all provinces. Visual inspection shows 

that these datasets are spatially very similar to the 2014 national land cover, so we chose to use the 

national land cover as this also includes other classes we may wish to use (e.g. plantation forestry). 

The irrigation requirement data for the 2004 NWRS are provided per WMA, but we wished to obtain 

data per secondary catchment to align the results better with the data for water transfers for 

meeting domestic and industrial water requirements. We used the 2014 land cover to get data on 

the area of irrigated land in each of the WMAs and then calculated the proportion of the total 

irrigated land in each quaternary catchment in the respective WMA. This proportion was used to 

estimate the proportion of the WMA irrigation requirement in each quaternary. The quaternary data 

were then summed to obtain the irrigation water requirement per secondary catchment. This 

approach does not allow for increases in the requirements based on expansion in the irrigated area 
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from 1996 to 2014 but to make adjustments we would need data on the crops involved and such 

data are not available at present.  

There are various sources of information on the economics of agriculture in South Africa, including 

the Statistics South Africa and DAFF (http://www.statssa.gov.za/?s=agriculture; 

http://www.daff.gov.za/daffweb3/Branches/Administration/Statistics-and-Economic-

analysis/Publication). These sources provide details on the economic performance of different 

components of the agricultural sector, but typically for administrative units such as provinces. The 

National Water Accounts (Statistics South Africa, 2010) do provide information by WMA but that is 

still relatively coarse for our purposes and the data are out of date. The CSIR has been producing 

disaggregated economic data for small spatial units, defined largely by administrative boundaries 

and land-cover  information for several years (Naudé et al., 2007; Van Huyssteen et al., 2009). The 

disaggregation process uses well-defined rules to distribute economic activity to mesozones – spatial 

units of about 7x5 km. Each mesozone unit was assigned quaternary catchments by using the 

centroid of the mesozone to identify which catchment it fell in. The Gross Value Added (GVA), is a 

measure of the monetary value added by a sector (e.g. agricultural producers) including employee 

compensation and operating surpluses and is a sound measure of economic activity (EUROSTAT, 

2008). However, it also includes the value added by fisheries and forestry, as well as the producers 

where they are directly involved in, for example food packing or wine production, giving high GVA 

values in some areas. Except for the secondary catchments along the Orange River, the GVA data 

includes dryland cultivation and livestock production. It is not possible to exclude the dryland GVA at 

this stage but, since irrigated agriculture tends to produce higher value crops, this probably does not 

bias this analysis significantly. The GVA of the dairy industry is included, which is appropriate given 

that almost all dairy farming is based on irrigated pastures. Disaggregating the farm GVA from the 

other agricultural GVA activities is complex so we have used the GVA as provided. The Rand values 

per mesozone and sector are available from 1996 to 2013. The 2013 data were used in this analysis 

and the data were aggregated to a secondary catchment level for comparison with the irrigation 

requirements.   

7.3 Results 

7.3.1 Irrigation requirements 

Irrigated areas are distributed broadly across South Africa, but are mainly found in more humid 

eastern and south-western parts of South Africa, except for the Orange and Vaal River systems in the 

centre (Figure 46). Sugar cane is found mainly in KwaZulu-Natal and the Mpumalanga Lowveld and 

vineyards in the Western Cape and along the Orange River, while orchards and pivots are 

widespread.  

The total area of the irrigated classes in the 1996 land cover came to 1 705 989 ha which is less than 

the 2013-14 total for pivots, orchards, vineyards, cane and pineapple of 1 764 473 ha. Given that it is 

likely that some of the field crop classes include irrigated land, the increase is probably greater than 

is indicated by these values. In addition, a comparison of the 2013-14 area under pivots with that 

under pivots in 1990  shows that there has been an increase of 200% in pivot irrigation, 16% in 

vineyards and 11% in orchards during this period. 
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Figure 46: The distribution of the main classes of cultivated agriculture in South Africa based on the national 
land cover dataset from 2013-14 (GTI 2015). Cultivated fields (commercial or subsistence) were classed as 
dryland agriculture and the other classes were grouped as irrigated in this study.   

The summary of irrigation water requirements by sub-WMA for the National Water Resource 

Strategy (DWAF 2004) shows that by far the largest irrigation requirement is the 916 million m3 per 

year for the Lower Orange sub-WMA (Figure 47). Large irrigation requirements of 250-500 million m3 

per year were also set for the Harts, Upper Orange, RietModder, Vanderkloof, Mgeni, Middle 

Olifants, Crocodile, Fish and Upper Breede sub-WMAs. When these requirements are recalculated to 

the secondary catchment level, the middle-Orange between the Vaal-Orange confluence and the 

Hartbees, still has the greatest requirement of about 746 million m3 per year (Figure 48) but there 

are some shifts elsewhere. A number of secondary catchments have requirements between 250 and 

500 million m3 per year, including the Crocodile, Middle Olifants, Crocodile (West), Harts, 

RietModder and Orange River (Gariep Dam to Vaal confluence). If the most important areas are 

those that account for 50% of all the water used for irrigation nationally, then this list should be 

extended to include the: Mgeni (U2), Lower Orange (D8), lower Sundays (N4), Berg (G1), upper 

Breede (H1) and central Breede (H4) (Table A1). The total irrigation demand of the top 15 secondary 

catchments was estimated to be 4155 million m3 per year, 51.1% of the national total, based on data 

from the 2004 National Water Resource Strategy (DWAF 2004). These top 15 areas only account for 

32.7% of the total irrigated area, with the top 25 areas accounting for 53.0% of the total irrigated 

area and about 65.9% of the total irrigation water requirement. If a threshold for main irrigation 
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areas is set at 75% of the irrigation requirement, this includes the top 35 secondary catchments and 

61.8% of the irrigation water requirement.   

 

 

Figure 47: Irrigation water requirements for each sub-Water Management Area based on data from the 
National Water Resource Strategy of 2004 (DWAF 2004). 

These findings show that about 15.4% of all the irrigation requirements are for areas connected 

directly to the Orange River and fed by the Maloti, Northern and Southern Drakensberg water 

source areas (WSAs) located within Lesotho and the Caledon River basin. The Harts (5.6%) and 

RietModder (3.1%) are not directly linked to any WSAs but the Harts is supplemented with about 18 

million m3 per year from the Orange River (DWAF 2004). In addition about 571 million m3 per year is 

transferred from the Orange River to the Fish, about 117 of which is then transferred to the Sundays 

River to support irrigation and supply the Nelson Mandela Bay Metropol. The Vaal River is also 

supplemented with about 413 million m3 per year transferred from the Tugela (Southern and 

Northern Drakensberg WSAs) and 600 million m3 per year from Lesotho (Maloti and Northern 

Drakensberg WSAs). Most of these transfers are for urban and industrial use in the Gauteng region 

but some, including return flows, augment the flows downstream. Some of the water transferred 

from the Vaal to Tshwane is returned to the Crocodile (West), supplementing its flows.  

The Middle Olifants irrigation requirements are also not linked to a WSA except for limited overflows 

from transfers from the Usuthu catchment to power stations in the Olifants catchment. The 

Crocodile and Komati irrigation requirements are provided by the Mpumalanga Drakensberg and 

Mbabane Hills WSAs and the Pongola by the Ekangala WSA. The Mgeni is linked the Southern 
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Drakenberg WSA and the flows are supplemented by a transfer from the Tugela catchment fed by 

the Southern Drakensberg WSA.  

The important irrigation areas in the Breede and Berg River systems are supplied by the Boland and 

Groot Winterhoek WSAs as well as the Hex and western Langeberg which were not specifically 

identified in the original analysis. The northern part of the Groot Winterhoek (i.e. Witzenberg and 

Kouebokkeveld supply the Olifants (E1) which falls just outside the top 15.  

Also just outside the top 15 is the Letaba (B8) which is supplied by the Wolkberg WSA. 

 

Figure 48: Irrigation water requirements for each secondary catchment based on data on requirements from 
the National Water Resource Strategy of 2004 (DWAF 2004) and estimates of the area under irrigation in 
each of the respective quaternaries from the 2013-14 land cover (GTI 2015). 

Table 32: The irrigation requirements of the top 20 secondary catchments arranged in descending order 
based on their estimated requirements. Irrigation requirements recalculated from data in the NWRS 2004 
(DWAF 2004) and irrigated areas from the 2013-14 land cover (GTI 2015). 

Secondary catchment code and description Irrigation 
requirement (mill. 
m

3
 per year) 

Irrigated area 
(ha) 

Cumulative 
percentage 
of national 
total 

D7 Orange River (Vaal confluence to Hartbees) 745.9 40325.9 9.18 

C3 Harts River 453.1 47568.9 14.75 

A2 Crocodile (West) 408.9 48384.4 19.78 

D3 Orange River (Gariep Dam to Vaal confluence) 336.0 39729.3 23.92 

B3 Middle Olifants 273.0 44670.9 27.27 
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Secondary catchment code and description Irrigation 
requirement (mill. 
m

3
 per year) 

Irrigated area 
(ha) 

Cumulative 
percentage 
of national 
total 

X2 Crocodile 257.0 44067.4 30.44 

C5 RietModder 252.0 56159.4 33.54 

X1 Komati 236.0 52989.9 36.44 

W4 Pongola 213.0 28491.9 39.06 

U2 Mgeni 184.0 40641.4 41.32 

D8 Lower Orange River 173.2 9359.7 43.45 

N4 Lower Sundays River 158.6 14905.7 45.41 

G1 Berg River 156.4 51988.4 47.33 

H1 Upper Breede River 155.7 29329.0 49.25 

H4 Central Breede River 152.3 28679.9 51.12 

B8 Letaba 151.0 42099.7 52.98 

E1 Olifants River (Olifants-Doring) 149.0 27976.5 54.81 

Q1 Headwater Fish River 146.9 8343.0 56.62 

G2 Greater Cape Town 144.6 32238.9 58.40 

C9 Lower Vaal River 114.8 54070.3 59.81 

 

One of the issues with using the NWRS 2004 data for irrigation requirements is that the area under 

irrigation has increased since 2000 and includes some new catchments which had no irrigation in 

2000. Correcting these deficiencies falls outside the scope of this assessment but could be addressed 

in updates. 

7.3.2 Gross Value Added 

The total agricultural GVA in 2013 was R42.5 billion rand based on the mesozone dataset and its 

contribution to GDP was estimated at R57.9 billion (DAFF, 2014). The gross income from field crops 

(12.18 million ha) was some R47.7 billion and from horticultural crops (1.76 million ha) was R47.8 

billion, reflecting the high GVA per ha generated by irrigated agriculture.  The total gross value 

(production x average prices) for 2013 was estimated at R187.68 billion with horticultural production 

contributing 25.9% of the total compared with animal products at 46.6%. The most valuable 

horticultural crops were: deciduous fruit R12.81 billion, vegetables R15.92 billion, viticulture R4.35 

billion, citrus R9.56 billion and sub-tropical fruit R2.56 billion. By comparison, milk producers earned 

R12.43 billion.  

The GVA by the agricultural sector is concentrated in KwaZulu-Natal, Western Cape, Gauteng, parts 

of Mpumalanga, and along the Orange River (Figure 49), areas with extensive irrigation (Figure 46). 

The relatively high GVA of the Kalahari region (secondary D4) is the result of it including both the 

relatively high GVA areas in the north-east, including irrigation, and near the Orange River in the 

west, which is in contrast to the relatively low irrigation requirement (Figure 48). The GVA per 

mesozone data are highly skewed, with low GVA found mainly in the Karoo and Kalahari (the low 
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values in the north-east are mainly in the Kruger National Park) and very high GVA in or near 

metropoles and industrial towns.  The concentration of the very high GVA mesozones in industrial 

areas is indicative of the strong vertical integration of primary producers and processors in this 

sector. At the secondary catchment level the GVA does not align with the irrigation requirements 

(Figure 50 versus 48).  

The GVA for the top 15 secondary catchments in terms of water requirements (up to H4 in Table 29) 

is only 27.5% of the total GVA compared with 51.1% of the water and 32.7% of the irrigated area. 

Half of the total GVA is from the top 26 secondary catchments in terms of water requirements and 

accounts for 52.9% of the irrigated area. The High GVA generated in the Berg River and Greater Cape 

Town catchments is sustained directly by the Boland Mountains and southern Groot Wintershoek 

SWSAs, and the Mhlatuze by the Zululand Coast SWSA. The High GVAs generated in the Middle Vaal 

River and in the Crococdile (West) are partially supported by the transfers from the Northern and 

Southern Drakensberg SWSAs. The Mgeni has source areas with a mean annual runoff >135mm and 

is arguably directly linked to the Southern Drakensberg SWSA, including the transfers from the Mooi 

River.   

 

Figure 49: Agricultural GVA shown at the mesozone level for South Africa based on disaggregated economic 

data generated by the CSIR (Naudé et al. 2007). A geometric scale was used for the values to highlight the 

low end of the range as the median was R0.28 million, the mean 1.70 and only 30 of the 25 000 mesozones 

had a GVA exceeding R74.1 million. 
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Figure 50: Agricultural GVA shown at the secondary catchment level for South Africa based on the economic 

data shown in Figure 48. Also shown in cross hatching are the top 15 secondary catchments in terms of their 

irrigation requirements (see Figure 47). 

7.4 Conclusions 

The data are not perfect but they do show that irrigation in the secondary catchments which have 

the greatest irrigation requirements can be linked either directly, or indirectly, to water source areas 

in South Africa. The most important water source areas by volume are those that supply the water 

to the Orange and Vaal River systems, including the large transfers from the Northern and Southern 

Drakensberg SWSAs. The top 15, those that require about half the total irrigation requirement, only 

account for 25.5% of the agricultural GVA, largely because the areas with the highest GVA are those 

which include primary agricultural processing and not just crop production values. The Western 

Cape Mountains, the Drakensberg and KwaZulu-Natal coast all include primary processing which 

substantially increases the GVA.  

8 Impacts 

This section focuses on an assessment on the impacts on water resources in the Strategic Water 

Source Areas and Groundwater Source Areas based on an analysis of the land cover in these areas, 

their protection status and the impacts of alien plant invasions.  
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8.1 Surface water impacts 

The original set of SWSAs was developed using the criterion that areas with a MAR of more than 135 

mm produced 50% of the total MAR (Nel et al., 2013). This section documents the results of changes 

made to that original concept to take into account the outcomes of discussions during stakeholder 

workshops, and adjustments to the surface water source areas and the inclusion of the groundwater 

source areas as SWSAs.  

The dominant land cover in most of the SWSAs is still natural vegetation with the lowest proportions 

being found in Upper Usutu, Mpumalanga Drakensberg and Table Mountain at about 48% (Table 

33). The Upper Usutu is also characterised by the most extensive wetlands (5%) which highlights the 

importance of their protection, wth relatively high proportions in the South African portion of the 

Mbabane Hills, Upper Vaal, and Drakensberg SWSAs. There is extensive dryland cultivation in the 

Upper Vaal, Maloti Drakensberg and Tsitsikamma and extensive plantation areas in the Mpumalanga 

Drakensberg, Upper Usuthu, Mbabane Hills and Wolkberg. Irrigated agriculture is the most 

important in the Boland, followed by the Wolkberg, Soutpansberg and Groot Winterhoek. Table 

Mountain has the most extensive urban area (43%) followed by the Soutpansberg (15%) but both 

are among the smallest of the SWSAs. 

In summary, more than half the Mpumalanga Drakensberg, Soutpansberg and Table Mountain 

SWSAs have been transformed from their natural state. Plantation forestry is the major land-use and 

has substantial impacts on the water resources in the Mpumalanga Drakensberg, Upper Usutu and 

Mbamane Hills. Although urbanisation is the main land use in the Table Mountain SWSA, it is mainly 

located on the mid-to lower-slopes and lowlands and has not affected the high runoff areas.  

Based on this analysis the areal extent of mining is relatively small but it does have disproportionate 

impacts on water quality. However, an assessment of prospecting and mining licenses that have 

been granted showed that there is immense potential for this area to increase, with roughly 70% of 

the Strategic Water Source Areas in Mpumalanga under some sort of mining or prospecting license 

(La Grange, 2011) (see also the next section). The extent of mining, particularly open-cast, combined 

with its disproportionate impacts on water quality, is a significant concern because of its impacts on 

water security (Colvin et al., 2011).
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Table 33: Summary of the land cover in the Strategic Surface Water Source Areas based on the National Land Cover data set for South Africa (GTI, 2015). The land cover 
was calculated for all the polygons and is presented separately for SWSA sections which are surface water and groundwater or both. Only 11% of the Maloti 
Drakensberg and about 33% of the Mbabane Hills SWSAs extends into South Africa. 

 

SWSA Name Type Water 
bodies 

Wetlands Natural Degraded 
(donga) 

Cultivated 
(dryland) 

Cultivated 
(irrigated) 

Plantation 
/ woodlot 

Mining Urban 
(commercial-
industrial) 

Urban 
(informal) 

Urban 
(residential) 

Urban 
(sports) 

Urban 
(township) 

Amatole sw 342 701 120212 0 10823 1181 19765 4 14 0 5516 42 0 

Arlington gw 92 6758 76346 248 69975 126 1230 8 15 0 160 32 232 

Beaufort West gw 116 200 64911 0 184 7 0 98 43 1 353 85 359 

Blouberg gw 5 0 49801 45 8356 3 5 8 0 0 8348 0 0 

Boland sw 3800 6040 160915 0 29824 35445 5298 120 2428 205 8381 2073 1694 

Boland & Northwestern 
Cape Ranges swgw 223 311 11074 0 2754 5024 190 9 7 0 116 15 0 

Boland & Overberg Region swgw 976 395 16426 0 3176 1103 142 0 0 0 102 0 0 

Boland & Southwestern 
Cape Ranges swgw 7463 5454 216089 0 8961 26367 7413 76 191 55 685 138 335 

Boland & Tulbagh-Ashton 
Valley swgw 482 656 23124 0 6572 11663 1056 20 15 22 168 35 82 

Bo-Molopo Karst Belt gw 261 941 396897 833 87763 8217 841 6930 1246 7262 12252 592 2316 

Cape Peninsula and Cape 
Flats gw 75 590 9418 0 301 650 209 100 3451 1193 8356 1452 4721 

Carnarvon gw 48 6 26935 0 69 2 0 20 25 1 184 104 38 

Central Pan Belt gw 489 3089 172189 28 118600 9800 1608 939 2031 1163 21726 1021 3351 

Coega TMG Aquifer gw 520 1798 141164 0 3459 315 86 1031 1553 41 7472 1434 3665 

Crocodile River Valley gw 250 3701 173547 105 14210 19834 60 2736 69 229 913 93 151 

De Aar Region gw 106 1067 218012 4363 683 30 21 446 132 0 1353 203 323 
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SWSA Name Type Water 
bodies 

Wetlands Natural Degraded 
(donga) 

Cultivated 
(dryland) 

Cultivated 
(irrigated) 

Plantation 
/ woodlot 

Mining Urban 
(commercial-
industrial) 

Urban 
(informal) 

Urban 
(residential) 

Urban 
(sports) 

Urban 
(township) 

Eastern Cape Drakensberg sw 2493 13942 710807 3334 114400 142 26199 111 74 0 55328 12 0 

Eastern Cape Drakensberg 
& Transkei Middleveld swgw 668 7765 375923 746 75925 139 27332 62 75 0 40563 38 41 

Eastern Kalahari A gw 2 0 121047 9 63781 11044 39 29 3 0 4863 9 81 

Eastern Kalahari B gw 229 0 135658 27 110865 2646 118 740 50 30 14865 83 170 

Eastern Karst Belt gw 611 4112 59692 0 40698 6312 3123 1991 1884 1049 20258 2177 1919 

Eastern Lowveld 
Escarpment gw 0 27 364 0 19 0 1099 1 0 0 0 0 0 

Eastern Upper Karoo gw 1335 8877 574369 4 7912 472 220 212 202 0 1415 325 545 

Ekangala Drakensberg sw 2661 20365 572419 601 75233 4186 95875 178 143 45 11355 207 261 

Far West Karst Region gw 465 4243 96121 30 22308 2203 1555 2105 369 766 5626 476 1686 

George gw 6 6 793 0 433 20 163 0 0 0 0 0 0 

Giyani gw 7 0 32795 43 5600 776 19 74 115 77 2902 58 1287 

Great Kei gw 346 349 109965 0 16121 178 1302 10 161 0 13004 10 22 

Groot Winterhoek sw 523 1315 133207 0 14721 5820 268 4 17 0 183 32 7 

Groot Winterhoek & 
Northwestern Cape 
Ranges swgw 3975 5181 213428 0 22407 18525 622 25 82 15 379 123 158 

Groot Winterhoek & 
Sandveld swgw 130 300 25130 0 2865 3262 44 1 0 1 1 0 0 

Groot Winterhoek & 
Tulbagh-Ashton Valley swgw 333 1217 63320 0 2322 8166 551 41 12 9 237 189 26 

Hertzogville gw 106 507 25882 0 17540 209 107 7 11 9 104 20 136 

Kamieskroon gw 45 0 311504 0 17536 0 0 76 22 0 176 29 153 

Klipriver Karst Region gw 195 3279 21209 0 9391 2638 1315 553 1228 382 7616 962 576 

Komaggas Cluster gw 0 0 35266 0 109 0 0 116 0 0 0 0 45 
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SWSA Name Type Water 
bodies 

Wetlands Natural Degraded 
(donga) 

Cultivated 
(dryland) 

Cultivated 
(irrigated) 

Plantation 
/ woodlot 

Mining Urban 
(commercial-
industrial) 

Urban 
(informal) 

Urban 
(residential) 

Urban 
(sports) 

Urban 
(township) 

KOSH Karst Region gw 242 743 49256 4 6526 221 263 4597 511 114 1476 186 411 

Kouga sw 1 615 45718 0 47 11 0 0 0 0 1 0 0 

Kroondal / Markina gw 211 821 50553 445 10638 1638 979 4490 809 537 5452 460 1498 

Kroonstad gw 284 2295 47584 4 24489 600 766 37 369 0 2322 286 840 

Langeberg sw 211 868 22830 0 15176 1966 57 8 3 0 38 2 0 

Langeberg gw 121 929 29637 0 17196 561 89 12 0 0 0 0 0 

Langeberg & Langeberg swgw 394 4354 129544 0 25566 1964 4824 13 39 3 328 49 275 

Letaba Escarpment gw 142 423 78752 232 14860 2518 1163 33 21 62 11030 73 395 

Lower Mzimvubu gw 182 378 79854 0 15751 404 504 3 46 0 22456 13 0 

Loxton gw 55 38 18174 0 173 69 1 19 1 1 46 0 12 

Maloti Drakensberg sw 0 57 11897 0 271 0 9 0 0 0 0 0 0 

Mbabane Hills sw 542 4385 154707 31 7033 5944 74237 183 236 50 3493 135 3070 

Mfolozi Headwaters sw 41 405 72140 106 8946 799 26424 23 2 2 5370 28 21 

Mpumalanga Drakensberg sw 2468 9424 294850 68 12977 15175 198741 179 185 0 16362 167 1001 

Mpumalanga Drakensberg 
& Eastern Lowveld 
Escarpment swgw 111 1966 85196 15 3097 2249 96686 610 187 2 969 65 109 

Mpumalanga Drakensberg 
& Northern Lowveld 
Escarpment swgw 255 2285 82016 5 1657 81 34853 29 56 14 2086 29 25 

Natalspruit and Springs 
Karst Basin gw 783 8542 41433 0 27217 1796 1120 3425 2787 3369 13547 2035 8439 

Nelspoort gw 6 144 46746 0 155 23 0 7 0 0 20 1 16 

Northern Drakensberg sw 5730 11099 552074 1831 60807 12396 18157 235 106 0 21096 290 3654 

Northern Ghaap Plateau gw 13 0 607887 184 1462 137 42 373 171 307 12153 151 444 
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SWSA Name Type Water 
bodies 

Wetlands Natural Degraded 
(donga) 

Cultivated 
(dryland) 

Cultivated 
(irrigated) 

Plantation 
/ woodlot 

Mining Urban 
(commercial-
industrial) 

Urban 
(informal) 

Urban 
(residential) 

Urban 
(sports) 

Urban 
(township) 

Northern Highveld gw 207 1985 88878 4 37051 1005 3698 406 27 0 785 0 0 

Northern Lowveld 
Escarpment gw 154 1350 244323 1880 8274 5484 33 424 23 0 13555 12 202 

Northwestern Cape 
Ranges gw 860 1098 59132 0 6671 1679 18 6 0 0 0 0 0 

Nyl and Dorps River Valley gw 287 3664 153460 26 34746 2644 130 390 411 24 5401 617 1682 

Outeniqua sw 3554 3502 162678 0 22880 5407 37902 30 912 294 3732 1773 1364 

Outeniqua & George swgw 52 219 34992 0 1881 234 3481 3 41 3 395 63 56 

Outeniqua & Upper 
Keurbooms swgw 0 15 7789 0 40 0 176 0 0 0 0 0 0 

Overberg Region gw 2759 6708 128364 0 56380 951 666 61 51 15 972 96 76 

Phalaborwa gw 179 0 36405 6 367 19 26 4555 89 0 1165 185 0 

Port Nolloth gw 647 0 44359 0 0 0 0 4950 28 0 80 11 93 

Richards Bay GW Fed 
Estuary gw 2786 794 13675 0 873 6904 24613 175 1042 16 8062 191 1152 

Sandveld gw 1646 4033 212933 0 100068 48781 448 61 30 11 151 53 71 

Sishen / Kathu gw 29 0 465210 0 202 20 3 11384 215 52 951 172 175 

Southern Drakensberg sw 9351 42511 1034054 1405 216322 31933 260545 76 1127 1145 103892 901 2552 

Southern Ghaap Plateau gw 13 0 643415 0 369 117 27 5269 180 208 1049 136 537 

Southwestern Cape 
Ranges gw 1 4 861 0 7 132 1 6 0 0 0 0 0 

Soutpansberg sw 618 147 71700 2 5760 5579 791 42 125 0 17003 13 0 

Soutpansberg gw 230 256 101094 10 5858 2526 4359 31 313 0 11223 112 103 

Soutpansberg & 
Soutpansberg swgw 668 309 73936 0 4899 10949 18860 28 163 0 21204 0 0 

Strandfontein gw 1 13 23241 0 5455 352 0 18 0 0 14 0 0 
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SWSA Name Type Water 
bodies 

Wetlands Natural Degraded 
(donga) 

Cultivated 
(dryland) 

Cultivated 
(irrigated) 

Plantation 
/ woodlot 

Mining Urban 
(commercial-
industrial) 

Urban 
(informal) 

Urban 
(residential) 

Urban 
(sports) 

Urban 
(township) 

Sutherland gw 460 88 98437 0 715 6 0 20 17 0 71 42 33 

Swartberg sw 88 330 69800 0 3078 84 6 2 0 0 0 0 0 

Table Mountain sw 347 520 12172 0 0 24 278 198 1291 78 3241 404 223 

Table Mountain & Cape 
Peninsula and Cape Flats swgw 524 425 9644 0 607 456 699 137 3323 169 9196 2291 1816 

Transkei Middleveld gw 99 461 17403 275 6278 0 194 12 0 0 4488 0 0 

Tsitsikamma sw 949 2881 173916 0 32167 7148 23501 11 63 0 3911 140 120 

Tsitsikamma & Coega 
TMG Aquifer swgw 0 2 4309 0 317 2 0 0 17 10 117 0 3 

Tsitsikamma & Upper 
Keurbooms swgw 174 1084 77814 0 1521 3725 2002 7 100 0 430 4 48 

Tulbagh-Ashton Valley gw 5023 2887 181025 0 11524 14281 114 87 385 82 1284 284 241 

Upper Keurbooms gw 149 401 22671 0 793 1838 695 2 0 0 203 1 0 

Upper Sand (Polokwane) 
Aquifer System gw 151 338 69225 2268 4406 1470 55 632 968 31 14793 589 1542 

Upper Usutu sw 7269 29915 221624 51 36709 2175 210706 672 134 39 12211 64 187 

Upper Vaal sw 182 3397 49840 6 27726 19 116 65 165 175 901 107 632 

Van Wyksdorp gw 83 515 56409 0 559 180 7 2 0 0 15 0 4 

Vanrhynsdorp gw 171 445 117570 0 18269 1619 16 343 15 0 213 24 74 

Ventersdorp/Schoonspruit 
Karst Belt gw 230 1415 200103 10 72328 10014 489 1008 77 92 1390 56 249 

Vivo-Dendron gw 146 0 206692 2 9408 36932 49 136 11 72 1868 10 152 

Waterberg sw 137 280 76690 5 5327 1149 61 12 0 0 52 0 0 

West Coast Aquifer gw 2363 7948 224599 0 205355 12334 1006 624 654 31 2299 251 412 

Westrand Karst Belt gw 51 1805 63608 1 31793 5272 919 492 65 132 4551 118 55 
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SWSA Name Type Water 
bodies 

Wetlands Natural Degraded 
(donga) 

Cultivated 
(dryland) 

Cultivated 
(irrigated) 

Plantation 
/ woodlot 

Mining Urban 
(commercial-
industrial) 

Urban 
(informal) 

Urban 
(residential) 

Urban 
(sports) 

Urban 
(township) 

Willowmore gw 42 28 26784 0 305 2 9 5 17 0 116 56 115 

Wolkberg sw 413 526 32658 5 2525 1699 11172 19 26 0 4653 0 568 

Wolkberg & Letaba 
Escarpment swgw 1364 879 50042 2 2124 15580 32788 63 328 0 1618 118 397 

Wolkberg & Northern 
Lowveld Escarpment swgw 62 622 106770 32 1579 351 1848 0 0 0 3130 0 0 

Zululand Coastal Plain gw 33830 17346 192208 0 5132 5675 45881 49 46 0 29952 57 0 
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8.2 Mining 

Mining activities are known to have adverse effects on both water quantity, mainly through water 

consumption in the mining processes, and on water quality in the forms of acid mine drainage, 

discharges, slimes dam overflows, or runoff (Ashton and Dabrowski, 2011; Colvin et al., 2011; CSIR, 

2011). Although there has been a lot of emphasis on acid mine drainage from gold mines (Ambani 

and Annegarn, 2015; DWAF, 2013), open cost and extensive shallow coal mining have significant 

impacts over a much wider area through acid main drainage (Colvin et al., 2011). South Africa has 

extensive coalfields in the eastern and northern parts of the country which overlap with the SWSAs 

(Figure 51), and many fields have not been mined or have only been partially mined. So we have 

focused on the spatial overlap between the SWSAs and coal fields as areas where there is a potential 

for mining to increase acid mine drainage and affect all downstream water-users and ecosystems. 

South Africa has significant coal reserves which mainly support power production and current plans 

envisage that the majority of the electricity will be generated from coal-fired power for the 

foreseeable future, especially base-load power. In 2000 coal accounted for 79% of South Africa’s 

national primary power supply (i.e. including electricity and petroleum) (DoE, 2005), but that could 

decline as renewable electricity sources become more significant. South Africa has 19 coal fields 

within the Karoo super group strata with the total recoverable reserves estimated at 55 333 Mt or 

about 50 years of coal supply. Most of the reserves that overlap with SWSAs are located in the 

Highveld, Witbank and Ermelo fields (Table 35) with extensive reserves in areas that do not overlap 

with SWSAs (Colvin et al., 2011).  

 

Figure 51:  The location of South African coal fields in relation to the SWSAs. Coal field data supplied by the 
Council for Geosciences. 
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The degree of overlap between the coals fields and the SWSAs varies, the greatest being in the 

Upper Vaal and Kroonstad where the SWSA polygons completely overlap with coalfields. The next 

most extensive is the Ekangala Grasslands at nearly 45% followed by the Mfolozi headwaters at 22% 

which has already been identified as a critical water-energy conflict area (Colvin et al., 2011). 

However, the overlap is not the best indicator of the potential impact as the important factors are 

the remaining and recoverable coal within each coal field and the nature of the mining required to 

extract that coal. There are very large reserves in the Highveld and Ermelo coal fields which overlap 

with SWSAs, particularly the Upper Vaal and Ekangala. This information must be taken into account 

when considering coal mining in any of the SWSAs. 

Nationally, the total area of the overlap between the coalfields and the SWSAs is about 955 128 ha 

which is equivalent to just 3.2% of the total area of the coalfields. The Utrecht coal field shows the 

greatest overlap at 66.5% of the entire coal field, virtually the same as the Vryheid coalfield at 66.7% 

and the Ermelo coal field at 28.7%. Many of the coal fields do not overlap at all so there is potentially 

a large amount of coal that could be mined instead of extending the existing mines or opening new 

mines in those SWSAs which have been significantly affected already or could be adversely affected 

by further mining.
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Table 34: The area of each Strategic Water Source Area which overlaps with coal fields in South Africa (excluding those SWSAs and coal fields with no overlap), the type 
of SWSA (sw = surface water, gw = groundwater), the coal field’s economically recoverable potential, the run-of-mine (ROM) production, and (thus) the remaining coal 
reserves (after (Colvin et al., 2011)). Coal field data were supplied by the Council for Geosciences (nd = no data).  

 

SWSA Name Type Coal Field Extent of 
coal field 

Recoverable 
Mt 

ROM 
production 
(1982-
2000) Mt 

Remaining 
Mt 

Overlap 
area (ha) 

Total 
SWSA area 
(ha) 

Overlap 
(% of 
SWSA) 

Total 
overlap 
(%) 

Eastern Cape Drakensberg sw Molteno 456 900 nd nd nd 15 261 1 631 500 0.94 0.94 

Eastern Karst Belt gw Witbank 762 600 12 460 2 320 10 140 34 940 144 109 24.25 24.25 

Ekangala Drakensberg sw Ermelo 1 002 800 4 698 101 4 597 165 132 865 634 19.08  

Ekangala Drakensberg sw Highveld 771 200 10 979 972 10 007 63 557 865 634 7.34  

Ekangala Drakensberg sw Utrecht 224 900 649 64 585 149 437 865 634 17.26  

Ekangala Drakensberg sw Vryheid 50 000 204 82 122 6 835 865 634 0.79 44.47 

Klipriver Karst Region gw Vereeniging - Sasolburg 565 800 2 233 335 1 898 869 49 478 1.76 1.76 

KOSH Karst Region gw Free State 1 057 700 4 919 0 4 919 1 269 64 669 1.96 1.96 

Kroonstad gw Free State 1 057 700 4 919 0 4 919 79 937 79 937 100.00 100.00 

Mfolozi Headwaters sw Vryheid 50 000 204 82 122 26 011 114 533 22.71 22.71 

Mpumalanga Drakensberg sw Ermelo 1 002 800 4 698 101 4 597 43 868 713 0.00 0.00 

Natalspruit & Springs Karst Basin gw Witbank 771 200 12 460 2 320 10 140 41 423 114 825 36.08 36.08 

Northern Drakensberg sw Klip River 489 400 655 85 570 96 435 896 329 10.76 10.76 

Northern Highveld gw Witbank 771 200 12 460 2 320 10 140 5 609 134 523 4.17 4.17 

Nyl and Dorps River Valley gw Springbok Flats 876 900 1 700 0 1 700 77 750 203 606 38.19 38.19 

Upper Usutu sw Ermelo 1 002 800 4 698 101 4 597 101 036 601 743 16.79 16.79 

Upper Vaal sw Ermelo 1 002 800 4 698 101 4 597 21 858 83 552 26.16  
Upper Vaal sw Evander 20 600 nd nd nd 12 492 83 552 14.95  

Upper Vaal sw Highveld 771 200 10 979 972 10 007 44 457 83 552 53.21  

Upper Vaal sw Witbank 762 600 12 460 2 320 10 140 4 695 83 552 5.62 99.94 

Vivo-Dendron gw Mopane (Soutpansberg) nd 267 6 261 6 080 255 540 2.38 2.38 
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8.3 Protection status 

The protection status of the SWSAs was determined by intersecting them with both the formal  and 

informal protected areas. The information of protected areas was obtained from the spatial datasets 

compiled by SANBI, DEA and conservation agencies, among others, for the National Protected Area 

Expansion Strategy (SANBI, 2010). The spatial datasets compiled for this strategy included 

information on the status of protected areas up until 2011 and was downloaded from the BGIS in 

September 2016 (http://bgis.sanbi.org/index.asp).  

The formal protected areas dataset includes all areas managed for conservation purposes by a 

government body, whether national, provincial, district or local government (e.g. National Park, 

Provincial Conservation Agent, Local Authority). The dataset includes the reserve name, specific type 

(e.g. National Park, Mountain Catchment Area, Local Authority Reserve), Protected Area Category 

(e.g. A = National or Provincial) and the Management Agent. A total of 1.96 million ha of 74 of the 

the SWSAs is protected to some extent, with the proportion of an SWSA that is formally protected 

varying from about 76.7% for the Kouga to less than 1% in several cases (Table 36). The total area of 

the SWSAs with some level of formal protection is 18.20 million ha, so that the formal protected 

areas comprise about 10.8% of the SWSAs. A number of the SWSAs form larger interconnected 

blocks, particularly in the Western Cape (Table 36), so that the total areas under formal protection 

amount to very extensive areas. For example, from the West Coast (Sandveld) through to the 

Langeberg with only a narrow gap at the western end of the Langeberg (Figure 51).  There are 27 

SWSAs which do not include any formally protected area and they add up to about 4.75 million ha, 

or 26.1% of the total area of the SWSAs (Table 37). Most of these are groundwater source areas and 

are spread widely across South Africa. The formally protected areas analysed here do not include 

formally protected areas in Lesotho or Swaziland which would add to the total under some 

protection.  

The informal protected areas include all areas of private land which have been legally protected 

through an agreement between a government authority and the private landowner(s). The dataset 

includes the reserve name, specific type, protected area category and management agent. The 

information other than the reserve name is all the same so only a summary per SWSA is included 

here (Table 38). A total of 32 of the SWSAs include informal protected areas. They only make a 

relatively small contribution to the protection of the SWSAs as they only amount to about 91 000 ha 

in total, but they can be important in protecting specific water sources. The Southwestern Cape 

Ranges groundwater source area has no formal protected areas so the informal protected area 

provides its only protection, but this seem to be the only one where this is the case.  

 

http://bgis.sanbi.org/index.asp
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Table 35: Formally protected areas in each of the SWSA sections and as a whole. Based on data compiled for the National Protected Areas Expansion Strategy (2011 
version  downloaded from the BGIS: http://bgis.sanbi.org/index.asp) (SANBI, 2010). 

SWSA name Type Area (ha) Total PA 
(ha) 

Total area 
in section 
(ha) 

Protected 
(%) 

Whole 
area (ha)  

Protected 
(%) 

Amatole sw 13 656 13 656 158 858 8.60  8.60 

Beaufort West gw 28 008 28 008 78 598 35.63  35.63 

Blouberg gw 1 600 1 600 66 609 2.40  2.40 

Boland sw 78 082  258 325 30.23   

Boland & Northwestern Cape Ranges swgw 7 160  19 875 36.03   

Boland & Overberg Region swgw 2 218  24 058 9.22   

Boland & Southwestern Cape Ranges swgw 174 842  276 219 63.30   

Boland & Tulbagh-Ashton Valley swgw 8 218 270 521 44 430 18.50 622 907 43.43 

Bo-Molopo Karst Belt gw 6 439 6 439 526 763 1.22  1.22 

Cape Peninsula and Cape Flats gw 721 721 30 600 2.36  2.36 

Central Pan Belt gw 2 296 2 296 336 773 0.68  0.68 

Coega TMG Aquifer gw 29 296 29 296 163 364 17.93  17.93 

Crocodile River Valley gw 51 51 216 306 0.02  0.02 

Eastern Cape Drakensberg sw 13 860 13 860 1 631 500 0.85  0.85 

Eastern Karst Belt gw 5 104 5 104 144 109 3.54  3.54 

Eastern Upper Karoo gw 18 477 18 477 613 098 3.01  3.01 

Ekangala Drakensberg sw 4 671 4 671 865 634 0.54  0.54 

Far West Karst Region gw 8 173 8 173 138 207 5.91  5.91 

Great Kei gw 2 743 2 743 141 624 1.94  1.94 

Groot Winterhoek sw 94 623  160 131 59.09   

Groot Winterhoek & Northwestern Cape Ranges swgw 158 587  274 098 57.86   

Groot Winterhoek & Sandveld swgw 8 829  31 849 27.72   

Groot Winterhoek & Tulbagh-Ashton Valley swgw 50 793 312 832 83 059 61.15 549 137 56.97 

Kamieskroon gw 4 340 4 340 331 419 1.31  1.31 

Kouga sw 36 455 36 455 47 560 76.65  76.65 

Kroondal / Markina gw 9 300 9 300 79 515 11.70  11.70 

http://bgis.sanbi.org/index.asp
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SWSA name Type Area (ha) Total PA 
(ha) 

Total area 
in section 
(ha) 

Protected 
(%) 

Whole 
area (ha)  

Protected 
(%) 

Langeberg gw 8 514  49 030 17.36   

Langeberg sw 2 052  41 481 4.95   

Langeberg & Langeberg swgw 76 196 86 762 168 497 45.22 259 007 33.50 

Letaba Escarpment gw 1 083 1 083 109 736 0.99  0.99 

Maloti Drakensberg sw 4 078 4 078 1 222 978 0.33  0.33 

Mbabane Hills sw 53 425 53 425 1 038 546 5.14  5.14 

Mpumalanga Drakensberg sw 45 926  553 051 8.30   

Mpumalanga Drakensberg & Eastern Lowveld 
Escarpment 

swgw 3 872  191 464 2.02   

Mpumalanga Drakensberg & Northern Lowveld 
Escarpment 

swgw 31 155 80 953 124 197 25.08 868 713 9.32 

Natalspruit and Springs Karst Basin gw 4 200 4 200 114 825 3.66  3.66 

Northern Drakensberg sw 70 767 70 767 896 329 7.90  7.90 

Northern Highveld gw 262 262 134 523 0.20  0.20 

Northern Lowveld Escarpment gw 49 764 49 764 277 632 17.92  17.92 

Northwestern Cape Ranges gw 10 472 10 472 71 803 14.59  14.59 

Nyl and Dorps River Valley gw 3 101 3 101 203 606 1.52  1.52 

Outeniqua sw 53 881  244 809 22.01   

Outeniqua & George swgw 17 366  41 810 41.54   

Outeniqua & Upper Keurbooms swgw 3 462 74 708 8 098 42.75 294 716 25.35 

Overberg Region gw 22 385 22 385 202 058 11.08  11.08 

Phalaborwa gw 13 036 13 036 43 289 30.11  30.11 

Port Nolloth gw 4 564 4 564 51 237 8.91  8.91 

Richards Bay GW Fed Estuary gw 1 024 1 024 60 574 1.69  1.69 

Sandveld gw 2 033 2 033 369 138 0.55  0.55 

Southern Drakensberg sw 203 899 203 899 2 046 584 9.96  9.96 

Soutpansberg gw 4 613  126 151 3.66   

Soutpansberg sw 269  101 850 0.26   
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SWSA name Type Area (ha) Total PA 
(ha) 

Total area 
in section 
(ha) 

Protected 
(%) 

Whole 
area (ha)  

Protected 
(%) 

Soutpansberg & Soutpansberg swgw 266 5 148 131 099 0.20 359 100 1.43 

Swartberg sw 45 338 45 338 74 738 60.66  60.66 

Table Mountain sw 9 806  18 945 51.76   

Table Mountain & Cape Peninsula and Cape Flats swgw 5 700 15 506 29 350 19.42 48 296 32.11 

Tsitsikamma sw 52 867  246 718 21.43   

Tsitsikamma & Coega TMG Aquifer swgw 772  4 792 16.10   

Tsitsikamma & Upper Keurbooms swgw 51 682 105 320 87 450 59.10 338 960 31.07 

Tulbagh-Ashton Valley gw 49 905 49 905 221 573 22.52  22.52 

Upper Keurbooms gw 499 499 26 762 1.86  1.86 

Upper Sand (Polokwane) Aquifer System gw 1 639 1 639 96 568 1.70  1.70 

Van Wyksdorp gw 23 280 23 280 59 919 38.85  38.85 

Vanrhynsdorp gw 8 273 8 273 142 278 5.81  5.81 

Ventersdorp/Schoonspruit Karst Belt gw 4 319 4 319 287 518 1.50  1.50 

Vivo-Dendron gw 1 694 1 694 255 540 0.66  0.66 

Waterberg sw 3 594 3 594 83 797 4.29  4.29 

West Coast Aquifer gw 21 830 21 830 458 632 4.76  4.76 

Westrand Karst Belt gw 30 664 30 664 108 994 28.13  28.13 

Willowmore gw 189 189 28 919 0.65  0.65 

Wolkberg sw 8 551  54 346 15.73   

Wolkberg & Letaba Escarpment swgw 12 476  105 382 11.84   

Wolkberg & Northern Lowveld Escarpment swgw 34 953 55 980 114 931 30.41 274 659 20.38 

Zululand Coastal Plain gw 128 963 128 963 330 521 39.02  39.02 

Total  1 957 201  18 204 647 10.75   
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Table 36: SWSAs which have no formally protected areas. Based on data compiled for the National 
Protected Areas Expansion Strategy (2011 version  downloaded from the BGIS: 
http://bgis.sanbi.org/index.asp) (SANBI, 2010). 

SWSA Name Type Area (ha) 

Arlington gw 155 307 

Carnarvon gw 65 860 

De Aar Region gw 247 462 

Eastern Cape Drakensberg & Transkei Middleveld swgw 531 273 

Eastern Kalahari A gw 201 037 

Eastern Kalahari B gw 265 614 

Eastern Lowveld Escarpment gw 1 516 

George gw 1 432 

Giyani gw 43 788 

Hertzogville gw 44 674 

Klipriver Karst Region gw 49 478 

Komaggas Cluster gw 36 368 

KOSH Karst Region gw 64 669 

Kroonstad gw 79 937 

Lower Mzimvubu gw 119 854 

Loxton gw 39 690 

Mfolozi Headwaters sw 114 533 

Nelspoort gw 50 890 

Northern Ghaap Plateau sw 627 870 

Sishen / Kathu gw 482 672 

Southern Ghaap Plateau gw 654 209 

Southwestern Cape Ranges gw 1 021 

Strandfontein gw 29 095 

Sutherland gw 125 317 

Transkei Middleveld gw 29 382 

Upper Usutu sw 601 743 

Upper Vaal sw 83 552 

Total  4 748 246 

 

Table 37: SWSAs with informal protected areas (i.e. private nature reserves). Based on data compiled for the 
National Protected Areas Expansion Strategy (2011 version  downloaded from the BGIS: 
http://bgis.sanbi.org/index.asp) (SANBI, 2010). 

SWSA Name Type Area (ha) 

Beaufort West gw 1 630 

Boland sw 788 

Boland & Overberg Region swgw 507 

Boland & Southwestern Cape Ranges swgw 1 230 

Boland & Tulbagh-Ashton Valley swgw 74 

Bo-Molopo Karst Belt gw 9 758 

Coega TMG Aquifer gw 1 641 

Eastern Karst Belt gw 254 

Eastern Upper Karoo gw 9 206 

Ekangala Drakensberg sw 2 641 

http://bgis.sanbi.org/index.asp
http://bgis.sanbi.org/index.asp
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SWSA Name Type Area (ha) 

Great Kei gw 428 

Groot Winterhoek & Northwestern Cape Ranges swgw 1 203 

Groot Winterhoek & Tulbagh-Ashton Valley swgw 31 

Kouga sw 1 429 

Langeberg sw 222 

Langeberg & Langeberg swgw 265 

Mbabane Hills sw 1 493 

Mpumalanga Drakensberg sw 26 223 

Mpumalanga Drakensberg & Eastern Lowveld 
Escarpment 

swgw 771 

Outeniqua sw 352 

Overberg Region gw 2 112 

Phalaborwa gw 3 490 

Sandveld gw 1 490 

Southern Drakensberg sw 2 325 

Southwestern Cape Ranges gw 241 

Tsitsikamma sw 95 

Tsitsikamma & Upper Keurbooms swgw 61 

Tulbagh-Ashton Valley gw 5 698 

Upper Keurbooms gw 42 

Upper Sand (Polokwane) Aquifer System gw 1 994 

Vanrhynsdorp gw 351 

West Coast Aquifer gw 12 933 

Total  90 981 

 

8.4 Invasive alien plants 

In preparation 

9 Timelines and way forward 

This report is an interim progress report in which we have produced an updated map of strategic 

groundwater source areas, made refinements to the existing map of strategic surface-water source 

areas, explicitly linked the benefit flows from strategic surface-water source areas to major urban 

centres in South Africa and assessed the impacts on surface water resources by analyzing the land 

cover. The data and maps in this report will continue to be refined as we prepare the remaining 

deliverables. The next major objective is to produce a draft of the guidelines which needs to be 

reviewed by stakeholders and revised before generating the final reports (Figure 52). 
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Figure 52: Iterative co-production of project outputs, with the key activities shown in the green boxes and 
the red text showing the expected stakeholder review at key milestones 
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