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Summary 

Water management challenges in the Mooi River catchment are becoming increasingly complex due to an 

increase in the demand of water users combined with the current and historic negligent pollution of water. 

In this regard, the illegal discharge of effluent by major water users, especially the gold mines, is the most 

prominent. 

A clear demonstration of the growing complexity and urgency of the situation in the Mooi River catchment, 

is the existing Memorandum of Understanding (MOU) between the Gauteng regional office of the 

Department of Water Affairs and Forestry (DWAF) and the Potchefstroom Local Municipality. This MOU 

calls for inter aha the following: integrated monitoring of the Wonderfontein Spruit and Mooi River 

catchments and the commencement of a risk assessment to users downstream of the Wonderfontein 

Spruit. 

The Potchefstroom Local Municipality is currently reliant on the Mooi River as its sole source of raw water 

for the supply of drinking water to its citizens. Unfortunately, water quality in the Mooi River catchment is 

impacted on by water from its Wonderfontein Spruit tributary, primarily due to constant pollution by gold- 

mining industries and associated abandoned infrastructures and deposits in the Wonderfontein Spruit region. 

The discharge of polluted underground mine water within the Wonderfontein Spruit catchment, combined with 

the underground flooding of some abandoned mines, has resulted in the pollution of both the surface water of 

the downstream river system, as well as the underlying dolomitic water resources, adversely affecting the 

beneficial use of water in the Mooi River catchment. 

The following reasons enhance the complexity of the abovementioned situation even further, as it minimises 

the chances of successful remediation and restoration: 

1) not only has it been demonstrated that there is interaction between the surface streams of the 

Wonderfontein Spruit and its associated dolomitic ground water compartments; 

2) but it has also been demonstrated that the sediments of the Wonderfontein Spruit tributary and its 

downstream dams are continually enriched with heavy metals and radionuclides, which could be 

released into the downstream water under certain uncontrollable circumstances, resulting in a 

significant deterioration in the water quality of all downstream users, including the City of 

Potchefstroom. 

This study therefore questions the sustainability of the current situation, and recognises its vulnerability and 

possible health risk. This study supports the need to take action in line with the precautionary principle of 



the National Environmental Management Act, No 107 of 1998, which advocates that a "risk-averse and 

precautionary approach" be followed. The feasibility of the following alternative solution is considered: 

Diverting the Wonderfontein Spruit towards an area downstream of the Potchefstroom raw water 

abstraction points in order to ensure an improved raw water quality supply for Potchefstroom. 

The feasibility study of the diversion is concluded in section 5, and comes to the following preliminary 

conclusion: 

The Wonderfontein Spruit diversion would indeed be a feasible option to be considered for improving the 

raw water quality of Potchefstroom, due to the following reasons: 

The proposed diversion will 

improve the current situation by minimising the contamination potential of the Potchefstroom raw 

water by the Wonderfontein Spruit at Turffontein; and 

improve on the current raw water quality available to Potchefstroom; and 

minimise the potential health risk of the current situation, as has been considered by previous 

studies (see section 1); and 

provide a feasible alternative water use (namely agriculture) for the diverted water from the 

Wonderfontein Spruit at Turffontein. 

However, the study also notes that the following factors also have to be taken into consideration, as they 

might have an influence on the feasibility of the abovementioned proposal, despite the abovementioned 

water quality advantages: 

As the diversion would influence water-availability, water availability should also be taken into 

consideration: the study recommends that a water-needs assessment be conducted, in order to 

contemplate on the feasibility of dedicating the Klerkskraal Dam as a water resource exclusively for 

Potchefstroom. 

The current lack of monitoring data on key water quality parameters of the Wonderfontein Spruit at 

Turffontein, were also regarded as a priority to be addressed, as the outcome of such monitoring data 

could influence the feasibility of the abovementioned proposal for agricultural purposes, and also the 

sustainability of the current situation. 



Alternatives to this solution are briefly described in Addendum 5 of this study. These alternatives basically 

consider the following: 

leaving the current situation as it is (the "No Go" option); 

utilising supplementary water (for example Rand Water or dolomitic water); or 

dedicating the Klerkskraal Dam as the sole raw water resource for Potchefstroom. 

Various other recommendations were made, and are listed in Section 6 of this study 



Opsomming 

Die bestuur van water in die Mooirivier opvanggebied ondervind toenemende druk as gevolg van die 

volgende konflik-situasie: Daar is 'n toename in aanvraag deur watergebruikers, asook die huidige-en 

historiese verwaarloosde besoedeling wat plaasvind. In hierdie verband, is die storting van onwettige 

afvalwater deur die groter watergebruikers, soos die goudmyne, die grootste probleem. 

'n Duidelike bewys van die toenemende kompleksiteit van hierdie situasie in die Mooirivier opvangsgebied, 

is die bestaande skriftelike ooreenkoms tussen die Departement Waterwese en Bosbou (DWAF) 

streekskantoor in Gauteng en Potchefstroom se plaaslike munisipaliteit. Hierdie verdrag stel onder andere 

die volgende voor: gei'ntegreerde monitering van die Wonderfonteinspruit- en Mooirivier opvangsgebiede 

en die versoek van 'n risiko-assessering vir watergebruikers stroomaf van die Wonderfonteinspruit. 

Potchefstroom se plaaslike munisipaliteit is tans afhanklik van die Mooirivier as enigste waterbron vir 

drinkwaterverskaffing aan inwoners. Ongelukkig word die waterkwaliteit van die Mooirivier opvangsgebied 

bei'nvloed deur water van die Wonderfonteinspruit, meestal as gevolg van aanhoudende besoedeling deur 

die goudmyne en geassosieerde industriee, verlate infrastrukture en afsetsels in die Wonderfonteinspruit- 

streek. Die storting van besoedelde grondwater van die myne in die Wonderfonteinspruit opvangsgebied, 

tesame met die ondergrondse oorstroming van sekere myne, het gelei tot die besoedeling van beide die 

oppervlakwater van die stroomaf rivier-stelsel, sowel as die onderliggende dolomitiese waterbronne. Sodanige 

besoedeling bei'nvloed dus die voordelige watergebruik van die Mooirivier opvangsgebied ongunstig. 

Die volgende faktore dra egter by tot toenemende kompleksiteit van die bogenoemde situasie, en belemmer 

die kans op suksesvolle remediering en restorasie: 

1) daar is bewys dat daar nie net interaksie tussen die Wonderfoneinspruit se oppervlaktestrome en die 

geassosieerde dolomitiese grondwater kompartemente is nie; 

2) maar ook dat die sedimente van die Wonderfonteinspruit en die damme stroomaf deurgaans verryk 

word met swaarmetale en radionukli'edes, wat in die water stroomaf vrygestel kan word onder sekere 

onbeheerbare omstandighede. Dit kan verwag word dat sodanige gebeurtenis sal lei tot 'n 

noemenswaardige afname in die waterkwaliteit van al die watergebruikers stroomaf, insluitend 

Potchefstroom. 

Hierdie studie bevraagteken dus die volhoubaarheid van die huidige situasie, asook die moontlikheid van 'n 

gesondheidsrisiko. Hierdie studie ondersteun dus die behoefte om tot aksie oor te gaan, en ondersteun die 

volgende beginsel as rigsnoer: Die voorkomendheids beginsel van die Nasionale Wet op 



Omgewingsbestuur, No 107 van 1998. Hierdie beginsel stel voor dat 'n "risiko-vermydende en 

voorkomende benadering" genoodsaak word. 

Die lewensvatbaarheid van die volgende oplossing word tydens hierdie studie oorweeg: 

Die verlegging van die Wonderfonteinspruit na 'n gebied stroomaf van die Potchefstroom munisipale water 

onttrekkingspunt, om sodoende te verseker dat die kwaliteit van die watervoorraad van Potchefstroom 

verbeter. 

Die lewensvatbaarheidstudie van die verlegging is saamgevat in afdeling 5 en die volgende voorlopige 

konklusies is bereik: 

Die Wonderfonteinspruit (Turffontein) verlegging sat beslis 'n lewensvatbare opsie wees indien daar 

gepoog word om Potchefstroom se waterkwaliteit te laat toeneem, as gevolg van die volgende redes: 

Die voorgestelde verlegging sal 

die huidige situasie verbeter, deurdat die besoedelingspotensiaal van Potchefstroom se water deur 

die Wonderfonteinspruit (Turffontein), geminimaliseer word; en 

lei tot verbetering in die huidige waterkwaliteit, beskikbaar aan Potchefstroom; en 

die moontlike gesondheidsrisiko van die huidige situasie, soos vasgestel deur vorige studies (sien 

afdeling I ) ,  minimaliseer; en 

'n lewensvatbare alternatiewe watergebruik (naamlik landbou) vir die verlegde water van die 

Wonderfonteinspruit (Turffontein), voorstel. 

Die huidige tekort aan moniteringsdata van waterkwaliteit sleutelparameters van die Wonderfonteinspruit 

(Turffontein), is geoogmerk as 'n ernstige prioriteit wat aangespreek behoort te word. Die uitkoms van 

sulke data kan die lewensvatbaarheid van die bogenoemde voorstel van die verlegging van die 

watergebruik na landbou, asook die volhoubaarheid van die huidige situasie, bei'nvloed. 

Alternatiewe oplossings is kortliks beskryf in Addendum 5 van hierdie studie. Hierdie alternatiewe oorweeg 

basies die volgende: 

Laat die huidige situasie net soos dit is (die "No Go" opsie); 

Gebruik aanvullingswater (byvoorbeeld Rand Water of dolomitiese water); of 

Wy Klerkskraaldam daaraan toe om die enigste waterbron vir Potchefstroom te wees. 

Verskeie aanbevelings word ook gemaak en word in Afdeling 6 van hierdie studie gelys. 
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1. Introduction and Problem Formulation 

Water resource planning has become a challenging and sophisticated discipline that has to reconcile 

economic, social and ecological considerations. This phenomenon is clearly illustrated in South Africa, 

where the scarcity and variability of the available water resources, coupled with the need for economic 

growth and development, as well as social upliftment, presents water resource managers with a number of 

significant challenges. At the local level in the North West Province, the Mooi River catchment is constantly 

polluted by primarily the gold-mining industries in the Wonderfontein Spruit tributary (DWAF, 19975). 

According to Wade et a1 (2000:1), heavy metals and radionuclides continually enrich the sedimentary phase of 

the Wonderfontein Spruit tributary. DWAF (19975) describes the situation as "vulnerable", and advocates 

the necessity of the Mooi River catchment to be a priority catchment for radioactivity monitoring. 

According to Van der Walt (2004), the abovementioned vulnerability is intensified by some of the mining 

companies' lack of compliance to their water use license-requirements. However, compliance to current 

water use license requirements will also not necessarily solve the problem in the long run, as heavy metal 

pollution by the mines will continue and even increase with the closing of mines. As stipulated by Winde 

(2004) and Van der Walt (2004), underground water (that is currently pumped out, in order to prevent 

flooding) in the mines will eventually be recharged. Due to the natural flow of groundwater within the 

Wonderfontein Spruit, the risk of heavy metal contamination in downstream Wonderfontein Spruit surface 

and groundwater will be increased. 

This phenomenon, if unchecked, could not only result in the potential crippling of the ecosystem integrity and 

buffer-capacity, but it might also be coupled with an elevated public health risk, according to Wade et at 

(2000:l). It therefore has the potential to threaten sustained socio-economic growth and development potential 

in the region. The downstream community of Potchefstroom can especially be affected, due to the fact that it 

currently obtains its bulk water supply for domestic consumption purposes from the Mooi River, which runs 

through the city. 

The existing Memorandum of Understanding (MOU) between the Gauteng Regional Office of the 

Department of Water Affairs and Forestry (DWAF) and the Potchefstroom Local Municipality, as well as on- 

going media releases on the subject', is a clear demonstration of the growing complexity and urgency of 

the situation. 

' Examples of recent media releases on the potential long-term health risk of the current situation, are for 
instance the following: Beeld (14 January 2003), Beeld (15 January 2003), Beeld (1 November 2003) and 
Sunday Times (1 2 January 2003). 
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The MOU (PLM, 2003) calls for inter alia the following: legalised discharge of effluent by major water users 

into the Mooi River catchment, stakeholder involvement in all processes, the integrated monitoring of the 

Wonderfontein and Mooi River catchments and the commencement of a risk assessment to users 

downstream of the Coetzee Dam in the Wonderfontein Spruit. 

In the light of the abovementioned complexity, various research studies have been conducted on the 

potential public safety and health risks that are associated with the goldmine-related pollution of the 

Wonderfontein Spruit and its downstream areas. These research studies include the Report on the 

Radioactivity Monitoring Programme in the Mooi River catchment (DWAF, 1997), which sought to establish 

the drinking water health risk, as well as the Tier 7 Risk Assessment of Radionuclides in Selected 

Sediments of the Mooi River (Wade et a/, 2000:2), focusing on the concentrations of selected radionuclides in 

the sediments of the Mooi River between Krugersdorp and Potchefstroom, as well as the risks represented by 

the potential re-release of heavy metals from the sediment. 

According to Wade et a1 (2000:1), there is evidence that the sediments of the Mooi River are accumulating 

radionuclides from the water column. Wade et a1 (2000:l) also advocates that the sediment phase, which is 

in intimate contact with the water column phase of the aquatic ecosystem, binds metals more strongly than 

the aqueous phase, ensuring a continuous migration of metal from the aqueous to the sediment phase. 

Thus, under historical and currently acceptable water management criteria, the water column toxic metal 

concentrations might be maintained at a safe level for the preservation of water column biota, while the 

sediments become enriched with respect to toxic metals. 

According to Wade et a1 (2000:1), the enrichment of metals in the sediment phase has implications under 

different scenarios: 

In one scenario, where the general chemical conditions of the aquatic ecosystem can remain constant, 

metal enrichment by the sediment results in a metal-toxic environment to sediment dwellers, even though 

water column concentrations of metals remain at a safe level. 

In another scenario, the aquatic ecosystem might be disturbed. There might be drastic changes in pH, 

redox status, and sediment may be disturbed due to an event such as a flood. Under this scenario, metals 

that were once immobilised in the sediment might become mobilised into the water column, with a negative 

effect on water column communities. 

This study therefore questions the sustainability of the current situation, and recognises its vulnerability, 

especially due to the possible health risk. The need to take action is therefore supported in line with the 

precautionary principle of the National Environmental Management Act, No. 107 of 1998, which advocates 



that a "risk-averse and precautionary approach be followed". This study considers the feasibility of the 

following alternative solution: To divert the Wonderfontein Spruit towards an area downstream of the 

Potchefstroom bulk water abstraction points in order to ensure the improved quality of the Potchefstroom 

raw water supply. 

Currently, the Mooi River flows into Boskop Dam north of Potchefstroom after converging with two of its 

tributaries, namely the Gerhard Minnebron and the Wonderfontein Spruit. The Mooi River continues its flow 

south of Boskop Dam past Potchefstroom towards the Vaal River. A large portion of the water from the 

Mooi River, however, is canalised in order to supply water to adjacent farms for agricultural use. One of the 

canals, namely the Left Bank canal, flows parallel to the Mooi River on the east, up to the Lakeside Dam. It 

then deviates to the east of Potchefstroom towards the Vyfhoek agricultural holdings. The Right Bank 

canal, on the other hand, flows parallel to the Mooi River on the west, and passes Potchefstroom on its 

way to the Mooi Bank agricultural holdings. Both of these canals eventually end up (either directly or are 

linked with other canals) in the Mooi River just north of the Vaal River. 

Potchefstroom obtains its raw water primarily from the Right Bank canal, which is linked with the water 

purification plant just north of Potchefstroom. Occasionally, when this canal is cleaned, however, water is 

also obtained from the Left Bank canal. 

Due to the abovementioned health risk probability, this study aims to evaluate the feasibility of diverting the 

Wonderfontein Spruit away from Boskop Dam and the Potchefstroom water abstraction points, in order to 

avoid possible contamination and to ensure a more sustainable water supply for Potchefstroom. 

It was proposed by this study that the route of diversion should be the existing Gerhard Minnebron canal. 

However, as the Gerhard Minnebron canal is utilised for agricultural purposes, this study evaluated the 

adequacy of utilising the Wonderfontein Spruit water for agricultural purposes (see section 4.5). 

The feasibility study therefore considers the implications of the diversion on especially the following: 

agricultural use of water from the Gerhard Minnebron canal (the effect of the diversion on water 

quality in the canal, and the resultant consequences); 

water quality and quantity of the Mooi River stream; and 

the Potchefstroom raw water quality. 

Alternative solutions to the Wonderfontein Spruit diversion are also considered by this study, and are 

discussed in Addendum 5. However, the main objective of this study is to facilitate informed decision- 



making on the abovementioned solution, in order to provide'~otchefstroom with a more sustainable raw 

water supply. 

2. The Study Area 

2.1 Describing the Mooi River catchment 

2.1 .I A General Description 

The Mooi River catchment stretches across two provinces in South Africa, partially originating from the 

West Rand region of the Gauteng Province. The Mooi River and its tributary, the Wonderfontein Spruit, 

also known as the Mooi River Loop, are united above Boskop Dam, and flows past the town of 

Potchefstroom into the Vaal River. The Mooi River catchment is underlain to a large extent with dolomite, 

which results in the interaction between surface and groundwater. 

The Mooi River catchment is over 4500 km2 in extent and is relatively flat with elevations varying from 1520 

m in the north to about 1300 m in the vicinity of the Vaal River confluence. DWAF (1998: 2.1) explains that 

the originally gently undulating topography of the upper parts of the Wonderfontein Spruit has been 

modified by mine dumps. A rocky ridge (known as Gatsrand) runs through most of the mining area in the 

lower Wonderfontein Spruit, which renders the area in general to be rocky on the ridges, slopes and flat 

areas. 

The flat topography in the lower Mooi River catchment results in a moderate river slope. The average slope 

of the Mooi River between Boskop Dam and Potchefstroom is 2.5 mlkm (0.25%) and between 

Potchefstroom and the Vaal River the slope is 0.9 mlkm, which explains the extensive wetland areas 

downstream of Potchefstroom (DWAF, 1998:2.1). 

It is important to note that the water quality of the Mooi River south of Boskop Dam is influenced by the 

different qualities of the Mooi River and its main tributary the Wonderfontein Spruit. 

The headwaters of the Mooi River in the northern part of the catchment, which flow into the Klerkskraal 

Dam, is seen as a good quality water resource, unlike the Wonderfontein Spruit (Wade et a/, 2000:45). The 

catchment north of the Klerkskraal Dam is not impacted directly by mining industries. Significant amounts 

of water are abstracted from the Klerkskraal Dam for irrigation purposes as part of the Mooi River State 

Water Scheme. 



The Wonderfontein Spruit, tributary of the Mooi River, has its origin in Krugersdorp, Gauteng Province, 

where, according to Wade et a1 (2000: 45), it has been receiving impacts from mining operations for more 

than 60 years. The clear evidence of mine-related pollution is demonstrated by the numerous redundant 

and operating mine slimes and tailings dams, from whose structures storm water and seepage drains 

(most of which were constructed without under drainage or toe dams). 

Water is also imported into the catchment via the Rand Water Board to provide water inter aha to the town 

of Carletonville and to gold mines, such as West Driefontein mine. 

2.1.2 Climate 

The area has a typical South African Highveld climate (DWAF, 1998: 2.3), as the summers are warm to 

hot, and winters days mild to warm with frosty nights. The temperature range is typical of the Highveld, and 

ranges from maximum temperatures commonly between 30°C and 33OC in the summer (November to July) 

to minimum temperatures around -1 O°C in the winter (JuneIJuly). 

Rainfall occurs predominantly during the summer months in the form of thunderstorms (convection rain) 

with associated lightning and hail. The mean annual rainfall range in the catchment (DWAF, 1998: 2.3) is 

from about 750mm on the north-eastern boundary to about 520 mm in the vicinity of Boskop Dam. The 

mean annual rainfall for Potchefstroom is 631mm. The mean annual potential catchment evaporation 

varies between 1600mm and 1700mm. 

2.1.3 Vegetation 

According to Bezuidenhout and Bredenkamp (1990: 392), the broad vegetation type of the entire dolomitic 

region can be described as an Eragrostis cuwula - Elionurus muticus grassland. Predominant grasses are 

Eragrostis cuwula, Nioinurus muticus, Themeda triandra, Digitaria eriantha, Aristida congesta, 

Cymbopogon plurinodis, Rhynchelytrum repens and Cynodon dactylon. 

The herbaceous layer of most of the plant communities is also well developed. Although the tree stratum 

(often consisting of Acacia karroo woodlands or trees such as Rhus pyroides, Acacia caffra, Celtis africana, 

Diospyros lycioides and Ziziphus mucronata) in various communities is often absent, a shrubby layer is 

often present, consisting of prominent species such as Rhus pyroides, Grewia flava and the occasional 

Protasparagus africanus (Bezuidenhout and Bredenkamp, 1990: 392). 

However, the natural vegetation is threatened by overgrazing and maize cultivation. The presence and high 

constancy of pioneer grasses such as Aristida congesta, Cynodon dactylon and Rhynchelytrum repens 



emphasize the generally degraded condition of the vegetation (Bezuidenhout and Bredenkamp, 1990: 

392). Exotic tree species (such as eucalyptus and black wattle) also occur in clusters often associated with 

mine dumps (DWAF, 1998: 2.4). 

2.1.4 Hydrology 

According to the 1997 DWAF report on the Vaal River system (quoted by DWAF, 1998: 2.6), the mean 

annual run-off for the Mooi River at its confluence with the Vaal River and at the Boskop Dam have been 

documented as 122 ~m~ and 72 ~m~ respectively for the period 1920 to 1994. It is important to note the 

complexity of the Mooi River catchment due to constant interaction between surface and ground water, and 

the fact that operational measures exist (especially in the upper Wonderfontein Spruit) that influence the 

inflow of surface water into dolomitic compartments. Water quality and volume information used in this 

study were obtained from the DWAF measuring stations listed in Appendix 1. 

2.1.5 Geohydrology 

Most of the Mooi River catchment is underlain with dolomites. According to DWAF (1998:2.8), the dolomite 

has been subjected to at least four periods of karstification and erosion during the last 2000 million years 

and a well-connected network of caverns, faults and joints have been formed and widened by solution. The 

dolomite therefore acts as an eye and stores groundwater. 

Another feature of the regional geology is the network of intersecting dykes (DWAF, 1995:14). These are 

narrow, vertical, intrusive formations subdividing the dolomite into various compartments. When dykes 

intersect and divide the dolomite into separate compartments, groundwater flow is interrupted, until the 

dyke intersects the deepest drainage feature in the area (like the Wonderfontein Spruit) and an "eye" or 

spring occurs on the west of each dolomitic compartment, due to the fact that the water in the compartment 

overflows over the dyke (DWAF, 1998: 2.9). 

However, due to the extensive mining activities in the region, and the nature of the gold mining, many large 

dolomitic compartments have been dewatered to prevent flooding. Dewatered compartments up to date 

include the Venterspost Compartment, Bank Compartment and the Oberholzer Compartment. The 

Gemsbokfontein West Compartment is also partly dewatered. Rand Water exploits the Zuurbekom 

Compartment for urban water supply, which is also influenced in its western section by mining activities. 

The Boskop-Turffontein Compartment is unaffected by mining. However, due to mining-related pollution, 

the water abstracted from this compartment is mainly utilised for agricultural purposes (DWAF, 1998: 2.9). 



Not only are some of the mines in the catchment connected with one another, but mining activities have 

also resulted in the interconnection of most of the dolomitic compartments. Individual mines can therefore 

not be considered in isolation, and if mining activities should cease, the groundwater recharge would force 

adjacent mines to continue pumping the water of the defunct mine, in order to continue mining (DWAF, 

1998: 2.9). Such discharges are often polluted, and have significant impacts on surface water quality and 

quantity in the catchment. According to DWAF (1995:33), sulphates are formed in gold mines, due to the 

oxidation of pyrite in the ore. Sulphate is therefore an ideal conservative tracer of the extent of mining 

pollution in an area (See figure 5). 

2.1.6 Describing the water users in the catchment 

The Mooi River and its tributaries receive a wide variety of point- and diffuse sources of contamination, and 

various water users (for instance farmers, etc.) use the water from the river (DWAF, 1998:3.1). Water users 

within the catchment can be subdivided into five user groups, namely domestic, industrial, agricultural, 

recreational and the natural environment. 

Although industrial and domestic water users are concentrated around Potchefstroom, water is also 

abstracted along the lower reaches of the Mooi River for domestic purposes (DWAF, 1998:3.1), while water 

from the Wonderfontein Spruit is used for livestock watering, domestic use (the informal settlement of 

Bekkersdal) and for irrigation of a wide variety of crops, as well as for recreational purposes (specifically 

the Donaldson Dam). The main water users in the Loop Spruit catchment are agriculture and domestic, as 

no water is supplied for industrial purposes. The Mooi River is furthermore used for angling and the banks 

of the river are important recreational areas - primarily due to aesthetic quality. 

2.1.6.1 Domestic and other water users 

The Potchefstroom Integrated Development Plan (IDP) of 2002 estimated the current population in 
\ 

Potchefstroom to be 207 780, of which 27 260 people live rurally and 180 520 people live in urban areas. 

The Potchefstroom IDP also stipulates that the average population growth has been 1.28% from 1996 - 
2000 (Potchefstroom Local Municipality, 2001 :20). 

Potchefstroom is also home to a large number of institutions, including the North-West University 

(Potchefstroom Campus), several South African National Defence Force (SANDF) bases and 

headquarters, an Agricultural Research Council research centre, and numerous schools, hospitals and 

clinics. 



2.1.6.2 Agricultural Users 

Agricultural users in the Mooi River catchment include both irrigation and livestock watering. The Mooi 

River State Water Scheme controls irrigation practice south of the confluence of the Wonderfontein Spruit 

and the Mooi River. The following irrigation boards also play a role in the rest of the Mooi River catchment: 

the Klipdrift (Loop Spruit) lrrigation Board and the Vyfhoek South lrrigation Board. The supply sources to 

the scheme include Klerkskraal Dam, Boskop Dam, Lakeside Dam, as well as the Gerhard Minnebron eye. 

Sprinkle and flood irrigation schemes are mostly utilized to irrigate the following main crops: asparagus, 

kikuyu, cabbage, lettuce, maize, peas, potatoes, pumpkin, lucern fodder, rye grass, oats, carrots, sweet 

corn, wheat and fruit trees. However, the primary land use is dry land maize and sunflower cultivation. 

Livestock are watered along the length of the river and include horses, cattle, pigs, sheep, dairy cows, 

ostriches and chickens (DWAF, l998:3.lO). 

2.1.6.3 Recreational Users 

A wide range of full-contact and intermediate-contact recreation activities occurs in the catchment, such as 

swimming, rowing, angling, sailing and windsurfing. Recreational activities (such as swimming and fishing) 

also occur on various farms and along rivers in the Mooi River, Wonderfontein and Loopspruit catchments. 

Areas along the Mooi River where recreational activities are concentrated, include the Boskop Dam and 

the Potchefstroom Lakeside Resort (Damontspanningsoord). The Mooi River's aesthetic quality is a 

valuable asset to the Potchefstroom population, who not only identifies with the river, but also enjoys 

informal picnics next to the river. Recreation in Potchefstroom also includes hiking next to the Mooi River, 

birding (Prozeski Bird Sanctuary) and mountain biking. 

Other facilities also include the Boskop Nature Reserve, the Potchefstroom Country Club golf course, 

which is played across the river several times, the Trimpark, as well as the Fanie du ~ o i t ' s ~ o r t s  terrain of 

the North-West University. 

2.1.6.4 Natural Environment Users 

The natural aquatic environment is also a user along the full length of all the rivers in the Mooi River 

catchment. However, dedicated areas for terrestrial and riparian conservation next to the Mooi River 

include the OPM Prozeski Bird Sanctuary, the Abe Bailey Nature Reserve and the Boskop Dam Nature 

Reserve. 

The OPM Prozeski Bird Sanctuary is situated south of Potchefstroom, next to the Mooi River and forms 

part of a wetland, which is maintained by water from the Potchefstroom sewage plant. The bird sanctuary 



and wetlands are used extensively in educational and community programmes (Van Hamburg and 

Bowman, 1996). The Abe Bailey Nature Reserve is situated on the farm Stinkhoutboom, which is 5km 

north-west of Carletonville. According to DWAF (1998: 3.19), several species present in the Abe Bailey 

Nature Reserve are listed in the South African Red Data Book on Birds. The Boskop Dam Nature Reserve 

is situated next to the Mooi River and the Boskop Dam. 

2.1.6.5 Industrial Users 

Potchefstroom has a well-diversified industrial sector, consisting of small to medium industries, as well as 

some larger industries: Kynoch (fertilizer), Naschem (an ammunition manufacturer) and a number of 

engineering works. These industries generally serve the agricultural and mining industries situated in the 

region, as well as further afield (SDM, 2001:l). The largest malt factory in the world (King Corn) also 

occurs in the Potchefstroom industrial area, as well as Tlhokwe Breweries and the large Chubby Chick 

abattoir (DWAF, 1998: 3.21 ). 

2.1.6.6 Mines as Water Users 

Water used by mines in South Africa is generally obtained from three different sources, namely surface 

water streams, mine seepage collected underground and purified, as well as borehole water in dry areas. 

DWAF (1998:3.22) advocates that underground water is the largest source of water for the mining industry. 

Surplus water that is pumped to the surface to be discharged, is used in the reduction works and in 

gardens, or recycled. Domestic water is obtained from the Rand Board and sometimes from a mine's 

fissure water (for example, West Driefontein mine in the Wonderfontein Spruit Catchment). 

No new mines are being developed in the upper Wonderfontein Spruit area. Mines that are still operational 

in the Randfontein area include JCI'I REGMIMillsite, Cooke and Lindum Reefs. 

In the Westonaria region of the lower Wonderfontein Spruit Catchment, the following mines are still 

operational: Libanon Gold Mine (incorporating Venterspost Gold Mine), Kloof and Leeudoorn Gold mines. 

In the Carletonville district, mines that are still operational include Elandsrand, Blyvooruitzicht, Western 

Deep Levels, Doornfontein, Deelkraal, as well as East and West Driefontein Gold mines. 



2.2 The current quantity and quality of raw water available to Potchefstroom 

2.2.1 The quantity of raw water available to Potchefstroom 

The Mooi River catchment Yield 

Although the upper Mooi River catchment constantly yields more than 46 ~ m ~ l a n n u m ,  only 20.62 

~ m ~ l a n n u m  of the total volume is discharged to the Mooi River system due to irrigation requirements of the 

Mooi River Government Water Scheme (See Chapter 3). For the purposes of this study, therefore, the flow 

of the Mooi River is 20.62 ~ m ~ l a n n u m .  

It was determined for the purposes of this study, that the flow rate of the Gerhard Minnebron is 22.3 Mllday 

(8.163 ~m~lannum) ,  while the average flow rate of the Wonderfontein Spruit below the TurFfontein eye is 

15.9 Mllday (5.724 ~m~lannum) ,  as derived from data of the DWAF C2H011 and C2H013 measuring 

stations. 

However, it should be noted that there are various disparities with regard to flow information in the data 

sources available. This should be seen as a fundamental problem, as there should be consensus on the 

correct information sources. In the case of this study, it was decided that the DWAF measuring station data 

should be the official data to be utilised in water resource management. 

An example of information disparity, for instance, is in the case of the Gerhard Minnebron flow rate: In 

terms of the flow metre at the Gerhard Minnebron (C2H011) measuring station, an average flow of 8.163 

Mm3/annum (22.3 Mllday) is measured. However, both Riedel (2003:19) and DWAF (1998: 5.19) tend to 

differ with the measurements of the DWAF measuring stations. According to Riedel (2003:19) and DWAF 

(1998: 5.1 9), the flow rate of the Gerhard Minnebron is 10.8 Mllday (3.92 ~rn~lannurn) and 71 Mllday 

(25.92 ~ m ~ l a n n u m )  respectively. 

Similar disparities also occurred when determining the average flow of the Wonderfontein Spruit at 

Turffontein. Both Riedel (2003: 19) and DWAF (1 998: 5.19) differed significantly from each other as well as 

the measurements of the DWAF measuring station C2H013. However, as indicated above, this study has 

taken the official DWAF measurements as the official data to be used in this study. 



The Mooi River catchment Water Demand 

Potchefstroom 

Potchefstroom is situated approximately 160km southwest of Johannesburg, in the North West Province of 

South Africa, just below the confluence of the Wonderfontein Spruit and the Mooi River, which runs through 

the city. Purified bulk water from the Mooi River is supplied to Potchefstroom by the Mooi River State Water 

Scheme. The water is obtained from the Boskop Dam (west bank canal), Klerkskraal Dam, as well as from 

the north of the Potchefstroom (Lakeside) Dam and the Gerhard Minnebron. Potchefstroom is the only 

abstractor of water from the river system for non-irrigatory purposes (industrial, agricultural and municipal 

use). 

Basing its projections on the typical demands of units in current developments, and taking the proposed 

developments in the Potchefstroom Land Development Objectives (LDOs) into consideration, the SDM 

report (2001:8) argues that the annual water demand growth rate in Potchefstroom is 2.34% per annum. 

However, the same report also indicates that historical trends have to be taken into consideration, as well 

as the effect of HIVIAIDS. These trends indicate that development conditions in Potchefstroom are not 

conducive to a sustained growth rate much in excess of 1.9% per annum. Nell (2004) therefore argues that 

the recent significant growth in water demand will not necessarily be sustained. 

According to Nell (2004), the current quota for raw water allocated to Potchefstroom by the Department of 

Water Affairs and Forestry (DWAF) is 20 ~ m ~ l a n n u m .  However, Nell (2004) indicates that Potchefstroom 

currently only registers for 16 ~ m ~ l a n n u m ,  due to the fact that trends demonstrate an average water 

demand of far below 16 ~ m ~ l a n n u m .  However, the results of the 2004 water metering demonstrate that the 

demand has increased to 17.392 ~ m ~ l a n n u r n  (see Figure 2). 

It is also important to note that water losses have to be taken into consideration. The Southern District 

Municipality's report (SDM, 2001:8) indicates that of the nearly 16 ~ m ~ l a n n u m  of water abstracted by the 

Mooi River State Water Scheme in 2001, the Potchefstroom Waste Water Treatment Works (WWTVV) only 

discharged 16.7 Mllday (6.09 ~m~ lannum) .  There is therefore ample room for improvement with regard to 

more efficient water use and water savings in Potchefstroom. 



Figure 2: Raw Water Demand in Potchefstroom

Potchefstroom Raw Water Demand (1988 -2003)

20.00

18.00

Pe riod

Reasons for the increased water consumption in Potchefstroom

Recent developments

According to Van Rooyen (2004) of the Potchefstroom Local Municipality's Planning Department received

an average of 250 new buildingplans every year. However, there has been a dramatic increase (more than

100%) during 2003 and 2004 in the demand for flats, townhouses and retirement units. New development

plans are also received yearly for developments such as shops, offices, industries, churches and recreation

facilities.

However, Nell (2004) advocates that the recent developments (with a resultant increased water demand)

cannot necessarily be sustained, and the water demand will therefore not necessarily continue to increase

at the same growth rate. Nell (2004) also stipulates that developments in the northern part of

Potchefstroom will have to be regulated at some stage, as it will eventually necessitate an upgrade of the

sewerage reticulation network, which has a limited capacity.

However, planning statistics demonstrate a steady increase in developments in Potchefstroom, as

illustrated by Figure 3. It can therefore be accepted that there will also be an increased water demand.
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Figure 3: Building Plans in Potchefstroom (1997 - 2004)
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Carletonville

Carletonville is a fairly large mining community situated south of the Wonderfontein Spruit, between the

Gatsrand hills and Wonderfontein valley. According to DWAF (1998: 3.5), the total population of the

jurisdiction area of Carletonville is approximately 262 500. The Carletonville municipality abstracts water

from a borehole in the Turffontein compartment, at a rate of 1680 m3/day, mostly for irrigation purposes

(DWAF, 1998: 3.6). However, Carletonville obtains most of its raw water from the Rand Water board (from

the Rustenburg area, which is situated outside the catchment). The Careltonville water demand will

therefore not be taken into consideration for this study. However, it should be noted that the Carletonville

sewerage works discharges water into the catchment that is not from the Mooi River catchment.

Careltonville can therefore be seen as a water contributor to the Mooi River system, but also as a potential

pollutor.

Irrigation Demand Estimates in the Catchment

Most of the irrigation allocations in the catchment are made and controlled by the Mooi River Government

Water Scheme (MRGWS). These allocations can be managed by releases from the Klerkskraal, Boskop

and Potchefstroom Dams. There are also other diffuse irrigation users abstracting from farm dams, directly

from the river and boreholes (SDM, 2001:8). Determining the exact irrigation demand of the catchment is
therefore difficult.

22



!According to Bigen Africa (1999:3.8), the irrigation demand at the Klerkskraal Dam is 25.38 Mm3/annum, 

(while the irrigation demand for Boskop Dam is 52.23 Mm3/annum. 

However, this study argues that it is highly unlikely for the irrigation demand of Boskop Dam to be as high 

as 52.23 Mm3/annum. Unless the catchment yield information used in this study is incorrect, the catchment 

does not have the capacity to provide for such a high irrigation demand at Boskop Dam. 

According to the DWAF office in Potchefstroom (De Ridder, 2004), the irrigation water demand on the 

Boskop Dam is 12 Mllday (8.8 Mllday from the Right Bank Canal and 3.2 Mllday from the Left Bank Canal). 

The irrigation demand on the Gerhard Minnebron, on the other hand, is 48 Mllday. 

2.2.2 The current quality of raw water supply available to Potchefstroom 

The quality of natural dolomitic waters is generally good, being essentially Ca-Mg-HC03 water, with minor 

occurrences of sulphate, nitrate and chloride. Dolomitic waters comply with most drinking water standards, 

except that the temporary hardness of the water can cause deposition of insoluble carbonates (DWAF, 

1995:33). 

A slow, but steady increase in all salinity related parameters is found in the two major eyes, C2HOll 

(Gerhard Minnebron) and C2H013 (Wonderfontein Spruit 1 Turffontein Eye), as well as for Boskop Dam 

(station C2R001). DWAF (1998:4.61) attributes the increase in salinity pollution to the increased 

contamination of the upstream dolomitic compartments by mining pollution and the gradual ripple effect on 

downstream compartments. Since the dolomite compartments are naturally characterised by 

magnesiumlcalcium carbonate waters, the upward trend in sulphate concentrations is almost certainly a 

result of the gradual ingress of sulphate rich mining water and the exposure of the dolomitic water to 

sulphates in the mining water. This effect is slow, due to the large eye storages involved. DWAF 

(1998:4.61) argues that even if there is a declining trend in pollution upstream, the dolomite eyes will 

continue to deteriorate over time. 

Causes for pollution in the catchment 

Major gold mining activity is carried out in the upper parts of the catchment (specifically the Wonderfontein 

Spruit Catchment), with the potential for surface and ground water pollution due to the fact that several 

large active gold mines discharge fissure and process water into the aquatic environment. DWAF (1997:5) 

thereforedesc&besthe Mooi - - River - - catchment - - - - as a priority catchment for intensive mining related pollution 
- - - - - - - - - - - - - - - -  - - - - - - - 

monitoring (such as radioactivity). 
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However, apart from the impacts of mining, other impactors in the Mooi River catchment include effluent 

streams from various wastewater treatment works, as well as diffuse sources of pollution such as leaching, 

surface run-off from informal settlements, townships and irrigation activities. 

The abovementioned contamination potential by point and diffuse sources in the catchment is intensified by 

the interaction between surface and ground water in the Wonderfontein Spruit, as described by DWAF 

(1998:3.75), which could lead to significant water quality impacts in the catchment. 

Some of the main factors influencing the quality of water in the Wonderfontein Spruit (not all detail is 

given), as stipulated by Hagger et a1 (1997:3): 

The impact on water quality by sewage purification discharge points, which are sources of chemical 

and biological contamination. 

The increased chemical and biological contamination caused by the lack of services or poor quality 

thereof in townships and informal settlements, draining into the Wonderfontein Spruit. 

The direct discharging of mine fissure water and purified sewage effluent into the Wonderfontein 

Spruit pipeline by the mines, which adds to chemical and biological contamination. 

Further downstream, gold mines discharge mine waste water and fissure water to the Wonderfontein 

Spruit via water canals that discharge into the Turffontein compartment just west of the Oberholzer 

Dyke, adding chemical and biological contaminants. 

Point sources of Pollution 

i) Mining Activity 

Mining activity contributes to both surface and groundwater contamination since most mines dewater their 

mining compartments. Water pumped from the underground includes seepage water from the dolomites as 

well as recycled water, including water obtained from the Rand Water Board used for cooling and 

refrigeration. According to DWAF (1998: 3.75), most of the mine water is used, and mines even buy water 

from each other. 

According to DWAF (1998: 3.76), mining in the upper Wonderfontein Spruit area produces manganese and 

large amounts of pyrite waste, which causes high sulphate concentrations in the waste run-off water. 

DWAF (1998:3.76) also advocates that the Flip Human Waste Water Treatment Works assists in diluting 

the high heavy metal concentrations of underground water discharged into the river. 



Groundwater is also impacted upon by surface and underground mining activities. Slimes dams, high 

salinity, heavy metals and radioactivity are problematic issues associated with mining (DWAF, 1998:3.76). 

Uranium and thorium generally occurs in association with the gold deposits along the West Rand. Ionizing 

radiation emitted from these radionuclides and their daughter products can be hazardous to human health. 

Although drainage sites in or near gold mining activities are not likely to be used directly for domestic 

purposes, the elevated radioactivity and chemical levels found at these sites represent both a diffuse and in 

some cases a point source of pollution of rivers and ground water compartments. The water quality of a 

number of tributaries situated in the gold mining areas therefore exceeds the drinking water limits for 

radioactivity (DWAF, 1 998:3.76). 

Due to the fact that the mined material is exposed to the environment and natural processes of oxidation, 

biological activity and infiltration water leaching, acid generation can occur in the sulphide rich tailings and 

waste rock. DWAF (1998:3.76) advocates that although the leaching and flushing of minerals occur 

naturally, the process has been accelerated by a number of natural processes. Such leaching and flushing, 

with or without acid generation, can carry detrimental substances into receiving environments. 

Mines in the Wonderfontein Spruit area also contribute to increased TDS levels although attempts are 

made to minimise TDS levels by monitoring water chemistry on a weekly basis and submitting such results 

to DWAF (DWAF, l998:3.76). 

As opposed to the intensively mined Wonderfontein Spruit catchment, limited diamond mining occurs in the 

Mooi River below Klerkskraal Dam, while no mining occurs in the upper Mooi River above the Klerkskraal 

Dam. Peat is also actively mined in the wetland below the Gerhard Minnebron eye. Although no point 

sources of pollution arise from these mines, sedimentation and trace metal pollution is expected. 

ii) Wastewater Treatment Works 

Two waste water treatment works v) operate in the upper Wonderfontein Spruit, namely the Flip 

Human WWrVV and REGM's Cooke 2 WVVTW. According to DWAF (1998:3.95), the Flip Human WVVrW 

services Krugersdorp, Kagiso and Roodepoort, while Cooke 2 WWTW services the REGM mine. 

Six sewage treatment works discharge into the lower Wonderfontein Spruit, namely Westonaria's Hannes 

van Niekerk's WVVTW, Carletonville's WWTW, Khutsong WWTW, Welverdiend's WWTW, Blyvooruitzicht 

Gold Mine's WVVMl and Doornfontein Gold Mine's WVVlMl (DWAF, l998:3.95). 

Although eight wastewater treatment works are situated in the Loop Spruit sub-catchment, they are not 
- - 

- - - - 

consmde%d-reGvanttothe studj. 
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The Potchefstroom WVVrW is situated south of the city on the banks of the Mooi River, and discharges an 

average of 16.7 Mllday directly into the Mooi River. 

iii) Waste Disposal Sites 

Various waste disposal sites (WDS) are situated in the study area. These include Krugerdorp's 

Luipaardsvlei site and the disposal sites of Randfontein and Westonaria. The Luipaardsvlei waste disposal 

site is at 100% capacity and is approximately 15 ha in size. According to DWAF (1998:3.97), there is a high 

risk of groundwater contamination from the overlying site due to fractures in the rock structure. The risk of 

surface pollution is also high due to seepage infiltration underneath the seepage dam wall. The surface 

run-off could eventually impact the Wonderfontein Spruit. 

Due to the fact that no natural streams are in close proximity to the Westonaria and Randfontein disposal 

sites, and also due to the physical hydraulic character of the formations they were built on (DWAF, 

1998:3.97), there is a low risk of surface and ground water pollution from these sites. 

B. Diffuse sources of Pollution 

i) Diffuse pollution from the Wonderfontein Spruit. 

For the purposes of effectively describing the extent of diffuse sources of pollution, it was necessary to 

make use of the DWAF management units for the Mooi River catchment, specifically the Wonderfontein 

Spruit sub-catchment, as described by DWAF (1998:3.108). Within the Wonderfontein Spruit, DWAF 

differentiates between the Upper Wonderfontein Spruit and the Lower Wonderfontein Spruit. 

The upper Wonderfontein Spruit area reaches from the upper reaches of the tributary to the start of a 1 m 

pipeline at the Donaldson Dam. The lower Wonderfontein Spruit includes most of the mines within the Mooi 

River catchment, and reaches from the 1 m pipeline at the Donaldson Dam up to the DWAF sampling point 

C2H069 situated at Blaauwbank. 

The Upper Wonderfontein Spruit 

Not only does the upper reaches of the Wonderfontein Spruit drain a highly industrial and mined area that 

is heavily impacted upon, but it also originates at the Tudor and Lancaster Dams, which are both silted up 

with mine tailings. According to DWAF (1998:3.97), First West Gold Mine and the Luipaardsvlei Estate 

Gold Mine are the only mining companies situated within the upper reaches of the Wonderfontein Spruit 

catchment area. Although no mining currently occurs in the area, various mine-water streams are 

connected to the Wonderfontein Spruit, namely the Penstock, Central Culvert and Eastern Stream (DWAF, 
- - - - - - - - - - - - -  
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The Zuurbekom dolomitic compartment is situated between the Klip River on the South-Eastern side and I 
the Wonderfontein Spruit on the Western side. Due to a hydraulic link that exists between the Zuurbekom 

dolomitic compartment and the Wonderfontein Spruit, all activities impacting on the Klip River or the 

Wonderfontein Spruit are also impacting on the Zuurbekom compartment and visa versa, as water levels 

within the dolomitic compartment influence flow direction between the compartment and the river (DWAF, 

1998:3.97). 

Storm-water also impacts the upper reaches of the Wonderfontein Spruit, for example: Krugersdorp Waste 

Disposal Site, Hippo Quarries, Palmiet, Kagiso, Toekomsrus, as well as various slime dams. Surface run- 

off and storm-water from the Bekkersdal area, which is surrounded by an informal settlement, Mandela's 

View, are drained via a storm-water canal to join the overflow at Donaldson Dam. A 700 mm pipeline (the 

Venterspost pipeline) conveys a mixture of storm-water from Bekkersdal and overflow water from the 

Donaldson Dam to the 1 m pipeline. Excess storm-water that exceeds the 700 mm pipeline capacity is 

discharged across a side spill weir into the original Wonderfontein Spruit streambed (DWAF, 1998:3.98). 

The Lower Wonderfontein Spruit 

Run-off from the various mines (Libanon, Driefontein Complex, Western Deep Levels, Blyvooruitzicht and 

Doornfontein), slimes dams and towns (Westonaria, Carletonville, Oberholzer, Welverdiend and Khutsong) 
I 

in the lower Wonderfontein Spruit Catchment contribute to the diffuse pollution in this system. Storm-water 

from the Westonaria Township is collected in an earth lined storm-water canal, which is diverted directly 

into the Wonderfontein Spruit (DWAF, l998:3.99). 

ii) Diffuse sources of pollution from the southern parts of the Mooi River catchment 

Various mines and their tailings dams could contribute to diffuse pollution in the Loopspruit Catchment. 

However, pollution of the Loopspruit is not considered to be part of the study, and will not be considered. 

The possible influence of the Potchefstroom industrial area and the diffuse pollution of the Wasgoed Spruit 

on the lower Mooi River will also not be considered. 

iii) Backfilling of the sinkholes within the Wonderfontein Spruit 

Gold mining in the Wonderfontein Spruit Catchment has resulted in the partial dewatering of the dolomite 

eyes. This is due to the fact that the ore of the Witwatersrand Reef is located below the dolomite. Such 

dewatering has resulted in the draw down of the water table within the dolomite eyes to form a cone of 

depression. This depression of the water table has resulted in the formation of sinkholes at an 

unprecedented rate within the Wonderfontein Spruit, resulting in public safety hazards that inhibit 



According to Riedel (2003: 16), it has become common practice in the past decades to backfill sinkholes in 

the Wonderfontein Spruit. Although the acceptability and sustainability of utilising gold tailings for backfilling 

the sinkholes is certainly controversial, it is argued by decision makers that the sinkholes present far more 

serious pollution and safety risks: the potential disposal of waste materials including hazardous wastes. 

Fore numerous reasons, therefore, gold tailings and mine waste rock therefore comprise the material of 

first choice. It is therefore unavoidable that the Wonderfontein Spruit sub-catchment will contribute to the 

diffuse pollution of the Mooi River catchment. 

2.3 Considering the Reserve of the Mooi River catchment 

In considering the diversion of the Wonderfontein Spruit, it is imperative that the reserve determination 

requirements for the lower part of the Mooi River catchment also be considered. 

The National Water Act (No 36 of 1998) requires that Resource Directed Measures be put in place 

(sections 12 - 20) in order to satisfy basic human needs and to protect aquatic ecosystems and to secure 

ecologically sustainable development and use of the water resource. These measures, which are directed 

at protecting water resources, include the following: establishing a Reserve, classifying water resources 

and setting water resource quality objectives. 

The reserve is defined as the quantity and quality of water required to satisfy basic human needs and to 

protect aquatic ecosystems while ensuring ecologically sustainable development and use of the water 

resource. This study argues that the reserve will become an important component of decision-making in 

future, and should therefore also be considered in this study. 

Unfortunately, such resource directed measures have not yet been put in place for the Mooi River 

catchment. This study can therefore not plan according to its specifications. However, temporary 

catchment water quality objectives are already in place (see section 3.4.2), and although the ecological 

reserve is difficult to determine and beyond the scope of this study, it is possible to determine a preliminary 

basic human needs reserve: 

The Basic Human Needs Reserve 

The basic human needs reserve makes provision for essential needs, and includes water for drinking, food 

preparation and personalhygiene. It is currently calculated as - - - - -  a minimum of 25 litresIpersorJday, and is 
- - - - - - - - -  - - - 

therefore easy to determine: 



Potchefstroom has a population of 207 780 (Potchefstroom Local Municipality, 2001:20). If the human 

needs reserve is calculated for Potchefstroom as 25 Ilpersonlday, it roughly translates to 5.2 Mllday of 

water for the human needs reserve. 

A Discussion on Water Availability 

It has been established that the flow rate of the Gerhard Minnebron is 22.3 Mllday (8.163 ~ m ~ l a n n u m ) ,  

while the average flow rate of Wonderfontein Spruit at Turffontein is 15.9 Mllday (5.724 ~ m ~ l a n n u m ) .  

Another 56.49 Mllday (20.62 ~ m ~ l a n n u m )  is contributed by the Mooi River from Klerkskraal Dam. This 

means that the total yield of the catchment at the confluence north of Boskop Dam is 94.69 Mllday. 

However, the Gerhard Minnebron water is mainly utilised for irrigation purposes, and its water (22.3 Mllday) 

is therefore not currently available for human consumption, unless there is management intervention. With 

the diversion of the Wonderfontein Spruit towards the Gerhard Minnebron Canal, another 15.9 Mllday is 

removed from the Mooi River. The total amount of water available to Potchefstroom will therefore be 56.49 

Mllday. 

When subtracting both the human needs reserve (5MlIday) as well as the current Potchefstroom water 

demand of 17.392 ~ rn~ lannu rn  (see section 2.2.1), as well as the Boskop Dam MRGWS agricultural 

demand of 12MlIday (see section 2.2.1), only 22.098 Mllday of water remains. 

However, the ecological reserve also has to be considered as a water use. According to Pienaar (2003), 

the quality and quantity of water to be reserved for the ecological reserve, depends on its type of 

classification. 

Potchefstroom currently finds itself in a delicate situation with regard to its long-term raw water supply. The 

situation is complicated even more when considering the annual demand increase for water (see section 

2.2.1) and the limited availability of supply. Unless the increasing demand for water is managed properly in 

the long-term, water shortages will inhibit growth and sustainable development in Potchefstroom. 



3. The Adequacy of the Potchefstroom Raw Water Resources 

This chapter reflects on the adequacy of the Potchefstroom raw water resources. The Klerkskraal Dam 

(Mooi River), the Gerhard Minnebron and the Wonderfontein Spruit at Turffontein resources are discussed 

and evaluated in terms of specific water quality parameters. Unfortunately, the absence of certain key 

water quality parameters renders this overview as merely an indication of the current situation. 

After evaluating the individual resources (see sections 3.1 - 3.3), a comparison is made of their adequacy 

(section 3.4), in order to give an overview of the current situation and reflect on the adequacy of the 

Potchefstroom raw water resources. 

However, this chapter also reflects on critical aspects with regard to water quality information, and provides 

some recommendations in section 3.5. 

3.1 The Klerkskraal Dam 

3.1.1 The quality and quantity of the Klerkskraal Dam water supply 

Klerkskraal Dam Water Quantity 

The Klerkskraal Dam is situated at the lowest end of an 828km2 catchment, with an annual rainfall of 

630mm. The Klerkskraal Dam catchment therefore captures a run-off of 521.1 ~ m ~ l a n n u r n  rainfall. 

However, according to DWAF (1 998:2.6), an infiltration tempo of 30.6mmlannum and annual evaporation 

of 1200mm influences the annual run-off, which is enhanced by the 61.5Mllday (22.4~m~lannum) flow 

contribution of the Bovenste Oog. 

Data of the flow meters in the vicinity of the Klerkskraal Dam were obtained from the DWAF regional office 

in Gauteng in order to obtain the total yield of the Klerkskraal Dam catchment (refer to Table 1). 

The fluctuations of flow in the Klerkskraal Dam catchment are illustrated by Figure 4, which clearly 

demonstrates the importance of the median in determining reliable flow, as fluctuating flow can influence 

water availability during dryer periods. 



Table 1 : Klerkskraal Dam water quantity data 

Flow metre 

C2R003Q01 

KLERKSKRAAL DAM ON MOO1 RIVER: NEAR DAM 

WALL 

C2H113Q01 

KLERKSKRAAL DAM RIGHT BANK CANAL ON MOO1 

RIVER 

C2H006Q01 

MOO1 RIVER AT KLERKSKRAAL (KLERKSKRAAL 

DAM) 

Total 

Mean Annual Flow 

Due to the fact that flow meter readings are not always available and reliable due to fluctuations, this study 

advocates that the median flow rate be taken as the most reliable. It seems as if the estimate flow rate of 

46 Mm3/annum suitably represents the median in Figure 4, as the most reliable yield of the Klerkskraal 

Dam catchment. 

However, the demand should also be taken into account, if the yield is to be calculated. According to Bigen 

Africa (1999: 3.8), a constant irrigation water demand of 25.38 Mm3/annum (almost the total volume of the 

Klerkskraal Dam right bank canal) is required from the Klerkskraal Mooi River Government Water Scheme. 

The average yield of the Klerkskraal Dam to the Mooi River system is therefore estimated at 20.62 

Mm3/annum. 



Figure 4: The Average Total Yield of the Klerkskraal Dam (1997 -1999)

The Average Total Yield of the Klerkskraal Dam
(1997 - 1999)

Period

Klerkskraal Dam Water Quality

Klerkskraal Dam water quality is typical of dolomitic water and is generally good (minor occurrences of

sulphate, nitrate and chloride occur), except that the temporary hardness of water cause deposition of

insoluble carbonates (DWAF, 1995:33). The Klerkskraal Dam catchment is mostly unpolluted by mining

activities, as opposed to the water sources in the rest of the Mooi River catchment.

Table 2 provides a summary of water quality data obtained from the DWAF regional office. The

summarised data set is attached as Addendum 7. Both the description of the parameter value and the

resultant effect on domestic use was obtained from the South African Water Quality Guidelines for

Domestic Use (DWAF, 1996).
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Table 2: Water Quality Parameter Averages

(1972/01/12 - 2004/08/3)

3.1.2 Usefulness of Klerkskraal Damwater

The water quality of the Klerkskraal Dam was compared with the requirements of the DWAF Water Quality

Guidelines (DWAF, 1996a-f). Its adequacy for domestic use, agricultural use, industrial use, recreational

use and natural environment use is discussed in Table 3.

Table 3: Adequacy of the Klerkskraal Dam water for different water uses

. Water-Uses

Domestic

Industrial

Adequacy of Klerkskraal Dam water
~ ,= =.W.'~'."." ".".=.V .

The water is of an overall good quality, and is suitable for domestic use.

However, the elevated total hardness of the water causes 2 main problems: scale

formation on heat exchange surfaces, as well as a necessity to use more soap to

produce lather.

The average Electrical Conductivity (mS/m), Total Dissolved Solids (mg/I) and

Total Hardness (mg/I) are higher than the proposed target ranges as set by the

Water Quality Guidelines (DWAF, 1996c:14).

However, DWAF (1996c: 14) stipulates that such elevated levels of hardness and

alkalinity are conducive to scaling, which is a major problem wherever heating of

water or heat exchange takes place. Depending on the type of industry, therefore,

the elevated total hardness of the Gerhard Minnebron water may damage

industrial equipment and structures. Furthermore, elevated hardness of water

may interfere with certain chemical processes and product quality.
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Parameter Average Value

Electrical Conductivity (mS/m) 44.7

Concentration S04 (sulphate) dissolved in water (mg/I) 16.9

Total Dissolved Solids (mg/I) 379

Concentration CI (Chloride) dissolved in water (mg/I) 7.9

Phosphate and Phosphorus concentration dissolved in water (mg/I) 0.26

Total Hardness (mg/I) 251.5



3.1.3 Considering the adequacy of Klerkskraal Dam as a Potchefstroom raw water resource

Mostly unpolluted by mining activities, as opposed to the Wonderfontein Spruit, the Klerkskraal Dam is a

source of good quality water, representative of natural dolomitic water quality conditions (see Table 3). In

terms of quality, it can therefore be argued that the Klerkskraal Dam is a highly suitable raw water resource

for Potchefstroom, and plays a major role in terms of diluting lower quality water from other parts of the

catchment

The Klerkskraal Dam water is not ideally suitable for industrial purposes due to the hardness of the

dolomitic water. However, it is currently mostly utilised for irrigation purposes. As mentioned above, only an

estimated 20.62 Mm3/annumof the average yield of the Klerkskraal Dam flows via the Mooi River to the

Boskop Dam. This study therefore proposes that current agricultural priorities which demand water from

Klerkskraal Dam be evaluated, in order to determine the possibility for Potchefstroom to utilise the

Klerkskraal Dam water in future as its raw water resource.

34

- - -

Although mitigatory measures can be taken, however (DWAF, 1996c:14),

residues of the softening process end up as waste that has to be disposed of.

It is therefore clear to see that dolomitic water (such as that of the Klerkskraal

Dam) is not ideally suited for industrial use.

The average Electrical Conductivity (mS/m) and other parameters fall close to the

Irrigation water quality target range, as stipulated by DWAF (1996d:155). Irrigation would

therefore be feasible without causing soil-salinisation.

Livestock
All parameters fall safely within the margins of the proposed water quality target

range for livestock watering (DWAF, 1996e).

Natural
Klerkskraal Dam is seen as a source of unpolluted water in the catchment, due to

Environment
the absence of gold mining and other industrial activities in its catchment. It can

(aquatic)
therefore be argued that the Klerkskraal Dam is representative of natural water

quality conditions.

Recreation
Recreational activities at Klerkskraal Dam are limited to fishing. Due to its pristine

state, the Klerkskraal Dam is regarded as an ideal fishing spot.



3.2 The Gerhard Minnebron

3.2.1 The quantity and quality of the Gerhard Minnebron water supply

Water Quantity of the Gerhard Minnebron

According to the flow meter at the Gerhard Minnebron DWAF measuring station (C2H011), an average

flow of 8.163 Mm3/annum (22.3 Mllday) can be measured. However, according to Riedel (2003:19) and

DWAF (1998: 5.19), the flow rate of the Gerhard Minnebron is 10.8 MI/day (3.92 Mm3/annum) and 71

MI/day (25.92 Mm3/annum)respectively.

For the purposes of this study, the DWAF measuring station (C2H011) data will be considered as the

official flow data. The Gerhard Minnebron therefore has a flow rate of 22.3 MI/day (8.163 Mm3/annum).

Water Quality of the Gerhard Minnebron

The Gerhard Minnebron is also affected by mining-related pollution in the Wonderfontein Spruit catchment.

However, although the effect of the pollution is traceable, the water quality has not been affected to such

an extent as the Turffontein eye of the Wonderfontein Spruit.

The parameters listed in Table 4 provide an overview of the Gerhard Minnebron water quality. Important

parameters, which are not listed, include lead, uranium, cyanide, arsenic, mercury and nickel.

Unfortunately, at the time of the 'study, no data was obtainable on these parameters. The Gerhard

Minnebron measuring station (C2H011) data (of which the complete data set is attached as Addendum 7)

was obtained from the DWAF regional office.

Table 4: Gerhard Minnebron Water Quality Parameter Averages

(1969/11/01- 2004/08/3)
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Parameter Average Vallie

Electrical Conductivity (mS/m) 62.6

Concentration S04 (sulphate) dissolved in water (mg/I) 99.9

Total Dissolved Solids (mg/I) 483.4

Concentration CI (Chloride) dissolved in water (mgll) 16.95

Phosphate and Phosphorus concentration dissolved in water (mg/I) 0.04

Total Hardness (mgll) 349.3
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3.2.2 Adequacy of Gerhard Minnebronwater

The adequacy of the Gerhard Minnebron was considered after comparison of the DWAF measuring station

(C2H011) data in Table with the DWAF Water Quality Guidelines. Requirements for domestic use,

agricultural use, industrial use, recreational use and use by the natural environment (DWAF, 1996a-f) were

considered. The findings of the comparison are listed below in Table 5:

Table 5: Adequacy of the Gerhard Minnebron Water for different water uses

Water Uses I Adequacy of Gerhard Mil1nebronwater

The average Electrical Conductivity (mS/m) and Total Dissolved Solids (mg/l)

measurements fall on the outside margins of the Water Quality Ranges as stipulated by

DWAF (1996a: 153). It is therefore unlikely that health affects will occur.

The sulphate concentration also falls safely within the proposed target range of 0 - 200mg/l

and is therefore acceptable.

Domestic

The chloride concentration also falls safely within the DWAF (1996a: 43) threshold.

The water is therefore of an overall good quality, and is suitable for domestic use.

However, the total hardness is very high (DWAF, 1996a: 43) and causes 2 main problems:

scale formation on heat exchange surfaces, as well as a necessity to use more soap to

produce lather.

The average Electrical Conductivity (mS/m) and Total Dissolved Solids (mg/l)

measurements fall outside the ideal target water quality range. According to DWAF

(1996c:91), the water quality range of the Gerhard Minnebron may cause moderate

damage through corrosion, scaling or fouling.

According to DWAF (1996c), elevated levels of hardness and alkalinity (as is the case with

the Gerhard Minnebron) are conducive to scaling, which is a major problem wherever

heating of water or heat exchange takes place. Depending on the type of industry,

therefore, the elevated total hardness of the Gerhard Minnebron water may damage

industrial equipment and structures. Furthermore, elevated hardness of water may interfere

with certain chemical processes and product quality. In order to soften hardened water,

however, the softening process residues end up as waste that has to be disposed of.
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The sulphate concentration (mg/l) of the Gerhard Minnebron is also elevated above the

Industrial I DWAF (1996c) Target Water Quality Range. Depending on the type of industry, elevated

sulphate levels may affect industry in the following way: it may damage equipment or

structures, interference with processes, and affect product quality.

According to DWAF (1996c:33), the current chloride concentration of the Gerhard

Minnebron falls within the Target Water Quality Range for chloride (for industrial use of

water).

However, this overview clearly illustrates that the water is not ideally suited for industrial

use, although mitigatory measures can be taken, as stipulated by DWAF (1996c:14).

The Gerhard Minnebron has elevated Electrical Conductivity (mS/m) and Total Dissolved

Solids (mg/l) measurements, which surpass the proposed target water quality range of

DWAF (1996d:155).

Coupled with the hardness of the dolomitic water, this is perplexing, as irrigation with water

containing salt introduces salt into the soil profile. When no or little leaching of salt takes

place from the soil profile, salt accumulates and a saline soil is formed. Since crops are

sensitive to soil salinity, yield is reduced if grown on salt affected soils. DWAF (1996d:155)

indicates that crops cannot be grown successfully under conditions of extreme soil salinity.

Irrigation However, DWAF (1996d:155) stipulates that it is possible to have a 95 % relative yield of

moderately salt-sensitive crops by using a low-frequency irrigation system. However, a

leaching fraction of up to 0.1 may be required and wetting of the foliage of sensitive crops
should be avoided.

The chloride concentration falls safely within the DWAF (1996d: 48) target water quality

range for irrigation.

Based on the abovementioned parameters, it can be judged that the Gerhard Minnebron

water is suitable for irrigation purposes - especially for salt-tolerant crops. However,

suitable irrigation practices and methods are important measures to ensure that the

salinisation of soils is avoided.
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The Gerhard Minnebron water can be safely utilised for livestock watering. All parameters

fall safely within the margins of the water quality target range of DWAF (1996e) for

Livestock I livestock watering. According to DWAF (1996e: 131), no significant adverse effects will

occur, and immediate access can be allowed without any previous exposure to saline

waters.

The water quality guidelines specify that TDS concentrations should not be changed by >

15% from the normal cycles of the water body under unimpacted conditions at any time of

the year; and that the amplitude and frequency of natural cycles in TDS concentrations

should not be changed (DWAF, 1996:126).

Natural

Environment

(aquatic)

The average TDS concentration for measurements taken from 1969/11/01 to 2004/08/05 is

483.47 mg/I, while the minimum TDS concentration is 328 mg/I and the maximum TDS

concentration is 713.91 mg/l. It can therefore be advocated that there is a deviation of more

than 15% from the normal cycles of the water in the Wonderfontein Spruit, which can be

attributed to pollution in the catchment.

However, as is the case with the Turffontein water, conclusions can not be made with

regard to the adequacy of the water for use by the natural environment, as water quality

criteria have not been set for the Gerhard Minnebron. Local conditions should first be

determined, such as TDS concentrations, variability and seasonal changes.

The Gerhard Minnebron is situated north of the Boskop Dam. Due to the fact that the water

of the eye is almost immediately canalised for irrigation purposes, recreation is limited,

Recreation I except perhaps for swimming and aesthetic purposes. In terms of the abovementioned

water quality, the water quality at the eye itself would definitely be suitable for these

purposes.
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3.2.3 Considering the Adequacy of the Gerhard Minnebron as a Potchefstroom raw water resource

Although the water from the Gerhard Minnebron reflects traces of mining-related pollution (for instance

elevated sulphate concentrations), most of the water quality parameters safely fall withinthe target water

quality ranges for domestic and other water uses. It is therefore still a viable source of good quality water

that can be utilisedfor raw water purposes.

However, DWAF (1998: 4.61) stipulates that the dolomiticwater resources willcontinue to deteriorate over

time due to the pollution of the up-stream Wonderfontein Spruit and its associated dolomitic compartments

by various point- and diffuse sources. It is therefore unavoidable that the Gerhard Minnebron will also

continue to deteriorate. This tendency is noticeable by the steady increasing of sulphates over time in both

the Gerhard Minnebron-and the Turffonteineyes. However, as indicated by DWAF (1995: 45), it is clearly

visible that the deterioration of the Gerhard Minnebron is at a much slower rate than that of the Turffontein

eye of the Wonderfontein Spruit, possibly due to a greater dilution effect (a larger dolomitic compartment)

in the case of the Gerhard Minnebron. The Gerhard Minnebron can therefore be regarded as a better

quality raw resource than the Turffontein. However, both resources will continuously be polluted over time,

since rehabilitation of groundwater is virtually impossible. Water management interventions will therefore

continue to play an important role in water resource management in the Mooi River catchment.

3.3 The Wonderfontein Spruit at Turffontein

3.3.1 The quantity and quality of the Wonderfontein Spruit water supply

Water Quantity of the Turffontein

According to the DWAF measuring station C2H013 flow data, the Turffontein eyes contribute approximately

0.477 Mm3/month (15.9Mllday and 662.5m3/hour) to the Mooi River on average. However, according to

Riedel (2003:19) and DWAF (1998: 5.19), the flow rate of the Turffontein eyes are 32 Mllday (11.68

Mm3/annum) and 31.5 Mllday (11.51 Mm3/annum) respectively. It should be noted that very little water

flows in the streambed of the Wonderfontein Spruit south of Blauwbank and the water from the Turffontein

eyes contribute the major dry weather flow in the Wonderfontein Spruit at Turffontein. For the purposes of

this study, however, the average flow rate of the Wonderfontein Spruit will be that which is derived from the

monthly averages, as measured by DWAF at the measuring station C2H013, just below the Turffontein

eye.
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Water Quality of the Wonderfontein Spruit at Turffontein (Measuring station C2H013)

Due to the continuing contamination of the upstream dolomitic compartments by mining and other point

and diffuse sources, and because of the interactive nature of the surface and ground water in the

Wonderfontein 8pruit Catchment, both surface- and ground water quality are declining.

The parameters listed in Table 6 provide an overview of the Turffontein water quality. As is the case with

the Gerhard Minnebron, some important parameters are not discussed, as no data was obtainable on

these parameters at the time of the study.

The measuring station (C2H013) data (of which the complete data set is attached as Addendum 7) was

obtained from the DWAF regional office. Table 6 provides a summary of specific water quality parameters.

Table 6: Wonderfontein Spruit water Quality Parameter Averages

(1969/11/01- 2004/08/3)

3.3.2 Usefulness of Wonderfontein Spruit water at Turffontein

After comparison with the DWAF Water Quality Range information for domestic use, agricultural use,

industrial use, recreational use and natural environment use (DWAF, 1996a-f), it was preliminarily

established that the Wonderfontein Spruit water will be fit for the uses listed in Table 7.
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. Parameter AYrageVI...e ..

Electrical Conductivity (m8/m) 93.1

Concentration 804 (sulphate) dissolved in water (mg/I) 247.7

Total Dissolved Solids (mg/I) 713.4

Concentration CI (Chloride) dissolved in water (mg/I) 48.2

Total Hardness of water (mg/I) 372

Phosphate and Phosphorus concentration dissolved in water (mg/I) 0.054
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Table 7: Adequacy of the Wonderfontein Spruit water at Turffontein for different water uses

Water Uses

Domestic

Industrial

- - - -

Adequacy of the Turffonteinwater

The Electrical Conductivity (mS/m) and Total Dissolved Solids (mg/l) measurements fall

outside the proposed target range proposed by the Water Quality Guidelines (DWAF,

1996a). However, according to DWAF (1996a: 153), it is unlikely that health effects will

occur, and although water of this quality might have a salty taste, it is usually well

tolerated.

The sulphate concentration is also elevated above the target range proposed by DWAF

(1996a). According to DWAF (1996a: 145), the current sulphate concentration falls within

a category that can cause diarrhoea in sensitive and non-adapted individuals. However,

these effects are temporary and reversible since sulphate is rapidly excreted in the urine.

There is also a slight taste noticeable.

The current chloride concentration (48 mg/l) has no aesthetic or health effects. However,

according to DWAF (1996a: 43), the current concentration is close to the threshold for

corrosion acceleration in domestic appliances (50 mg/l).
.

The total hardness is also very high (DWAF, 1996a: 43) and causes 2 main problems:

scale formation on heat exchange surfaces, as well as a necessity to use more soap to

produce lather.

The water quality of the Wonderfontein Spruit at Turffontein is therefore less suitable than

that of the Gerhard Minnebron and Klerkskraal Dam (Mooi River). However, in terms of

the abovementioned water quality parameters, the Wonderfontein Spruit water at

Turffontein can still be utilised for domestic purposes.

The average Electrical Conductivity (mS/m) and Total Dissolved Solids (mgll)

measurements fall outside the ideal target water quality range. According to DWAF

(1996c:91), the water quality range of the Wonderfontein Spruit at Turffontein may cause

moderate damage through corrosion, scaling or fouling. Damage can be inflicted to

equipment and structures, processes and product quality.
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Irrigation 

case with the Wonderfontein Spruit) are conducive to scaling, which is a major problem 

wherever heating of water or heat exchange takes place. Depending on the type of 

industry, therefore, the elevated total hardness of the Wonderfontein Spruit water may 

damage industrial equipment and structures. Furthermore, elevated hardness of water 

may interfere with certain chemical processes and product quality. In order to soften 

hardened water, however, the softening process residues end up as waste that has to be 

disposed of. 

The sulphate concentration (mgll) of the Wonderfontein Spruit at Turffontein is 

significantly higher than the DWAF (1996~) Target Water Quality Range. According to 

DWAF (1996c:72-77)) moderate to major damage may be inflicted on industry equipment 

and structures, processes and product quality, as a result of corrosion and scaling. 

However, due to the elevated pH of dolomitic water, damage is minimised. 

This overview clearly illustrates that the Wonderfontein Spruit water is not ideally suited 

for industrial use, although mitigatory measures can be taken, as stipulated by DWAF 

(1996c:14). 

The Wonderfontein Spruit at Turffontein also has elevated Electrical Conductivity (mSlm) 

and Total Dissolved Solids (mgll) measurements, which surpass the proposed target 

water quality range of DWAF (1996d:155). As is the case with the Gerhard Minnebron, 

this resource is also characteristic of dolomite with its hardness. 

There is therefore also a danger of soil-salinisation, as is the case with the Gerhard 

Minnebron. Since crops are sensitive to soil salinity, yield is reduced if grown on salt 

affected soils. DWAF (1 9964: 155) also indicates that crops cannot be grown successfully 

under conditions of extreme soil salinity. 

The Water Quality Guidelines (DWAF, 1996d: 155) stipulates the following with regard to 

the current state of water quality in the Wonderfontein Spruit at Turffontein: These waters 

can still be used for irrigation of selected crops provided sound irrigation management is 

practicecfa~ldyietd dec~easesa~easceQtablehwwer,~t~e~manage~n_ent and soil - - - -  

requirements become increasingly restrictive and the likelihood of sustainable irrigation 

decreases rapidly. 



Livestock 

Natural 

Environment 

(aquatic) 

It is therefore not advisable to utilise the Wonderfontein Spruit water for irrigation 

purposes, although it is still possible if precautionary measures are taken (DWAF, 1996d: 

1 55). 

Electrical Conductivity (mS1m) and Total Dissolved Solids (mgll) measurements fall safely 

within the margins of the water quality target range of DWAF (1996e) for livestock 

watering. According to DWAF (1996e: 131), no significant adverse effects will occur, and 

immediate access can be allowed without any previous exposure to saline waters. 

The Wonderfontein Spruit water can therefore be safely utilised for livestock watering in 
I 

terms of the abovementioned parameters, which also includes sulphate and chloride 

concentrations (see Table 6). However, due to the fact that not all parameters were 

considered (such as uranium), this study recommends that further research should be 

conducted. 

The water quality guidelines specify that TDS concentrations should not be changed by 

more than 15% from the normal cycles of the water body under unimpacted conditions at 

any time of the year; and that the amplitude and frequency of natural cycles in TDS 

concentrations should not be changed (DWAF, 1996: 126). 

However, the average TDS concentration for measurements taken from 1969106106 to 

2004108105 is 713.46 mgll, while the minimum TDS concentration is 370 mgll and the 

maximum TDS concentration is 957mgll (see Addendum 1). There's therefore a deviation 

of more than 15% from the normal cycles of the water in the Wonderfontein Spruit, which 

could be attributed to pollution in the catchment. 

However, conclusions cannot be made with regard to the adequacy of the water for use 

by the natural environment, as water quality criteria have not been set for the 

Wonderfontein Spruit Catchment. The resource characteristics should first be 

determined, such as TDS concentrations, variability and seasonal changes. 
- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Recreation 

A wide range of full contact and intermediate contact recreational activities occur, such as 

swimming, rowing, angling and windsurfing in the Donaldson Dam and on farms along 

the Wonderfontein Spruit. 

As stipulated by DWAF (1996:9b), recreational water users may experience a range of 

impacts as a result of changes in water quality. These can be categorized as follows: 

health impacts (short term and long-term), human safety impacts, aesthetic impacts and 

economic impacts. 

However, this study will not comment on the adequacy of the Wonderfontein Spruit water 

for recreation, as many factors (such as sufficient data) are currently unknown, and the 

fact that only the parameters listed in Table 6 are discussed. 

3.3.3 Considering the Adequacy of the Wonderfontein Spruit at Turffontein as a Potchefstroom 

raw water resource 

The abovementioned comments in Table 7 clearly demonstrate that the Wonderfontein Spruit water is 

currently not ideal for domestic or industrial use. However, the question is asked whether this water 

resource is also suitable for the other water uses commented on in Table 7, namely use by the natural 

environment, recreation and agriculture. Unfortunately, due to a lack of information, this study is unable to 

conclude on the adequacy of the Wonderfontein Spruit at Turffontein for the abovementioned water uses. 

This study argues that the abovementioned lack of information should be taken into consideration when 

decisions are made regarding raw water resources, as this is in line with the Precautionary Principle of the 

National Environmental. Management Act, No. 107 of 1998. This principle dictates that "a risk-averse and 

cautious approach be applied, taking into account the limits of current knowledge about the consequences 

of decisions and actions." 

This study therefore argues that the Wonderfontein Spruit at Turffontein can currently not be considered as 

a suitable raw water resource for Potchefstroom, due to a lack of information of key water quality 

constituents. 



3.4 Discussing the adequacy of the Potchefstroom raw water resources 

This section aims to provide an overview on the adequacy of the major raw water resources of 

Potchefstroom (the Wonderfontein Spruit at Turffontein, the Mooi River and the Gerhard Minnebron), and 

focuses on water quality. The following overview is given regarding the adequacy of the Potchefstroom raw 

water resources: 

A comparison of the water quality of the Mooi River and its major tributaries (section 3.4.1); 

Critical aspects regarding the current state of water quality information (section 3.4.2). 

3.4.1 Comparing the water quality of the Potchefstroom water resources 

It is evident that the water of the Wonderfontein Spruit is of a lower quality than that of the water from the 

Gerhard Minnebron tributary of the Mooi River and the Mooi River at Klerkskraal Dam. The increased 

levels of sulphates and total dissolved solids (as effectively illustrated in Figure 5) are indications of mining- 

related contamination of otherwise good quality dolomitic water (DWAF, 1995:33). 

However, the Wonderfontein Spruit water at Turffontein is also polluted by various other point-and diffuse 

sources, such as wastewater treatment works, diffuse leaching, surface run-off from informal settlements, 

townships and irrigation activities. The deterioration of water quality in specifically the Wonderfontein Spruit 

at Turffontein therefore seems unavoidable. This study therefore specifically questions the sustainability of 

the Wonderfontein Spruit at Turffontein as a water resource. 

Figure 5 provides a clear illustration of the Wonderfontein Spruit water quality in relation to the water quality 

of the Klerkskraal Dam and the Gerhard Minnebron. The Wonderfontein Spruit water at Turffontein has a 

definite increased sulphate concentration and Total Dissolved Solids (TDS) concentration, which negatively 

affects the water quality. 

The elevated measurements of the Wonderfontein Spruit at Turffontein can be attributed to the gradual 

contamination of the dolomitic compartments by upstream pollution sources (DWAF, 1998:8.10). Since the 

average values of the abovementioned similar parameters of the Gerhard Minnebron are much lower than 

those of the Turffontein eye, it can be concluded that the Gerhard Minnebron is much less polluted at 

present, which means that it is more suitable as a raw water resource. 



Figure 5: Comparing the water quality of the three major water resources of the Mooi River
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When evaluating the parameter averages of the Potchefstroom raw water resources (see Table 8), almost

all parameters indicate a lower quality of water (higher concentration of pollutants) in the Wonderfontein

Spruit as compared to the other water resources. Parameters where this is visible are for instance the

elevated sulphate concentration, the Total Dissolved Solids (TDS), Electrical Conductivity (EC), as well as

the Chloride (CI) concentration. Parameters not reflected in Table 8 that also demonstrate a lower water

quality for the Wonderfontein Spruit at Turffontein are inter alia heavy metal and radionuclide

concentrations.
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Table 8: A comparison between water quality parameter averages of Mooi River water resources

The elevated sulphate concentration at the Wonderfontein Spruit at Turffontein, as compared to the

sulphate concentrations of the Gerhard Minnebron and the Klerkskraal Dam, clearly illustrates the extent of

mining pollution in the three water resources: The Wonderfontein Spruit at Turffontein seems to be heavily

affected, while the Gerhard Minnebron is affected to a lesser extent, and the Klerkskraal Dam unaffected.

This same assumption can also be made with the Electrical Conductivity as well as the Total Dissolved

Solids measurements.

The elevated chloride concentration of the Wonderfontein Spruit at Turffontein illustrates the presence of

Waste Water Treatment Works (WWTW's) upstream of the Wonderfontein Spruit (mentioned in section

2.2.2). This study therefore argues that the measurement of biologic and organic indicators should be an

important consideration in order to ensure good water quality, since there are many WWTW's upstream.

The elevated phosphorus and nitrogen levels can be attributed to either the WWTW's in the Wonderfontein

Spruit at Turffontein catchment, mining-related pollution, or irrigation farming practices and the use of

fertilizer. It is unknown why the Gerhard Minnebron would have elevated nitrogen levels (see Table 8).

However, the causes for the elevated nitrogen levels are beyond the scope of this study.
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Gerhard Wonderfontein Klerkskraal
Minnebron Spruit Dam
(C2H011 ) (C2H013) (C2R003Q01 )

ElectricalConductivity(mS/m) 62.6 93.1 44.7
Total DissolvedSolids (mg/l) 483.4 713.4 379

l;'
S04 (sulphate)dissolvedin water 99.92 247.78 16.98=! (mgll)

C'G eI) Phosphate and Phosphorus 0.04 0.054 0.026-
ael) dissolved in water (mg/l)
.. E Total concentration of Nitrate,Se
C'G C'G Nitrite and Nitrogen-dissolved in 2.59 1.86 0.109Q. water (mQII)

CI (Chloride) dissolved in water 16.9 48.2 <7.9
(mg/l)
Iotal Hardness (mQII) 349.3 372 251.5



Concluding on the water quality comparison 

The reason for the abovementioned comparison of the Potchefstroom water resources is not only to 

establish the extent of pollution in the Wonderfontein Spruit at Turffontein, but also to provide an overview 

of the quality of the Potchefstroom raw water resources. The extent of pollution in the Wonderfontein Spruit 

at Turffontein is also compared with the extent of pollution in the other resources, namely the Gerhard 

Minnebron and the Klerkskraal Dam (Mooi River). 

The abovementioned comparison of the major tributaries of the Mooi River provides an overview with 

regard to the adequacy of the different resources for raw water. The following conclusion can therefore be 

made: the Wonderfontein Spruit water resource is of a lower quality than both the Gerhard Minnebron and 

the Klerkskraal Dam (Mooi River) resources, and is therefore less suitable as a raw water resource. In 

terms of Table 7, the Wonderfontein Spruit at Turffontein is still a viable raw water resource, although it is 

less suitable than the other tributaries. 

However, this study argues that the following also needs to be taken into consideration: Due to the lack of 

sufficient data on key water quality constituents (such as uranium and cyanide), the adequacy of the 

Wonderfontein Spruit water use is shrouded in uncertainty2, and can currently not be considered as a 

suitable raw water resource for Potchefstroom, in line with the precautionary principle of the National 

Environmental Management Act, No. I07 of 1998. 

3.4.2 Critical Aspects Regarding Current Water Quality Information 

This study realises the importance of information management with regard to water quantity and quality, 

and has made the following recommendations: 

3.4.2.1 Implementing and Maintaining an Accurate, Updated and Reliable Water Quality Database 

This study questions the integrity and effectiveness of some information databases available to water 

resource managers within the catchment. There currently seems to be many disparities in information - 
especially with regard to flow information (for example, see sections 3.3.1 and 3.2.1). Such uncertainties 

could have significant consequences on decision-making. 

* According to Wade et a1 (2000: I ) ,  the radionuclides and heavy metals can be released into the water 
column under certain uncontrollable circumstances, resulting in the deterioration of the water quality for 
downstream users. Monitoring is therefore imperative. 



The maintenance of an accurate, updated and reliable water quality and quantity database is therefore 

proposed, as it is seen as a basis for effective water resource management. It is therefore advised that 

data accuracy, be carefully verified and inserted in a central database, where it can be continuously 

updated. 

3.4.2.2 Water Quality Monitoring - A Challenge that should be addressed. 

In the light of previous studies done, such as Wade et a1 (2002), it should be argued that water quality 

monitoring must play an important role in effectively managing the Mooi River catchment. 

However, although target water quality ranges exist, such as the South African Water Quality Guidelines, 

there seems to be a lack of sufficient monitoring to check conformance. DWAF (1998: 4.72) concluded that 

closer examination of historical data reveal that there are numerous shortcomings. Some of the 

recommendations made by DWAF (1998:4.72) include inter aha that microbiological constituents be 

included in the DWAF monitoring programme and that cyanide and radionuclide levels be determined at all 

points which may be affected by mining activities. It was also recommended that a biomonitoring system be 

instituted. 

However, the situation regarding water quality monitoring has improved significantly, as the Potchefstroom 

city council currently monitors uranium, arsenic, lead, mercury, nickel and other metals on a weekly basis 

at the purification plant as well as the inlet to Potchefstroom. 

3.4.2.3 The Importance of Biologic, Organic and Radioactive Water Quality Constituents 

As mentioned above, there are many shortcomings in the water quality data available to water resource 

managers in the Mooi River catchment. The current situation regarding the following water quality 

categories will be briefly discussed: microbiologic and biologic criteria, organic substances of significance, 

as well as radiological substances of significance. Other heavy metal constituents will not be discussed, as 

it is expected that the pathways of these constituents are similar to those of uranium. 

Microbiological Criteria 

As stipulated by DWAF (1996a:82), a wide variety of pathogenic viruses, protozoa and bacteria may be 

transmitted by water, and may cause a wide range of diseases. Infections are generally contracted by 

drinking contaminated water, recreational exposure to contaminated water, inhalation of aerosols or the 

consumption of raw food exposed to polluted water. 



Due to the effluent contribution of numerous sewerage treatment works upstream in the Wonderfontein 

Spruit as well as the impact of informal settlements, waste disposal sites and mining, microbiological 

contamination of the Mooi River water is highly possible. However, many physical, chemical, biological and 

biochemical factors influence the survival of micro-organisms in aquatic environments. 

According to DWAF (1998: 4.72), microbiological constituents are currently not included in the DWAF 

monitoring programme. This could be attributed to the fact that it is deemed unnecessary to do such 

monitoring if water is purified and chlorinated. However, this is perplexing, as it still remains necessary to 

monitor water quality in order to ensure proper functioning of the water purification plant according to the 

South African Water Quality Guidelines (DWAF, 1996a: 82) Target Water Quality Ranges for microbiologic 

criteria. 

Organic Criteria 

This study is also unable to comment on the state of organic pollution of the Mooi River and the health 

effects thereof, due to a lack of information. According to DWAF (1996a: 134), compounds such as 

chloroform and phenols usually occur in water with a number of other organic compounds and can 

consequently serve as indicator compounds. 

The same reasoning can be attributed as for microbiologic criteria: apart from purification, it still remains 

necessary to monitor water quality for specific water quality constituents (or their indicator compounds) in 

order to ensure that water of a good quality is utilised for domestic purposes. 

Radioactive Substances of Significance 

From previous surveys done in the catchment (DWAF, 1999:10), it was found that uranium is the main 

radioactive element present, and according to Wade et a1 (2000:57), there is evidence that uranium is 

transported in a soluble form along the length of the Wonderfontein Spruit and the Mooi River. 

Uranium has both a chemical toxicity and a radiological hazard. On the one hand, radioactivity presents 

carcinogenic risks of a stochastic nature, which are not easily mitigated. However, on the other hand, it is 

important to note that the chemical toxicity of uranium is of more concern than the radiological risk of 

cancer (DWAF, 1996b: 128). As a heavy metal, uranium causes renal failure. The DWAF guideline on 
- - . . . . . . . . . . . . . . . . . . . . . . . .  

Uranium-238 (DWAF, l996b: 130) therefore shlesttia€ human health may beat risk-if-a eoplc-entfatien d 

0.284 mg/l is exceeded (see Table 9). 
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Various research studies have therefore been conducted on the potential public safety and health risks that

may be associated with the goldmine-related pollution of the Wonderfontein Spruit and its downstream

areas. These research studies include the Report on the Radioactivity Monitoring Programme in the Mooi

River catchment (DWAF, 1997), which sought to establish the drinking water health risk, as well as the Tier

1 Risk Assessment of Radionuclides in Selected Sediments of the Mooi River (Wade et aI, 2000:2),focusing

on the concentrationsof selected radionuclidesin the sediments of the Mooi River between Krugersdorpand

Potchefstroom,as well as the risks representedby the potential re-releaseof heavy metals from the sediment.

It was established by DWAF (1999:7) that two exposure pathways are significant for exposure to uranium

in the Mooi River catchment: direct ingestion resulting from regular and continuous use of the water for

drinking purposes, and regular consumption of fish obtained from contaminated bodies. However, Coetzee

et al (2002: 41) also advocated that the bioaccumulation of metals in crops due to irrigation, followed by the

ingestion of crops, could also lead to exposure to dangerous metals such as uranium. Such a statement is

significant for this study, as it is proposed that the diverted water of the Wonderfontein Spruit also be used

for irrigation purposes.

Table 9: The current DWAF guideline on uranium-238 in domestic water.

(DWAF, 1996b: 130)

However, the South African guidelines seem to be more lenient with regard to regulating uranium

concentration than international best practice. Not only do the Canadian government (Health Canada,

2003:2), Australia and the American Environmental Protection Agency (quoted by Riedel, 2003:26),
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Uranium-28 Rnae Effects
Bq/l mg/l
Target Water Quality Target Water Quality No significant effects. Annual cancer
Range Range risk less than
o to 0.89 o to 0.070 1 in 4 000 000.
0.89 to 3.6 0.070 to 0.284 Annual cancer risk less than 1 in 1 000

000. Can potentially be a slight risk of
renal toxicity in sensitive individuals
where renal function is impaired, but
unlikely to have demonstrable renal
toxicity in healthy individuals.

If 0.284 mg/l is exceeded, human health may be at risk due to chemical toxicity.

3.6 to 18 0.284 to 1.42 Annual cancer risk less than 1 in 200
000, but significant risk of chemical
toxicity with renal damage.

< 18 > 1.42 Increasing cancer risk in long-term.
Increasing risk of renal damage in short
term.



advocate 20 pgll (0.02 mgll) to be a uranium safety concentration limit, but the World Health Organisation 

(WHO) also recommends a uranium standard concentration of as little 15 pgll (WHO, 2004: I I) .  

Assessina the Uranium Situation in the Wonderfontein Spruit Catchment 

With regard to uranium in the water, it was found that the majority of sites tested in the Wonderfontein 

Spruit Catchment (including Potchefstroom's raw water intakes) had insignificant radiation dose levels, and 

complied with the World Health Organisation's ideal screening guideline for radioactivity in drinking water of 

5 0.1 msvlannum. This dose level also falls within the Class II water classification of DWAF, which means 

that the water would be safe for consumption purposes, as well as for agricultural purposes (Riedel, 

2003: 26). 

However, Wade et a1 (2000:58) advocates that measurements along various sites in the Wonderfontein 

Catchment have been measured to be higher than the Council of Nuclear Safety (CNS) action level of 0.08 

Bqlg. Uranium-238 chemical toxicity was also found to be mostly acceptable, except at the centre of the 

catchment, where 7 sites required further investigation. This can be attributed to the continuous enrichment 

of the sediment by uranium. It was noted that the majority of the sites with elevated uranium concentrations 

almost all had contributions from mine water, but that uranium concentrations decreased with downstream 

distance from their sources. 

Although a combination of sediment adsorption and dilution effects assist in diluting the concentration of 

uranium, DWAF (1996d: 162) indicates that uranium is commonly accumulated within the roots of plants. 

According to DWAF (1 W6d: l62), vegetables can concentrate uranium to levels which are a 100 times that 

of the irrigation water. The DWAF Water Quality Guidelines therefore advocate a TWQR of 0.01 mgll for 

uranium, with a maximum concentration in alkaline soils of 0.01 - 0.10 mgll. 

Ironically, the measurement of uranium is not part of the DWAF water quality monitoring programme 

(DWAF, 1998:4.72). This practically renders the abovementioned standard ineffective. No information was 

obtainable on the uranium concentration at the Tutffontein measuring station of the Wonderfontein Spruit 

(C2H013). 

This is perplexing, because there is evidence that the sediments of the Mooi River are accumulating 

radionuclides from the water column. However, according to Wade et a1 (2000:1), the radionuclides and 

heavy metals can be released into the water column under certain uncontrollable circumstances, resulting in 

thedeterioratienof the water-qualityfor do~s t ream usem - - - - - - - - - - - - - - - - - - - - - - - - - - - - 



This study therefore recommends that uranium should be continuously monitored. Such monitoring results 

will play a major role in influencing decision-making regarding the adequacy of water from the 

Wonderfontein Spruit. 

( Other Heavy Metal Constituents 

Apart from uranium, there are indications that the Wonderfontein Spruit Catchment is also polluted by other 

heavy metal contaminants. According to Nell (2004), elevated levels of heavy metals (such as lead) have 

been measured in the past for specific periods. It is also important to note the enrichment of the sediment 

by heavy metals as noted by Wade et a/ (2000:l). It can be expected that the exposure pathways and most 

/ of the origins of these pollutants will be similar to those of uranium. 



4. The Proposed Diversion of the Wonderfontein Spruit 

Possible Implications 

As described in section 2.1.6, the Mooi River is an important source of water to many users, which range 

from agriculture and domestic to industry. It has to be ensured that the water quality of the Wonderfontein 

Spruit and Mooi River can sustain water uses lower down in the catchment, such as livestock watering, 

irrigation, sports and recreation, as well as maintaining a healthy aquatic ecosystem. 

However, the complex nature of the Mooi River catchment (as described in section 2.1.5) provides a 

challenge to authorities, as the contamination potential by point- and diffuse sources in the catchment 

(described in section 2.2) is intensified by the interaction between surface and ground water in the 

Wonderfontein Spruit. The Mooi River catchment has been described as a priority catchment for intensive 

mining related pollution monitoring, due to the fact that major gold mining activity is carried out in the upper 

parts of the catchment with the potential for surface and ground water pollution (DWAF, 1997:5). Other 

impactors in the Mooi River catchment include effluent streams from various wastewater treatment works, 

as well as diffuse sources of pollution such as leaching, surface run-off from informal settlements, 

townships and irrigation activities. 

Because of the abovementioned pollution risk, many studies have been commissioned in the Mooi River 

catchment (the Wonderfontein Spruit in particular). Research has focused on various topics, including 

situation analysis studies on domestic water health risk, which focused on heavy metals and radionuclides, 

for example: 

The Report on the Radioactivity Monitoring Program in the Mooi River (Wonderfontein Spruit) 

Catchment (DWAF, 1997); 

A Mooi River catchment Study: Phase 1 : Situation Analysis (DWAF, 1998); 

Tier 1 Risk Assessment of Radionuclides in Selected Sediments of the Mooi River. WRC-Project No 

K511095. (Wade et al, 2000); 

Radioactivity study on sediments in a dam in the Wonderfontein Spruit Catchment (Report number: 

2002-01 27). (Coetzee et a/, 2002). 

Due to the many uncertainties that still exist regarding the downstream migration of pollutants (such as 
- - - - - - - - - -  - - - - - - - - - - - - - - - - 

uranium and other heavy metals) and t h e s o d a t e d  long- tmi  health effects,-tkis shrdyproposes that the 
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Wonderfontein Spruit be diverted away from the Mooi River, in order to minimise the contamination risk of 

the Mooi River, the Boskop Dam and other raw water resources of Potchefstroom. 

However, considering the growing water demand in the catchment, it is important to assess whether it will 

still be feasible to utilise the Wonderfontein Spruit water for alternative water uses with lower health risks to 

humans. By considering the South African Water Quality Guidelines, this study proposes to assess the 

feasibility of utilising the Wonderfontein Spruit water for agricultural purposes. The feasibility of diverting the 

Wonderfontein Spruit water into the Gerhard Minnebron canal for agricultural use will therefore be 

considered. 

The following aspects of the proposed Wonderfontein Spruit diversion will be considered in this chapter: 

1. Legal obligations of the Wonderfontein Spruit diversion (see section 4.1) 

2. The route of the Wonderfontein Spruit diversion (see section 4.2) 

3. Potential impacts of the Wonderfontein Spruit diversion (see section 4.3) 

4. Financial implications of the Wonderfontein Spruit diversion (see section 4.4) 

5. The adequacy of the Wonderfontein Spruit water for agricultural purposes (see section 4.5) 

4.1 Considering the legal implications of the Wonderfontein Spruit diversion 

For the purposes of this study, only environmental legislation will be considered. Focus will only be placed 

on major legal implications of the development. 



Table 10: Linking Specific Activities of the Diversion to Legal Requirements

3 Although this study anticipates changes in legal requirements due to new legislative developments (such as the
forthcoming EIA regulations to be promulgated under the National Environmental Management Act, No 107 of 1998),
it only considers current legal requirements.
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Affected
Environmental Development Activities Applicable Legislation and Implications3Characteristic (Aspects)

National Water Act, No 36 of 1998

Diverting the Wonderfontein The following activities are regulated and require water
Spruit at Turffontein and use licenses:
altering its streambed & Section 21(c) - Impeding or diverting the flow of water incharacteristics (especially the a watercourse;

area downstream of the dam)
Section 21 (i) -Altering the bed, banks or characteristics

of a watercourse.

Environmental Conservation Act, No 73 of 1989
Water Constructing and erecting a

canal to divert the Section 21:
Wonderfontein Spruit towards

the Gerhard Minnebron. GN R1182: Identification of Activities which may have a
Building a weir/dam wall in the substantial Detrimental effect on the Environment:
riverbed of the Wonderfontein Schedule 1 (i)
Spruit at Turffontein in order to The construction, erection or upgrading of- canals and

cause the flow of the channels, including structures causing disturbances to
Wonderfontein Spruit to be the flow of water in a river bed, and water transfer

dammed up to an extent that it schemes between water catchments and
can be diverted / transferred to impoundments.
the Gerhard Minnebron canal.

Environmental Conservation Act, No 73 of 1989
The route of the proposed

canal will transverse through Section 21:
areas of existing agricultural

land and other land uses, and will GN R1182: Identification of Activities which may have a
therefore change land use substantial Detrimental effect on the Environment:
from current agricultural or Schedule 2 (c)

undetermined use to any other Change of land use from agricultural or undetermined
land use. use to any other land use.



The National Heritage Resources Act, No 25 of 1999 

Heritage 
Resources 

Constructing a road during the 
construction phase of the 

canal, and also constructing 
the 2.5 km canal stretching 

1 from the Wonderfontein Spruit 1 at Turffontein to the Gerhard 
Minnebron. 

Development activities requiring a Heritage Assessmen 

Section 38 (a): 

The construction of a road, wall, powerline, pipeline, 
canal or other similar form of linear development or 

barrier exceeding 300m in length. 

Implications of the abovementioned Legal Requirements 

Three types of authorisations are required for the abovementioned regulated activities: Water Use Licenses 

in terms of the National Water Act, No 36 of 1998, a Record of Decision (ROD) in terms of the 

Environmental Conservation Act, No 73 of 1989, and an approved heritage assessment from the South 

African Heritage Resources Agency (SAHRA). 

Authorisations for Water Use Licenses are required for the following activities of the proposed 

diversion: 

Divertinq a Stream and Altering its bed & characteristics 

Authorisations are required to undertake any stream diversion or the alteration of a streambed & 

and (i) of the National Water Act, No 36 of 1998) for these activities, as well as complying with all 

conditions accompanying such licenses. 

Change of land use from aaricultural to anv other land use 

characteristics. Such authorisations would entail obtaining water use licences (in terms of Sections 21 (c) 

diversion: 

An authorising Record of Decision (ROD) is required for the following activities of the proposed 

The construction, erection or up~rading of- canals and channels, includina structures causing 

disturbances to the flow of water in a river bed, and water transfer schemes between water 

catchments and im~oundments 

Due to the fact that the abovementioned activities are listed activities in terms of Section 21 of the 

Environmental Conservation Act, No 73 of 1989, an Environment Impact Assessment (EIA) has to be 



conducted prior to the proposed developments. The Record of Decision (ROD) will either approve of the 

development activities (specified with conditions) or turn them down. 

An approved Heritage Assessment from the South African Heritage Resources Agency (SAHRA) is 

required for the following activities of the proposed diversion: 

The construction of a road, wall, powerline, pipeline, canal or other similar form of linear 

development or barrier exceedina 300m in lenqth 

Due to the fact that the abovementioned activities are listed activities in terms of Section 38(a) of the 

National Heritage Resources Act, No 25 of 1999, a Heritage Assessment has to be conducted prior to the 

proposed developments (in this case, the canal). 

4.2 Considering the most feasible route for the Wonderfontein Spruit diversion 

As already mentioned, this study aims to evaluate the feasibility of diverting the Wonderfontein Spruit away 

from Boskop Dam and the Potchefstroom water abstraction points in order to avoid continuous raw water 

contamination and ensure a more sustainable water supply for Potchefstroom. The following route is 

proposed for the diversion (see Figure 6): 

The Proposed Route of the Diversion 

This study proposes that a dam wall be constructed in the Wonderfontein Spruit streambed at Turffontein 

at the following coordinate: Latitude 26'28'37.2'' and Longitude 27'08'01.3" (see point A in Figure 6 and 

Figure 7 - also see Photograph 8 and 9 in Addendum 2). 

As already mentioned, it is proposed that the water in this dam be canalised towards the Gerhard 

Minnebron (see photograph 4 in Addendum 2), which is located about 2.5 km southeast of the proposed 

dam site (see point B in Figure 6 and Figure 7). 

The route of the abovementioned diversion will primarily follow the existing farm road and power line 

servitude (see Figure 7 and photograph 7 in Addendum 2) toward the Gerhard Minnebron (see point B in 

Figure 6 and Figure 7)' in order to minimise impacts to existing land use. However, the last section of the 

proposed route will unavoidably cross existing farming land, which will have an impact on the current land 
- - - - - -  

- - - -  

use of the area. - - - - - - - - -  - - - - - - - -  - - - - - -  - - - - - - - -  - - - - -  



The diverted water will then flow around Boskop Dam via the Gerhard Minnebron canal (see Photograph 5 

and 6 in Addendum 2). South of Boskop Dam, the water will flow into the Left Bank canal (see point E in 

Figure 6), after which it will flow to the Lakeside canal (see point G in Figure 6) and then back into the Mooi 

River just downstream of Potchefstroom. There is also an option to let the water flow towards the Modder 

dam, from where it will flow back to the Mooi River via the Loopspruit (see point I in Figure 6). 

There are therefore 2 options for the route of the diversion south of the Lakeside Dam (see point G in 

Figure 6): 

Option 1 : Directly towards the end of the Lakeside canal south of Potchefstroom (see points G to H 

in Figure 6); 

Option 2: Towards the Modderdam (see points G to I in Figure 6); 

However, there are several challenges that will have to be dealt with if this specific route is to be used: 

It will have to be ensured that existing connection points with the rest of the system that delivers 

raw water to Potchefstroom are well managed and inspected on a regular basis, in order to ensure 

that the Wonderfontein Spruit water is completely isolated from the rest of the system; 

Due to the fact that the Wonderfontein Spruit water will be utilised for agricultural purposes (see 

section 4.1.5 for more details), it has to be ensured that there is sufficient monitoring of the water 

quality, especially for heavy metals and other pollutants originating from northern parts of the 

Wonderfontein Spruit catchment; 

With the current diversion route, it is likely that no water will be left in the canal between the 

Lakeside Canal (G) and the Modderdam (I), which might have implications on the farmers in that 

area. However, as indicated by DWAF (1998: 3.1 I ) ,  there is often no water left in the canal at this 

point, which explains why the farmers mostly use borehole water for irrigation. 

According to De Ridder (2004), it will not be possible to entirely disable connection point F of the 

Left Bank Canal with the Lakeside Dam, due to the fact that whenever the Right Bank Canal of 

Boskop Dam is cleaned, water from the Left Bank Canal is utilised for drinking purposes. 

Connection point F is then utilised. However, if the water from the Wonderfontein Spruit is to be 

completely isolated from the rest of the water distribution system (MRGWS), this practice should be 

discontinued and connection point F should be sealed off. An alternative means should therefore be 

devised to obtain water from the Boskop Dam during cleaning operations of the Right Bank Canal. 

The feasibility of a pipeline or another canal between Boskop Dam and the water purification works 

- - c~l;tlckbe cmsidered @eRecornmendation 5in Section6ofth1sstudy). - - - - -  

- - - - - - - - 



4.3 Assessing Potential Impacts of the Diversion 

This study recognises the importance of considering environmental implications prior to developments, 

already at the design phase, and to manage aspects throughout the life cycle of a development. The 

purpose of this assessment is to broadly assess environmental impacts, as part of a pre-feasibility 

investigation of the proposed development, which includes financial (section 4.4) and legal (section 4.1) 

investigations. 

Alternatives to this development are also proposed and discussed in Addendum 5 of this study. However, 

significant environmental implications of these alternative proposals are not assessed, although such 

assessments will influence their feasibility. This paper therefore also recommends pre-feasibility 

investigations for the following alternative proposals (see Recommendation 7 in Section 6 of this study): 

Utilising supplementary water to contribute to the current Potchefstroom raw water supply (such as 

water from the Rand Water company or water from a dolomitic compartment); or 

Dedicating the Klerkskraal Dam as primarily a Potchefstroom raw water resource; or 

Considering the "No Go" option - leaving the current situation as it is. 

4.3.1 The Scope of the Assessment 

The interpretation of whether or not the impacts of the abovementioned diversion might be significant is 

fundamental to this assessment. However, the scope of the assessment is limited to the following areas 

and phases of the proposed diversion: 

Construction Phase: 

A Constructing a dam wall in the flow of the Wonderfontein Spruit riverbed at Turffontein; 
(see section 4.3.3); 

B Constructing a canal to transport water from the Wonderfontein Spruit riverbed at Turffontein to the 
Gerhard Minnebron canal (see section 4.3.3); 

Operational Phase: 

C Utilising the water of the Wonderfontein Spruit for agricultural purposes; 
(see section 4.5); 

D Determining the effect of the Wonderfontein Spruit diversion on the Potchefstroom raw water quality 
(see section 4.6); 

It should be noted that no attention has been given to cumulative impacts in this preliminary assessment. 
- - - - - - - - - - - - - - - - -  

- - - - - - - - - - - -  - - - - - -  
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4.3.2 Methodology of Determining Impact Significance 

This study made use of a Leopold Matrix to identify potential impacts and their nature, extent, duration and 

probability (see Addendum 3). Considering all these characteristics of impacts has helped determine 

significance. 

According to the IEM guideline series on determining impact significance (DEAT, 2002: lo), the Leopold 

Matrix proves to be effective for construction projects (such as the Wonderfontein Spruit diversion). Its 

main strength lies in the fact that it is a checklist that incorporates qualitative information on cause-and- 

effect relationships. 

Although this method of impact and significance determination does not provide for public participation, it 

was deemed as sufficient for the purposes of this pre-feasibility study. 

The Leopold Matrix is a combination of the following two checklists (DEAT, 2002: lo), which were adapted 

to the context of this study: 

a list of the potential actions that will be associated with the development (located across the top of 

the matrix); and 

a list of environmental characteristics, including socio-economic conditions that might be affected 

(located on the left side of the matrix) 

When a project action was recognised to have an effect on an environmental characteristic, the appropriate 

matrix cell relating project activities to environmental parameters was bisected with a diagonal line. The cell 

was then scored for potential impact severity, and it was determined whether the impacts were positive or 

negative. 

After this first stage of impact identification, more reasoning was given in order to evaluate the significance 

of the identified premitigatory impacts of the project. The following characteristics were considered jointly to 

determine the potential impact significance: Duration, Severity and Probability (see Table 11 for a summary 

of the parameters used and how they were measured). 



Table 11: Impact evaluation parameters used to determine impact significance

Considering the results of the abovementioned parameters assisted in the significance determination of

each identified impact. The significance was determined to be Low (L), Medium (M) or High (H). The

resultant significance rating was then indicated in each applicable cell (in the bottom righthand corner) of

the abovementioned Leopold Matrix (refer to Addendum 3), as well as in Table 21 and 22 (refer to

Addendum 4). This resulted in a sufficient overview of the resultant impacts, which is described in Section

4.3.3.

. 4.3.3 The Assessment Results

Potential impacts identified during the assessment (see Addendum 3 and 4) are arranged in Figure 8 in

terms of the criteria/parameters utilised to measure impact significance in Table 11. The overview therefore

provides a risk profile of probable impacts, which can be utilised in planning and decision-making.

An overview of the results

Potential impacts identified with the Leopold Matrix method (as described in section 4.3.2) are listed in

Table 21 and 22 (refer to Addendum 3). In total, there were 29 negative impacts identified, compared to the

5 positive impacts of the development. An overview of the results is provided in Figure 8:
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JmpactEvaluation
Parameter Measurements

Parameters

Duration Transient (T), Short-term (S), Medium (M), Long-term (L), Permanent

(P)

Severity Major (:I:5:1: 4) Moderate (:I:3:1: 2) Minor (:I:1)

(positive or negative)

Probability Improbable (I), Probable (P), Highly Probable (H), Definitely (D)



Figure 8: Potential Impacts of the Diversion-A Risk Profile
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Key:
The impact duration is also given. Short term impacts are marked with "S", while
medium and long-term impacts are marked with "M" and "L".

All positive impacts are shaded, while the rest of the forms represent negative impacts.

D Potential impacts to be caused by the proposed canal development

6. Potential impacts to be caused by the proposed dam development

o Potential impacts of the diversion on the Potchefstroom raw water quality

o Potential impacts of the diversion on agriculture

The following section discusses the assessment results (which are listed in Addendum 3 and Addendum 4)

in line with the abovementioned risk profile (Figure 8). This discussion aims to link the assessment scope

63

High

en

I'3i
n
I»

n

S!.
::u

ii'

Medium



(section 4.3.1) with the assessment results. Similar categories to those listed in section 4.3.1 are therefore 

utilised: 

A Constructing a dam wall in the flow of the Wonderfontein Spruit riverbed at Turffontein; 

B Constructing a canal to transport water from the Wonderfontein Spruit riverbed at Turffontein to the 

Gerhard Minnebron canal; 

C Utilising the water of the Wonderfontein Spruit for agricultural purposes; 

D Determining the effect of the Wonderfontein Spruit diversion on the Potchefstroom raw water 

quality; 

A Constructing a dam wall in the flow of the Wonderfontein Spruit riverbed at Turffontein; 

It was determined that various impacts will be caused by the construction of a dam wall in the flow of the 

Wonderfontein Spruit riverbed at Turffontein. The probable impacts range from impacts on the physical 

environment, to impacts on the biologic and cultural (social) environment. When considering the overview 

provided above, it is clear that most of the long-term impacts will be caused by the dam (see Figure 8 and 

Addendum 4). 

Impacts on the physical environment include impacts on water (increasing the water surface) and 

modifying natural processes in the form of flood-control and changing the riverine habitat through 

enhanced sedimentation and the deposition of nutrients. 

With regard to biologic conditions, the dam will have the following influence: The proposed dam will divert 

the Wonderfontein Spruit towards the Gerhard Minnebron, leaving the downstream streambed without 

water. The downstream habitat of the Wonderfontein Spruit before its confluence with the Mooi River will 

therefore be detrimentally affected. Both riparian and instream flora and fauna will be detrimentally 

affected. This will bring about a decrease in biodiversity in the specified area and a shift in specie 

representivity. 

With regard to cultural (social) factors, land-use will be affected, as well as aesthetics and human interest. 

In terms of land-use impacts, the downstream farming residency will be affected, as well as the diamond 

mines in the vicinity. In terms of aesthetics and human interest, the effect of the dam development on the 

"sense of place" will be the most significant influence. 

- - -  - - - -  

Beneficial (pos i i k )  impacts-that coutd-be-caused, imtude the possible kaptwing L mtainment'lof beavp 

metals and radionuclides by the dam sediment, as an additional safety measure. The risk of flooding to 

downstream users could also be minimised by the dam development. However, the most significant 



beneficial impact of the dam would be the improved water quality in the Mooi River, as a result of the 

proposed diversion. 

B Constructing a canal to transport water from the proposed dam in the Wonderfontein Spruit 

riverbed at Turffontein to the Gerhard Minnebron canal 

It was also determined that various impacts will be caused by the construction of the canal that will 

transport water from the proposed dam in the Wonderfontein Spruit riverbed at Turffontein to the Gerhard 

Minnebron canal. In contrast with the proposed dam development, the following is clear from the overview 

in Figure 8: most of the impacts that will be caused by the proposed canal will be short term, low- 

significance impacts. The probable impacts that could be caused by the canal also range from impacts on 

the physical environment, to impacts on the biologic and cultural (social) environment. 

In terms of the impacts on the physical environment, medium-term impacts can be caused to the soils on 

the proposed route of the diversion, as a result of the alteration of ground cover, as well as the excavation 

and removal of soils during the construction phase. The canal will also lead to increased water surface 

exposure and therefore evaporation, due to a lack of vegetation along the canal route. 

Impacts on biologic conditions will mostly be caused during the construction phase of the canal, due to the 

removal of vegetation such as shrubs and trees on the route. The removal of vegetation will also lead to 

impacts on small fauna (such as birds), as their habitat will be affected. 

Land-use will also be affected, as well as aesthetics, human interest and man-made facilities and activities. 

In terms of land-use impacts, the downstream farming residency will be affected, as well as the diamond 

mines in the vicinity. However, this will only be to a limited extent, due to the fact that existing routes and 

servitudes will be used. 

In terms of aesthetics and human interest, the effect of the dam development on the open space qualities 

will be the most significant influence. However, as argued in Addendum 4 (Table 21), the area is not 

pristine, as there already are other existing servitudes in the area, as well as many unrehabilitated mine 

dumps. 

-WthPregard roman-made facilities arrd activitiesT here is a kighpessi~l i ty-t~texist in~sfr~ctures~can be 

damaged during the construction phase of the developments, due to the utilisation of existing servitudes. 



C Utilising the Turffontein water for agricultural purposes 

As already mentioned, this study proposes that the Wonderfontein Spruit be diverted via the Gerhard 

Minnebron canal towards an area downstream of Potchefstroom raw water abstraction points. However, 

the Gerhard Minnebron canal is currently used for agricultural purposes. It was therefore necessary to 

consider potential impacts resulting from the agricultural use of the Wonderfontein Spruit. 

With the utilisation of the Wonderfontein Spruit water for agricultural purposes, the following potential 

impacts can be anticipated: 

As mentioned in Section 4.5, increased encrustation and enhanced scaling could also be 

experienced due to the higher levels of TDS in the Wonderfontein Spruit. Not only could the 

effectiveness of irrigation and livestock distribution systems be influenced, but irrigation methods 

and soil salinity may also be affected in the long-term. 

Possible yield decreases might also be experienced with saline - sensitive crops when unsuitable 

management practices are implemented; 

Farmers will perhaps be forced to adapt their current management practices in order to adapt to a 

slightly more saline situation. The use of low-frequency irrigation methods could perhaps be 

investigated (DWAF, 1 9964: 1 68). 

In terms of the Water Qaulity Guidelines DWAF (19964) and DWAF (1996e), most of the water quality 

constituents safely fall within the specified target water quality ranges. It can therefore be argued that the 

Wonderfontein Spruit water is suitable for agricultural purposes. 

However, it is important to note that the duration of these impacts will be long-term and they will be of a 

high significance. Key information is missing on the Wonderfontein Spruit water quality (as mentioned in 

sections 3.3.3 and 3.4), and needs to be considered seriously before authorisation is granted to 

implemented the proposed Wonderfontein Spruit diversion. 

D Determining the effect of the Wondetfontein Spruit diversion on the Potchefstroom raw 

water quality 

The Wonderfontein Spruit diversion will remove the source of the most pollutants from the Mooi River 

system (see section 3.4.1). The diversion will therefore potentially lead to a lower health risk to the 



Potchefstroom population due to an enhanced raw water quality. This scenario will potentially lead to the 

following positive impacts: 

The improved water quality will benefit the riverine ecology (protected from salinisation); 

A lower health risk to the Potchefstroom population due to improved water quality; and 

Better management of water resources. 

It can be argued that if the abovementioned results are attained, the Wonderfontein Spruit diversion can be 

regarded as a success, due to the fact that the abovementioned long-term positive results are the 

reasoning behind the entire project. 

4.4 Determining the Financial Implications of the Wonderfontein Spruit Diversion 

In order to determine the financial implications of the diversion, a cost-breakdown structure of the different 

project phases of both the canal and the dam were undertaken. It was therefore necessary to determine 

the necessary canal specifications and capacity, including a preliminary design of the proposed canal that 

should transport the diverted water towards the Gerhard Minnebron. The methodology followed is 

explained in Addendum 6. 

It was firstly necessary to determine the 100-year flood peak of the Wonderfontein Spruit at Turffontein, in 

order to determine the required capacity of the proposed canal. The statistical flood prediction method was 

used, together with peak flow data from the DWAF measuring station C2H013 (191 1 - 1999). It was 

established (see Figure 9) that the 100-year flood peak of the Wonderfontein Spruit (Station C2H013) is 

approximately 0.358 m3/second (1 288.8 m3/hour). 



Figure 9: Determining the Peak Flows of the Wonderfontein Spruit at Turffontein (station C2H013)
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However, the capacity of downstream areas to handle peak flows (particularly the Gerhard Minnebron

Canal) also had to be taken into consideration, as such constraints could influence the feasibility of the

diversion. The DWAF office in Potchefstroom, for example, has advised that the Gerhard Minnebron canal

be limited to only 75% of its capacity (approximately 2625 m3/hour),due to structural fatigue (De Ridder,

2004).

It was therefore imperative for effective design, so as to avoid shooting/supercritical stream flow as much

as possible in order to maintain the structural integrity of the Gerhard Minnebron canal (see Addendum 6).

It was determined that a cement canal (of parabola shape) of 1 meter wide and 50 cm deep, would be able

to handle a flow volume of 0.358 m3/second(as is the case in the 1:1OO-yearflood of the Wonderfontein

Spruit). An illustration of the canal is given in Figure 10. However, the methodology utilised to design the

canal is described in Addendum 6.
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Figure 10: The Proposed Design of the Turffontein Canal

Canal Characterisitics: ~ T ~

Dimensions:

Hyperbolic Design

T =2.75m
d =1.75m
A =1.898m2
p = 5.719m

Determining the financial implications of the diversion

An engineering and management firm, BKS (pty) LTO, was asked to give a cost estimate for the

development of the canal and the dam.

The cost estimate (see Addendum 7) was calculated for a concrete canal consisting of the features

illustrated in Figure 9, while the dam wall cost estimation was calculated for a dam wall of 20m wide and

3m high mass concrete.

The total cost for the construction of a 2.5km long concrete canal, was estimated at R 6076200, while the

total cost for the construction of the dam wall was estimated R364 800. The total cost of the development

would therefore be in the vicinity of R6 441000.

However, the abovementioned cost estimate could be influenced by site-specific requirements, such as

the increased excavation requirements, as well as the possible necessity for a longer dam wall.

4.5 Determining the Adequacy of using Wonderfontein Spruit water for agricultural

purposes

Since many irrigation schemes are situated at the lower end of drainage basins, they are often at the

receiving end of upstream water quality degradation activities. According to the South African Water

Quality Guidelines on Irrigation (DWAF, 1996d: 20), it is likely that many irrigation farmers will, in the future,
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have to contend with both deteriorating quality and a diminishing supply of irrigation water. Unless drastic

management measures are taken, this might also be the case in the Mooi River catchment.

As a result of changes in water quality, DWAF (1996d: 163) advocates that irrigation water users may

experience a range of impacts, including the following:

. Reduced crop yield (primarily as a result of increased salinity or the presence of constituents that are

toxic to plants);

. Impaired crop quality (resulting in inferior products, which may pose a health risk to the consumer);

. Impaired soil suitability (as a result of degradation of soil properties and the accumulation of

undesirable or toxic constituents); and

. Damage to irrigation equipment due to corrosion or encrustation.

It is therefore necessary to investigate whether it will be a worthwhile exercise to divert the Wonderfontein

Spruit away from the Mooi River stream and to utlise the water for irrigation purposes. In order to determine

the feasibility of such a management option, the following have been investigated:

i) To compare water quality characteristics of the Wonderfontein Spruit water with the requirements of

the South African Water Quality Guidelines on irrigation (DWAF, 1996d) and livestock watering

(DWAF, 1996e) - See section 4.5.1;

ii) The effect of diluting the Wonderfontein Spruit water with Gerhard Minnebron water within the canal

should also be considered (See section 4.5.2);

iii) To identify the receptors (users) of the Gerhard Minnebron irrigation canal - the amount of farms, as

well as the main crops grown, and to consider the effects of the water quality on crops and livestock

(See section 4.5.3);

4.5.1 To compare water quality characteristics of the Wonderfontein Spruit water with the

requirements of the South African Water Quality Guidelines for agricultural use - irrigation and
livestock.

In order to determine the adequacy of the Wonderfontein Spruit diversion for agricultural purposes, its

adequacy to irrigate (see section 4.5.1 A) as well as its adequacy to water livestock (see section 4.5.1 B

below) is considered:
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A Determining the Wonderfontein Spruit irrigation feasibility

Before the water of the Wonderfontein Spruit can be diverted, it is imperative to determine whether the

water will be suitable for agricultural purposes. Knowing the possible limitations of the water will have a

definite influence on the usefulness of the water, and therefore also the feasibility of the diversion.

The Wonderfontein Spruit at Turffontein has an EC average of 93.1 mS/m (1969/11/01 - 2004/08/3) and

has experienced EC fluctuations ranging from 43.2 mS/m to 145 mS/m according to the measurements at

the DWAF station C2H094. According to DWAF (1996d: 168), a 90% relative yield of moderately salt-

sensitive crops can be maintained when irrigating with water of which the EC concentration falls within a 90

- 270 mS/m class by implementing special management practices, such as the use of a low-frequency

irrigation system, having soils with a leaching fraction of up to 0.15 and avoiding the wetting of foliage of

sensitive crops.

However, when considering the relative salt tolerance of various commercial crops grown in the Mooi

River, as demonstrated by Table 12, it can be argued that the Turffontein water salinity is well below the

threshold for even the sensitive crops grown in the catchment (except for carrots).

It is also important to note that the EC average of the Turffontein eye has primarily been below 100 mS/m

for the period that measurements were taken (1969/11/01 - 2004/08/3). It can therefore be argued that

effective planning and management practices will be able to significantly address the influence of EC on

irrigation practices.

Table 12: Relative salt tolerance of various commercial crops grown in the Mooi River catchment at

germination and their DWAF (1996d: 169) classification according to salt tolerance classes.

Adapted from DWAF(1998:3.38). .

400 300 388

?
800
1380 Sensitive
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Table 12 demonstrates the tolerance of different crops to salinity at a 20% leaching fraction. Carrots are

the most sensitive crop, with a threshold saturation soil extract level of 100 mS/m. Lettuce has a threshold

level of 130 mS/m. According to Maas (1990) and Ayers and Westcott (1985), as quoted by DWAF (1998:

3.38), both these products are farmed extensively in the Mooi River catchment.

It is interesting to note that the EC of the water from the Gerhard Minnebron is 62.6 mS/m. According to

DWAF (1996d, 168), salt-sensitive crops can be grown without yield decreases in such water when low-

frequency irrigation methods are used. If the Gerhard Minnebron water will be replaced with Turffontein

water, it might be necessary for farmers to adapt their their irrigation practices, as the EC average of the
water will increase with 50% of its current concentration.

Mitigating practices of reduced crop yield and quality

According to DWAF (1996d: 167), common on-farm management practices to cope with the effects of

increasing irrigation water salinity, are to

· apply surplus irrigation water (in addition to crop water requirements) in order to

leach accumulating salt out of the soil (increase the leaching fraction); and/or

· accept a reduced crop yield; and/or

· switch to crops which are more salt-tolerant; and/or

· plant annual crops at a higher density (a reduced yield on a greater number of plants

partially offsets thletotal yield reduction); and/or

· switch to a higher frequency irrigation application.

· use irrigation only to supplement rainfall, that is, do not practice full-scale irrigation.
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Cabbage 180 135 175 1300 Moderately Sensitive
Carrot 100 75 79 ? Sensitive
Lettuce 130 98 126 1140 Moderatelv Sensitive
Onions 560 - 750 Sensitive
Peas ? Sensitive
Potatoes 170 128 165 ? Moderatelv Sensitive
Pumpkin 150 113 146 ? Moderately Sensitive
Spinach ? Moderately Sensitive
Tomato 200 150 194 760 Moderatelv Sensitive



Chloride

The current average chloride concentration of the Turffontein (C2H094) water is 48.2 mg/I (1969/11/01 -

2004/08/3), while the maximum concentration measured is 215 mg/I.

According to DWAF (1996d: 57), chloride inputs in surface waters can arise from irrigation return flows,

sewage effluent discharges and industrial processes. Chloride uptake in plants can take place via foliar

adsorption (wetted crop foliage) or through root uptake.

The accumulation of chloride to toxic levels is mostly prevented at the Target Water Quality Range level for

chloride (s100mgll). However, crops vary in their sensitivity to chloride and suffer yield reduction once the

threshold concentration in the soil solution is exceeded. Crops wetted by saline water are exposed not only

to root zone salinity but also to absorption directly through the leaves. According to DWAF (1996d: 57),

foliar damage from sprinkler irrigation can be substantial.

Crop tolerance to chloride from sprinkling or in saturated soils is summarised in DWAF (1996d: 62). The

following crops are considered sensitive and have a threshold chloride concentration of 175 mg/I from

saline sprinkling waters: grapes, apricots, citrus, almonds and plums (see Table 13).

Table 13 : Chloride Concentration (mg/I) Causing Foliar Injury in Crops of Varying

Sensitivity to Foliar Absorption (DWAF,1996d: 62)
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Sensitive Moderately Moderately Tolerant
Sensitive Tolerant

S175 mg/I 175 - 350 mg/I 350 - 700 mg/I > 700
Almond Pepper Barley Cauliflower
Apricot Potato Maize Cotton
Citrus Tomato Cucumber Sugar beet
Plum Lucerne Sunflower
Grape Safflower

Sesame
Sorghum



Table 14: Annual Crops Grouped into Chloride Tolerance Classes according to Threshold Chloride

Concentrations (mg/I) in Saturated-soil Extracts (DWAF,1996d: 62)

Sensitive Moderately Moderately
Sensitive Tolerant
425 m II 700 - 1 200 mall

IPepper refoil, big
lover, strawberry Lovegrass
lover, red pinach
lover, alsike IfaIfa
lover, ladino esbania*
orn ucumber

Flax omato
IPotato Broccoli

weet Potato quash, scallop
IBroadbean etch, common

abbage ild rye,
IFoxtail,meadow Beardless

elery udan grass
lover, Berseem heat grass,
rchardsgrass tandard crested
uaarcane

Tolerant Very tolerant

400 - 2 100 m II

Beet, red
Fescue, tall

quash, zucchini
lHardinggrass

owpea
refoil, narrow-

eaf bird's foot

I

RyegraSs,
Perennial

heat, Durum
arley (forage)*
heat

2 450 - 2 800mg!1 .

orghum
ermuda grass
ugar beet*
heat grass,

airway crested
otton
heat grass,

all
arley*

ote:
rops are listed in columns in order of increasing tolerance from top to bottom.

rops marked with "*" are less tolerant during emergence and seedling stage

Boron

According to DWAF (1996d: 49), boron can be toxic to plant growth at very low concentrations even though

it is also an essential plant nutrient. Due to the elevated boron content in some of the mine water

discharges, boron toxicity is considered a possibility in the Mooi River catchment.

The DWAF (1996d: 47) Target Water Quality Range for boron is s 0.5 mg/l, in order to prevent the

accumulation of boron to toxic levels through root up-take in all but the most sensitive plants. Above the

Target Water Quality Range of 0.5 mgll, sensitive crops may start to display symptoms of foliar injury

andlor yield decreases (DWAF, 1996:47). Examples of sensitive crops include wheat, peaches, peas and

grapes.

According to the DWAF data available from the southern Turffontein eye at measuring station C2H094

(1969/11/01 - 2004/08/3), the current average boron concentration of the Turffontein water is 0.74 mg/l,
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while the maximum concentration measured is 5 mg/I. However, the credibility of such measurements is

questionable, since measuring station C2H094 only has a small record of 20 boron measurements which

were taken since 1969. Although DWAF (1998:4.103) advocates that boron pollution does not appear to

pose a threat to agricultural water use, it should be also noted at the same time that some mine water

discharges often have an elevated boron content. Boron toxicity should therefore be monitored more

frequently in order to ensure enabling management practices.

Phosphate

According to DWAF (1998: 4.103), phosphate pollution in the Mooi River catchment was of a major

concern in 1997. Apparently, high phosphate levels (above 3 mg/I) were measured at station C2H072

(Taaibo~chbult) in the late 1970's, which is more than tenfold that of the Interim Water Ouality Objectives
(WOO's) as described in section 3.4.2.

DWAF (1998:4.104) also stipulates that the Wonderfontein Spruit receives phosphate contamination mostly

from sewage effluent and urban and industrial run-off. Due to increased development in the region,

increases in sewage discharge and growth of urban areas, particularly informal settlements, can contribute

to the increase in phosphate contamination. Irrigation return-flows could be another source of phosphate.

However, despite of the high phosphate concentrations in the upper Wonderfontein Spruit due to various

point- and diffuse sources, the average phosphate concentration, as measured (1969/11/01 - 2004/08/3)

at the DWAF Turffontein measuring station (C2H094), is 0.05 mg/I.Although the WOO's are exceeded due

to a few phosphate peaks, the average measurements seem to be within the ideal water quality range.

Scaling

The equilibrium saturation point of water for calcium carbonate, as well as for other salts, is described by

various indices, which provide an indication of the scale-forming or corrosive potential of water. If the water

is super-saturated, it will be scale-forming, whereas if it is unsaturated, it will be corrosive (DWAF, 1996d:

130). Ideally, water that is stable, i.e. non-corrosive and non-scaling should be used for irrigation.

Distribution and application systems represent much of the capital outlay required for irrigation farming.

Maintenance and replacement of corroded or scaled-up components of the system may incur unnecessary

costs for the irrigator. According to DWAF (1996d:130), the application of appropriate water treatment

practices can minimise the adverse effects of scaling and corrosion. However, modifications necessary to

achieve acceptably stable water may be very complex and require a high level of treatment skills and
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sophisticated analytical facilities. Treatment is therefore mostly too costly an option to overcome the scale-

forming or corrosive characteristics of irrigation water.

Water may also present a problem of white scale-formation on leaves or fruit when sprinklers are used.

Although there is mostly no toxicity involved, the deposits that build up on the leaves and fruit are of special

concern when flowers, vegetables or fruits are grown for the fresh market (DWAF, 1996: 132). Irrigation

methods therefore also play an important role in reducing the effects of scaling.

Nitrogen

Nitrogen is defined by DWAF (1996d: 119) as all inorganic nitrogen forms present in water, for example

ammonia, ammonium, nitrite and nitrate.

DWAF accentuates the nitrogen irrigation concern due to the fact that nitrogen has:

. a stimulatory effect on plant growth when applied in excess of plant requirements;

. a potential to leach and contaminate the ground water sources; and

. a stimulatory effect on nuisance growth of algae and aquatic plants in irrigation structures, which

can interfere with the efficient distribution of irrigation water.

A water quality target for nitrogen has been recommended at 5 mg/I. When this TWaR is exceeded,

sensitive crops may be affected. However, most other crops remain relatively unaffected until nitrogen

levels exceed 30 mg/I (DWAF, 1996d: 122). At these concentrations, there is an increasing likelihood of

groundwater contamination.

According to DWAF (1998:4.107), sources for ammonia (nitrogen) pollution in the Mooi River catchment

could include the following: sewage discharges, return flows from irrigated lands, use of explosives in

mining, biological degradation of organic matter (for example, manure from feedlots) and atmospheric

deposition from the combustion of coal.

DWAF (1998:4.108) also describes high ammonia concentrations in the upper Wonderfontein Spruit due to

various point- and diffuse sources, causing elevated ammonia measurements at inter alia stations C2H152,

C2H025, C2H175, C2H157, C2H069, C2H169, C2H167, etc. According to the CSIR (1991), as quoted by

DWAF (1998:4.110), the high ammonia concentrations caused concerns due to its toxicity to aquatic life.

However, the average ammonia concentration, as measured (1969/11/01' - 2004/08/3) at the DWAF

Turffontein measuring station (C2H094) is 0.07 mg/I, which is just elevated above the Ideal WOO of 0.01
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mg/I. Although the WQO's are exceeded due to a few ammonia peaks (the highest measurement is 1.1

mg/I), the long-term average measurements seem to b.ewithin the interim WQO of 0.1 mg/I.

The average nitrogen concentration, as measured (1969/11/01 - 2004/08/3) at the Turffontein measuring

station (C2H094) is 1.86 mg/I, which is much higher than the interim and ideal WQO of 0.5 mg/I. DWAF

(1998:4.111) does not regard nitrogen pollution as an immediate threat, but recommends that nitrogen

pollution be monitored, due to the risk of groundwater leaching and the adverse effects on irrigation and
domestic use.

Trace Elements

Of the many elements currently believed to be essential to plant physiology, certain elements are needed

only in concentrations s100 mg/kg. These elements are known as "trace elements" or "micronutrients".

However, because of the variability among plant species and ages, recommended concentrations (such as

the 1996 DWAF Target Water Quality Range listed below in Table 15) should only be considered as

"guidelines" (Salisbury & Ross, 1992:121). This can be attributed to the fact that certain plants are able to

block the uptake of certain elements while other plants are able to absorb and accumulate abnormal

amounts of elements which would be toxic to other plants, without any adverse effects (Salisbury & Ross,

1992: 121).

Table 15: Water Quality Guidelines for Agricultural Use: Irrigation (DWAF, 1996d)

(Adapted from Riedel (2003: 44)

Ideal TWQR
(DWAF, 1996d)

""MaximUm
Range:
fine
textured
to
alkaline
soils

Turffontein
(C2H013)
Water

lity
ra~e

Arsenic

s 0.1 mg/I
Depending on the plant
species, nutrient solutions
of 0.5 -10 mg/I can induce
arsenic toxicity (DWAF,
1996d: 36).

0.1 mg/I
No
information

Beryllium
s 0.1 mg/I
Beryllium is not a plant
nutrient and is in fact, even

0.04 mg/I0.1 mg/I

-- --- ---

Comments'
(DWAF,1996d)

Yield reduction and crop failure
are the main effects of arsenic

contaminated soils. Generally
arsenic does not accumulate in
edible parts of plants to
levels that are dangerous to
consumers (root crops such as
potatoes and radishes have
been shown to concentrate
arsenic) (DWAF, 1996d: 36).
Beryllium is not readily
translocated from the roots to
the foliaae of clants arowina in
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Cadmium 

Chromium 

Cobalt 

Copper 

Fluoride 

Lead 

at low concentrations (for 
example, 0.5 mgll), toxic to 
both plants and animals. 

i 0 .01  mg/l 
Toxic to beans, beets and 
turnips at concentrations 
1 0.1 mgll in nutrient 
solutions (DWAF, 1996d: 
55). 

1 0.1 mg/l 
Toxicity depends on plant 
species (DWAF, 1996d: 
42). 

1 0.05 mgll 
An application of 0.05 mg/l 
seems to be satisfactory 
for continuous use in all 
soils. 

1 0.2 mgll 
Depending on plant 
species, nutrient solutions 
containing 0.1 - 1.0 mg/l 
can induce copper toxicity 
(DWAF, 1996d: 85). 

0.01 mgll 

0.2 mgll 

No 
Information 

Therefore, it usually does not 
accumulate to toxic levels in 
foliage and other plant parts 
above the ground (DWAF, 
1996d: 40). 

Cd can accumulate in plants and 
soils to concentrations that may 
be toxic to humans and animals 
(DWAF, 1996d: 42). 

Toxicity depends on the form of 
chromium existing in the water 
and soil and on soil reactions. 
The reduced forms of chromium, 
namely chromium(ll) and 
chromium(lll), are 
less soluble than chromium(Vl), 
have much lower toxicity indices 
than chromium(Vl) and do not 
constitute as serious a health 
hazard (DWAF. 1996d: 42). 
A concentration of 0.1 mg/l is 
near the toxic threshold for many 
plants, although the toxicity 
varies, depending on the crop 
type and soil chemistry (DWAF, 
1996d: 74). 
Yield reduction and crop failure 
are the main effects of copper- 
contaminated soils. Generally 
copper does not 
accumulate in edible parts of 
plants to levels that are 
dangerous to consumers (root 
crops such as potatoes and 
radishes have been 
shown to concentrate copper) 
(DWAF. l996d: 85). 
Plants respond to the fluoride 
concentration in the soil solution. 
Addition of fluoride to soil in 
relatively high concentrations 
over the short-term may not 
result in reduced crop 
growth or in its accumulation in 
plant parts to concentrations 
detrimental to humans or 
animals (DWAF, 1996d: 87). 
Plants are relatively tolerant to 
Pb. Yield reduction and crop 
failure are the main effects of 
lead contaminated soils. 



Lithium 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

S 2.5 mgll 

s 0.02 mgll 

5 0.01 mgll 

S 0.2 mgll 

S 0.02 mgll 

S 0.1 mgll 

0.02 mgA 1 S 0.04 mgll 

0.2 mgll 0.025 mgll 

Generally lead does not 
accumulate in edible parts of 
plants to levels that are 
dangerous to consumers. 
However, potatoes, lettuce and 
hay have, however, been shown 
to concentrate lead (DWAF, 

0.1 mgll 

19964: 100). 
Tolerated by most crops in 

< 0.005 mgll 

nutrient solutions containing 5 
mgll. According to DWAF 
(19964: 91) some crops are 
more sensitive, e.g. sugar beet 
(3.5 mgll), barley (1 mgll) and 
citrus (0.075 mgll). 
Depending on plant species, 
nutrient solutions containing a 
few tenths of a mgll can induce 
manganese toxicity 
(DWAF, 1996d: 108) 
The accumulation of 
molybdenum in plant tissue is of 
concern because of its toxicity to 
livestock (molybdenosis). 
Molybdenum concentrations of 
0.01 mgll in soil and nutrient 
solutions have been found to 
accumulate in legumes to levels 
that are toxic to cattle. The 
effects of molybdenum toxicity to 
livestock are aggravated by 
conditions of copper deficiency 
and high sulphur intake (DWAF, 
1996d-:112). 
Depending on plant species, 
nutrient solutions containing 0.5 
- 1.0 mgll can induce nickel 
toxicity (DWAF, l996d: 1 17). 
Selenium adsorption by plants is 
greatly inhibited by sulphate, so 
the guideline for this element 
can be increased for soils and 
waters rich in sulphates (DWAF, 
1996d:112). 
Plant yield appears to be 
affected at vanadium 
concentrations exceeding 10 
mglkg in soil (DWAF, 



Zinc 

I Toxic to many plants at 

- 

concentration of 1 mgll and less 
in nutrient solutions. The TWQR 

1 0.1 mgll 0 .5mg i l  0 .03mgi l  I should absorbing protect toxic most concentrations plants from 
of zinc, even when grown on 
acid sandy soils (DWAF, 
1 9964: 185). 

Other variables that are also listed by DWAF (19964) as important for irrigation purposes, are pH, Sodium 

(Na), Aluminium (Al), lron (Fe) and Uranium (U). The Ideal quality range (with regard to irrigation) for these 

variables are listed below: 

PH 6.5 - 8.4 

Sodium(Na) < 70 mgll 

Aluminium (Al) < 0.1 - 5 mgll 

Iron (Fe) < 5 mgll 

Uranium < 0.01 mgll 

According to the DWAF water quality measurements (1969111101 - 200410813) at the Turffontein 

measuring station (C2H094), the average pH measurement is 7.8. The average sodium concentration for 

the Turffontein eye is 52.7 mgll, although it has occasionally been elevated to above 70 mgll. The average 

aluminium concentration is 0.07 mgll, while the lron concentration is 2.1 mgll, which means that these 

variables are well within the DWAF Target Water Quality Guidelines. 

With regard to uranium in the water, evidence was then found by Wade et a1 (2000:57) that uranium is 

transported in a soluble form along the length of the Wonderfontein Spruit due to the enrichment of the 

sediment with uranium. Fortunately, a combination of sediment adsorption and dilution effects minimise the 

concentration of uranium levels at specific sites. 

Furthermore DWAF (19964: 162) argues that uranium is commonly accumulated within the roots of plants, 

and stipulates that vegetables can concentrate uranium to levels which are a 100 times that of the irrigation 

water. In order to ensure that uranium does not accumulate to either phytotoxic levels or levels that are 

toxic to consumers, the DWAF Water Quality Guidelines advocate a TWQR for uranium of 0.01 mgll, with a 

maximum concentration in alkaline soils of 0.01 - 0.10 mgll. 

At the time of the study, data on the current uranium concentration in water of the Wonderfontein Spruit 

could not be obtained. However, it has been indicated by reports such as Wade et a1 (2000:57), that water 



quality does not necessarily reflect the uranium concentration, due to the fact that the sediment is 

continually enriched by uranium. 

There was also no data available on the organic and microbiological components of the Wonderfontein 

Spruit at Turffontein measuring station C2H013. 

B Determining the Feasibility for using Wonderfontein Spruit water for Livestock Watering 

The use of water for livestock production depends on several factors, such as the type of production 

system in use (intensive or extensive), the type of livestock and the type of livestock products. Intensive 

systems, such as dairies, may combine grazing or cultivated pastures and a dry-feed supplement (DWAF, 

1998:3.46). Poultry, pigs and rabbits are all intensive systems and to a large extent are raised under 

environmentally controlled conditions where dry rations are fed. However, as advocated by DWAF 

(1996e:l I ) ,  both intensive and extensive systems are set in a diverse range of environments and utilise 

different livestock species and breeds. 

A number of animal physiological factors and the environment also influence the water requirements of 

animals, and include conditions such as the stage of physiological development, gestation, lactation, 

physical exertion, type of ration and dry matter intake, inorganic salt intake and ambient temperature- 

humidity indices (DWAF, 1996e: 12). It should also be noted that water intake and hence production is also 

affected by palatability, as well the degree of contamination of the water with pathogenic micro-organisms 

of a wide variety, algae andlor protozoa, hydrocarbons, pesticides and salts such as nitrates, sulphates, 

fluoride and the salts of heavy metals. 

Water quality in an animal's diet is therefore just as important as water quantity (DWAF, 1998:3.46), as 

poor quality water may only increase the incidence of physiological disturbances that can lead to 

production losses, disease and even death. 

The use of water by livestock is characterised by DWAF (1 996e: 13) into the following three categories: 

Livestock consumption 

- Toxicological effects 

- Palatability effects 

Livestock distribution systems 

- Economic impacts of the effects of scaling, corrosion or deposition of sediments 

in the distributing system. 

Livestock product quality 



Consumer health hazards

Product quality problems

In order to determine the adequacy of the Wonderfontein Spruit water for livestock use, it will be necessary

to consider the abovementioned characteristics mentioned by DWAF (1996e:13).

Livestock consumption

i) Toxicological Effects

Constituents of concern for the toxicological effects of livestock consumption (DWAF, 1996e:16) include

arsenic, copper, fluoride, molybdenum, nitrite, sodium, toxic algae, cadmium, mercury, lead, selenium,

pathogens and pesticides. Constituents that are of concern (but unlikely to result in toxicosis), are

aluminium, calcium, chloride, chromium, cobalt, iron, manganese, nickel, sulphate, vanadium and zinc.

Milk is usually well protected against arsenic, cadmium, mercury, and fluoride, but not against lead and

selenium. DWAF (1996e:20) also advocates that many metals may accumulate in tissues such as muscle,

bone, brain, liver and kidney, although other than mercury and pesticides, most are unable to accumulate

to an extent where they pose a consumer health risk.

DWAF provides recommendations for some potentially toxic substances to livestock (see Table 15). The

Target Water Quality Range (TWQR) is compared to the average measurement results at the Turffontein

Measuring station (C2H013) in the Wonderfontein Spruit. However, although other target water quality

ranges are provided for heavy metals, uranium is not mentioned in the Water Quality Guidelines for

Livestock Watering (DWAF, 1996e:16). As uranium is a concern in the Mooi River catchment, it is

imperative that a TWQR also be developed for uranium. This study therefore proposes that the same

uranium TWQR be utilised for livestock watering as for human consumption: less than 0.07 mg/l (see

Table 9).

Table 16: DWAF Target Water Quality Ranges (DWAF, 1996e:20) for some toxic substances for

livestock and poultry.

Parameter

Aluminium
Arsenic
Boron
Cadmium
Chloride
Chromium

0.07
<0.04
0.74
0.01
48.2
0.02

0-5
0-1.0
0-5

0-0.01
0-1500

0-1
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It is interesting to note that the Nitrate and Nitrite averages of combined measurements (01/11/1969 -

0310812004)were higher at the Gerhard Minnebron measuring station than at the Turffontein station (2.59

mgll versus 1.86 mgll). There will therefore be an improvement in water quality in terms of the total

Nitrogen content if the Turffontein water be utilised for agricultural purposes.

The mercury levels also seem to be elevated. However, the database obtained from DWAF (01/11/1969-

0310812004)for measuring station C2H013 only contained 7 measurements for mercury. This figure will

therefore be ignored, as it does not have sufficient statistical support. The mercury concentration is

therefore unknown, as well as the cyanide concentration.

Table 17: DWAFTWQR of Other Constituents
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Cobalt 0.04 0-1
Copper 0.03 0-0.5
Cyanide ? ?
Fluoride 0.18 0-2
Lead 0.095 0-0.1
Mercury 0.433 0-0.001
Nickel 0.025 0-1
Nitrate-N 1.86 * 1.00
Nitrite-N 0-100
Vanadium s 0.01 s 10
Zinc s 0.01 0-20
NOTE
* Combined measurements of nitroQenconstituents (Nitrates and Nitrites) were taken.

, Parameter l'urffonteinNleasuring 1WQR (mg/l)

Station Water Quality

Average (mg/l)

Algae No information . No visible blue-green scum
. < 6 colonies of blue-green

algae 10.5 ml
. < 2000 Microsystis ceIIs/mI

Iron < 0.006 o - 10mg/l

Manganese 0.1 mg/l o - 10 mgll

Molybdenum < 0.01 mg/l 0- 0.01 mgll
Selenium No information 0- 0.05 mg/l
Sodium 52.7 mg/l o - 2000 mg/l

Sulphate 247.7 mg/l 0-1000 mgll
Calcium 85.06 mgll 0-1000 mg/l



There seems to be a general lack of information on algae, pathogens, herbicides and pesticides. Due to

the increasing importance of decision-making on water quality, study argues that these parameters be

monitored on a regular basis.

ii) Palatability Effects

Primary water quality constituents of concern regarding palatability are the TDS (total dissolved solids),

chloride and sulphate, while nitrates and high concentrations of heavy metals may also be implicated

(DWAF, 1996e: 127). Salinity presents a major problem in South Africa, usually involving a combination of

calcium, magnesium, sodium, sulphate, bicarbonate and chloride ions, according to DWAF (1998:3.52).

Water quality measurements taken in the period (01/11/1969 - 0310812004) at the DWAF measuring

station (C2H094), indicate that the Wonderfontein Spruit at Turffontein TDS concentration averages 713.4

mgll. It can therefore be established that the Turffontein water salinity falls safely within the Ideal TWQR (0-

1000 mg/l) for sheep, cattle, horses, dairies, pigs and poultry (DWAF, 1996e: 131).

It is possible that a loss of productivity in livestock raised in the Mooi River catchment may result, due to

the fact that high levels of sulphate occur within the water of the Wonderfontein Spruit (DWAF, 1998:3.54).

According to (DWAF, 1996e: 114), high levels of sulphate can inhibit selenium uptake or activity in

livestock, leading to selenium deficiencies, which in turn has been reported to cause white muscle disease

in cattle, stiff limb disease in sheep, liver necrosis in pigs and exudative diathesis in poultry.
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Pathogens No information . 1 - 200 Faecal coliforms 1

100ml

. o - 1000 for 20% of samples

Pesticides

Chlorinated Hydrocarbons No information Aldrin: 1 1-19/1
.

Chlordane: 3 1-19/1

DDT: 50 1-19/1

Dieldrin: 11-1g/1

Heptachlor: 0.1 1-19/1

Organophosphates No information Parathion: 100 1-19/1

Malathion: 100 1-19/1

Herbicides No information 2,4-D: 20 1-19/1

2,4,5- T: 2 1-19/1

2,3,4-TP I-Ig/l



However, the average sulphate concentration (01/11/1969 - 03/08/2004) in the Wonderfontein Spruit at

Turffontein is below the DWAF Target Water Quality Range (0-1000 mg/I) for sulphates, pertaining to

livestock watering. It can therefore be established that selenium deficiency or toxicity will not be

experienced, unless the selenium concentration range is below or above 100 - 300 ~g/kg (DWAF,

1996e:115). Unfortunately, no data regarding selenium concentrations at the abovementioned Turffontein

measuring station was obtainable.

Livestock distribution systems

Due to the dolomitic nature of the Wonderfontein Spruit at Turffontein, its water has high levels of calcium

and magnesium carbonates. According to DWAF (1996e: 144), carbonates and sulphates of magnesium

and calcium could cause scaling, which is the formation of a dense inorganic coating formed from the

precipitation of water soluble constituents.

Water quality measurements taken in the period (01/11/1969 - 03/08/2004) at the DWAF measuring

station (C2H094), which is the southern Turffontein eye, indicate a TDS concentration average of 713.4

mg/I, while the Gerhard Minnebron TDS averages 483.4 mg/I for the same period. Due to the higher levels

of TDS in the Wonderfontein Spruit, increased encrustation and scaling could be expected.

Not only could such enhanced scaling and encrustation influence livestock distribution systems, but it could

also influence crop irrigation methods due to possible foliage damage, and possibly have an influence on

soil salinity in the long-term.

Livestock product quality

Due to the fact that most of the abovementioned water quality constituents safely fall within the DWAF

(1996e) Target Water Quality Range, it is unlikely that livestock product quality will be detrimentally

influenced by the Wonderfontein Spruit water quality.

However, due to the many unknown factors, such as the lack of sufficient information on cyanide

concentrations, it is possible that livestock health and product quality might be affected. It is therefore

imperative that water quality monitoring be done more frequently at both the Turffontein and the Gerhard

Minnebron water quality monitoring stations, so that management decisions can be made prior to adverse

effects of water quality from either or both the eyes.
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4.5.2 Determining the effect on water quality if the Wonderfontein Spruit water is diluted with

Gerhard Minnebron water within the canal

According to information obtained from the DWAF office in Potchefstroom, the maximum capacity of the

Gerhard Minnebron canal is 3500 m3/hour (84Ml/day or 30.6 Mm3/annum). However, due to structural

problems, it is advised (De Ridder, 2004) that the canal volume be limited to 75% of its capacity (2625

m3/hour).

It has been established that the flow rate of the Gerhard Minnebron is 22.3 Ml/day (8.163 Mm3/annum)for

the purposes of this study, while the average flow rate of the Wonderfontein Spruit at Turffontein is 15.9

Ml/day (5.724 Mm3/annum),as derived from the DWAF C2H013 and C2H011 measuring station data.

This study recommends that the Wonderfontein Spruit water be diverted into the existing Gerhard

Minnebron canal. The current average flow of the Wonderfontein Spruit at Turffontein is 662.5 m3/hour,

while the Gerhard Minnebron flow is 929.1 m3/hour.With the Wonderfontein Spruit diversion, the total flow

of water in the Gerhard Minnebron would be 1591.6 m3/hour. This also means that the Wonderfontein

Spruit water will be diluted with better quality water from the Gerhard Minnebron at an approximate dilution

rate of 1:1.4.

The better quality water from the Gerhard Minnebron will enhance the resultant water quality in the canal.

The extent of this enhanced water quality is demonstrated in Table 18, where water balance calculations of

key water quality constituents of the resultant water quality are demonstrated:

Table 18: Determining the Resultant Water Quality in the Gerhard Minnebron Canal: Diluting

Turffontein Water with Gerhard Minnebron Water.

48.2 mg/l
93.1 mS/m
372 mg/l

Resultant Water
Qualitvin the
canal..
29.9 mg/l
75.29 mS/m

358.74 mg/l

Chlorine
EC
Hardness

"Gerh~lI;aT"'" .

MinnebronWater
Quali

16.9 mg/l
62.6 'rnS/m

349.3 mg/l

Turffontein
Water Quality

For example, the dilution of the TDS concentration was calculated in the following way:
Where C = Concentration and V = Volume:
(CGerhardMinnebron X VGerhardMinnebron) + (CTurttonteinX VTurttontein) = Ccanal X Vcanal
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Therefore:
(483.4 mg/l x 929.1 m3/hour) + (713.4 mg/l x 662.5 m3/hour)= CcanalX 1591.6 m3/hour

The final TDS concentration in the Gerhard Minnebron canal is therefore 579.13 mg/l

The Turffontein has an EC average of 93.1 mS/m (1969/11/01 - 200410813)and has experienced EC

fluctuations ranging from 43.2 mS/m to 145 r'nS/m.This can probably be attributed to upstream pollution

plumes. The resultant EC measurement in the canal will be 75.29 mS/m, which is much closer to the

desired target of 40 mS/m and the interim target of 70 mS/m. However, it should be noted that dolomitic

water has a naturally high EC measurement. Even in the unaffected Klerkskraal Dam catchment, the EC

measurement is for instance 44.7 mS/m.

The Gerhard Minnebron eye is located 2km south east of the confluence of the Wonderfontein Spruit with

the Mooi River. In order to ensure that the contaminated water of the Wonderfontein Spruit does not enter

the Mooi River, it is aimed that the water of the Wonderfontein Spruit be placed into the Gerhard Minnebron

irrigation canal. It is anticipated that the dilution effect of the Turffontein water with the Gerhard Minnebron

water will enhance the quality of the canal water.

In the event of a flood of the Gerhard Minnebron or the Wonderfontein Spruit at Turffontein, excess water

of the Gerhard Minnebron should be allowed to flow into the Mooi River north of Potchefstroom. Table 20

demonstrates a scenario where excess water flows into the Mooi River, and illustrates the possible effect

on the water quality of the Mooi River.

4.5.3 Identifying the receptors (users) of the Gerhard Minnebron irrigation canal

It was imperative for this study to identify and obtain information on the end users of water from the

Gerhard Minnebron Canal, since the effect of the proposed diversion and its resultant water quality

changes on the end users would determine the feasibility of the project. This study therefore recommends

very strongly that all the interested and affected parties (for example the farmers and the ammunitions

industry) be involved in the environmental impact assessment (EIA) process from the outset (see

Recommendation 4 at the conclusion of this study).

Information was obtained from the local DWAF office in Potchefstroom (De Ridder, 2004), as well as from

the DWAF (1998) study.

Information considered to be important, were:

· the number of farms undertaking agricultural practices and utilising water from the Gerhard

Minnebron Canal, as well as the Boskop Left Bank Canal;
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. the main crops grown, as well as the number of livestock watering troughs on these farms;

. and to consider the effects of the water quality on crops (see sections 4.1.1 A and B).

1) Domestic Users

The Gerhard Minnebron canal is mainly utilised for agricultural purposes. However, this study argues that

farm workers as well as informal settlers occasionally will utilise the canal water for domestic purposes.

2) Agricultural Water Users

Agricultural water users of the Gerhard Minnebron Canal are shown in Table 19. These water user areas,

namely the Vyfhoek Farms area, as well as the Oudedorp and Gerhard Minnebron areas, are briefly

described below:

Vvfhoek Farms

According to DWAF (1998:3.11), lucerne, maize, wheat, vegetables and sorghum are cultivated. There are

3 dairy farmers, with approximately 100 cows each, according to DWAF (1998: 3.15). Due to the fact that

there is not enough water left in the canal, boreholes are also used to abstract water.

Oudedorp and Gerhard Minnebron

Water in these areas is mostly used for maize and lucerne cultivation, as well as for grazing and livestock

watering purposes (see Table 18). According to DWAF (1998:3.15), water is provided to approximately 90

cows from the Gerhard Minnebron as well as from boreholes.

3) Non-Agricultural Water Users

A large ammunition-manufacturing industry, namely Naschem, also obtains its water from the Gerhard

Minnebron, and currently uses 15.3 Ml/day, according to the DWAF offices in Potchefstroom (De Ridder,

2004).
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Table 19: A Summary of the Agricultural Water Users of the Gerhard Minnebron Canal

(De Ridder,2004)

4.5.5 Concluding on the feasibility of utilising Wonderfontein Spruit water for agricultural

purposes

Due to the fact that changes in water quality can bring about a range of impacts on agriculturalwater users

(DWAF, 1996d: 163), it is necessary to consider the adequacy of the Wonderfontein Spruit water for

agricultural purposes.

The abovementioned assessment was aimed at establishing the adequacy of the Wonderfontein Spruit

water for agricultural purposes - both irrigation and livestock watering. After the initial adequacy

assessment, the effect of dilutingthe Wonderfontein Spruit water with Gerhard Minnebronwater was also

considered. In the light of this overview, consideration was given to the receptors I water users of the

Gerhard Minnebroncanal, and the extent to which they willbe affected.
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The adequacy of the Wonderfontein Spruit water for irrigation purposes

The Wonderfontein Spruit water (including parameters such as EC and TDS) has an increased salinity (as

demonstrated by Table 18). However, since the Gerhard Minnebron EC concentration is already high (see

Table 18), it can be argued that farmers in this region are used to such circumstances. This is clear from

the fact that most of the commercial crops grown in the area are relatively salt tolerant (see Table 12 and

Table 18). It can therefore be argued that the Turffontein water salinity is well below the threshold for most

of the crops grown in the catchment.

Since the Gerhard Minnebron EC concentration is already 62.6 mS/m on average, yield decreases will not

necessarily be expected when Wonderfontein Spruit water (93.1 mS/m on average) is utilised for irrigation

purposes. In support of this argument, DWAF (1996d, 168) advocates that yield decreases can be avoided

and minimised through the use of low-frequency irrigation methods. Various management practices exist

that can help mitigate the effects of increasing water salinity.

The chloride concentration in the Turffontein also does not seem to be a problem, as the most sensitive

crops have a threshold concentration of 175 mgll from saline sprinkling waters. Since the average chloride

concentration at the southern Turffontein eye (DWAF station C2H094) is only 48.2 mg/l,chloride toxicity

does not seem to be a problem - not even in sensitive crops.

Although more frequent monitoring is required, DWAF (1998:4.103) advocates that boron pollution does

not appear to pose a threat to agricultural water use. The phosphate concentrations also do not seem to be

a problem, as the average measurements fall within the DWAF (1996d) ideal water quality range.

As mentioned above, scale-formation seems to be a challenge due to the characteristic hardness of the

water (due to the high concentration of calcium carbonate and other salts in dolomitic water). However, this

problem is not unique to the Turffontein, and maintenance requirements, as well as scale-formation on

leaves should be similar to the effects of the Gerhard Minnebron water.

There are many potential sources of nitrogen pollution in the Wonderfontein Spruit catchment, which

include sewage discharges, return flows from irrigation, the use of explosives in mining, etc. However,

according to DWAF (1998:4.111), nitrogen pollution is not regarded as an immediate threat, but should be

effectively monitored.

With regard to trace elements (see Table 15), most of the elements are in line with the ideal Target Water

Quality Range specified by DWAF (1996d), which means that toxic concentrations of these elements are

avoided.
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Other variables that are also listed by DWAF (1996d) as important for irrigation purposes are pH, sodium

(Na), aluminium (AI), iron (Fe) and uranium (U). With the exception of uranium, it was found that all of

these parameters fall well within the DWAF (1996d) Water Quality Guidelines target ranges.

In terms of the abovementioned overview, the Wonderfontein Spruit water quality seems to be reasonably

suitable for irrigation. However, the Wonderfontein Spruit water quality will contribute to some challenges,

including the following:

. Scale-formation which will influence both irrigation systems as well as deposits on leaves and fruit;

. Possible yield decreases might be experienced with saline - sensitive crops when unsuitable

management practices are implemented;

. Farmers will perhaps be forced to adapt their current management practices in order to adapt to a

slightly more saline situation. The use of low-frequency irrigation methods could perhaps be

investigated (DWAF, 1996d: 168).

. Due to the importance of sustainable farming practices, the need for more comprehensive water

quality monitoring will motivated if water of a lower quality is used for irrigation purposes.

However, due to the fact that uranium is currently not part of the DWAF monitoring programme (DWAF,

1998:4.72), it is difficult to assess the current situation and adequacy of the Wonderfontein Spruit water in

this regard. According to DWAF (1996d: 162), uranium is commonly accumulated in plant roots, and

stipulates that vegetables can concentrate uranium to levels that are 100 times that of the irrigation water.

This study therefore recommends that water quality monitoring be improved - especially on factors where

there is currently a lack of information (for instance boron and uranium). This study recommends that data

be obtained on a regular basis on parameters that are currently not monitored before making a decision on

the adequacy of the Wonderfontein Spruit water for agricultural purposes.

The adequacy of the Wonderfontein Spruit water for livestock watering purposes

Concentrations of various toxic substances for livestock and poultry are listed in Table 16. As discussed,

most substances seem to be within the target ranges, as proposed by DWAF (1996e: 20). However, there

is a lack of data on mercury and cyanide.

The total nitrogen concentration also seems to be elevated. However, as noted, the nitrogen averages are

higher for the Gerhard Minnebron water.
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Another challenge with regard to toxicity, is the fact that DWAF (1996e: 16) does not list target water

quality ranges for uranium. For the purposes of this study, it is argued that the same water quality range

should be adopted as for human consumption. However, the water adequacy is unclear, due to the

absence of information.

As mentioned above, there seems to be a general lack of information on algae, pathogens, herbicides and

pesticides. In the light of such constraints, decision-making on water quality become increasingly important.

This study therefore recommends that these parameters be monitored on a regular basis.

With regard to palatability, the primary concern seems to the Total Dissolved Solids (TDS), as well as the

chloride and sulphate concentrations. However, this problem is not unique to the Wonderfontein Spruit at

Turffontein, and does not seem to be a priority, due to the fact that the target water quality ranges, as

stipulated by DWAF (1996e), are not exceeded.

Increased encrustation and enhanced scaling could be experienced due to the higher levels of TDS in the

Wonderfontein Spruit. Not only can the effectiveness of irrigation and livestock distribution systems be

influenced, but irrigation methods and soil salinity may also be affected in the long-term.

Most of the abovementioned water quality constituents safely fall within the DWAF (1996e) Target Water

Quality Range. It is therefore unlikely that livestock product quality will be detrimentally influenced by the

Wonderfontein Spruit water quality.

However, this study motivates the improvement of water quality monitoring - especially on factors where

there is currently a lack of information (such as cyanide). As is the case with irrigation water quality, there

are important gaps .in the information on toxic substances. This study therefore recommends that data be

obtained on a regular basis on parameters that are currently not monitored before utilising the

Wonderfontein Spruit water for agricultural purposes.

Determining the effect of dilution in the Gerhard Minnebron canal on water quality

It has been indicated that the diverted water quality in the Gerhard Minnebron canal could be improved in

the following way, which would improve the agricultural adequacy of the Wonderfontein Spruit water:

The diverted water which will flow in the Gerhard Minnebron canal will be diluted with the better quality

water from the Gerhard Minnebron eye (refer to Table 18), so as to enhance the resultant water to be

utilised for agricultural purposes. The extent of this water quality improvement is illustrated in Table 18.
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This dilution will prove highly beneficial to the abovementioned users of the Gerhard Minnebron Canal

water, as it will enhance most water quality consituents in the canal, including the chloride and sulphate

concentrations, the TDS concentration, the total hardness and electrical conductivity.

4.6 Determining whether the diversion of the Wonderfontein Spruit will enhance the

Potchefstroom raw water quality and the Mooi River water quality

In considering an improvement option for the current water quality situation in Potchefstroom, this study

considers the feasibility of the Wonderfontein Spruit diversion as a management intervention, as it argues

that the water quality originating from the Wonderfontein Spruit currently provides the greatest challenge to

long-term sustainability. In order to prevent possible contamination of the Potchefstroom raw water, this

solution aims at diverting the Wonderfontein Spruit at Turffontein tributary of the Mooi River away from the

Boskop Dam and the Potchefstroom raw water abstraction points.

Determining the resultant raw water quality of the diversion is therefore a priority of this study, as it is a key

factor in determining its feasibility. All tributaries of the Mooi River north of Boskop Dam have an influence

on the resultant raw water quality in Potchefstroom. The resultant water quality in Potchefstroom will

therefore definitely be affected in the event of a diversion.

Figure 6 illustrates the abovementioned diversion of the Wonderfontein Spruit away from Boskop Dam,

where the dotted line indicates the proposed route of the diversion along the Gerhard Minnebron canal,

Left Bank canal and Lakeside canal, towards the Mooi River south of Potchefstroom.

A Preliminary Water Balance Exercise

As mentioned above, the diversion of the Wonderfontein Spruit will result in the following scenario: It will be

mainly the Mooi River from Klerkskraal Dam which will flow into the Boskop Dam. However, the excessive

Gerhard Minnebron water will also flow into the Boskop Dam.

In order to determine the effect of the abovementioned diversion on Boskop Dam and the downstream

water quality, a water balance exercise was conducted (See Table 20). With the help of equilibrium

equations, the effect of the diversion on important water quality parameters (acting as water quality

indicators) was considered.

Column A represents the current water quality of the Mooi River originating from Klerkskraal Dam. Column

B represents the water quality of the Gerhard Minnebron, while column C represents the current water
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quality in Potchefstroom and Column D represents the confluence of columns A and B, when the excessive

Gerhard Minnebron water converges with the Mooi River north of Boskop Dam.

In Table 20, Column A could also depict a scenario where the Mooi River water is the only source of raw

water of the Boskop Dam, due to the fact that both the Gerhard Minnebron and the Wonderfontein Spruit

are canalised in the Gerhard Minnebron canal.

Column D, on the other hand, depicts a scenario where the excessive Gerhard Minnebron water converges

with the Mooi River north of Boskop Dam. Both streams therefore influence the resultant quality of the raw

water.

Table 20: The Effect of the Diversion on Key Water Quality Parameters

NOTE: * In the case of the Wonderfontein Spruit at Turffontein flooding, the Gerhard Minnebron canal
capacity will be limited, and the Gerhard Minnebron water will then potentially have to overflow into the
Mooi River north of Boskop Dam. This column illustrates the quality of the Gerhard Minnebron water
which will flow into the Mooi River north of Boskop Dam (in this scenario, a flow of 929.1 m3/hour).

NOTE: # Although the upper Mooi River catchment (Klerkskraal Dam) constantly yields more than
46 Mm3/annum,only 20.62 Mm3tannum(2386.57 m3tannum)of the total volume is discharged to the
Mooi River system due to irrigation requirements of the Mooi River Government Water Scheme (See
Chapter 3).

NOTE: ##
Data from the DWAF measuring station C2H110Q01 Boskop Dam: Left (Main) Canal was used for the
period 1975 to 2004 to find an average value for the abovementioned parameters.

THE CALCULATION:
The following example is used to explain the abovementioned equilibrium calculations:
Determining the resultant TDS concentration:

C = concentration and V = Volume:

(CKlerkSkraal Dam X V Klerkskraal Dam) + (CGerhard Minnebron X V Gerhard Minnebron ) = CBoskOp Dam X V Boskop Dam
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TDS (mg/I) 379 483.4 484.6 408.25

EC (mS/m) 44.7 62.6 62.7 49.71

Chloride (mg/I) 7.9 16.95 22 10.33

Hardness (mg/I) 251.5 349.3 301.3 278.9

Sulphate (mg/I) 16.9 99.9 106.06 40.157



Therefore: 
( 379 mgll x 2386.57 m3/hour) + (483.4 mgll x 929.1 m31hour) = CsostoD Dam x 331 5.67 m31hour 

I The final TDS concentration in the Boskop Dam is therefore estimated at 408.25 mgll. I 
The effect of the diversion is therefore depicted in either column A or D. In terms of water quality, the 

scenario in column A would be the most sustainable option. However, as has been mentioned in Chapter 

3, the Klerkskraal Dam water use is currently dominated by irrigation requirements. One of the alternative 

solutions recommended by this study therefore reflects on the feasibility of dedicating the Klerkskraal Dam 

as a water resource for Potchefstroom (see Addendum 1). As such a recommendation would bring about a 

conflict in needs between the agricultural water users and Potchefstroom, this study proposes that a water 

need prioritisation study be undertaken for the Klerkskraal Dam resource (see Recommendation 6 at the 

end of this study). 

The greatest influence of the diversion is that contamination from the Wonderfontein Spruit at Turffontein 

will be avoided. For example, it is fairly clear that concentrations of parameters such as sulphate and 

chloride will be significantly reduced by the diversion, whereas Total Hardness, EC and TDS, for instance, 

will be influenced to a lesser extent. Other Wonderfontein Spruit influences (of which there are many 

uncertainties) are for instance uranium, cyanide and heavy metal pollution. The diversion could therefore 

have a significant long-term health benefit potential, due to the enhanced quality of the water, as well as 

the elimination of the exposure pathway of pollutants such as uranium and other heavy metals. 

5. Conclusion 

This study questions the sustainability of the Potchefstroom raw water supply. In the light of recent studies4 

which indicate the vulnerability and possible long-term health risks associated with gold-mine related 

pollution of the Wonderfontein Spruit and its downstream areas, this study argued that the current lack of 

information on key water quality constituents needs to be considered more seriously by decision-makers. 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I4 These researchstodies i"cl"d= the-Report on the Radioactivity Monitoring Programme in the Mooi River 
Latchment (DWAF, 1997), which sought to establish the drinking water health risk, as well as the Tier 7 
l ~ i s k  Assessment of Radionuclides in Selected Sediments of the Mooi River (Wade el a/, 2000:2), focusing 
on I the concentrations of selected radionuclides in the sediments of the Mooi River between Krugersdorp and 
potchefstroom, as well as the risks represented by the potential re-release of heavy-metals from the sediment. 



In line with the abovementioned, this study argued that the Precautionary principle5 needs to be taken as a 

mandate of action by decision-makers: "A risk-averse and cautious approach should be applied, taking into 

account the limits of current knowledge about the consequences of decisions and actions." 

Due to the abovementioned health risk probability, this study aimed to evaluate the feasibility of the 

following management intervention: To divert the Wonderfontein Spruit away from Boskop Dam and the 

Potchefstroom water abstraction points in order to avoid possible contamination and ensure a more 

sustainable water supply for Potchefstroom. 

It was proposed by this study that the route of diversion should be the existing Gerhard Minnebron canal. 

However, as the Gerhard Minnebron canal is utilised for agricultural purposes, this study evaluated the 

adequacy of utilising the Wonderfontein Spruit water for agricultural purposes (see section 4.5). 

This study considered the implications of the abovementioned solution on especially the following: 

agricultural use of water from the Gerhard Minnebron canal (the effect of the diversion on water 

quality in the canal, and the resultant consequences); 

water quality and quantity of the Mooi River stream; and 

the Potchefstroom raw water quality. 

Alternative solutions to the Wonderfontein Spruit diversion are also considered by this study, and are 

discussed in Addendum 1. These alternatives include the following: leaving the current situation as it is (the 

"No Go" option), utilising supplementary water (for example Rand Water or dolomitic water) or dedicating 

the Klerkskraal Dam as the sole raw water resource for Potchefstroom. A recommendation was also made 

to assess the feasibilities of these alternative solutions (see Recommendation 7). 

However, the main objective of this study was to facilitate informed decision-making on the 

abovementioned solution regarding the Wonderfontein Spruit diversion, in order to provide Potchefstroom 

with a more sustainable raw water supply. 

The Findings of this study 

It was established that the Wonderfontein Spruit water quality seems to be reasonably suitable for 

irrigation, although it might contribute to some challenges, including the following: increased scale- 

formation, possible yield decreases in saline - sensitive crops, the need to adapt current management 

- - - - - -  - - - - - - 
- - - - - - - - - - - - - - -  

- - - - - -  - - - - - - - -  - 
- - - - - -  

- - - - - 
- - - - - - - - 

A sustainability principle contained in the National Environmental Management Act, No. 107 of 1998. 



practices to a slightly more saline situation, and the need to undertake more comprehensive water quality 

monitoring. 

The Wonderfontein Spruit water quality also seemed to be well-suited for livestock-watering, as most of the 

water quality constituents safely fall within the DWAF (1996e) Target Water Quality Range. It is therefore 

unlikely that livestock product quality will be detrimentally influenced by the Wonderfontein Spruit water 

quality. 

Another factor which could potentially influence the agricultural adequacy of the Wonderfontein Spruit 

water is the dilution with the Gerhard Minnebron water in the canal (see section 4.5). It was established 

(see Table 18) that the water quality in the Gerhard Minnebron canal would improve as a result of the 

dilution, resulting in an enhanced adequacy for agricultural purposes. 

However, although the Wonderfontein Spruit water seems suitable for agricultural purposes, there is 

currently a lack of information on key variables and toxic substances, such as cyanide, uranium, 

information on algae, pathogens, herbicides and pesticides. This study therefore recommends that data be 

obtained for the missing variables. It is argued that it should first be ensured that an effective monitoring 

programme is implemented prior to the use of the Wonderfontein Spruit water for agricultural purposes. 

Section 4.6 of the study determined the benefits of the diversion - will it enhance the raw water quality in 

Potchefstroom and the water quality in the Mooi River? A water balance exercise was conducted (See 

Table 20) and the effect of the diversion on important water quality parameters (acting as water quality 

indicators) was considered by using equilibrium equations. 

It was determined that, since the water from the Wonderfontein Spruit catchment will be diverted away from 

the Potchefstroom raw water, contamination associated with this catchment will also be avoided. For 

example, the results of Table 20 clearly demonstrated that concentrations of parameters such as sulphate 

and chloride were significantly reduced by the diversion, whereas Total Hardness, EC and TDS, for 

instance, were influenced to a lesser extent, due to the fact that such parameters are usually associated 

with dolomitic resources. 

Due to the fact that uranium, cyanide and heavy metal pollution, for instance, are specifically associated 

with the Wonderfontein Spruit catchment, it can also be expected that the concentrations of these variables 

will be significantly reduced as well. It can therefore be established that the diversion could have a 

significant long--term health benefit potentiat, d u e t o  the enhanced-qualifyof the Mter ,as  well as the risk- 

minimisation of exposure to pollutants through the Potchefstroom raw water. 



It was therefore established in principle that the diversion would be a feasible intervention. Not only would it 

contribute by minimising the contamination potential of the Potchefstroom raw water by the Wonderfontein 

Spruit at Turffontein, but it will also provide a feasible alternative water use (namely agriculture) for the 

diverted water from the Wonderfontein Spruit at Turffontein. 

The following project-specific implications were considered: 

Legal obligations of the Wonderfontein Spruit diversion (see section 4.1) 

The route of the Wonderfontein Spruit diversion (see section 4.2) 

Potential impacts of the Wonderfontein Spruit diversion (see section 4.3) 

Financial implications of the Wonderfontein Spruit diversion (see section 4.4) 

In terms of identifying the environmental law requirements of the diversion project - It was established that 

the following authorisations are required: Water Use Licenses in terms of the National Water Act, No. 36 of 

1998, a Record of Decision (ROD) in terms of the Environmental Conservation Act, No. 73 of 1989, and an 

approved Heritage Assessment in terms of the National Heritage Resources Act, No. 25 of 1999. 

The project approval of the diversion would therefore be dependent on the abovementioned authorisations, 

which entails that the following authorities will need to be approached in an open and transparent manner: 

the Department of Water Affairs, the Department of Environmental Affairs and Tourism, and the South 

African Heritage Resources Agency. 

The proposed route of the diversion is described in section 4.2 of this study. Consideration was given to the 

entire length of the Gerhard Minnebron canal, in order to evaluate its feasibility as the route of diversion. 

However, as indicated in Figure 6 and discussed in section 4.2, it was discovered that there are currently 

connections between this route and the Potchefstroom raw water supply (see Points C, D and F). This is 

due to the fact that this route is also used to supply raw water to Potchefstroom from time to time. 

Proposals were therefore made in section 4.2 to overcome this challenge. Recommendation 5 considers 

inter alia a more permanent alternative connection between the water purification works and the Boskop 

Dam, in order to prevent the future utilisation of the Gerhard Minnebron canal for raw water abstraction 

purposes. - - - - - - - - - - - - ~  ~ ~ 

p p p p p p p p p p p p p p p p p - - - - - - - - - - - - - - - - -  

Considering the outcomes of section 4.2, it seems as if the utilisation of the Gerhard Minnebron canal as 

the route of diversion will be quite feasible. However, due to the fact that the canal is mainly used for 

agricultural purposes, it was established that the feasibility of this option will be ultimately determined by 

the adequacy of the Wonderfontein Spruit water for agricultural purposes. In order to assess the feasibility 



of the abovementioned diversion route, the adequacy of utilising the Wonderfontein Spruit water for 

agricultural purposes were also incorporated in the pre-feasibility investigations. 

In recognising the importance of a pre-feasibility investigation / assessment to consider environmental 

implications prior to the Wonderfontein Spruit diversion, section 4.3 of this study identified and evaluated 

potential environmental impacts of the diversion. The scope of the assessment, methodology, as well as an 

overview of results, is provided in section 4.3 (also see Figure 8 for an overview of potential impacts). The 

assessment specifically focused on the following aspects of the development and considered potential 

impacts: 

constructing a dam wall in the flow of the Wonderfontein Spruit riverbed at Turffontein; 

constructing a canal in which to transport water from the Wonderfontein Spruit riverbed at 

Turffontein to the Gerhard Minnebron canal; 

utilising the Wonderfontein Spruit water for agricultural purposes; and 

considering the effect of the Wonderfontein Spruit diversion on the Potchefstroom raw water quality. 

It was determined that various impacts will be caused by the proposed Wonderfontein Spruit diversion at 

Turffontein. However, it is expected that the construction of a dam wall in the flow of the Wonderfontein 

Spruit riverbed at Tutffontein will probably cause impacts ranging from the physical environment, to 

impacts on the biologic and cultural (social) environment. When considering the overview provided in 

section 4.3.3 and Figure 8, it is anticipated that most of the long-term impacts will be caused by the dam. 

In contrast with the dam development, it is anticipated that most of the impacts caused by the proposed 

canal will be short term, low-significance impacts. Potential impacts to be caused by the canal also range 

from impacts on the physical environment, to impacts on the biologic and cultural (social) environment. The 

following potential impacts give an indication of what can be expected from the utilisation of the 

Wonderfontein Spruit water for agricultural purposes (see section 4.5): 

increased encrustation and enhanced scaling could be experienced due to the higher levels of TDS 

in the Wonderfontein Spruit at Turffontein. Not only can the effectiveness of irrigation and livestock 

distribution systems be influenced, but irrigation methods and soil salinity may also be affected in 

the long-term. 

Possible yield decreases might also be experienced with saline - sensitive crops when unsuitable 

management practices are implemented; 

Farmers will perhaps be forced to adapt their current management practices in order to adapt to a 

slightly more saline situation (DWAF, 19964: 168). 



In terms of the Water Quality Guidelines DWAF (1996d) and DWAF (1996e), most of the water quality 

constituents safely fall within the specified target water quality ranges. It can therefore be argued that the 

Wonderfontein Spruit water is suitable for agricultural purposes. However, it is important to note that the 

duration of these impacts will be long-term and they will be of a high significance. The fact that important 

information is lacking on the water quality (as mentioned in sections 3.3.3 and 3.4) is therefore perplexing, 

and needs to be considered seriously before authorisation can be granted to implement the proposed 

diversion. 

An important part of the .pre-feasibility assessment was to consider the effect of the Wonderfontein Spruit 

diversion on the Potchefstroom raw water quality. The following is argued: 

As the diversion will remove the source of many pollutants from the Mooi River system (see section 3.4.1), 

it can be expected that the water quality of the Potchefstroom raw water will improve. This will inevitably 

lead to a lower health risk to the Potchefstroom population, due to an enhanced raw water quality. It is 

argued that the abovementioned advantages of the diversion will have the following positive spin-offs: 

The riverine ecology (protected from salinisation) will benefit; 

A lower health risk will also be experienced by the Potchefstroom population; and 

Water resource management practices will improve, due to the better impact management. 

The abovementioned long-term positive results were the reasoning behind the entire project. Such positive 

results would therefore argue in favour of the Wonderfontein Spruit diversion. 

The financial implications of the diversion were also considered (see section 4.4). These considerations 

included a cost-breakdown structure of the different project phases of both the canal and the dam, as well 

as determining the proposed canal and dam specifications that have to be considered. These 

considerations also included the preliminary design of the proposed canal that should transport the diverted 

water towards the Gerhard Minnebron. The methodology to these calculations followed is explained in 

Addendum 6. The financial implications are also contained in Addendum 6 at the end of this study. 

However, it should also be noted that the financial considerations were limited to project-specific costs, and 

did not include a consideration of the costs of the proposed diversion to the environment. The ideal 

situation would be if a cost-benefit analysis of the current situation (advantages and disadvantages) could 

be weighed against a cost-benefit analysis of the proposed diversion (including the socio-economic and 

ecologic considerations). A recommendation was therefore also made regarding the abovementioned 
p p p p p p p p p p p p p p p - - - - - - - - - - - - - - -  

propo~(seeRecommendation 8). 



Concluding on the findings of the study 

In the light of the abovementioned outcomes, it can be concluded that the Wonderfontein Spruit diversion 

would indeed be a feasible option to be considered for improving the raw water quality of Potchefstroom, 

due to the following reasons: 

The proposed diversion will 

improve the current situation by minimising the contamination potential of the Potchefstroom raw 

water by the Wonderfontein Spruit at Turffontein; and 

improve on the current raw water quality available to Potchefstroom; and 

minimise the potential health risk of the current situation, as has been considered by previous 

studies (see section 1); and 

provide a feasible alternative water use (namely agriculture) for the diverted water from the 

Wonderfontein Spruit at Turffontein. 

This study therefore views the abovementioned Wonderfontein Spruit diversion as the Best Practicable 

Environmental Option, as it can be argued that it provides a more sustainable alternative to the current 

uncertain situation regarding the Potchefstroom raw water. However, the following also has to be taken into 

consideration, as it might have an influence on the feasibility of the abovementioned proposal for 

agricultural purposes: 

Despite the water quality advantages of the abovementioned diversion, it should be noted that water 

quantity / availability should also be taken into consideration. Due to the fact that the diversion would 

influence water availability, this is an important aspect of the diversion-feasibility that should be taken into 

consideration. The raw water supply of Potchefstroom is limited, as has been discussed in Section 2.3. 

Depending on the demand for water in the long-term, therefore, water shortages could inhibit growth and 

sustainable development in Potchefstroom. 

As indicated in Figure 4, the Klerkskraal Dam yields 46 ~m~ lannu rn .  However, as has been mentioned in 

Chapter 2, constant irrigation requirements currently minimise the availability of this resource, minimising 

the yield to the Mooi River to approximately 20.62 ~ m ~ l a n n u m .  This study therefore recommends (see 

Recommendation 6) that a water needs assessment be conducted, in order to contemplate on the 

feasibility of dedicating the Klerkskraal Dam as a water resource exclusively for Potchefstroom. 

This study also argues that the current lack of monitoring data on key water quality parameters of the 

Wonderfontein Spruit at Turffontein should be regarded as a priority (see Recommendation 6), as the 

outcome of such monitoring could influence the feasibility of the abovementioned proposal for agricultural 

purposes, and also the sustainability of the current situation. 



6. Recommendatiohs: 

1) An accurate, updated and reliable database should be seen as a basis for effective water resource 

manaaement 

(see section 3.4.2 in the study) 

2) Another challenge that should be addressed is the lack of sufficient water aualitv monitoring. 

There is currently a lack of official monitoring data on key water quality parameters of the Wonderfontein 

Spruit, such as uranium and information on algae, pathogens, herbicides and pesticides. 

Although it is expected that the diversion will significantly reduce the risk of elevated concentrations of the 

abovementioned substances in the Potchefstroom raw water, the possible effect of these substances on 

agriculture is unknown, due to the current lack of data (see section 3.4.2 in the study). 

This study therefore recommends that the DWAF water quality monitoring programme be revised to also 

include key water quality parameters important for the Wonderfontein Spruit at Turffontein catchment. 

3) Emergency Preparedness 

In line with the precautionary principle, this study also advocates that emergency situations should also be 

considered when a decision is made to divert the Wonderfontein Spruit water into the current Gerhard 

Minnebron canal for agricultural purposes. Arrangements have to be made for emergency plans prior to a 

detrimental event such as a flood or a pollution flux from either the Wonderfontein Spruit at Turffontein or 

the Gerhard Minnebron. One of the most important precautionary measures is to implement an effective 

monitoring strategy, as argued in Recommendation 2. 

4) lnvolvinq all interested and affected parties in the decision-making process 

This study recommends very strongly that all the interested and affected parties (for example the farmers 

and the ammunitions industry) be involved in the environmental impact assessment (EIA) process from the 

outset. 

5) Constructing an additional pipeline or canal between Boskop Dam and the Potchefstroom water 

purification works 

During cleaning operations of the Right Bank Canal (which is currently used to transport water), the 

Gerhard Minnebron canal is currently utilised. However, as this study advises to isolate the Gerhard 

Minnebron canal from the rest of the Mooi River system, this access route for raw water during cleaning 

operations of the Right Bank Canal cannot be util~sed anymore. 
p p p p p p - - - - - - - - -  



It will therefore be necessary to construct an additional canal or pipeline that is dedicated to transport water 

to the water purification works from Boskop Dam. The route of this canallpipeline can be from the start of 

the Left Bank Canal at Boskop Dam (see point "L" in Figure 6) to the Lakeside Canal side-canal (see point 

"F" in Figure 6). An alternative access route for raw water could be a pipelinelcanal alongside the existing 

Right Bank Canal, from point "J" to point " K  in Figure 6. 

6) Prioritisina water needs 

As a result of the increasing demand and decreasing supply of good quality raw water in the Mooi River 

catchment, this study proposes that a needs assessment be done that prioritises the different water users 

in the catchment (including that of the reserve6), so as to determine where the primary obligations lie with 

regard to providing clean resources where they are needed the most. Due to the high quality of the 

Klerkskraal Dam water resource, this study recommends that a feasibility study for dedicating this resource 

exclusively as a raw water resource for Potchefstroom is undertaken. 

7) Pre-feasibility investiaations should be undertaken for alternative proposals to the diversion 

This paper recommends that pre-feasibility investigations be undertaken for the alternative proposals to the 

Wonderfontein Spruit diversion, as described in Addendum 1. 

8) Undertakinrr a Cost-Benefit Analvsis to assist with decision-making on the current situation 

Financial considerations are often limited to project-specific costs. However, the use of tools such as 

environmental economics and cost-benefit analyses as decision-making instruments should also be 

considered for future studies, in order to assist with decision-making on complex issues such as the 

sustainability of the raw water quality situation in Potchefstroom. 

9) Undertakinrr a pre-feasibility investigation to determine which of the 2 options for the route of the 

diversion south of the Lakeside Dam would be the best option (see point G in Figure 6): 

Option 1 : Directly towards the end of the Lakeside canal south of Potchefstroom (see points G to H 

in Figure 6); 

Option 2: Towards the Modderdam (see points G to I in Figure 6); 

As defined in the National Water Act, No 36 of 1998 
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Addendum 1 : Alternatives to the Wonderfontein Spruit diversion 

Three alternative solutions to the current study are proposed in this addendum: 

utilising supplementary water to supply Potchefstroom with drinking water; 

dedicating the Klerkskraal Dam as primarily a Potchefstroom raw water resource; and 

considering the "No Go" option - not changing the current situation. 

Utilising Supplementary Water (Rand Water & Dolomitic Water) 

Due to the increase in the demand for water, which is coupled with the shortage of water, it is also 

necessary to consider the possibility and feasibility of supplementing the existing water resources with 

additional external water. The following supplementary resources are considered: utilising a dolomitic 

groundwater compartment, purchasing water from the Rand Water company and utilising mine fissure 

water (of the West Driefontein mine). 

A Dolomitic Groundwater Compartment 

The Zuurbekom dolomitic compartment in the Wonderfontein Spruit catchment has been utilised by Rand 

Water since the turn of the previous century and has been identified as a strategic water resource for future 

potable water supply. At present, Rand Water abstracts approximately 1 OMllday for distribution in their 

supply system (DWAF, l998:3.4). 

In the light of the abovementioned example, this study argues that sustainable utilisation of a dolomitic 

compartment is possible. It is therefore advised that the possibility of utilising the dolomitic compartment 

close to Potchefstroom be investigated. According to Nell (2004), as well as Vivier (2004), a fairly large 

dolomitic compartment is situated close to Potchefstroom. Although at this preliminary stage, there are still 

many feasibility studies to be done, the utilisation of this compartment as a strategic water resource is 

currently investigated. 

Rand Water Bulk Supply 

Utilising Rand Water is seen as a possible future means of supplementing raw water. The water can be 

piped either from the Vaal River to the south of Potchefstroom, or water can be piped from the Town of 

Carletonville, where Rand Water is already utilised. However, due to the costs involved, this option is not 

deemed as sustainable as long as it is viable to obtain water from the Mooi River catchment. This study 

therefore evaluates whether the diversion of the Wonderfontein Spruit as a management option can extend 



the dependency of Potchefstroom on the Mooi River catchment (which is the more sustainable option), in 

order to avoid costly solutions (like for instance to make use of Rand Water). 

West Driefontein Mine Fissure Water 

According to Nell (2004) and Stoch (2004), the mine fissure water obtained from West Driefontein mine is 

of such good quality that the mine utilises this water for process and domestic water, and has therefore 

refrained from purchasing of Rand Water. The West Driefontein mine also provides clean water for 

adjacent mines. 

Bigen Africa (1999:3.4) also indicates that 4.67Mm3 of good quality water is discharged annually from West 

Driefontein mine into the Wonderfontein Spruit. Due to the fact that water quality will be affected by mine 

closure, it has been proposed that the abstraction of fissure water from West Driefontein mine be 

continued, so as to ensure the preservation of good quality water in the Wonderfontein Spruit as a strategic 

resource. 

If the dewatering of the West Driefontein mine continues, its fissure water can also be utilised as a 

supplementary raw water resource for Potchefstroom. 

Dedicating the Klerkskraal Dam as the sole raw water resource for Potchefstroom 

Klerkskraal Dam is often referred to as a pristine water resource, as its catchment is not affected by mining 

activity or any other human activities to such an extent that it is detrimental to the water quality. The 

Klerkskraal Dam therefore represents a potential good quality water resource for Potchefstroom. It is 

therefore imperative to determine the current water demand on Klerkskraal Dam, in order to consider the 

feasibility of dedicating its water to the Potchefstroom Municipality. 

The domestic demand: 

The current water demand of Potchefstroom Municipality (according to the results of the 2004 water 

metering) is 17.392 ~ m ~ l a n n u m  (see Figure 2). According to Bigen Africa (1999: 3-8), 53 Mllday (19.3 

Mm3/annum) has to be allocated for the municipality in 2010. If the current demand increase continues, at 

least 20 ~rn~ lannurn  of water will have to be made available for the short term to the Potchefstroom 

Municipality. 



The irrigation demand: 

Klerkskraal Dam water is currently mostly utilised for agricultural purposes. According to Bigen Africa 

(1 999: 3-8), the current annual irrigation allocation from Klerkskraal Dam is 25.38 Mm3/annum. The annual 

allocation from Boskop Dam is 52.23 Mm3/annum for irrigation. However, due to the fact that Boskop Dam 

does not have sufficient capacity, the inflow of Klerkskraal Dam is needed to supply Boskop Dam with 

water to supply its water users. 

The average annual yield of the Klerkskraal Dam catchment is 46 ~ m ~ l a n n u m  (Refer to Chapter 3). If 

water usage by the MRSWS for irrigation is taken at 32.42 Mm3/annum (88.82 Mlld), water consumption for 

agricultural purposes currently utilises between 65% and 70% of the Klerkskraal Dam resource. 

Potchefstroom is therefore left with only 17.58 Mm3/annum of Klerkskraal Dam water. 

As also indicated in Chapter 2 of this study, Potchefstroom currently abstracts almost 18 Mm3/annum. It 

can therefore be concluded that the Klerkskraal Dam (as sole resource for Potchefstroom) will not be able 

to sustain the increasing demand by Potchefstroom, especially not if Klerkskraal Dam water remains to be 

utilised also for agricultural purposes. 

Due to the conflicting nature of this alternative to the Wonderfontein Spruit diversion, this study argues that 

this alternative be thoroughly investigated by means of inter alia a cost - benefit analysis, accompanied by 

sufficient public participation. An informed decision-making process should be conducted by the 

responsible water management authority in order to consider the future catchment water use priorities. This 

process should take Section 24 of the South African Constitution (South Africa, 1996) into consideration, as 

well as the Precautionary Principle in terms of the National Environmental Management Act, No. 107 of 

1998 (NEMA). The extent and priority at which Potchefstroom needs to use Klerkskraal Dam water can 

then be determined. However, a comprehensive study of the Klerkskraal Dam hydrology must be 

completed to establish whether the surplus water available can supply the requirement of Potchefstroom as 

well as the irrigation demand. 

It is also proposed that a study should be conducted of the dolomitic groundwater compartment close to 

Potchefstroom, and its possible use as a reservoir in which to store any surplus water flowing out of the 

Klerkskraal Dam. Water stored in the dolomitic compartment could then be utilised to compensate for any 

shortfalls experienced during dryer periods when the Klerkskraal Dam yield will be reduced. 

It will therefore be necessary to install a Klerkskraal Dam - Potchefstroom pipeline. This could be done 

within the existing Klerkskraal Dam irrigation canal servitude, to ensure a sustainable supply of good 
~ 

quahtywakr9rom theKterkskmat Damto Po€chefslroom~ 



Considering the "No Go" Option - Not Changing the Current Situation 

One of the advantages of this option, is the fact that the Wonderfontein Spruit will not be diverted. In terms 

of water quantity (water supply), this option seems more viable than the solution which this study proposes, 

namely the Wonderfontein Spruit diversion. The various adverse socio-economic and ecologic impacts of 

the proposed diversion will also be avoided (see Addendum 4). However, the various positive impacts of 

the proposed diversion will also be avoided, such as cleaner raw water for Potchefstroom. 

With regard to water quality, the current situation will remain vulnerable, and in conflict with best practice, 

due to the fact that "a risk averse and precautionary approach" is not followed, as is required by law (for 

example, the National Environmental Management Act, No 107 of 1998. It is also an infringement of 

section 24 (environmental rights) of the South African Constitution (Act 109 of 1996). 

This study therefore does not recommend this "No Go" option, and proposes that the alternative which is 

the Best Practicable Environmental Option (BPEO) be followed, as is described in the National 

Environmental Management Act, No 107 of 1998. 



Addendum 2: Photographs of

the Diversion Site

Photographs that were taken at the proposed site

of development are illustrated here. The following

Illustrations are given:

. Vegetation in the area of the proposed

developments; as well as

. The Gerhard Minnebron and the Gerhard

Minnebron canal;

. The proposed route of the Wonderfontein

Spruit diversion channel;

. The development site of the proposed

Turffontein Dam.

VEGETATION IN THE AREA OF THE

PROPOSED DEVELOPMENTS

Photographs 1 to 3 were taken in the vicinity of

the Gerhard Minnebron (refer to Point B in Figure

6 and Figure 7 of the study).

Photograph 1: Typical vegetation of the study

area on the proposed route of diversion

channel

--

Photograph 2: An illustration of the soil-depth

in the area

This picture also demonstrates the occurrence of

dolomite on the proposed route of the diversion

channel.

Photograph 3: A view over the floodplain of

the Mooi River where the Gerhard Minnebron

eye flows into the Mooi River
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THE GERHARD MINNEBRON AND CANAL

Photographs 4 to 6 were taken in the vicinity of

the Gerhard Minnebron (refer to Point B in Figure

6 and Figure 7 of the study).

Photograph 4: The Gerhard Minnebron

Photograph 5: The Origin of the Gerhard
Minnebron Canal

Photograph 6: The Gerhard Minnebron Canal

/

THE PROPOSED ROUTE OF THE DIVERSION

Photograph 7 was taken on the proposed route of

the Wonderfontein Spruit diversion route on the

way towards the Gerhard Minnebron (refer to

Point A in Figure 6 and Figure 7 of the study).

Photograph 7: The power line servitude and

farm road (part of the route of the proposed

diversion channel)

---
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THE SITE OF THE PROPOSED DAM

Photographs 8 and 9 were taken at the site of the

proposed dam at Turffontein dam (refer to Point A

in Figure 6 and Figure 7 of the study).

In both the photographs taken, it is clear that

mining activities have been undertaken within and

next to the Wonderfontein Spruit streambed at

Turffontein.

Photograph 8: Mining dumps in the vicinity of

the dam development site

---

Photograph 9: Proposed site of the

Turffontein Dam
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Addendum 3: A Leopold Matrix illustrating probable impacts of the

Diversion.
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Only project actions thought to be applicable to the Wonderfontein Spruit diversion are listed. Only
environmental characteristics that could be influenced by the specific project actions are therefore
listed.

The shaded blocks in each row have been described as one impact.

--
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Addendum 4: A Description of Probable Impacts

Table 21: Potential Adverse Impacts Identified
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Earth,
Potential Impact:

I Referencenumber:Construction phase of the channel to 1a(a)(b)
Alteration of impact on soils (excavation and

Ground Cover removal). Influence on inter alia fauna
& and flora associated with soil in the

Modification Soils immediate pathway of the route. Duration: M
of Habitat However, most of the area to be Severity: - 2

developed is already degraded, as most Probability: D
of the construction will occur on the Significance: M
roadside next to an existing servitude.

Potential Impact:

I Referencenumber:
Intensive long-term Irrigation might lead
to the salinisation of soils. 1a(d)

The current Wonderfontein Spruit water
quality is sufficient for irrigation water

Irrigation & use when measured against national

Livestock Soils standards (the Water Quality Guideline Duration: L
Watering Target Range). However, due to the

Severity:- 4elevated TDS and EC level, coupled with
the hardness of the water, saline- Probability: I

sensitive crops cannot be planted, and Significance: M

the salinisation of soils becomes a threat

if not managed properly. It should be
ensured that irrigation practices are
adaDted to protect soils.

2'VVatel'-" ."

Potential Impact: Reference number:
River Control Due to the increased surface exposure 2a c
(Canalisation) of water, there could be increased Duration: L

& Water Surface evaporation. However, the impact is Severity:-2
Dams and minimal, due to the small surface of the Probability: D

Impoundments dam. Significance: L

lProCesses

Modificationof I The Roleof Floods I Potential Impact: I Reference number:Habitat Although flood-control has
3a(a)



Modification of
Habitat

Sedimentation and
deposition of

nutrients in the

proposed dam

anthropogenic benefits, it will deprive the
river ecology of many of its advantages,
such as cleansing and nutrient-deposits.
However, provision will probably be
made for overflows into the original
streambed during times of intensive
floodin::!.
Potential Impact:
The proposed dam has the potential to
change the riverine habitat from aerobic
to anaerobic in the dam, due to the
deeper water. The deposition of organic
material and nutrients will also promote
a shift in the composition of microbial
populations in the new habitat created
by the dam. Due to the small size of the
dam, however, the effect will not be
significant on the downstream riverine
environment.

Duration: L
Severity:-3
Probability: H
Significance: M

Reference number:
3b(a,

Duration: L
Severity:-1
Probability: H
Significance: L
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Potential Impact: Reference number:

Dams and The dam will Influence the affected 4a a
Impoundments downstream habitat of the Duration: L

& Trees, Shrubs, Wonderfontein Spruit riverbed before its Severity:-3
Modification of Grass conversion with the Mooi River. Due tot Probability: D

Habitat the diversion, both riparian and instream Significance: M
vegetation will be affected.

Potential Impact: Reference number:
Damage to groundcover will be mainly 4a(b
during the construction phase:

Alterationof I

Trees, Shrubs, Vegetation on the channel route will be Duration: S

I affected.However,as mostof the Severity:-1Ground Cover Grass construction will occur on the roadside Probability: P
next to an existing servitude, damage Significance: L
will be limited.

Potential Impact: Reference number:
Dams and The dam will Influence the affected 4b a

Impoundments downstream habitat of the Duration: L
& Aquatic Plants Wonderfontein Spruit riverbed before its Severity:-2

Modification of conversion with the Mooi River. Due tot Probability: D
Habitat the diversion, both riparian and instream Significance: M

ve etation will be detrimentall affected.
Alteration of

Aquatic Plants Potential Impact:
I Referencenumber:Ground Cover 4b(b
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Changing ground cover through
sedimentation and during the Duration: S
construction phase will influence the Severity:-1
aquatic life in the dam. However, as this Probability: H
effect is limited to the dam, the impact is Significance: L
of low significance.

Potential Impact: Reference number:
Dams and The dam and diversion will Influence the 4c(a)(f)

Impoundments affected downstream habitat of the Duration: L
& Micro Flora Wonderfontein Spruit riverbed before its Severity:-2

Modification of conversion with the Mooi River. Due tot Probability: D
Habitat the diversion, both riparian and instream Significance: M

vegetation will be affected.
Alteration of Potential Impact: Reference number:

Ground Cover Changing ground cover through 4c(b)
sedimentation and during the Duration: S

Micro Flora construction phase will influence the Severity:-1
aquatic life in the dam. However, as this Probability: P
effect is limited to the dam, the impact is Significance: L
of low sh:mificance.

2. ... :

Potential Impact: Reference number:
Due to the diversion of the 5a(a)(f)
Wonderfontein Spruit, species

Dams and interdependent on the affected riverbed Duration: L

Impoundments
downstream of the dam will be affected, Severity:-2

Birds including the birds for instance that catch Probability: H

(Causing a
fish and insects. However, birds will be Significance: L

modification of able to move to areas upstream or

habitat)
downstream that remain unaffected.

On the other hand, the dam will also
provide a new habitat for water birds.
Potential Impact: Reference number:
Damage to groundcover will be mainly 5a(b)
during the construction phase: Nesting

Duration: Sbirds on the channel route will beAlteration of
Birds affected. However, as most of the Severity:-2

Ground Cover
construction will occur on the roadside Probability: P

next to an existing servitude, damage Significance: L
will be limited.

Potential Impact: Reference number:
Due to the diversion of the 5b(a)(f)

Dams and Wonderfontein Spruit, species

Impoundments
interdependent on the affected riverbed Duration: L

Land animals, downstream of the dam will be affected, Severity:-2

(Causing a including reptiles including the land animals and reptiles Probability: D

modification of for instance that catch fish and insects. Significance: L

habitat)
However, the animals will be able to
move to areas downstream or upstream
that remain unaffected.
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Potential Impact: Reference number:
Dams and Due to the diversion of the 5c(a)(f)
Impoundments Wonderfontein Spruit, all aquatic life of

the affected riverbed downstream of the Duration: L
(Causing a dam will be affected, including the fish Severity:-3
modification of and the shellfish. In the affected area Probability: D
habitat) between the dam and the Wonderfontein Significance: M

Fish and shellfish Spruit's conversion with the Mooi River,
all aquatic life would be terminated
(unless interventions are made).

On the other hand, the dam will also
provide a new habitat for fish and
shellfish, as a larger water body will be
available.
Potential Impact: Reference number:

Dams and Due to the diversion of the 5d(a)(f)
Impoundments Wonderfontein Spruit, all aquatic life of Duration: L

the affected riverbed downstream of the Severity:-3
(Causing a dam will be affected, including the Probability: D
modification of benthic organisms. Significance: M
habitat) In the affected area between the dam

Benthic organisms and the Wonderfontein Spruit's
conversion with the Mooi River, all
aquatic life would be terminated (unless
interventions are made).

On the other hand, the dam will also
provide a new habitat for aquatic life
such as benthic organisms, as a larger
water body will be available.
Potential Impact: Reference number:

Dams and Due to the diversion of the 5e(a)(f)
Impoundments Wonderfontein Spruit, all aquatic life of

Duration: Lthe affected riverbed downstream of the
(Causing a Insects and dam will be affected, including the Severity:-3
modification of microfauna. Probability: D
habitat)

Microfauna
In the affected area between the dam Significance: M

and the Wonderfontein Spruit's
conversion with the Mooi River, all
aquatic life would be terminated (unless
interventions are made).
Potential Impact: Reference number:
Damage to groundcover will be mainly 5e(b)
during the construction phase. Due to
the fact that biologic habitats (such as

Duration: S
Alteration of Insects & vegetation) on the channel route will be

Severity:-1
Ground Cover Microfauna affected, insects and

microfauna/organisms will also be Probability: P
affected. However, as most of the Significance: L
construction will occur on the roadside
next to an existing servitude, damage
will be limited.



Irrigation +
Livestock
Watering

Noise and
Vibration

Dams and

Impoundments

Modification of
Habitat

Dams and

Impoundments

Agriculture

Residential

Mining & Quarrying

Scenic views
and vistas

Scenic views
and vistas

1, Land-!use". "'"""'"

Potential Impact:
Agricultural practices might have to
utilise water of a lower quality (water
from the Wonderfontein Spruit), for the
s~ke of better raw water for
Potchefstroom. However, water will be
diluted with Gerhard Minnebron water,
which means that water quality will still
qualify in terms of the SA Water Quality
Guidelines.

Potential Impact:
The impact will be minimal, and will only
be during the construction phase

Potential Impact:
The dam might have an influence on
future diamond mining, as it is situated in
diamondiferous area (there are
unrehabilitated minedumps on the site of
the dam - see photograph 8 in
Addendum 6).

2. Aestnetlcs'aod.hUman interest" ., ..,.,., y, " ,,,_~.,.. "',," . .. ,'" w'o" ."'", .,

Potential Impact:
The "sense of place" of the affected
residencies downstream of the dam will

be negatively affected, due to the
damming up of the Wonderfontein Spruit
and the diversion of the river.

Potential Impact:
The original riverbed will be changed by
the building of the dam wall. However,
by encouraging the natural reed growth,
the visual impact can be minimised.

It should also be noted that the riverbed
is not pristine, due to former diamond
mining activities in the area. There are
various heaps associated with diamond
mining which have remained
unrehabilitated within and close to the
riverbed.

Reference number:
6a(d)

Duration: L
Severity:-3
Probability: P
Significance: M

Reference number:
6b(e)

Duration: S
Severity:-2
Probability: P
Significance: L
Reference number:

6c(f)

Duration: L
Severity:-3
Probability: P
Significance: M

Reference number:
7a(a)

Duration: L
Severity:-4
Probability: D
Significance: H

Reference number:
7a(f)

Duration: L
Severity:-2

Probability: D
Significance: L
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Alteration of
Ground Cover

Modification of
Habitat

Alteration of
Ground Cover

Dams and

Impoundments

Alteration of
Ground Cover

Alteration of
Ground Cover

Scenic views
and vistas

Open space
qualities

Open space
qualities

Open Space
Qualities

3. u.

Structures

Transportation
(movement access)

Potential Impact:
Visual impacts from the removal of
groundcover and vegetation in the areas
of construction. (only temporary)

Potential Impact:
The open space qualities should be
conserved as much as possible, as the
riverbed will still be used in times of

flooding. However, due to the diversion,
a habitat and ecosystem change will be
introduced, and the downstream open
space qualities will unavoidably be
negatively influenced, as it will lead to a
possible reduction in biodiversity in the
downstream area of influence.

Potential Impact:
Visual impacts from the removal. of

groundcover and vegetation in the areas
of construction will temporarily influence
open space qualities.

Due to the additional infrastructure of the

dam wall and the channel, the original
open space qualities will be influenced.
However, the area is not pristine, as
there are already other existing
servitudes in the area (for example
powerlines). There are also various
unrehabilitated mine dumps on the site
of the dam.

aeFacilitiesandActivities
Potential Impact:
There is a high possibility that the
construcion phase of the project will
damage, affect and modify existing
structures, such as the farm-roads and
existing Gerhard Minnebron canal
structures.

Potential Impact:
Due to alteration of the groundcover
during the construction phase of the
project, existing access routes will
probably be temporarily closed and
modified. Existing transportation routes
will also be utilised during the
construction phase.

- -- - --

Reference number:

7a(b)

Duration: S
Severity:-2
Probability: D
Significance: L

Reference number:
7a(a)

Duration: L
Severity:-4
Probability: D
Significance: H

Reference number:
. 7b(b)
Duration: S
Severity:-2
Probability: D
Significance: L
Reference number:

7b(f)

Duration: L
Severity:-2

Probability: D
Significance: L

-
Reference number:

8a(b)

Duration: S
Severity:-2
Probability: P
Significance: L

Reference number:
8b(b)

Duration: S
Severity:-2
Probability: D
Significance: L
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Table 22: Potential Beneficial Impacts Identified

Modification of
Habitat

River Control

(Canalisation)
&

Dams and
Impoundments

Dams and

Impoundments

Water Quality

Water Quality

Sedimentation and

deposition the
proposed dam

2. Water
Potential Impact:
The better water quality in the
downstream environment will also
benefit the ecology in the long-term (for
instance the reduction in heavy metals).

Potential Impact:
The impoundment and diversion of the
Wonderfontein Spruit water away from
the Potchefstroom raw water source, will
lead to a lower health risk due to better
water quality for the Potchefstroom
population and could prove helpful to
ensure better management of water
resources.

3,Proce§ses
Potential Impact:
It is possible that the sediment of the
proposed dam can become enriched
with heavy metals originating from the
Wonderfontein Spruit. The dam can act
as an extra safety measure to help
minimise the exposure to heavy metals.

Reference number:
2b(a)

Duration: L
Severity:+4
Probability: H
Significance: H
Reference number:

2b(c)(
Duration: L
Severity:+5
Probability: H
Significance: H

Reference number:
3b(f)

Duration: L
Severity:+4
Probability: H
Significance: H

Dams and
Impoundments

Residential

.1. Land-use

Potential Impact:
The riskof floodingwill be minimisedby
the dam.

----

Reference number:
6b(f)

Duration: L
Severity:+2
Probability: P
Sianificance: M
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River Control

(Canalisation)
Salinisation of water

resources

1. Land-use~, , "" .. .. ,

Potential Impact:
As a result of this project, the Mooi
River system will be protected from
salinisation. In ecological terms, it is
beneficial to have better quality water in
the Mooi River system.

---

Reference number:
9a(c]

Duration: L
Severity:+3
Probability: P
Significance: M
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Addendum 6: Financial Implications of the Diversion

Addendum 6 should be considered in conjunction with section 4.4, and consists of the following parts: Part

1 describes the methodology followed to design the VYonderfonteinSpruit diversion canal, while Part 2

consists of a cost estimate based on the preliminary design elaborated on in section 4.4, and described

below:

PART 1 - METHODOLOGY USED TO DESIGN THE PROPOSED CANAL IN SECTION 4.4

Determining the Flood Peak of the Wonderfontein Spruit at Turffontein

The statistical flood prediction method (Van der Walt, 2003: 2.3) was utilised in order to determine the

1 :1OO-year flood peak:

The statistical flood prediction method

Peak charges obtained from the DWAF measuring station C2H013 were listed in order of magnitude. The

following equation was used to determine the recurrence interval of flood peaks:

T=n+l
m

Where:

. T = recurrence interval

. n = number of years on record

. m = 1 at the highest discharge

In order to determine the flood peak levels of the Wonderfontein Spruit at Turffontein, a logarithmic scale

graph (a log-log graph) was drawn, using the DWAF peak-flow data for station C2H013.

It was established (Figure 8 is also listed in the study) that the 100-year flood peak of the Wonderfontein

Spruit (Station C2H013) is approximately 0.358 m3tsecond(1288.8 m3thour).
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Figure 9: Determining the Peak Flows of the Wonderfontein Spruit at Turffontein

Wonderfontein Spruit (C2H013) -
Flood Peaks and their Return Periods

CI)
E
i=

-
f
ca
CI)
>--

0.01 0.1 1

Flood Peaks (Cumecs)

The proposed dam and canal transporting water to the Gerhard Minnebron should be able to handle such a

flow (as is illustrated in Figure 8). However, the capacity of downstream areas to handle peak flows

(partiGularlythe Gerhard Minnebron Canal) should also be taken into consideration, as such constraints

could influence the feasibility of the diversion. The DWAF office in Potchefstroom, for example, has advised

that the Gerhard Minnebron canal be limited to only 75% of its capacity (approximately 2625 m3/hour),due

to structural fatigue (De Ridder, 2004).

Determining the feasibility of the diversion in terms of the carrying capacity of existing

infrastructure (the Gerhard Minnebron Canal)

It has already been established that the flow rate of the Gerhard Minnebron is 22.3 MI/day (929.1 m3/hour

and 8.163 Mm3/annum)for the purposes of this study, while the average flow rate of Wonderfontein Spruit

at Turffontein is 15.9 MI/day (662.5 m3/hourand 5.724 Mm3/annum),as derived from the DWAF measuring

stations C2H013 and C2H011.

As described above in section 4.1.2, the total flow of water in the Gerhard Minnebron canal in the case of

the diversion would be 1591.6m3/hour.

However, it has been established above (see Figure 8) that the 100-year flood peak of the Wonderfontein

Spruit (Station C2H013) is approximately 0.358 m3/second (1288.8 m3/hour). That means that the total

volume of water in the Gerhard Minnebron Canal during times of flooding would be 2217.9 m3/hour.This

would still be within the 75% capacity limit of the canal.
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Should it be the case that both the Wonderfontein Spruit at Turffontein and the Gerhard Minnebron be in

flood, the Gerhard Minnebron Canal capacity limit would be reached. In this case, excess water from the

Gerhard Minnebron should be allowed to flow into the Mooi River north of Boskop Dam. It is therefore

important that the water levels of the Gerhard Minnebron and the Wonderfontein Spruit at Turffontein be

adequately monitored, so as to effectively manage the flow of water.

If the water flow is effectively managed, existing structural constraints should not hinder the feasibility of the

Wonderfontein Spruit diversion.

The proposed route of the Turffontein Canal

As has been discussed in Section 4.2, the difference in elevation above sea level between the proposed

site of the dam and the Gerhard Minnebron is approximately 10 metres, resulting in an average gradient of

1:250.

It has also been indicated in Section 4.2 and in Figure 7 that the route will generally follow the 2.5 km route

from the proposed dam site towards the Gerhard Minnebron mostly along the existing power line servitude,

in order to minimise impacts to existing land use.

Designing the Diversion Canal

The proposed Turffontein Canal will have to be at least able to withstand the 1:1OO-yearflood peak of the

Wonderfontein Spruit. It is also imperative that shooting/supercritical stream flow be avoided as much as

possible in order to maintain the structural integrity of the Gerhard Minnebron canal. By effectively

designing the canal, stream velocity can be minimised, in order to ensure streaming flow. This will ensure

effective water resource management in the long-term.

It was determined that a cement canal (of parabola shape) of 1 meter wide and 50 cm deep, would be able

to handle a flow volume of 0.358 m3/second(as is the case in the 1:100-year flood of the Wonderfontein

Spruit). An illustration of the canal is given in Figure 9 and the methodology utilised to design the canal is

described below.

Designing an effective canal

In order to design a canal which can handle the abovementioned floodpeak, the following canal design

process was followed (Van der Walt, 2003: 2.3):

1. Designing an arbitrary canal cross-section;

2. Calculating the flow velocity (v);
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3. Calculating the water level of the flow;

4. Repeating steps 3 & 4 until equilibrium is reached.

Desianina an arbitrary cross-section (Van der Walt, 2003: 2.3)

A canal (of the dimensions illustrated in Figure 10) was arbitrarily designed. After discussions with .the local

DWAF office in Potchefstroom, it was decided that a cement-casted hyperbolic design would be the best

suited for local circumstances. As indicated in Figure 10, the proposed canal width is 2.75m and the depth

of the canaI1.75m.

In order to determine the wetted perimeter of the canal, the following formula was utilised:

P = T + 8d2
3T

Where

T = canal width;

d = depth of water flow in the canal.

P = the wetted perimeter of the canal.

The wetted perimeter of the canal was calculated to be 5.719m.

In order to determine the surface of the canal cross-section at water depth,

the following formula was used:

T=3A
2d

Where:

T = canal width;

A = surface area of the cross-section of the canal at water depth;

d = depth of water flow in the canal.

As both the depth (1.75m) and width (2.75m) of the canal is known, it was calculated that the surface area

cross-section of the canal at water depth would be 3.208 m2.

The abovementioned dimensions of the canal are illustrated in Figure 10:
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Figure 10: The Design of the Turffontein Canal

Canal Characteristics: ~ T ~

Hyperbolic Design

Dimensions:

T = 2.75m
d = 1.75m
A = 1.898m2
P = 5.719m

In order to determine the hydraulic radius of the canal, the following formula was utilised:

R=A
P

Where:

A = surface area of the cross-section of the canal at water depth;

P = the wetted perimeter of the canal;

R = the hydraulic radius of the canal.

Utilising the abovementioned information, the hydraulic radius of the canal was calculated to be 0.56 m.

In order to determine whether the canal design will be effective during peak flows, it is imperative to first

determine the nature of the flow in the canal during peak conditions. This is important, due to the fact that

turbulent and shooting flow could cause increased erosion, rapids, etc., which should be avoided already in

the design phase.

Before the nature of turbulence during peak conditions of the canal can be determined, however, it is first

necessary to determine the stream velocity at peak flow in the canal.

Calculatina the Stream Velocitv of the Peak Flow (Van der Walt, 2003: 2.3)

Manning's equation can be utilised to determine stream velocity in a canal:

R 0.666667 JSv=
n

Where:

R = hydraulic radius

S = slope in direction of flow
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n = roughness coefficient 

v = stream velocity (mlsecond) 

Due to the fact that a cement canal will be utilised, a roughness coefficient of 0.228 (see Table 23) will be 

used for the purposes of this study. 

It has already been established that the slope of the direction of flow from the Wonderfontein Spruit at 

Turffontein to the Gerhard Minnebron is approximately 1:250. 

Taking the abovementioned information into account, it was established that the stream velocity of the 

proposed canal during peak conditions would be 0.1886 mlsecond. 

Table 23: Factors influencing Manning's roughness coefficient, and examples of roughness 

coefficients 

Factors influencing the Manning roughness coefficient 

(Morisawa, 1968: 38) 

Depth of water Vegetation 

Surface Roughness 

Channel Form 

Sediment 

Sudden changes in morphometry 

Wind 

Values of n on a plain: 

Clean straight channel, full stage, no riffs or deep pools - 0.030 

As above, more stones & weeds - 0.035 

Clean winding channel, some pools & shoals - 0.040 

Sluggish reaches, weedy deep pools - 0.070 



Calculating the water level of the flow (Van der Walt, 2003: 2.3) 

Prior to determining the water level of the flow, the surface area of the canal cross-section at water depth 

first has to be known. The following formula was utilised to obtain the cross-section area of the canal at 

water depth: 

Q = A v  

Where: 

Q = peak flow (m31second) 

A = surface area of the canal cross-section at water depth 

v = velocity (mlsecond) 

Utilising the abovementioned information (Q = 0.358 m3/second and v = 0.1886 mlsecond), the surface 

area of the canal cross-section at water depth was calculated to be 1.898 m2. 

In order to determine the water level of the flow at peak conditions, the following formula was used: 

3A T = -  
2d 

Where: 

T = canal width; 

A = surface area of the cross-section of the canal at water depth; 

d = depth of water flow in the canal. 

Utilising the abovementioned information (T = 2.75m and A = 1 .898m2), the depth of flow was calculated to 

be 1.04m. 

Since the canal was designed to handle a depth of flow of up to 1.75m, it means that the capacity of the 

proposed canal will sufficiently handle the 1 : 100-year peak flow. 

Determininq the Effectiveness of the Canal Desi~n (Van der Walt, 2003: 2.3) 

In order to determine whether streaming or shooting flow will occur, the following formula is used, which 

calculates the Froude number: 
- - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - -  



I Where: 

F = Froude number 

v = stream velocity (1.886 mlsecond) 

d = depth (1.75 m) 

g = gravitational constant (9.8m.s") 

If the resultant Froude number is smaller than 1, the resultant stream flow would be streaming (subcritical) 

in nature. However, if the resultant Froude number is greater than 1, the resultant stream flow would be 

shooting (critical) in nature. 

However, as the Froude number calculated for the canal (as illustrated in Figure 9), was 0.46, it can be 

advocated that the resultant streamflow of the canal will be subcritical in nature, and that the canal design 

would be appropriate. 

PART 2: A COST ESTIMATE OF THE PROPOSED DAM AND CANAL DEVELOPMENT 

BKS (Pty) LTD, Engineering and Management were asked to prepare a cost estimate for the 

abovementioned proposed canal (as illustrated in Figure 10) and dam construction. 

The cost estimate (see the next page) was calculated for a concrete canal consisting of the features 

illustrated in Figure 10, while the dam wall cost estimation was calculated for a dam wall of 20m wide and 

3m high mass concrete. 

The total cost for the construction of a 2.5km long concrete canal, was estimated at R 6076200, while the 

total cost for the construction of the dam wall was estimated R364 800.00. The total cost of the 

development would therefore be in the vicinity of R6 441000. 



Addendum 7: Water Data

Water quality data used in this study were obtained from the DWAF measuring stations referenced in
Table 25:

Table 25: DWAFMeasuring Stations referenced in this study

Section A of this addendum focuses on water quality data utilised during this study, while Section B of this
addendum focuses on water quantity information utilised during this study.

A SUMMARY STATISTICS OF DWAF WATER QUALITY DATA

Table 26: Klerkskraal Dam Water Quality Parameter Averages

DWAF Measuring station (C2H113Q01)

(1972/01/12 - 2004/08/3)
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StatioriName < Latitude Longitud .Est of Station
C2H011 Q01 GERHARDMINNEBRON EYE AT GERHARDMINNEBRON -26.4769 27.1525 1969/11/01
C2H013Q01 UPPER TURFFONTEIN EYE AT TURFFONTEIN -26.4081 27.17833 1969/06/06

C2H094Q01 LOWER TURFFONTEIN EYE AT TURFFONTEIN 1969/11/01

C2H113Q01 KLERKSKRAALDAM RIGHT BANKCANAL ON MOOI -26.2525 27.16056 1986/06/30
RIVER

C2H006Q01 MOOI RIVER AT KLERKSKRAAL(KLERKSKRAAL DAM) -26.2522 27.16056 1998/06/23
C2R003Q01 KLERKSKRAALDAMON MOOI RIVER: NEAR DAM

-26.2525 27.16056 1972/01/12WALL

C2H110Q01 BOSKOP DAMON MOOI RIVER: LEFT (MAIN)CANAL -26.5606 27.11111 10/22/1987
C2H011Q01 GERHARDMINNEBRON EYE AT GERHARDMINNEBRON -26.4769 27.1525 11/1/1969
C2H092Q01 CANAL FROM GERHARDMINNEBRON-EYE AT

-26.3167 27.38889 1017/1998GERHARDMINNEBR

C2H110Q01 BOSKOP DAMON MOOI RIVER: LEFT (MAIN)CANAL -26.5606 27.11111 10/22/1987
C2H113Q01 KLERKSKRAALDAM RIGHT BANKCANALON MOOI

-26.2525 27.16056 6/30/1986RIVER

.Parameter n Min ......Max. .Ave
ElectricalConductivity 106 7.5 92.6 44.7
(mS/m)
Concentration S04 70 4 200.3 16.9
(sulphate) dissolved in
water (mall)
Total Dissolved Solids 104 59 630 379
(mgll)
Concentration CI 68 3 99.2 7.9
(Chlorine)dissolved in
water (mall)
Phosphate and 88 0.005 0.4 0.26
Phosphor concentration
dissolved in water (mall)



Table 27: Wonderfontein Spruit water Quality Parameter Averages

DWAF Measuring station C2H013Q01

(1969/11/01 - 200410813)
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Total Hardness (mall) 42 135.9 314.6 251.5
Total Concentration of 45 0.04 0.4 0.1
Nitrate, Nitrite and
nitrogen - dissolved in
water (mall)

J)armet." N Min 'Max ],ve
Electrical 358 43.2 145 93.1

Conductivity
(mS/m)
Concentration S04 338 9.5 2220 247.7
(sulphate)
dissolved in water
(mgll)
Total Dissolved 326 370 957 713.4
Solids (mall)
Concentration CI 337 5.5 215 48.2
(Chlorine)
dissolved in water
(mgll)
Phosphate and 293 0.005 2.9 372
Phosphor
concentration
dissolved in water
(mall)
Total Hardness 62 199.3 553.4 0.054
(mall)
Total 328 0.06 11.6 1.9
Concentration of
Nitrate, Nitrite and
nitrogen -
dissolved in water
(mall)



Table 28: Gerhard Minnebron Water Quality Parameter Averages

DWAFmeasuring station C2H011001

(1969/11/01 - 2004/08/3)

135

--- - - -

, Parameter N .Min. Max < Ave
Electrical 354 37 93,4 62.6
Conductivity
(mS/m)
Concentration S04 336 10 276.3 99.9
(sulphate)
dissolved in water
(mg/I)
Total Dissolved 326 328 713.9 483.4
Solids (mQII)
Concentration CI 336 4 84.4 16.95
(Chlorine)
dissolved in water
(mgll)
Phosphate and 290 0.005 2.1 0.04
Phosphor
concentration
dissolved in water
(mQII)
Total Hardness 73 66.6 657.4 349.3
(mgll)
Total 327 0.2 12.4 2.6
Concentration of
Nitrate, Nitrite and
nitrogen -
dissolved in water
(mQII)



2005-05-1 9

Mr. Le Raux

As requested. herewith our cost estimate for the following:

1. Concrete Canal - 2,5km long:

Preliminary and General
Excavations
Prepare excavated surface
Concrete
Mesh Reinforcement
Wood trowel finishing

Sub Total
Plus: Contingencies

Sub Total
Plus: Contract Price Adjustments

Total
Plus: 14% VAT

Total

2. Dam Wall - 20m long x 3 m high
Mass concrete wall:

Preliminary and General
Site clearance
Excavation
Formwork
Concrete
Reinforcement

Sub Total
Plus: Contingencies

Sub Total
Plus: Contract Price Adjustments

Total
Plus: 14% VAT

Total

J VAN-DYK""Pr. Eng.
For BKS (PTY) LTD

(PrY) LTO

EIGIIEERIIG AID

MAIAGEMEIT

REG.NO. 1966/006628/07

R 760 000-00
R 50 000-00
R 50 000-00
R3 450 000-00
R 65 000-00
R 175000-00

WILGE PARK

CNR MOOIRIVIER DRIVE &

PIET UYS STREET

POTCHEFSTROOM

PO BOX 1012

POTCHEFSTROOM2520

SOUTHAFRICA

TEL: (018) 294-8838

FAX: (018) 294-8839

INT. CODE(+27 18)

E-MAIL:bkspolch@bks.co.za
INTER NET: hltp ://www.bks.co.za

R4 550 000-00
R 455 000-00

R5 005 000-00
R 325 000-00

R5 330 000-00
R 746 200-00

R6 076 200-00

IIIICTU':

KJ JELE (CHAIRMAN)

QAW VAN zn (CEO)
RA PULLEN (MOl
GC ALBERTYN

MS BASSON
WJ BOTHA
PHI FAKUDE-NKUNA

JM JEEN"
JH LOMBARD

Bt MDROP",

GM NEGOIA

M RAMATlHODI

OFfiCESI. IA:
BElL VILlE
BLOEMfONTEIN

OURBAN
EASI LON1)ON

JOHANNESBURG
MIDOElBURG

NElSPRUIT

PJETERMARITIBURG
POlOKWANE

PORI Ell/ABETH

POICHEfSTROOM
PRETORIA

OUEENSIOWN
RICHARDS BAY
AUSTENBURG

THOHOYANDOU
\I UTA

.AEOENBURG
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R 50 000-00
R 5 000-00
R 25 000-00
R 40 000-00
R 100 000-00
R 50 000-00

R 270 000-00
R 30 000-00

R 300 000-00
R 20 000-00

R 320 000-00
R 44 800-00

R 364 800-00



Table 29: Boskop Dam Water Quality Parameter Averages

DWAF measuring station

C2H110Q01BOSKOPDAMON MOOIRIVER:LEFT(MAIN)CANAL

(1987/10/22 - 2004/08/3)

136

;Paramter .__. R Min Max Ave
Electrical 820 30.1 85.2 63.1
Conductivity
(mS/m)
Concentration S04 792 4.3 156.7 108.05
(sulphate)
dissolved in water
(mg/I)
Total Dissolved 784 178 578 492.0
Solids (mQII)
Concentration CI 788 4.3 33.8 22.0
(Chlorine)
dissolved in water
(mgll)
Phosphate and 720 0.005 1.65 0.02
Phosphor
concentration
dissolved in water
(mQII)
Total Hardness 252 180.5 342.5 300.7
(mg/l)
Total 789 0.04 4.4 0.34
Concentration of
Nitrate, Nitrite and
nitrogen -
dissolved in water
(mQII)



B SUMMARY STATISTICS OF DWAF WATER QUANTITY DATA

The Excel! files contained in this addendum were obtained from the Department of Water Affeirs and

Forestry.

Key

Explanation of codes:
> -Minimum Value
A -Above Rating
M - Permanent Gap, Temporary Gap
N - No info for stage/discharge determination (zero data loaded)
T - Rating missing
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C PEAK FLOW DATA

The following peak flow data was utilised in section 4.4 and in conjunction with Addendum 5, in order to
determine the 1DO-yearflood peak of the Wonderfontein Spruit at Turffontein.

Department of Water Affairs and Forestry
SAFPEAK Output 2005/04/13 12:30:37

C2H013 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

---------------------------------------------------
1911-10 28 11:54
1911-11 10 10:48
1911-12 2723:59
1912-01 2723:59
1912-02 0123:54
1912-03 2100:00
1912-04 0200:00
1912-05 09 11:30
1912-06 2723:59
1912-07 2723:59
1912-08 2723:59
1912-09 2723:59
1912-10 1911:30
1912-11 2723:59
1912-12 2723:59
1913-01 1813:00
1913-02 09 00:00
1913-03 0100:00
1913-04 05 00:00
1913-05 03 00:00
1913-06 07 00:00
1913-07 0500:00
1913-08 0200:00
1913-09 0600:00
1913-10 2500:00
1913-11 0800:00
1913-12 0600:00
1914-01 0300:00
1914-02 21 00:00
1914-03 0700:00
1914-04 0400:00
1914-05 0200:00
1914-06 0600:00
1914-07 04 00:00
1914-08 0100:00
1914-09 0500:00
1914-10 1700:00
1914-11 0700:00
1914-12 0500:00
1915-01 3000:00
1915-02 1300:00
1915-03 07 00:00
1915-04 03 00:00
1915-05 0100:00
1915-06 0100:00
1915-07 03 00:00
1915-08 07 00:00

0.098
0.107

0.119
0.107
0.122
0.104
0.104
0.104
0.104
0.107
0.107
0.104
0.108
0.110
0.098
0.098
0.098
0.094
0.094
0.098
0.098
0.098
0.094
0.094
0.091
0.082
0.082
0.082
0.079
0.079
0.076
0.073
0.073
0.073
0.073
0.073
0.073
0.122
0.125
0.125
0.116
0.113
0.113
0.113
0.113

M
M

M
M

0.122
0.105
0.127
0.101
0.101
0.101
0.101
0.105
0.105
0.101
0.106
0.110
0.093
0.093
0.093
0.088
0.088
0.093
0.093
0.093
0.088
0.088
0.084
0.072
0.072
0.072
0.069
0.069
0.065
0.062
0.062
0.062
0.062
0.062
0.062
0.127
0.131
0.131
0.118
0.114
0.114
0.114
0.114
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1915-09 0400:00
1915-10 3000:00
1915-11 0600:00

0.110
0.110
0.110

0.110
0.110
0.110

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

------------------------------------------------------..
1915-12 1100:00
1916-01 1500:00
1916-02 0500:00
1916-03 2723:59
1916-04 0800:00
1916-05 0600:00
1916-06 10 00:00
1916-07 0100:00
1916-08 05 00:00
1916-09 0100:00
1916-10 0100:00
1916-11 0400:00
1916-12 2300:00
1917-01 0600:00
1917-02 0300:00
1917-03 0300:00
1917-04 0700:00
1917-05 0500:00
1917-06 0100:00
1917-07 0100:00
1917-08 0400:00
1917-09 2900:00
1917-10 2700:00
1917-11 0400:00
1917-12 0200:00
1918-01 2000:00
1918-02 2400:00
1918-03 0900:00
1918-04 07 00:00
1918-05 1800:00
1918-06 0100:00
1918-07 2000:00
1918-08 31 00:00
1918-09 2100:00
1918-10 0500:00
1918-11 2400:00
1918-12 2100:00
1919-01 2723:59
1919-02 0100:00
1919-03 0100:00
1919-04 1200:00
1919-05 1800:00
1919-06 07 00:00
1919-07 0500:00
1919-08 3100:00
1919-09 27 00:00
1919-10 0400:00
1919-11 2723:59
1919-12 0600:00

- -

0.116
0.119
0.116
0.117
0.122
0.113
0.116
0.116
0.113
0.113
0.110
0.110
0.113
0.113
0.113
0.113
0.113
0.113
0.113
0.113
0.113
0.119
0.125
0.126
0.122
0.119
0.165 .

0.338
0.180
0.165
0.165
0.168
0.171
0.174
0.174
0.186
0.189
0.208
0.210
0.207
0.198
0.204
0.204
0.204
0.207
0.210
0.210
0.214
0.216

0.118
0.122
0.118
0.120
0.127
0.114
0.118
0.118
0.114
0.114
0.110
0.110
0.114
0.114
0.114
0.114
0.114
0.114
0.114
0.114
0.114
0.122
0.131
0.133
0.127
0.122
0.194 >
0.480 >
0.220
0.194
0.194
0.199
0.204
0.210
0.210
0.230
0.236
0.271
0.274
0.268
0.252
0.263
0.263
0.263
0.268
0.274
0.274
0.282
0.285
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1920-01 11 00:00 0.219 0.291

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2H013 Turffontein@UpperEye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

------------------------------------------------------..
1920-02 01 00:00
1920-03 06 00:00
1920-04 03 00:00
1920-05 15 00:00
1920-06 27 23:59
1920-07 04 00:00
1920-08 07 00:00
1920-09 25 00:00
1920-10 02 00:00
1920-11 06 00:00
1920-12 1800:00
1921-01 0100:00
1921-02 0500:00
1921-03 1200:00
1921-04 0300:00
1921-05 07 00:00
1921-06 0400:00
1921-07 1700:00
1921-08 0600:00
1921-09 1800:00
1921-10 0100:00
1921-11 0500:00
1921-12 10 00:00
1922-01 07 00:00
1922-02 1100:00
1922-03 1800:00
1922-04 0100:00
1922-05 27 00:00
1922-06 03 00:00
1922-07 0 I 00:00
1922-08 05 00:00
1922-09 02 00:00
1922-10 21 00:00
1922-11 0400:00
1922-12 0300:00
1923-01 20 00:00
1923-02 2723:59
1923-03 03 00:00
1923-04 07 00:00
1923-05 05 00:00
1923-06 1600:00
1923-07 07 00:00
1923-08 04 00:00
1923-09 0 I 00:00
1923-10 06 00:00
1923-11 24 00:00
1923-12 0100:00
1924-01 05 00:00
1924-02 1600:00
1924-03 0100:00

0.219
0.213
0.210
0.216
0.224
0.226
0.226
0.229
0.229
0.226
0.226
0.226
0.213
0.216
0.216
0.210
0.207
0.207
0.207
0.210
0.207
0.198
0.201
0.195
0.195
0.198
0.198
0.192
0.192
0.192
0.192
0.192
0.195
0.186
0.186
0.189
0.193
0.198
0.186
0.183
0.186
0.186
0.183
0.183
0.180
0.183
0.183
0.165
0.168
0.168

0.291
0.280
0.274
0.285
0.300
0.304
0.304
0.310
0.310
0.304
0.304
0.304
0.280
0.285
0.285
0.274
0.268
0.268
0.268
0.274
0.268
0.252
0.257
0.246
0.246
0.252
0.252
0.241
0.241
0.241
0.241
0.241
0.246
0.230
0.230
0.236
0.243
0.252
0.230
0.225
0.230
0.230
0.225
0.225
0.220
0.225
0.225
0.194
0.199
0.199
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Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2H013 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

------------------------------------------------------...
1924-04 05 00:00 0.165 0.194
1924-05 2723:59 0.159 0.185
1924-06 21 00:00 0.183 0.225
1924-07 05 00:00 0.155 0.178
1924-08 02 00:00 0.155 0.178
1924-09 06 00:00 0.155 0.178
1924-10 04 00:00 0.149 0.168
1924-11 0100:00 0.149 0.168
1924-12 2700:00 0.146 0.163
1925-01 1700:00 0.146 0.163
1925-02 07 00:00 0.143 0.159
1925-03 01 00:00 0.140 0.154
1925-04 1100:00 0.143 0.159
1925-05 02 00:00 0.143 0.159
1925-06 06 00:00 0.143 0.159
1925-07 04 00:00 0.143 0.159
1925-08 0100:00 0.143 0.159
1925-09 05 00:00 0.143 0.159
1925-10 03 00:00 0.143 0.159
1925-11 1400:00 0.146 0.163
1925-12 0500:00 0.143 0.159
1926-01 1600:00 0.143 0.159
1926-02 06 00:00 0.137 0.149
1926-03 1300:00 0.140 0.154
1926-04 2723:59 0.139 0.152
1926-05 1500:00 0.143 0.159
1926-06 05 00:00 0.140 0.154
1926-07 03 00:00 0.140 0.154
1926-08 07 00:00 0.140 0.154
1926-09 04 00:00 0.140 0.154
1926-10 02 00:00 0.140 0.154
1926-11 06 00:00 0.137 0.149
1926-12 0400:00 0.137 0.149
1927-01 1500:00 0.137 0.149
1927-02 05 00:00 0.131 0.140
1927-03 1200:00 0.131 0.140
1927-04 0200:00 0.131 0.140
1927-05 2700:00 0.137 0.149
1927-06 0400:00 0.131 0.140
1927-07 02 00:00 0.131 0.140
1927-08 0600:00 0.131 0.140
1927-09 03 00:00 0.128 0.136
1927-10 0100:00 0.125 0.131
1927-11 0500:00 0.122 0.127
1927-12 0300:00 0.122 0.127
1928-01 1400:00 0.122 0.127
1928-02 04 00:00 0.128 0.136
1928-03 03 00:00 0.122 0.127
1928-04 07 00:00 0.122 0.127
1928-05 19 00:00 0.122 0.127

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37



C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-------...----------------------------------------------...
1928-06 02 00:00
1928-07 07 00:00
1928-08 04 00:00
1928-09 01 00:00
1928-10 06 00:00
1928-11 24 00:00
1928-12 0100:00
1929-01 26 00:00
1929-02 02 00:00
1929-03 1600:00
1929-04 06 00:00
1929-05 04 00:00
1929-06 01 00:00
1929-07 13 00:00
1929-08 03 00:00
1929-09 2723:59
1929-10 1200:00
1929-11 0900:00
1929-12 2723:59
1930-01 11 00:00
1930-02 1500:00
1930-03 29 00:00
1930-04 26 00:00
1930-05 03 00:00
1930-06 07 00:00
1930-07 05 00:00
1930-08 02 00:00
1930-09 1300:00
1930-10 1100:00
1930-11 2200:00
1930-12 2700:00
1931-01 03 00:00
1931-02 07 00:00
1931-03 07 00:00
1931-04 04 00:00
1931-05 0300:00
1931-06 2723:59
1931-07 04 00:00
1931-08 0100:00
1931-09 05 00:00
1931-10 0300:00
1931-11 07 00:00
1931-12 0500:00
1932-01 0200:00
1932-02 06 00:00
1932-03 1900:00
1932-04 02 00:00
1932-05 07 00:00
1932-06 04 00:00
1932-07 02 00:00

0.122
0.125
0.125
0.122
0.122
0.125
0.125
0.128
0.122
0.125
0.125
0.125
0.125
0.128
0.128
0.134
0.140
0.137
0.134
0.131
0.131
0.131
0.134
0.134
0.131
0.131
0.131
0.134
0.137
0.140
0.140
0.140
0.107
0.107
0.107
0.104
0.105
0.110
0.107
0.104
0.104
0.107
0.101
0.101
0.102
0.104
0.098
0.098
0.098
0.098

0.127
0.131
0.131
0.127
0.127
0.131
0.131
0.136
0.127
0.131
0.131
0.131
0.131
0.136
0.136
0.145
0.154
0.149
0.145
0.140
0.140
0.140
0.145
0.145
0.140
0.140
0.140
0.145
0.149
0.154
0.154
0.154
0.105
0.105
0.105
0.101
0.102
0.110
0.105
0.101
0.101
0.105
0.097
0.097
0.098
0.101
0.093
0.093
0.093
0.093

Department of Water Affairs and Forestry

C2H013 Turffontein@Upper Eye @ Turffontein

--- - -- -- - - -

SAFPEAK Output 2005/04/13 12:30:37
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Time of
Date Peak

Level at
Peak (m)

Peak
Flow (cumec)

-------------------------------------------------------
1932-08 06 00:00
1932-09 03 00:00
1932-10 0100:00
1932-11 2723:59
1932-12 0300:00
1933-01 0700:00
1933-02 0400:00
1933-03 04 00:00
1933-04 0100:00
1933-05 06 00:00
1933-06 03 00:00
1933-07 0100:00
1933-08 05 00:00
1933-09 0200:00
1933-10 0700:00
1933-11 04 00:00
1933-12 .29 00:00
1934-01 2723:59
1934-02 03 00:00
1934-03 03 00:00
1934-04 07 00:00
1934-05 05 00:00
1934-06 02 00:00
1934-07 07 00:00
1934-08 04 00:00
1934-09 01 00:00
1934-10 06 00:00
1934-11 2723:59
1934-12 2400:00
1935-01 0500:00
1935-02 02 00:00
1935-03 02 00:00
1935-04 06 00:00
1935-05 04 00:00
1935-06 0100:00
1935-07 06 00:00
1935-08 03 00:00
1935-09 07 00:00
1935-10 0500:00
1935-110200:00
1935-12 0700:00
1936-01 04 00:00
1936-02 0100:00
1936-03 27 23:59
1936-04 04 00:00
1936-05 24 00:00
1936-06 06 00:00
1936-07 1800:00
1936-08 0100:00
1936-09 05 00:00

0.098
0.098
0.094
0.092
0.094
0.091
0.088
0.088
0.085
0.085
0.085
0.082
0.082
0.082
0.079
0.082
0.088
0.085
0.088
0.088
0.085
0.082
0.082
0.082
0.082
0.079
0.076
0.074
0.088
0.085
0.082
0.079
0.076
0.076
0.076
0.076
0.076
0.073
0.073
0.070
0.067
0.067
0.064
0.067
0.067
0.064
0.061
0.064
0.064
0.064

0.093
0.093
0.088
0.085
0.088
0.084
0.080
0.080
0.076
0.076
0.076
0.072
0.072
0.072
0.069
0.072
0.080
0.077
0.080
0.080
0.076
0.072
0.072
0.072
0.072
0.069
0.065
0.063
0.080
0.076
0.072
0.069
0.065
0.065
0.065
0.065
0.065
0.062
0.062
0.058
0.055
0.055
0.051
0.055
0.055
0.051
0.048
0.051
0.051
0.051

Department of Water Affairs and Forestry

C2H013 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-- - - - - - --

SAFPEAK Output 2005/04/13 12:30:37
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SAFPEAK Output 2005/04/13 12:30:37

144

--

-------------------------------------------------------
1936-10 03 00:00 0.061 0.048
1936-11 07 00:00 0.061 0.048
1936-12 0500:00 0.061 0.048
1937-01 0200:00 0.061' 0.048
1937-02 0600:00 0.070 0.058
1937-03 0600:00 0.070 0.058
1937-04 0300:00 0.064 0.051
1937-05 01 00:00 0.061 0.048
1937-06 0500:00 0.061 0.048
1937-07 0300:00 0.061 0.048
1937-08 1400:00 0.067 0.055
1937-09 0400:00 0.067 0.055
1937-10 0200:00 0.064 0.051
1937-110600:00 0.064 0.051
1937-12 2500:00 0.067 0.055
1938-01 1500:00 0.070 0.058
1938-02 26 00:00 0.076 0.065
1938-03 05 00:00 0.067 0.055
1938-04 09 00:00 0.070 0.058
1938-05 1400:00 0.073 0.062
1938-06 04 00:00 0.076 0.065
1938-07 0200:00 0.076 0.065
1938-08 0600:00 0.076 0.065
1938-09 03 00:00 0.076 0.065
1938-10 0100:00 0.076 0.065
1938-11 0500:00 0.073 0.062
1938-12 0300:00 0.073 0.062
1939-01 0700:00 0.073 0.062
1939-02 1800:00 0.098 0.093
1939-03 04 00:00 0.091 0.084
1939-04 01 00:00 0.091 0.084
1939-05 2723:59 0.095 0.089
1939-06 03 00:00 0.098 0.093
1939-07 08 00:00 0.104 0.101
1939-08 05 00:00 0.104 0.101
1939-09 09 00:00 0.107 0.105
1939-10 0700:00 0.073 0.062
1939-11 2723:59 0.088 0.079
1939-12 02 00:00 0.107 0.105
1940-01 0600:00 0.107 0.105
1940-02 03 00:00 0.107 0.105
1940-03 02 00:00 0.107 0.105
1940-04 06 00:00 0.107 0.105
1940-05 04 00:00 0.107 0.105
1940-06 08 00:00 0.110 0.110
1940-07 06 00:00 0.110 0.110
1940-08 03 00:00 0.110 0.110
1940-09 07 00:00 0.110 0.110
1940-10 05 00:00 0.110 0.110
1940-11 0200:00 0.107 0.105

Department of Water Affairs and Forestry

C2HO13Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-------------------------------------------------------
1940-12 0700:00 0.107 0.105



1941-01 0400:00
1941-02 0100:00
1941-03 01 00:00
1941-04 0500:00
1941-05 03 00:00
1941-06 07 00:00
1941-07 2723:59
1941-08 02 00:00
1941-09 06 00:00
1941-10 0400:00
1941-11 0100:00
1941-12 0600:00
1942-01 03 00:00
1942-02 07 00:00
1942-03 07 00:00
1942-04 04 00:00
1942-05 09 00:00
1942-06 06 00:00
1942-07 04 00:00
1942-08 03 00:00
1942-09 05 00:00
1942-10 03 00:00
1942-11 2723:59
1942-12 0500:00
1943-01 02 00:00
1943-02 06 00:00
1943-03 06 00:00
1943-04 03 00:00
1943-05 0100:00
1943-06 05 00:00
1943-07 03 00:00
1943-08 14 00:00
1943-09 04 00:00
1943-10 02 00:00
1943-11 06 00:00
1943-12 2500:00
1944-01 0100:00
1944-02 1900:00
1944-03 04 00:00
1944-04 01 00:00
1944-05 06 00:00
1944-06 10 00:00
1944-07 01 00:00
1944-08 1200:00
1944-09 03 00:00
1944-10 2100:00
1944-11 0400:00
1944-12 3000:00
1945-01 2723:59

0.107
0.107
0.104
0.104
0.104
0.104
0.106
0.110
0.107
0.107
0.098
0.091
0.091
0.091
0.091
0.091
0.094
0.091
0.091
0.082
0.082
0.076
0.091
0.098
0.094
0.091
0.091
0.091
0.091
0.094
0.094
0.098
0.098
0.098
0.098
0.107
0.107
0.177
0.177
0.165
0.162
0.165
0.165
0.171
0.171
0.177
0.177
0.180
0.178

0.105
0.105
0.101
0.101
0.101
0.101
0.104
0.110
0.105
0.105
0.093
0.084
0.084
0.084
0.084
0.084
0.088
0.084
0.084
0.072
0.072
0.065
0.084
0.093
0.088
0.084
0.084
0.084
0.084
0.088
0.088
0.093
0.093
0.093
0.093
0.105
0.105
0.215
0.215
0.194
0.189
0.194
0.194
0.204
0.204
0.215
0.215
0.220
0.216

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

------------------------------------------------------..
1945-02 2723:59
1945-03 03 00:00
1945-04 07 00:00

0.185
0.186
0.186

0.228
0.230
0.230
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1945-05 2723:59
1945-06 02 00:00
1945-07 07 00:00
1945-08 04 00:00
1945-09 01 00:00
1945-10 06 00:00
1945-11 03 00:00
1945-12 0800:00
1946-01 05 00:00
1946-02 02 00:00
1946-03 3000:00
1946-04 20 00:00
1946-05 0400:00
1946-06 01 00:00
1946-07 06 00:00
1946-08 03 00:00
1946-09 07 00:00
1946-10 05 00:00
1946-11 02 00:00
1946-12 0700:00
1947-01 1800:00
1947-02 0800:00
1947-03 0100:00
1947-04 1900:00
1947-05 0200:00
1947-06 0500:00
1947-07 1600:00
1947-08 0300:00
1947-09 0500:00
1947-10 1600:00
1947-11 0400:00
1947-12 2723:59
1948-01 2723:59
1948-02 2723:59
1948-03 2723:59
1948-04 2723:59
1948-05 2723:59
1948-06 0223:54
1948-07 05 00:00
1948-08 07 00:00
1948-09 04 00:00
1948-10 24 00:00
1948-11 26 00:00
1948-12 0300:00
1949-01 03 00:00
1949-02 02 00:00
1949-03 01 00:00

0.188
0.192
0.198
0.198
0.195
0.189
0.189
0.195
0.195
0.195
0.198
0.198
0.198
0.198
0.198
0.198
0.186
0.195
0.195
0.195
0.198
0.198
0.198
0.207
0.207
0.207
0.210
0.207
0.189
0.189
0.192

0.183
0.183
0.183
0.183
0.195
0.201
0.198
0.192
0.192
0.192

0.233
0.241
0.252
0.252
0.246
0.236
0.236
0.246
0.246
0.246
0.252
0.252
0.252
0.252
0.252
0.252
0.230
0.246
0.246
0.246
0.252
0.252
0.252
0.268
0.268
0.268
0.274
0.268
0.236
0.236
0.241 M
M
M
M
M
M
M

0.225
0.225
0.225
0.225
0.246
0.257
0.252
0.241
0.241
0.241

Department of Water Affairs and Forestry .SAFPEAK Output 2005/04/13 12:30:37

C2H013 Turffontein@UpperEye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-------------------------------------------------------
1949-04 27 00:00
1949-05 03 00:00
1949-06 1600:00
1949-07 02 00:00
1949-08 2723:59

0.198
0.183
0.186
0.186
0.190

0.252
0.225
0.230
0.230
0.237
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1949-09 27 00:00 0.204 0.263
1949-10 0200:00 0.204 0.263
1949-1J 05 00:00 0.195 0.246
1949-12 1400:00 0.198 0.252
1950-01 2700:00 0.201 0.257
1950-02 02 00:00 0.201 0.257
1950-03 0100:00 0.201 0.257
1950-04 01 00:00 0.198 0.252
1950-05 14 00:00 0.201 0.257
1950-06 23 00:00 0.207 0.268
1950-07 0200:00 0.207 0.268
1950-08 04 00:00 0.204 0.263
1950-09 03 00:00 0.198 0.252
1950-10 0100:00 0.198 0.252
1950-11 0100:00 0.198 0.252
1950-12 0200:00 0.152 0.173
1951-01 2723:59 0.152 0.174
1951-02 20 00:00 0.158 0.183
1951-03 0400:00 0.158 0.183
1951-04 0400:00 0.158 0.183
1951-05 2723:59 0.168 0.200
1951-06 0100:00 0.171 0.204
1951-07 0200:00 0.171 0.204
1951-08 0100:00 0.165 0.194
1951-09 0400:00 0.162 0.189
1951-10 0100:00 0.158 0.183
1951-11 0100:00 0.155 0.178
1951-12 0100:00 0.152 0.173
1952-01 0400:00 0.149 0.168
1952-02 06 00:00 0.143 0.159
1952-03 0I 00:00 0.140 0.154
1952-04 01 00:00 0.137 0.149
1952-05 0100:00 0.134 0.145
1952-06 02 00:00 0.131 0.140
1952-07 03 00:00 0.131 0.140
1952-08 0100:00 0.128 0.136
1952-09 0100:00 0.125 0.131
1952-10 0700:00 0.122 0.127
1952-11 22 00:00 0.137 0.149
1952-12 2300:00 0.146 0.163
1953-01 0500:00 0.146 0.163 M
1953-02 2723:59 M
1953-03 2723:59 M
1953-04 2723:59 M
1953-05 2723:59 M

Department of Water Affairs and Forestry

C2H013 Turffontein@UpperEye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-------------------------------------------------------
1953-06 2723:59 M
1953-07 2723:59 M
1953-08 2723:59 M
1953-09 3023:54 0.140 0.154 M
1953-10 0100:00 0.140 0.154
1953-11 03 00:00 0.140 0.154
1953-12 0300:00 0.140 0.154 M



1954-01 2723:59
1954-02 2723:59
1954-03 2723:59
1954-04 2723:59
1954-05 2723:59
1954-06 2723:59
1954-07 2723:59
1954-08 2723:59
1954-09 0523:54
1954-10 0100:00
1954-11 2723:59
1954-12 2723:59
1955-01 2723:59
1955-02 2723:59
1955-03 2723:59
1955-04 2723:59
1955-05 2723:59
1955-06 2723:59
1955-07 2723:59
1955-08 2723:59
1955-09 2723:59
1955-10 2723:59
1955-11 2723:59
1955-12 2723:59
1956-01 2723:59
1956-02 2723:59
1956-03 2723:59
1956-04 0123:54
1956-05 0100:00
1956-06 05 00:00
1956-07 02 00:00
1956-08 01 00:00
1956-09 03 00:00
1956-10 05 00:00
1956-11 06 00:00
1956-12 2100:00
1957-01 0500:00
1957-02 2723:59
1957-03 1900:00
1957-04 21 00:00
1957-05 0700:00
1957-06 0200:00
1957-07 2723:59

0.122
0.122

0.122
0.122
0.128
0.125
0.125
0.125
0.122
0.122
0.125
0.125
0.137
0.131
0.134
0.137
0.137
0.137

M
M
M
M
M
M
M
M

0.127
0.127 M

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

0.127
0.127
0.136
0.131
0.131
0.131
0.127
0.127
0.131
0.131
0.149
0.140
0.145
0.149
0.149
0.150

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-------------------------------------------------------
1957-08 2723:59
1957-09 1700:00
1957-10 1100:00
1957-11 2200:00
1957-12 0100:00
1958-01 0200:00
1958-02 06 00:00
1958-03 1700:00
1958-04 24 00:00

0.146
0.152
0.155
0.158
0.158
0.155
0.155
0.155
0.158

0.163
0.173
0.178
0.183
0.183
0.178
0.178
0.178
0.183
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1958-05 0100:00
1958-06 04 00:00
1958-07 22 00:00
1958-08 0100:00
1958-09 1200:00
1958-10 07 00:00
1958-11 14 00:00
1958-12 0600:00
1959-01 01 00:00
1959-02 06 00:00
1959-03 01 00:00
1959-04 2723:59
1959-05 26 00:00
1959-06 1400:00
1959-07 21 00:00
1959-08 01 00:00
1959-09 06 00:00
1959-10 0100:00
1959-11 04 00:00
1959-12 0500:00
1960-01 0500:00
1960-02 06 00:00
1960-03 06 00:00
1960-04 06 00:00
1960-05 06 00:00
1960-06 04 00:00
1960-07 04 00:00
1960-08 01 00:00
1960-09 2723:59
1960-10 2723:59
1960-11 30 00:00
1960-12 2700:00
1961-01 0900:00
1961-02 0900:00
1961-03 22 00:00
1961-04 1000:00
1961-05 1500:00
1961-06 1100:00
1961-07 0100:06
1961-08 2723:59
1961-09 2723:59

0.158
0.155
0.158
0.162
0.165
0.165
0.168
0.162
0.162
0.162
0.162
0.165
0.171
0.174
0.177
0.177
0.177
0.177
0.177
0.177
0.180
0.180
0.180
0.180
0.180
0.180
0.180
0.180

0.177
0.165
0.180
0.180
0.180
0.180
0.165
0.165
0.165

0.183
0.178
0.183
0.189
0.194
0.194
0.199
0.189
0.189
0.189
0.189
0.195
0.204
0.210
0.215
0.215
0.215
0.215
0.215
0.215
0.220
0.220
0.220
0.220
0.220
0.220
0.220
0.220 M
M
M

0.215
0.194
0.220
0.220
0.220
0.220
0.194
0.194
0.194 M
M
M

Department of Water Affairs and Forestry

C2H013 Turffontein@UpperEye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-------------------------------------------------------
1961-10 2723:59
1961-11 2723:59
1961-12 11 11:00
1962-01 07 10:30
1962-02 1718:12
1962-03 1410:30
1962-04 28 11:00
1962-05 13 10:30
1962-06 1011:00
1962-07 1417:30
1962-08 05 11:30

0.196
0.201
0.195
0.192
0.192
0.189
0.186
0.189
0.189
0.192

M
0.248
0.257
0.246
0.241
0.241
0.236
0.230
0.236
0.236
0.241

-- - ---

SAFPEAK Output 2005/04/13 12:30:37
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1962-09 0212:30
1962-10 21 13:12
1962-11 2723:59
1962-12 0308:00
1963-01 2811:30
1963-02 23 17:30
1963-03 0407:42
1963-04 13 11:00
1963-05 27 10:00
1963-06 1514:00
1963-07 0615:42
1963-08 0317:00
1963-09 0811:18
1963-10 0311:30
1963-11 1407:42
1963-12 0712:30
1964-01 04 17:30
1964-02 0317:30
1964-03 0717:00
1964-04 0417:00
1964-05 0216:00
1964-06 0616:00
1964-07 04 15:00
1964-08 2723:59
1964-09 2723:59
1964-10 1723:54
1964-11 2723:59
1964-12 0507:30
1965-01 01 09:48
1965-02 0617:00
1965-03 0618:12
1965-04 11 12:00
1965-05 29 16:00
1965-06 2723:59
1965-07 03 16:30
1965-08 0715:00
1965-09 0417:00
1965-10 0211:30
1965-11 0107:00

0.195
0.198
0.221
0.223
0.229
0.238
0.223
0.229
0.207
0.210
0.210
0.210
0.210
0.210
0.216
0.213
0.210
0.207
0.204
0.204
0.204
0.204
0.204

0.207
0.210
0.210
0.210
0.207
0.204
0.201
0.201
0.202
0.204
0.201
0.201
0.201
0.198

0.246
0.252
0.294
0.299
0.310
0.328
0.299
0.310
0.268
0.274
0.274
0.274
0.274
0.274
0.285
0.280
0.274
0.268
0.263
0.263
0.263
0.263
0.263 M

M
M

0.268
0.274
0.274
0.274
0.268
0.263
0.257
0.257
0.258
0.263
0.257
0.257
0.257
0.252

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

----------..-------------------------------------------...
1965-12 0407:42
1966-01 01 15:42
1966-02 1323:54
1966-03 03 10:12
1966-04 0409:12
1966-05 04 09:36
1966-06 2216:30.
1966-07 09 09:00
1966-08 0615:30
1966-09 05 09:00
1966-10 1714:18
1966-11 1911:42
1966-12 2015:18

0.201
0.198
0.232
0.219
0.219
0.219
0.219
0.219
0.216
0.216
0.253
0.259
0.262

0.257
0.252 M
0.316
0.291
0.291
0.291
0.291
0.291
0.285
0.285
0.358
0.370
0.376
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1967-01 2306:00
1967-02 02 13:00
1967-03 0411:12
1967-04 1109:06
1967-05 02 13:00
1967-06 02 12:36
1967-07 02 16:54
1967-08 07 13:42
1967-09 02 13:00
1967-10 2722:24
1967-11 1100:30
1967-12 1710:07
1968-01 1516:06
1968-02 25 11:18
1968-03 06 15:54
1968-04 0821:18
1968-05 03 13:00
1968-06 19 20:00
1968-07 0923:00
1968-08 31 10:55
1968-09 19 11:36
1968-10 1518:42
1968-11 05 15:06
1968-12 29 16:36
1969-01 26 12:06
1969-02 23 12:36
1969-03 2713:12
1969-04 04 04:36
1969-05 2102:12
1969-06 30 09:54
1969-07 0517:48
1969-08 1609:24
1969-09 01 16:00
1969-10 2710:48
1969-11 1603:30
1969-12 11 12:18
1970-01 05 12:30

0.271
0.271
0.268
0.268
0.262
0.265
0.259
0.264
0.247
0.244
0.477
0.297
0.256
0.338
0.344
0.282
0.254
0.270
0.264
0.294
0.254
0.271
0.272
0.338
0.335
0.288
0.247
0.254
0.263
0.253
0.213
0.207
0.192
0.201
0.326
0.288
0.183

0.395
0.395
0.389
0.389
0.376 N

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Department of Water Affairs and Forestry

C2H013 Turffontein@UpperEye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

------------------------------------------------------..
1970-02 0318:12
1970-03 03 18:00
1970-04 1707:30
1970-05 27 20:42
1970-06 11 18:06
1970-07 1610:18
1970-08 26 17:00
1970-09 2013:12
1970-10 2516:42
1970-11 1200:30
1970-12 0608:24
1971-01 2916:36
1971-02 0613:36
1971-03 27 20:36
1971-04 03 16:06

0.183
0.180
0.273
0.252
0.255
0.265
0.265
0.336
0.536
0.336
0.381
0.454
0.322
0.873
0.333

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

---

SAFPEAK Output 2005/04/13 12:30:37
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1971-05 2418:00
1971-06 0717:30
1971-07 0514:12
1971-08 3108:42
1971-09 10 08:30
1971-10 3115:42
1971-11 3015:48
1971-12 1819:12
1972-01 1610:54
1972-02 01 11:42
1972-03 2723:59
1972-04 25 14:24
1972-05 02 11:36
1972-06 20 08:42
1972-07 04 13:00
1972-08 3015:54
1972-09 05 08:42
1972-10 0418:06
1972-11 1915:36
1972-12 0417:06
1973-01 31 17:24
1973-02 07 22:00
1973-03 02 15:00
1973-04 10 18:48
1973-05 08 09:30
1973-06 05 09:30
1973-07 24 09:06
1973-08 1408:18
1973-09 28 22:12
1973-10 1419:18
1973-11 2122:54
1973-12 1620:42
1974-01 3019:30
1974-02 0617:36
1974-03 1515:54

0.305
0.308
0.308
0.311
0.316
0.316
0.325
0.322
0.318
0.311
0.314
0.317
0.317
0.320
0.323
0.346
0.326
0.346
0.340
0.317
0.342
0.325
0.318
0.356
0.314
0.311
0.314
0.317
0.319
0.341
0.317
0.588
0.320
0.335
0.347

0.237 N A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-------------------------------------------------------
1974-04 0223:48
1974-05 29 09:36
1974-06 0408:24
1974-07 0207:30
1974-08 31 14:54
1974-09 1217:06
1974-10 2902:36
1974-11 1516:54
1974-12 0718:42
1975-01 0615:24
1975-02 1215:36
1975-03 17 18:06
1975-04 1515:12
1975-05 03 16:36
1975-06 04 09:00
1975-07 0109:12
1975-08 0509:18

0.347
0.324
0.320
0.320
0.309
0.322
0.303
0.511
0.376
0.337
0.373
0.380
0.296
0.292
0.282
0.270
0.270

0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
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1975-09 0209:12
1975-10 2505:54
1975-11 0915:18
1975-12 2516:12
1976-01 1218:36
1976-02 11 16:54
1976-03 1910:12
1976-04 0217:00
1976-05 0311:18
1976-06 2723:59
1976-07 2723:59
1976-08 12 10:42
1976-09 2807:24
1976-10 0300:06
1976-11 21 13:00
1976-12 0918:06
1977-01 26 13:36
1977-02 04 17:24
1977-03 0520:48
1977-04 0105:18
1977-05 24 09:54
1977-06 1012:00
1977-07 2815:00
1977-08 0410:30
1977-09 2218:12
1977-10 31 16:36
1977-11 22 16:00
1977-12 3106:48
1978-01 0220:54
1978-02 1812:42
1978-03 0615:00
1978-04 1007:42
1978-05 18 10:30

0.265
0.264
0.497
0.381
0.332
0.322
0.335
0.322
0.322
0.290
0.290
0.290
0.286
0.302
0.297
0.481
0.366
0.350
0.332
0.311
0.290
0.295
0.310
0.315
0.357
0.342
0.449
0.352
0.365
0.361
0.374
0.361
0.360

0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 M A
0.237 M A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37
.

C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (rn) Flow (curnec)

-------------------------------------------------------
1978-06 01 11:30
1978-07 06 10:30
1978-08 03 10:00
1978-09 07 10:30
1978-10 0713:54
1978-11 11 15:54
1978-12 0301:42
1979-01 07 10:36
1979-02 25 19:54
1979-03 01 10:30
1979-04 05 10:00
1979-05 03 15:00
1979-06 0712:06
1979-07 05 13:30
1979-08 3012:30
1979-09 13 13:42
1979-10 21 00:54
1979-11 1816:18
1979-12 1322:36

---

0.360
0.360
0.360
0.360
0.372
0.375
0.373
0.370
0.379
0.380
0.360
0.360
0.360
0.359
0.370
0.370
0.365
0.375
0.461

0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
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1980-01 0215:36
1980-02 1501:24
1980-03 17 19:30
1980-04 10 07:12
1980-05 01 11:00
1980-06 05 10:30
1980-07 03 10:54
1980-08 1411:12
1980-09 09 06:00
1980-10 01 16:18
1980-11 3012:30
1980-12 0415:36
1981-01 2506:06
1981-02 2614:06
1981-03 2616:00
1981-04 02 14:06
1981-05 21 13:30
1981-06 2723:59
1981-07 23 13:30
1981-08 0607:12
1981-09 2205:30
1981-10 2701:18
1981-11 21 17:18
1981-12 1600:54
1982-01 31 18:18
1982-02 1421:06
1982-03 0810:12
1982-04 10 12:00
1982-05 03 09:42
1982-06 07 08:54
1982-07 19 08:48

0.360
0.365
0.370
0.361
0.355
0.355
0.355
0.350
0.378
0.346
0.359
0.375
0.360
0.347
0.360
0.360
0.360
0.355
0.355
0.355
0.357
0.360
0.376
0.361
0.381
0.366
0.360
0.368
0.350
0.355
0.350

0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2H013 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-------------------------------------------------------
1982-08 1608:06
1982-09 0205:18
1982-10 1615:30
1982-11 13 19:24
1982-12 1614:00
1983-01 01 18:12
1983-02 28 19:00
1983-03 22 14:42
1983-04 10 08:24
1983-05 1921:06
1983-06 13 01:54
1983-07 25 12:06
1983-08 1611:06
1983-09 05 09:36
1983-10 2221:00
1983-11 0719:42
1983-12 11 16:48
1984-01 06 20:36
1984-02 07 18:30
1984-03 22 19:00
1984-04 02 10:42

0.350
0.355
0.372
0.394
0.363
0.367
0.387
0.356
0.362
0.349
0.352
0.362
0.336
0.325
0.359
0.388
0.349
0.324
0.328
0.307
0.310

0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
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1984-05 2201:12
1984-06 2107:18
1984-07 2814:54
1984-08 06 09:30
1984-09 03 09:30
1984-10 11 15:12
1984-11 0111:18
1984-12 1621:36
1985-01 1700:42
1985-02 1402:18
1985-03 0918:06
1985-04 3016:48
1985-05 2607:12
1985-06 2723:59
1985-07 22 09:54
1985-08 27 06:30
1985-09 0210:12
1985-10 0709:30
1985-11 02 00:42
1985-12 1521:42
1986-01 22 14:30
1986-02 09 16:24
1986-03 0815:48
1986-04 28 10:00
1986-05 1209:24
1986-06 0408:18
1986-07 14 10:00
1986-08 30 06:48
1986-09 07 11:36

0.308
0.295
0.323
0.280
0.280
0.284
0.297
0.323
0.313
0.276
0.283
0.247
0.258
0.258
0.270
0.278
0.255
0.250
0.249
0.247
0.312
0.247
0.241
0.240
0.245
0.260
0.220
0.240
0.231

0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-------------------------------------------------------
1986-10 2817:06
1986-11 2014:24
1986-12 2513:42
1987-01 31 17:18
1987-02 0321:30
1987-03 2816:12
1987-04 0810:54
1987-05 0409:54
1987-06 2909:06
1987-07 2010:54
1987-08 1609:24
1987-09 0714:18
1987-10 13 19:00
1987-11 1918:18
1987-12 2617:36
1988-01 01 10:24
1988-02 16 16:30
1988-03 1205:42
1988-04 25 10:30
1988-05 02 09:54
1988-06 22 07:36
1988-07 1809:30
1988-08 01 10:06

0.227
0.273
0.306
0.308
0.298
0.285
0.293
0.286
0.290
0.296
0.305
0.296
0.285
0.294
0.332
0.309
0.257
0.320
0.266
0.266
0.267
0.270
0.270

0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
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1988-09 25 11:48
1988-10 1918:36
1988-11 1723:24
1988-12 3012:12
1989-01 2410:12
1989-02 0217:12
1989-03 01 15:24
1989-04 30 07:54
1989-05 15 10:30
1989-06 12 10:00
1989-07 24 09:06
1989-08 03 10:42
1989-09 13 14:48
1989-10 0211:00
1989-11 2819:54
1989-12 1014:24
1990-01 0103:48
1990-02 02 18:54
1990-03 20 19:48
1990-04 2603:36
1990-05 07 11:30
1990-06 0410:30
1990-07 0212:12
1990-08 06 10:24
1990-09 03 10:48
1990-10 0814:06
1990-11 2723:59

0.279
0.247
0.239
0.250
0.272
0.282
0.277
0.278
0.270
0.275
0.285
0.260
0.221
0.202
0.301
0.287
0.249
0.255
0.259
0.279
0.270
0.270
0.270
0.251
0.240
0.196
0.175

0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.233
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.230
0.207

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

------------------------------------------------------..
1990-12 0422:12
1991-01 2415:00
1991-02 1702:36
1991-03 2607:24
1991-04 01 14:00
1991-05 2709:42
1991-06 10 11:24
1991-07 31 16:30
1991-08 0716:36
1991-09 0416:36
1991-10 02 16:30
1991-11 0616:30
1991-12 0816:48
1992-01 01 13:42
1992-02 28 00:54
1992-03 2415:12
1992-04 03 21:06
1992-05 0616:00
1992-06 1222:30
1992-07 0815:30
1992-08 03 23:36
1992-09 08 10:54
1992-10 0413:54
1992-11 1223:54
1992-12 3117:12

0.182
0.254
0.254
0.247
0.250
0.226
0.230
0.232
0.235
0.214
0.185
0.175
0.183
0.187
0.201
0.212
0.192
0.169
0.176
0.170
0.168
0.151
0.155
0.144
0.141

0.219
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.236
0.221
0.206
0.220
0.223
0.233
0.236
0.227
0.194
0.208
0.196
0.193
0.165
0.172
0.154
0.150
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1993-01 0401:00
1993-02 04 19:42
1993-03 31 16:36
1993-04 07 14:24
1993-05 2723:59
1993-06 3014:00
1993-07 28 16:06
1993-08 25 14:48
1993-09 2811:12
1993-10 1203:12
1993-11 11 08:48
1993-12 1122:42
1994-01 3017:18
1994-02 0512:12
1994-03 09 17:06
1994-04 2723:59
1994-05 1423:00
1994-06 01 14:48
1994-07 0614:00
1994-08 03 15:18
1994-09 0714:42
1994-10 23 14:24
1994-11 0521:36
1994-12 2702:12
1995-01 15 16:54

0.146
0.136
0.133
0.135
0.140
0.150
0.171
0.180
0.181
0.251
0.240
0.262
0.248
0.352
0.220
0.226
0.228
0.220
0.219
0.210
0.190
0.195
0.201
0.220
0.244

0.158
0.142
0.138
0.141
0.149
0.164
0.198
0.217
0.218
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237 A
0.237
0.236
0.226
0.229
0.233
0.237 A
0.237 A

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2H013 Turffontein@UpperEye @ Turffontein

Time of Level at Peak
Date Peak Peak (m) Flow (cumec)

-----------...--------------------------------------...---...
1995-02 01 10:00
1995-03 3005:00
1995-04 2813:06
1995-05 02 06:48
1995-06 01 15:00
1995-07 25 01:00
1995-08 02 15:18
1995-09 2715:18
1995-10 3002:42
1995-11 0102:00
1995-12 1705:06
1996-01 2417:54
1996-02 2712:06
1996-03 13 18:48
1996-04 1720:54
1996-05 01 15:24
1996-06 2615:18
1996-07 22 12:06
1996-08 2705:06
1996-09 0413:30
1996-10 3022:12
1996-11 01 10:06
1996-12 21 16:42
1997-01 22 13:54
1997-02 2716:00
1997-03 1214:06
1997-04 0417:48

0.224
0.198
0.225
0.223
0.210
0.212
0.200
0.178
1.039
0.420
0.204
0.188
0.224
0.209
0.216
0.205
0.200
0.203
0.200
0.195
0.198
0.192
0.219
0.210
0.184
0.266
0.200

0.237 A
0.231
0.237 A
0.237 A
0.236
0.236
0.232
0.213
0.237 A
0.237 A
0.234
0.224
0.237 A
0.236
0.237
0.234
0.232
0.234
0.232
0.229
0.231
0.227 M
0.237
0.236
0.220
0.237 A
0.232
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1997-05 2521:30
1997-06 1915:30
1997-07 02 13:36
1997-08 1108:54
1997-09 10 19:42
1997-10 2723:59
1997-11 2723:59
1997-12 2723:59
1998-01 2723:59
1998-02 2723:59
1998-03 2723:59
1998-04 2723:59
1998-05 2723:59
1998-06 03 11:30
1998-07 2723:59
1998-08 05 13:00
1998-09 2723:59
1998-10 0712:54
1998-11 2723:59
1998-12 2723:59
1999-01 0615:00
1999-02 05 10:24

0.212
0.200
0.190
0.186
0.206

0.150
0.099
0.125
0.104
0.100
0.094
0.091
0.090
0.059

0.236
0.232
0.226
0.222
0.235 M

M
M
M
M
M
M
M
M

0.164
0.091
0.126
0.097
0.092
0.084
0.080
0.079
0.043

Department of Water Affairs and Forestry SAFPEAK Output 2005/04/13 12:30:37

C2HO 13 Turffontein@Upper Eye @ Turffontein

Time of
Date Peak

Level at
Peak (m)

Peak
Flow (cumec)

------------------------------------------------------

Explanation of codes:
> -Minimum Value

A -Above Rating
M -Permanent Gap, Temporary Gap
N -No info for stage/discharge determination (zero dt loaded)
T -Rating missing
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