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Pre-amble 

The "ultimate aim of this study is to make a small contribution towards achieving of a just and 

ecologically sustainable society. The isolated application of legal mechanisms available as a 

tool to ensure sustainability is not successful if evaluated in practice against the real 

achievement of sustainable development in South Africa today. In order to ensure 

sustainability, it is necessary that all role players contribute by having the right "ideology" or 

integrated paradigm. 

In order to achieve this, the application of the principle of sustainability as a philosophy or 

paradigm within environmental management needs to be based on a more basic and powerful 

value system as different value systems will give rise to different interpretations of 

sustainability and the application thereof. 

In the seeking of a basic value system, it is important to note that there is a similarity in the 

basic approach of sustainability (as based on equity) and Biblical truths (as based on equity): 

Bruce (1983) explains that the theme of the gospel is the revelation of the righteousness of 

God. This concept of "righteousness" is translated from the Greek word dikaiosune, meaning 

equity (Strongs reference G1343, 1990). Righteousness forms the basis of the Christian faith 

as reflected in the following references (Bible, 1997): 

Rom 3:22: This righteousness from God comes through faith in Jesus Christ to all 

who believe. 

Rom 5:17: Those who receive righteousness shall reign in life through the one 

man Jesus Christ. 

Rom 6:14: You have been set free from sin and have become slaves of 

righteousness. 

Matt 6:33: But seek first his Kingdom and his righteousness... 

According to these basic Biblical truths, the concept of equity stands in contrast to the 

concept of sin, translated from the Greek word hamartano, meaning to miss the mark - as 

indication of purpose (Strongs reference G266, 1990). 
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If this framework is applied to Environmental Management, it implies that the correct 

purpose for any activity or development needs to be ensured in order to achieve 

sustainability. If we apply this interpretation, we have to work towards a purpose driven 

decision-making evaluation to ensure sustainability. The reason of "why" we do things must 

be evaluated and tested against value systems. The purpose and motives for a specific 

development must therefore be evaluated as part of the process to evaluate and define the 

sustainability thereof. This will lead to a simplistic but powerful evaluation of the potential of 

a development for being sustainable in nature if managed correctly. 

In order to evaluate the potential of development for being sustainable including all 

dimensions (environment, economics, equity) over time and geographical boundaries, it is 

necessary to evaluate the purpose of the development against all three of these aspects. If 

only one of the sustainable aspects was found within the purpose of the development, and the 

others were only covered to meet the complex requirement of the law, it will be difficult to 

implement sustainable development that interacts and grows in a sustainable manner over 

time. If a development is planned for the purpose of financial gain alone, the trend will be to 

meet the environmental and equity demands at a minimum cost only to meet the requirements 

of the law. This will end in most cases in an unsustainable development not flexible to meet 

all aspects of sustainability. The challenge in effective environmental management is 

therefore to utilise the legal instruments in such a way that the original purpose of 

development is changed to meet economy, equity and environmental needs towards 

sustainable development. 

The concept of sustainable development as an ideology based on a value system is becoming 
more and more of global importance in order to improve earth's condition. This is reflected in 
the global role of Gro Harlem Bruntland, who was responsible for establishing and chairing 
the World Commission on Environment and Development on request of the United Nations, 
and defining sustainability on a global basis in their report known as "Our Common Future" 
(Bruntland, 1987). She was requested by Nelson Mandela, Grace Machel and Desmond Tutu 
to contribute her wisdom, independent leadership and integrity to tackle some of the world's 
toughest problems as part of a group called "The Elders" (ANON, 2008a). The Elders are 
playing an important role as an independent group who offer their skills and experience to 
support peaceful resolution to conflicts, to articulate new approaches to global issues that 
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cause human suffering, and to share wisdom by helping to connect voices all over the world 

as from 2007. 

This study and related projects were an attempt to contribute to sustainability based on a 

personal conviction that the concept of sustainability results from a Biblical truth. The basic 

principle of equity was applied during public participation, project planning and integration 

of role players and eventually the application of groundwater principles as a strategic natural 

resource available to all in land use management and spatial planning. 
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ABSTRACT 

An assessment of the geohydrological character of the Vredefort Dome World Heritage Site 

(VDWHS) was done as a basis for the development of a groundwater resource management 

plan. This was done as part of the preparation for the compilation of an Integrated 

Management Plan and in order to reflect the principles of integration and sustainability with 

acknowledgment of the legal, institutional and environmental framework within the 

VDWHS. 

As the sole water supply in the VDWHS (except for the Vaal River) and being at a critical 
point in the water balance, groundwater resources require careful management and protection 
to ensure sustainability and equitable access. This was achieved through the delineation of 
different groundwater resource management units and the development of resource measures 
for each management unit. 

Due to the important role of groundwater as a natural resource, geohydrology is playing a 
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major role in the alignment of the environmental, spatial and statutory frameworks in order to 

ensure good governance within the VDWHS. A geohydrological-based land use management 

guideline and spatial development framework were developed to optimise the integration 

between the water sector, the environmental sector and land use and spatial planning sector. 

It was concluded that a geohydrological assessment needs to form the basis of land use 

management and spatial planning in the VDWHS. Without effective integration of 

geohydrology and land use management contributing to a spatial development framework for 

the VDWHS, sustainable development will not be possible. 
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OPSOMMING 

Die geohidrologiese karakter van die Vredefortkoepel-werelderfenisgebied (VKWEG) is 

bepaal en gebruik as basis vir die ontwikkeling van n grondwater-bron bestuursplan. Dit 

vorm deel van die ontwikkeling van n Geintegreerde Bestuursplan wat uitdrukking gee aan 

die beginsels van integrasie en volhoubaarheid met erkenning aan die wetlike-, instirusionele-

en omgewingsraamwerke in die VKWEG. 

Grondwater is (benewens die Vaalrivier) die enigste bron van water vir die VKWEG en is 

tans op "n punt van kritieke waterbalans. Noukeurige besruur en beskerming van grondwater 

word daarom vereis om volhoubaarheid en gelyke toegang tot die bron in die toekoms te 

verseker. Dit word behaal deur die identifisering en afbakening van verskillende 

grondwaterbesruurseenhede, en die ontwikkeling van bestuursmaatreels vir elke 

besruurseenheid. 

As gevolg van die belangrike rol van grondwater as natuurlike hulpbron, speel geohidrologie 
n bepalende rol in die integrasie van die omgewing, ruimtelike ontwikkeling en statutere 

raamwerke om sodoende goeie besruur in die VKWEG te verkry. n Geohidrologies-

gefundeerde grondgebruik-riglyn en ruimtelike ontwikkelingsraamwerk is daarom ontwikkel. 
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Die integrasie van die watersektor, die omgewingsektor, en grondgebruik met die ruimtelike 

beplanningsektor word hierin geoptimiseer. 

Die gevolgtrekking is gemaak dat "n geohidrologiese ondersoek die basis moet vorm van 

grondgebruik-bestuur en ruimtelike beplanning in die VKWEG. Sonder effektiewe integrasie 

van geohidrologie met grondgebruik-bestuur in die ontwikkeling van "n ruimtelike 

ontwikkelingsraamwerk vir die VKWEG, sal volhoubare ontwikkeling in die gebied nie 

moontlik wees nie. 
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CHAPTER 1 

1 INTRODUCTION AND BACKGROUND 

1.1 Introduction to the study 

In order to understand the purpose of investigating the role of geohydrology as a specialist 

tool within environmental management as applied in the determination of a spatial 

development framework of sustainable nature within the Vredefort Dome World Heritage 

Site, it is necessary to give a background on the following by way of introduction: 

• The setting and establishment of, and overview on the Vredefort Dome World 

Heritage Site (VDWHS). 

• The description of the project related to this study. 

1.1.1 The Vredefort Dome World Heritage Site 

The Vredefort Dome is the most clearly defined, largest and oldest meteorite impact structure 

known on earth. The Vredefort Dome Site was listed in 2005 as a World Heritage Site to 

protect a portion of this impact area for future generations (IUCN, 2005) and awaits its 

formal proclamation by UNESCO (Puren et al., 2007). It is situated roughly 100 km south

west of Johannesburg in the area between Potchefstroom, Vredefort and Parys. It covers 

approximately a quarter of the entire impact crater and related impacted geology which 

outcropped from Vredefort in the south to Krugersdorp (Gauteng) in the north (Figure 1). 

The study area is mainly privately owned and water uses are related to basic human needs, 

agricultural practices and, to a lesser extent, also tourism activities. Although the study area is 

drained by the perennial Vaal River which flows from east to west through the southern and 

central portions of the study area, most activities in the VDWHS solely rely on groundwater 

resources for the provision of water (African EPA, 2006). 
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Introduction and background 

An Integrated Management Plan (IMP) is needed to support the listing of the area as a world 

heritage site and to ensure sound management for the future regulatory authorities thereof. In 

preparation for the required IMP a variety of specialist studies are needed as background 

(AGES, 2006). These studies include: 

• environmental aspects (geology, geohydrology, biodiversity, air, surface water); 

• spatial planning aspects (borders, waste, agriculture, cultural heritage, land-use and 

infrastructure); and 

• economical aspects (socio-economics, tourism, marketing and communication, 
authority and business plan). 

The compilation of an Integrated Management Plan requires all these specialist studies to be 

integrated to produce a guideline document for future development and management of the 

VDWHS (Department of Tourism Environment and Economic Affairs, 2006). 

In preparation for the future management of the VDWHS and prior to the development of the 

IMP, a strategic environmental assessment (SEA) was done and concluded that no regional 

assessment or geohydrological information was available to develop a geohydrological 

management plan for the VDWHS (African EPA, 2006). In order to address the groundwater 

character of the VDWHS, a geohydrological assessment was needed, with recognition of the 

regional geological setting and the existing institutional framework (Van Rensburg & 

Hattingh, 2007). The outcome of this assessment contributes to the development of the IMP 

for the VDWHS in order to manage and protect the groundwater resources of the area. 

The following geohydrological conditions are expected for the VDWHS, and will be applied 

and evaluated during the assessment: 

• It is expected that the physical properties of geological formations, as well as the 
regional structure and setting thereof, will play a major role in the differentiation of 
groundwater potential and delineation of different groundwater resource management 
zones within the VDWHS. 

• It is furthermore expected that the aquifers within the VDWHS are considered to be 

minor, but at the same time regarded as sole source aquifers according to the 

classification by Parsons (1995). 
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Introduction and background 

In order to have a regional approach in land use management and spatial planning in the 
VDWHS, a geohydrological assessment with consideration of the following aspects are 
needed and are developed in this study: 

• Baseline geohydrological survey and sampling. 

• The delineation of groundwater resource management units. 

• The identification of aquifer and groundwater properties within the different 

groundwater resource management units. 

• Groundwater recharge and water balance simulations in each of the management 

units. 

• The development of specific geohydrological management procedures to protect and 

monitor individual zones, related to aquifer properties. 

Lithostratigraphy plays a major role in the identification of groundwater regions (Vegter, 

2001) due to the effect that geology and structural geology have on the geohydrological 

setting. The geohydrological assessment of the VDWHS is affected by granite gneisses which 

occur in the centre of the impact structure surrounded by a sequence of originally horizontal 

sedimentary and volcanic rocks giving rise to the development of a proximal, circular, core-

and-ring zone (Brink et ah, 2004). Intrusive rocks are also present in the form of dykes and 

alkaline granitic rocks. The geological features are locally (and specially related to the Vaal 

River drainage system) overlain by alluvium, sand, soil, gravel and ferricrete (Africa EPA, 

2006). 

1.1.2 Project Background 

Africa Geo-Environmental Services (AGES) was appointed by the Department of Tourism, 
Environmental and Economic Affairs (DTEEA) Free State Province, to conduct a specialist 
geohydrological assessment as part of the Integrated Management Plan (IMP) towards the 
future management of the Vredefort Dome as a World Heritage Site (AGES, 2006). This 
future management has to be achieved through the establishment of a Management Authority 
by the South African Government according to the requirements of the World Heritage 
Convention Act (UNESCO, 1999). 
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Introduction and background 

On acceptance of the appointment, the project team defined the conservation and protection 

of the VDWHS through responsible engagement between human and natural heritage to 

prevent loss of the area's integrity as the core objective in the preparation of the IMP 

(Schoeman & van der Walt, 2008). The structure of the IMP was based on some of the 

elements of the IS014001 Environmental Management System (ISO 14001, 2004), with the 

"Plan-Do-Check-Act" cycle applied iteratively (AGES, 2007) and with effect on the 

compilation of the specialist reports (Hattingh & de la Ray, 2007). 

The geohydrological assessment was needed as a specialist report to provide input into the 

development of a strategy for aquifer protection and groundwater resource management for 

the Vredefort Dome as a World Heritage Site. The study was required prior to the 

development of the IMP as a result of the following limitations in the existing knowledge 

base of the VDWHS: 

• Only limited groundwater data is available for management recommendations. 

• The Strategic Environmental Assessment (SEA) completed in 2006 did not address 

groundwater in detail. 

• Previous experience in the VDWHS indicated that groundwater can be regarded as a 

strategic but limited resource and needs to be quantified in order to make meaningful 

recommendations and conclusions regarding management. A strategy for future water 

management can only be done if reliable data is available. 

• Development in some areas might be restricted due to a shortage of water or poor 

water quality. 

• The lack of water quality data made previous planning based on groundwater 

availability impossible. 

• Groundwater information and a geohydrological assessment are therefore needed as a 
baseline study for effective spatial planning and land use management. 

The geohydrological specialist assessment of the Vredefort Dome World Heritage Site has 

the following required outcomes: 

• Identification of groundwater use, extent of existing development and current impacts. 

• Development of a groundwater potential description and zoning in the Dome area 
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Introduction and background 

with reference to water quality and cumulative effects due to development. 

• Development of a groundwater management and monitor plan with emphasis on 

research and gap analysis and feedback to the Irifrastructure Development Plan. 

Based on this required outcome, the project scope was defined as follows: 

• Conducting a hydrocensus within the Dome area, with a focus on the central zone. 

• Sampling and interpretation of water quality results against drinking water standards. 

• Interpretation of hydro-geochemistry based on the aquifer geology and water type. 

• Interpretation of recharge values for the aquifer/s based on hydro chemistry. 

• Development of a spatial correlation between groundwater use, land use, geology and 
water quality. 

• Interpretation of groundwater use information. 

• Identification of major and minor aquifers by the classification of Parsons (1995) on 

the basis of yield and quality. 

• Estimation of current water balance situation. 

• Delineation of groundwater management units. 

• Risk assessment and delineation of high risk groundwater areas. 

• Protection measurements to be implemented in certain areas and instances. 

• Recommendations for the establishment of a monitoring programme. 

• The recommendation of certain management options. 

• Identification of gaps in the existing knowledge and description of related research 

projects. 

The following interaction resulted between the study reflected in this thesis and the IMP: 

• The outcome of the geohydrological assessment was partly used for this study and the 
final project documentation will therefore overlap with information in the study and 
vice versa. 

• During the compilation of the IMP the dependence of land use and the spatial 

development framework on geohydrology became evident (AGES, 2007) and is 

addressed in this thesis. 
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1.2 Problem Statement 

1.2.1 Research quest ion 

How does geohydrology influence sustainable land use planning as reflected in the spatial 
development framework and land use management plan of the VDWHS? 

1.2.2 A im of the s tudy 

The results of a geohydrological assessment need to form the basis of a sustainable land-use 

management plan for the VDWHS. This study will evaluate and describe the role of the 

aquifer characteristics within the different groundwater resource management areas in the 

land use and spatial development framework in the VDWHS. 

1.3 Objectives 

In order to investigate the problem, it is necessary to answer the following sub-questions: 

• How can the groundwater resource best be delineated in management units? 

• What are the properties of the aquifers and groundwater within the different 

groundwater resource management units? 

• What geohydrological procedures can be developed to manage, protect and monitor 

individual zones? 

• Which land use management guidelines can be developed from this assessment? 

• How can the properties of the aquifers and the different management zones be used to 

develop a Spatial Development Framework and land use plan? 

• Which procedures and methods of evaluation are needed to support land use 

applications and future spatial planning? 

1.4 Methodology 

• A geohydrological census survey was conducted in order to investigate the existing 

groundwater use, groundwater quality and properties within the VDWHS. A literature 

review on delineation of groundwater management units, the results from the 

groundwater hydrocensus as well as regional geological, geomorphological and 
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geohydrological information augmented by aerial photograph interpretations was used 

to delineate the different groundwater resource management units in the VDWHS. 

• Based on the results of the groundwater hydrocensus, as well as the aquifer 

characteristics, the groundwater assessment (including recharge and water balance 

calculations) and risk assessment was done for each groundwater resource 

management unit. 

• The results of the geohydrological assessment and standard procedures based on a 

literature review were used to develop procedures to manage, protect and monitor 

individual groundwater resource management units. 

• Spatial planning and land use management guidelines and procedures based on the 

integration of land use management with the outcome of the geohydrological 

assessment were developed for the VDWHS. 

• The influence of the aquifer characteristics within the different groundwater resource 

management areas on the land use and spatial development framework in the 

VDWHS was defined. 

• Based on the outcome of the study and a literature review regarding the role of 

groundwater in spatial development management within the South African context, a 

standard procedure and methodology regarding geohydrological assessments required 

in order to support land use applications and future spatial planning within the 

VDWHS were developed. 
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CHAPTER 2  

2 THE STUDY AREA 

Land use patterns and water use indicate that South Africa is in a state of dynamic transition, 

not only with regards to its political and public life but also in respect of the distribution and 

circumstances of its population (Department of Water Affairs and Forestry, 2001). This 

dynamic character is also applicable to the land use and water use patterns in the VDWHS, 

especially due to the close vicinity to the Central and South Gauteng area were urban living 

conditions and growth "maturity" give rise to interest in more "environmentally friendly" 

habitats. The regional location setting of the VDWHS is therefore important in the 

assessment of land use and water use patterns. 

2.1 Locality and institutional setting 

Figure 2 shows the location of the VDWHS in context with the institutional reality and 

illustrates that the VDWHS straddles the Vaal River which also forms the administrative 

boundary between the Free State Province and the North West Province. The following 

municipal areas of jurisdiction are included within the spatial entity of the VDWHS: 

• Free State Province: Fezile Dabi District Municipality, Ngwathe Local Municipality 

• Free State Province: Fezile Dabi District Municipality, Moqhaka Local Municipality 

• North-West Province: Potchefstroom Local Municipality, Southern District 

Municipality 

The official boundaries of the VDWHS are also indicated in Figures 1 and 2. The borders of 
the VDWHS are located on the 1:50,000 topographic maps numbered 2627 CB (Klipdrift), 
2627CC (Skandinawiedrif), 2627CD (Parys) and 2727 AA (Reitz), between the coordinates 
26.717° S; 26.933° S; and 27.467° E; 27.211° E. The boundary is well-defined by mainly 
following provincial secondary roads. A buffer zone in the order of 5 km outside these 
borders has been identified during the listing process to ensure protection. The resulting 
borders were eventually used as the area identified for the listing as a World Heritage Site 
and for future planning and therefore for the compilation of the IMP (AGES, 2006). 
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The outer boundary was used for regional geohydrological interpretation while the borehole 

surveys, sampling and water quality analyses were restricted to the core area due to project 

constrains. 

The towns Potchefstroom, Parys and Vredefort are near but outside the VDWHS area and the 

only urban development in the VDWHS occurs at the small town Venterskroon near the Vaal 

River in the centre of the study area (Figure 2). Two areas adjacent to the VDWHS were 

identified as future development nodes as sponge areas to the VDWHS and indicated in 

Figure 2 (Schoeman, 2007). 
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The study area 

2.2 Physical character of the study area 

Only the physical attributes applicable to the theme of this research are discussed. 

2.2.1 Topography 

The topography is undulating with the higher ground at 1600 mamsl (metres above mean sea 

level) located towards the central northern area and a portion in the southern central area. The 

topography ranges from a maximum of 1650 mamsl to a minimum of 1300 mamsl. The 

slopes are moderate to steep against the higher ground with slopes between 1:10 and 1:0.5 

along the Vaal River. 

2.2.2 Surface water and drainage 

The study area is drained by the perennial Vaal River which flows from the east to the west 

through the southern and central portions of the study area. The Lesothospruit and 

Skulpspruit combine as tributaries to the Vaal River and drain the area immediately south of 

Parys. The Rooikraalspruit drains the VDWHS from the north and Enselspruit from the north 

east. The study area surface water catchment is bisected by the topographic heights of the arc-

shaped ridge formed by the quartzite outcrops (Figure 3). 

The VDWHS falls in the surface catchment of the Upper Vaal Management Area, one of the 

19 catchment management areas in South Africa. It falls within the Barrage to Mooi sub-

catchment, quaternary catchment no C23C and C23L as indicated in Figure 3 (DWAF, 

2004a), with the mean annual precipitation (MAP) given as 600 mm (DWAF, 2006a). 

From the IMP studies it is evident that surface water is very restricted in the VDWHS. The 

possibility of further water extraction from the Vaal River is limited due to the existing 

demand on the river system (AGES, 2007). This source is heavily used in the Vaal Triangle 

upstream of the VDWHS and the flow regime is under stress with demand for water 

exceeding the supply and poor biological and chemical water quality. The supply of water to 
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holders of water rights in the study area, water supply for recreational purposes and the 

provision of a water based means of sewerage disposal add to this stress. 

Supplementary schemes like the Lesotho Highlands Water Scheme Phase 2 are considered by 

the Department of Water Affairs and Forestry (DWAF), but the current situation in the 

VDWHS is that there are limited surface water resources available for future development 

and that the situation is not expected to improve in the near future (Schoeman & van der 

Walt, 2008). 

Tributaries of the Vaal River are non-perennial and can therefore not be regarded as high 

potential water resources. All new development within the VDWHS will therefore rely on 

groundwater as the sole resource for water supply (AGES, 2007). 
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Study Area 

2.2.3 Geological setting 

Geology forms the basis for the existence of the Vredefort Dome as a World Heritage Site, 

reflecting the oldest and largest visible impact structure known to man (Brink et al., 2005a): 

• It is the oldest astrobleme found on earth to date (order of 2023 Ma), with the largest 

crater diameter (380km), providing a definitive exposure of the rocks and structures 

found on the floor of a large impact crater. 

• It provides the only coherent section of the basement below the floor of a large crater 

with a structural geology dominated by centrifugally oriented thrust faulting. 

• It exposes a central cone of the crater with outcrops reflecting deep crustal rocks 

(order of 3500Ma) brought to surface. 

• It represents the greatest single energy release that occurred on the surface of the earth 

with characteristics that accompany such impacts, revealing evidence regarding their 

petrogenesis. 

A detailed geological description reflecting the complex unique geological setting of the 

Vredefort Dome and the formation model as a crater impact site can be obtained amongst 

others, from Bisschoff (1999), Brink et al. (2004), Brink et al (2005a) and Reimold & 

Gibson (2005). A comprehensive reference list regarding literature pertaining to the 

Vredefort Structure and related geological and physical aspects and reflecting the vast 

existing knowledge regarding the geological setting of the study area is given by Reimold & 

Coney (2001). Detail regarding the proposed management of this important geological setting 

and the related heritage value is addressed in the Geological Management Plan in the IMP of 

the VDWHS (Van Rensburg & Hattingh, 2007). 
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The study area covers a portion of the Vredefort Structure which is a ring structure elongated 

towards the southeast, with a central core comprising Archaean gneiss and granulite, 

surrounded by younger granite and gneiss. This core is enveloped by a collar of sediments 

and lavas including basic lavas of the Dominium Group at the base, overlain by quartzites, 

shale, conglomerates and lava of the Witwatersrand Supergroup. In the study area this is 

followed by the lavas from the Ventersdorp Supergroup to the north, with a ring synclinorium 

mainly consisting of rocks of the Transvaal Supergroup which follow the northern perimeters 

of the dome (Bisschoff, 1999). 

Geology also forms the basis to geohydrology, spatial planning and land use management as 

used in this study and it is therefore important to describe the lithostratigraphy of the study 

area as well as the different rock types. The geology described below is presented in the 

following simplified geological maps: 

• The 1:50 000 geological sheets Skandinawiedrif 2627 CC and Parys 2627 CD, as part 

of the geology of the Vredefort Dome compiled by Bisschoff (1999) (Voors & Retief, 

1999). 

• The 1:250 000 geological map 2626 Wes-Rand (Wilkinson, 1986). 

This compilation acts as basis for the geohydrological interpretation, reflecting the important 

rock types and stratigraphic units applicable (Figure 4). 

The centre of the Vredefort Dome Structure contains Archaean granite and gneisses with 

related metamorphic rocks which are present to the south-western portion of the study area. 

The following different rock types are described for this area (Bisschoff, 1999), with 

reference to the code used in Figure 4; 

• Metapelitic and amfibolite gneiss with migmatite and charnokite (Zv) occur as 
xenolitic bodies within the surrounding leuco-gneisess. Poor outcrops are reported in 
this area. 

• Leucogneiss and leucogranulite (Zi) is a light coloured, crystalline rock of granitic 

composition with a migmatitic character in places and an average grain size in the 

order of 3 mm. 

• The Parys granite (Zp) is a relatively homogeneous rock that varies from granitic to 
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granodioritic with a textural variation from massive to gneissic. The gneissic portions 

contain dark biotite-rich schlieren. 

The Dominion Group and Witwatersrand Supergroup contains a collar of lavas and 

sediments that occur in a general east-west direction through the central portion of the study 

area. This area is characterised by the prominent hills that form part of the Vredefort ring 

structure, underlain by quartzite dominated rock successions alternating with valleys 

underlain by alluvium and weathered rocks. The following different rock types and 

successions are described for this area (Bisschoff, 1999) and with reference to the code used 

in Figure 4: 

• Andesitic to basaltic lava (Rd), amygdaloidal in certain areas occur with thin beds of 

metasediments and are in areas altered to epidorite and hornfels. 

• An undifferentiated succession of quartzites, slate, hornfels with politic beds (Rh) are 

grouped together as part of the Hospital Hill Subgroup of the West Rand Group, 

Witwatersrand Supergroup. 

• An undifferentiated succession of quartzite, sandstone, slate and conglomerate (Rjg) 

are grouped together as the Government and Jeppestown Subgroup of the West Rand 

Group, Witwatersrand Supergroup. This succession defines the prominent hills to the 

south of and partially parallel to the valley associated with the Vaal River in the 

central part of the study area. 

• Quartzite with interbedded slate (Ro) are grouped together as the Johannesburg 

Subgroup, Central Rand Group, Witwatersrand Supergroup. This succession defines 

the prominent hills to the north of and partially parallel to the valley associated with 

the Vaal River in the central part of the study area. 

• The entire Turffontein Subgroup (Rt), Central Rand Group, and Witwatersrand 

Supergroup consist of quartzite and occasional conglomerates. This Subgroup forms 

the northern most prominent hills through the study area as part of the Vredefort ring 

structure. 
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The Ventersdorp Supergroup is represented almost entirely by lava of the Klipriviersberg 

Group in the study area. It underlays the area to the north and west of the Witwatersrand 

Supergroup forming a zone parallel to the Witwatersrand Strata (Bisschoff, 1999). 

• The lava of the Venterdorp Supergroup (Rk) is mainly andesitic in composition, and 
is often amygdaloidal. 

The Transvaal Supergroup forms a ring synclinorium around the Vredefort Dome structure 

and is composed of the following strata (Bisschoff, 1999): 

• The Black Reef Formation (Vbr) composed of quartzite, conglomerate and shale and 

is not well exposed throughout the study area. 

• The Malmani Subgroup (Vmd) of the Chuniespoort Group comprises of dolomite 

with outcrops restricted to the more weathering-resistant chert and chert breccia. 

• Formations of the Pretoria group occur in the most northern and north-western parts 

of the study area and are represented by quartzite, shale and conglomerate of the 

Timeball Hill formation (Vrt), giving rise to a number of small hills. 

• This is followed to the north by andesite of the Hekpoort Formation (Vh). 

• Shale, often ferruginous near its base represents the Strubenkop Formation (Vs) in the 

most northern part of the study area. 

Quaternary, Tertiary and Dwyka deposits occur as terraces and weathered plains along the 

Vaal River and attributes, in the valleys alternating the prominent hills through the study area 

and along weathered channels cross cutting the geological strata. Specific occurrence of 

importance is as follow: 

• Gravels representing old alluvial deposits occur in the Vaal River valley (Bisschoff, 

1999). 

• Massas of porous, high water retaining muddy material occur representing the 

remains of basin types deposits during a glaciation period in the area (Brink et a\. 
2005b). 

Intrusive Rocks of various age groups occur in the study area including sills and dykes of 

epidiorite, sills and dykes of dolorite, hyperite, norite and diabase (Vdi), alkali rocks of 
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various complexes (Vg) as well as dolorite sills and dykes emplaced after the formation of 
the Dome (Bisschoff, 1999). 

Important geological features occur in the study area reflecting the impact origin of the 

Vredefort Dome structure. A complete description can be obtained from Brink et al. (2004), 

Brink et al. (2005a) and Reimold & Gibson (2005): 

• Pseydotachylitic breccias are formed due to friction on fault planes. 

• Shock effects created distinctive forms such as shatter cones. 

• Chocolate-table type boudinage results from rock fragmentation due to sudden release 
of confined stress. 

• Ultramylonite generated by fault friction occurs at fault planes. 

Numerous points of interest are documented for future management as part of the Vredefort 

Dome as a World Heritage Site (Van Rensburg & Hattingh, 2007) 

Faults with different ages, reflecting complex restructuring and folding and reactivating of 

fault planes, occur throughout the study area (Bisschoff, 1999). The main structures were 

obtained from the geology of the Vredefort Dome compiled by Bisschoff (1999) and are 

presented in Figure 5 (Wilkinson, 1986). In addition, structural geological information 

obtained from aerial photograph interpretation (Lattman & Ray, 1965) was used to identify 

widespread younger faults and joints developed as linear structures in the study area. Two 

dominant joint sets were identified, one orientated in a north — south direction, the second in a 

northwest - southeast direction as displayed in the structural compilation (Figure 5). 

The physical character of geological formations as well as the structural geology play a major 

role in geohydrological assessments (Heath, 2004). This will be applied in the differentiation 

of groundwater potential (section 4.2) and the delineation of groundwater management units 

(section 4.3) within the VDWHS. 
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2.3 Existing land use in the V D W H S 

2.3.1 Land ownership 

Approximately 89% of the surface area of the VDWHS is privately owned and consists of the 

following land ownership and framework (Schoeman, 2007): 

• The VDWHS comprises 798 private properties: 645 (68 040ha) located in the 

North-West Province and 153 (20 414ha) located in the Free State Province. 

• On average some 45% of landowners are living permanently in the area. 

• 55% landowners live elsewhere and visit the properties periodically. 

• The average size (area) of properties in the North-West Province is 105ha and in 
the Free State Province is 133ha. 

• The sizes of properties in the VDWHS range from 0.5 to 1233 ha." 

• Land closest to the town of Parys and to a lesser extent land between Parys and 
Vredefort is under pressure for sub-division and township establishment. 

The balance of land consists of road reserves and other public and government owned 

property (African EPA, 2006). 

The majority of land owners partake in the Dome Meteorite Park, a local landowner's 

association with the purpose "to conserve and protect the natural, cultural, historical and 

geological heritage of the VDWHS....", also known as the Conservancy (Dome Meteorite 

Park, 2004). The spatial distribution of land units and the land ownership within the VDWHS 

reflecting their participation in this association is shown in Figure 6 (Africa EPA, 2006) 
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From a survey done in preparation for the compilation of the Integrated Management Plan for 

the VDWHS (Schoeman, 2007), it is evident that land ownership patterns have shown change 

in favour of ownership by persons living permanently outside the VDWHS. Most of the land

owners are not engaged in full-time agricultural activities either and usage is predominantly 

rural residential and some may even be owned for speculative purposes (African EPA, 2006). 

This tendency in land ownership has a severe implication for groundwater use and 

management within the VDWHS and emphasises the requirement for a regional management 

plan for groundwater use within the VDWHS if not based on a regional regulatory 

management system. 

2.3.2 Existing land uses 

The predominant land use in the VDWHS is agriculturally orientated and consists of grazing 

(game and cattle) and conservation. The second most dominant land use is rain-fed cultivated 

land, with irrigated cultivated land occupying small areas (African EPA, 2006). 

The built-up areas are very small in comparison with other areas, and do not show up on the 

LANDSAT images that were used to compile land use assessments in preparation for the 

compilation of the IMP (Schoeman, 2007). The Ecological report included in the SEA 

(African EPA, 2006), provides a comparison between the 1995 and 2000 land cover 

assessments and indicates that most of the urban type development lies in the catchment areas 

of Parys, Vredefort and towards Potchefstroom. The other catchment areas do not show urban 

type developments. It was found that most of the urban-type development takes place in the 

Parys area and along the Vaal River close to Parys. 

General land use zones have been identified during the SEA study and are presented in 

Figure 7 (African EPA, 2006): 

• Mixed farming occurs where crop production is practised commercially or to support 

the fodder flow of livestock. Small portions of land are planted under irrigation for 

winter grazing. 

• Livestock farming occurs with the primary use of extensive animal production where 
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fodder is provided during the harsh winter months. 

The combination Conservation / livestock farming occurs in the central area of the 

VDWHS with a low grazing capacity and moderate to high browsing capacity. 

Conservation and game farming, integrated with livestock and tourism, are the 

preferred land uses. Two zones with a focus on either conservation or livestock are 

indicated in Figure 7. 

Irrigation farming occurs on the flood plains of the Vaal River with approximately 

450ha with right of irrigation. 

Potchefstroom 
Figure 7: Land use zones 
within the VDWHS 
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Figure 7: Land use zones within the VDWHS (African EPA, 2006) 
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From an activity survey done during the SEA (Africa EPA, 2006) it was indicated that the 

most important land uses other than agricultural and farming activities and the majority of 

commercial ventures are tourism-orientated related to the Vaal River and the experience of 

the Dome landscape. The spatial distribution of the following land uses is shown in Figure 8: 

• Activities identified other than agricultural, mainly related to recreation and tourism. 

• Changing land patterns as indicated by land change applications to various authorities 

in process. This pattern indicated a move in land use to tourism and recreation-related 

activities, housing development as private resorts, game farming and business 

premises (Schoeman, 2007). 

• Illegal land uses, also mainly related to recreation and tourism activities. The current 

state thereof and the absence of proper records are the direct result of inadequate 

development control practices related to land use management and building and 

construction control by the competent authorities (Schoeman, 2007). 
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The spatial distribution characteristics of the existing land uses within the VDWHS as 

described above reflect an ad hoc adjudication of applications and practices that does not 

support a holistic and integrated approach towards development and conservation of the 

VDWHS. Development clustering is visible along the river and some localised preferences 

are due to environmental and visual considerations. The ad hoc distribution of non-

agricultural land uses in the VDWHS also gives rise to intensive movement of people in the 

area, endangering natural resources and threatening conservation of certain sensitive areas 

within the VDWHS (Schoeman, 2007). 

It will be indicated in this study that except for localised irrigation from the Vaal River, the 

majority of land uses as defined above are totally dependent on groundwater as a natural 

resource for water supply to all related activities. It will be indicated therefore that the 

availability of groundwater is a determining factor in the evaluation of new land use 

applications within the VDWHS. This dependency becomes more complex due to the 

following factors: 

• The spatial distribution of land use activities throughout the VDWHS give rise to the 

need for the development of specific groundwater management units, with 

differentiation in management in different areas. 

• The predominantly privately owned properties, creating a challenge for centralised 

management of natural resources. 

• Further expected development and increasing human impact brings a higher demand 

for statutory obligations to protect and manage natural resources within the VDWHS. 

• This interaction and interdependency between land use and groundwater becomes 

more important taking into consideration that 20% of the VDWHS area has been 

altered by human intervention with effect on the natural recharge to groundwater 

(Africa EPA, 2006). 

This situation emphasises the need for an integrated approach between groundwater resource 

assessments and land use / spatial planning, and confirms the need to develop an interface 

between natural and social environments in order to achieve sustainability. 
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2.4 Socio-economic framework and status in the VDWHS 

2.4.1 The broader population 

A total population of 45 750 was recorded in 2001 for the regional VDWHS area, including 

the adjacent urban areas of Vredefort and Parys. The majority of this population is Setswana 

speaking, followed by Afrikaans, Sesotho and Xhosa. The population is relatively evenly 

distributed amongst all age and gender groups with the majority of the population falling 

within the economically active category. Of the entire population of the area, 15% live in 

informal settlements, 66% in urban settlements and 10% on farms (Aucamp, 2007). 

According to the Socio-economic management plan for the VDWHS (Aucamp, 2007), there 

are three main groups in the social environment whose needs should be considered in order to 

understand and define the socio-economic environment. Of these, the first two groups would 

be actively part of a future groundwater management within the VDWHS: 

• The landowners in the Dome area consisting of farmers of which the majority 

coming to the area only periodically and over weekends. This group has the highest 

level of social capital of all groups in the VDWHS. 

• The farm workers and the people living in the rural areas can be seen as a very 

vulnerable group. Many of these people are illiterate, and they depend on the farmers 

for a livelihood. As this group is not acting in an assertive way, and did not participate 

of their own accord, it will be important to incorporate their cooperation regarding 

groundwater management through the first group. 

• The people living in the surrounding towns consisting of a more wealthy 

component and a poorer component dominated by mostly unemployed people who 

see the opportunity to create a better life for themselves through the creation of jobs 

based on the future management of the VDWHS. This group also attempted to 

participate as much as possible by being involved on task teams and attending 
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meetings during the public participation phase of the development of the Integrated 
Management Plan for the VDWHS. 

During the public participation process completed in support of the compilation of the IMP 

for the VDWHS, it was evident that the following different opinions prevail amongst the 

public directly and indirectly involved with the World Heritage Status of the area (Aucamp, 

2007): 

• Some property owners and other stakeholders are very positive towards conservation 

of the area and cooperative regarding future management within the VDWHS, if 

applied properly. 

• A number of property owners and other stakeholders are very negative towards 

governmental interference in the area, although not against conservation in general. 

• Some stakeholders, specially the poorer fraction of the population are positive 

towards all development with a lower focus on conservation. 

In summary, the broader socio-economic environment can be described as a poor area with 

limited economic activities and opportunities, high levels of unemployment and illiteracy and 

a need for skills development and training. Whites and Asian/Indians have a higher quality of 

life than the Black and Coloured population groups in the area with big poverty gaps between 

these population groups. Housing conditions and service delivery need urgent attention with 

the poorest groups having the worst access to these facilities. There are high levels of 

illiteracy in the area, the highest levels of unemployment occurring amongst the groups with 

the highest levels of illiteracy. Skills development is the largest need in the area. It is likely 

that population growth in the area will increase significantly. This could be caused by the 

influx of work-seekers due to the development taking place in the area. If this trend occurs, it 

will have specific implications for future development, since the incoming population would 

probably be mainly young black men and women who wish to be economically active, while 

the white elderly people in Parys and Vredefort are seeking a quiet retirement and are often 

opposed to development (Aucamp, 2007). 
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2.4.2 Population within the VDWHS 

The population within the VDWHS area is very small and all people in the rural areas live on 
farms. No informal settlements were identified in the rural Vredefort and Parys area including 
the VDWHS area (Aucamp, 2007). The total population for the VDWHS is estimated to be in 
the order of 5 000 people if the following information and averages are used (Schoeman, 
2007): 

• Based on a 45% component of land owners living permanently in the area, using an 

average of 3 per property, 798 properties in total, a white population is estimated to be 

in the order of 1 000. 

• Based on an average of 5 people per property, 798 properties in total, a black 

population is estimated to be in the order of 4000. 

For the rural area of the VDWHS, most heads of households were employed, a small 

percentage being retired. The average household in the area is poor and the unemployment 

levels can be higher partially due to the influx of people into the area and the changing 

economies. Education levels in the area were low in 2001 with levels of the white groups 

much higher than those of the black and coloured groups. Unemployment levels concur with 

low education levels, the racial groups with the lowest education rates also having the highest 

unemployment rates, lowest levels of income and the least access to resources (Aucamp, 

2007). 

Regarding infrastructure, all farms have access to electricity, most farms are entirely 
dependent on groundwater for water supply, and all farms make use of their own rubbish 
dumps and soak away sanitation systems (Schoeman, 2007). 
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2.4.3 Socio-economic f ramework and sustainabi l i ty 

As described in chapter 3, there is a need to develop a balanced interface between natural and 
social environments in order to achieve sustainability. A socio-economic assessment and an 
ongoing process of constructive community dialogue are needed in the VDWHS to provide 
practical groundwater resource management decision support for the future management 
authority. 

In order for development to be truly sustainable, "social capital" is needed to add wealth to a 

community. Social capital can be defined as a public good comprised of trust and norms 

among a diverse group of citizens within the same community that facilitates cooperative 

networks among those citizens (Larance, 2001). 

In order to achieve sustainable management of groundwater in the VDWHS, it must therefore 

also be based on the socio-economic status of the area as a reflection of the available "social 

capital". 

The following social risks were identified as necessary to be addressed in future groundwater 

management within the VDWHS and are therefore addressed in this study (Aucamp, 2007): 

• Prior to groundwater management implementation, it will be important to obtain a 

"social license to operate", which makes stakeholder engagement a crucial part of the 

development of a groundwater management plan. Without proper consultation, it is 

unlikely that the community will support any actions. 

• Normally risks that are well understood by the general community are more 
acceptable than those that are not. In order to address perceptions about risks on 
groundwater quality and quantity, it is important to provide relevant information and 
ensure understanding. This should be done for groundwater as it will be more credible 
coming from an expert than from an "ordinary" member of the organization. 

• Involving people in the decision-making process regarding groundwater management 

and monitoring may also reduce resistance to central management of natural resources 

to some extent. 
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• The formation of pressure groups can pose a risk to groundwater management in the 

VDWHS. There is a risk that they push their own agenda at the cost of the aspirations 

of other groups in society in the total development of the VDWHS. If they do not 

manage to achieve their goal, they may oppose groundwater management or make it 

difficult for any management or monitoring to take place. 

• The risk of governmental authorities not working together can play a major role in 

future proposed groundwater monitoring and management. This risk relates to the 

relationship between authorities from the North-West Province and the Free State 

Province, to the relationships between local authorities and the communities, and the 

trust the people on the ground have in the government structures. 

The socio-economic framework of the VDWHS is influenced by a constant tension between 

potential development and conservation in the area. It is therefore difficult to distinguish 

between "own interest" and factors of importance to achieve sustainability. This tension is 

evident also in areas adjacent to the VDWHS (AGES, 2008) and have to minimised through 

sound environmental and resource management and guidance. 
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3 LEGAL FRAMEWORK FOR THE ROLE OF GEOHYDROLOGY IN SPATIAL 
PLANNING IN THE VDWHS 

In order to investigate the role of geohydrology in land use management and spatial planning 
within the VDWHS it is necessary to define the legal framework and related concepts 
involved. 

3.1 Concepts applied within the legal framework 

3.1.1 Integration in environmental management 

The integration of geohydrology and,land use for sustainable development and management 

within the VDWHS is not a unique and isolated process. It must therefore be based on the 

global concept of integration as a tool applied in environmental management. It is therefore 

necessary to give a background on the development of the global concept of integration in 

environmental management. 

3.1.1.1 Specialisation versus integration 

As a result of our educational approach that science is based on a division into distinct 

subjects, we tend to specialise and fragment knowledge in order to reduce it to smaller pieces 

which can be examined separately (Allen & Bosch, 1996). During the fast development of 

applied environmental science it was soon recognised that this approach of specialisation and 

fragmentation of knowledge in basic and applied knowledge placed constraints on the ability 

of the academic community to address serious problems of our time (Hollingsworth, 1984). It 

became evident that the challenges of a rapidly changing Earth demand a paradigm shift 

resulting in new strategies to generate scientific knowledge to support societal actions. There 

is a new challenge to "put the pieces together towards the goal to understand the dynamics of 

life-supporting systems as a whole" (Steffen et al, 2001) 
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Therefore, where specialisation causes scientists to narrow their fields of concern, the 
effective addressing of environmental problems needs a paradigm shift towards integration. 

3.1.1.2 Focus on integration 

In order to overcome the constraints resulting from specialisation and fragmentation within 

the field of environmental management on a practical level, it is required that specialisation 

within the specific applied environmental field must be of such a nature that it can contribute 

to integrated management of the environment. A common factor is therefore needed in the 

individual specialist studies in order to lay a foundation of effective integration and problem 

solution on a practical level. To define such a common factor on a global scale in order to 

integrate "isolated" environmental aspects, the Brundtland Commission produced the 

publication "Our Common Future" in which the concept of sustainable development as a 

common factor emerged (Obasi, 2002). 

According to Obasi (2002), the required common factor in specialisation can only be 

achieved within a mindset of "sustainable science" - science in service of transition towards 

sustainability. This science must address the complex interaction between the various 

components of the earth system together with the impact of society on the system. Such an 

approach is more purpose-driven than "case" driven in that the purpose of sustainability 

defines the end purpose of the integration, and not the "case" itself (Obasi, 2002). This 

concept developed to the stage where Field (2006) described the principle of integration as a 

cornerstone for sustainable development. 

This paradigm shift towards integration as evident in the worldwide trend towards a more 
holistic, multi-choice, multi-value view of the wider environment applied to resource 
management (Allen & Bosch, 1996), laid the foundation for the integrated approach in the 
NWA (36/1998) in South Africa. Through this Act, the integration of surface water and 
groundwater as part of a natural resource to be managed according to integrated 
environmental practices was acknowledged in South Africa for the first time on a legal, 
socio-economical and policy level (DWAF, 2008a). As a result, through the process of 
integration, groundwater became part of the Integrated Water Resource Management 
approach in South Africa (Botha, 2005). 
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It is argued in this thesis that in order to move towards sustainable management of natural 

resources, integration is needed at the management level between natural resource 

information and socio-economic aspects as specifically reflected in land use and spatial 

planning. Land use reflects the way people see the world and therefore the social 

environment. Land use normally reflects the mindset of society and therefore follows the 

paradigm of society in developing through stages from pioneering to production and eventual 

sustainability (Allen & Bosch, 1996). 

In this age of sustainability, we need to develop an interface between natural and social 

environments. An ongoing process of constructive community dialogue is therefore needed to 

provide practical resource management decision support for managers (Allen & Bosch, 

1996). The new guideline for Geohydrological Assessments (DWAF, 2008a), expresses this 

need by integrating the natural environments (surface water, aquifer and eco-system) with the 

social environment (water use, land use, social setting and social Interactions).-. 

In the water sector this process of integration culminated in the concept of integrated water 

resource management (IWRM) which balances the views and goals of affected political 

groups and geographical regions for the purpose of water management, and protects water 

supplies for natural and ecological systems (Grigg, 1996). This needs a close cooperation 

between mainly three "sub-systems" within the water industry, namely the natural water 

resource system, human activity system, and the water resource management system 

(institutions and organisations managing water) (Charania, 2005) 

In this study the wider environmental paradigm in both environmental management and In 
resource management is applicable to groundwater management within the VDWHS, a 
classic combination between this natural water resource system and human activity system in 
need of a water resource management system. This sets the stage for a sustainable and more 
holistic approach and integration between geohydrology, environmental management, the 
social environment and land use. 
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3.1.2 Sustainable development 

3.1.2.1 Concept development 

The principle of integration (as described in section 3.1.1) is seen as a cornerstone within the 
concept of sustainable development (Field, 2006). It is therefore important to give more 
background on the concept of sustainable development - also as a baseline thinking pattern in 
the development of an effective groundwater resource management plan as part of 
environmental management. 

In concept development, we have to make a clear distinction between sustainable 

development and the paradigms of "resourcism" and "environmentalism", which are linear, 

one-dimensional algorithmic approaches in which the environment, economy and human role 

are viewed in separate domains (Field, 2006): 

Resourcism is a philosophy that collectivises the cost of environmental degradation and 

captures the economic benefit of resource use for private gain (Field, 2006). 

Environmentalism is a philosophy that attempts to collectivise the benefit of environmental 

quality but to privatise costs (Field, 2006). 

Sustainable development defines all social problems in terms of three parameters: 

environment, economy, and equity, and projects them in the dimensions of geographic scale 

and time. It requires the optimisation of all three parameters in both dimensions rather than 

the maximisation of any single parameter or dimension. The balance between economic 

growth, human development and the conservation of natural resources lies at the heart of 

sustainable development. Sustainable development is therefore not only a philosophy, but 

also a "way of seeing", a "problem-solving technique" and a social paradigm (Field, 2006). 

"Sustainable development thinking" requires recognition of the complex, dynamic, adaptive 

and evolving nature of the environment as a system. Therefore development needs to be 

based on a constant evaluation of conflicting constraints in the sustainable development 

system with interaction between the three dimensions of environment, equity and economy 

(Field, 2006). 
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The main principle associated with the concept of sustainable development is based on 

"seeing right" and "equity": At the very core of the notion of sustainable development is the 

moral choice to pursue equity in light of a certain consciousness of the linkage between 

human and natural systems in the context of the past and continuing unsustainable practices. 

Equity, and not environmental protection, is the absolute core of sustainable development 

notwithstanding the origin of the concept in texts aimed at environmental protection. 

However, equity requires an enhanced understanding, consideration and respect for our 

precarious and finite environment and the desire to transform our human systems so as to be 

in harmony with the environment (Field, 2006). The concept of equity requires a fairness of 

outcome both now and in the future and must include the following aspects (Brown & 

Corbera, 2003): 

• Equity in legitimacy in institutional and decision-making (inclusion in the process of 

decision-making for development as being instrumental and as a right); 

• 'equity in access (to engage with and participate in the development); 

• equity in outcome (distributing financial benefits). 

This important role of equity as part of sustainable development affects also the integration 

between groundwater (as a natural resource) and land-use (as reflection of the socio-

economic setting) within the VDWHS. This will be evident in the incorporation of the public 

participation process as part of the interaction in the proposed geohydrology-based land use 

management guideline and procedure (as describe in section 6.4). 

3.1.2.2 Global understanding and application of sustainable development 

In 1987, the World Commission on Environment and Development (WCED) published its 
report "Our common Future". This report laid the foundation for the global development of 
the concept of sustainable development on all political and societal levels (Langhelle, 1999). 
The task given to the Commission by the United Nations General Assembly was to formulate 
"A Global Agenda for Change" by proposing long-term environmental strategies for 
achieving sustainable development on an international level. The report resulting from this 
task was one of the first to make use of the word "sustainable development" (Langhelle, 
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1999). In the report, the basis for sustainable development was laid in the fact that the 

message was directed towards people, whose well-being is the ultimate goal of all 

environmental and development policies. Sustainable Development was defined as 

"development that meets the need of the present without compromising the ability of future 

generations to meet their own needs" (Brundtland, 1987). 

Based on this report, the following important aspects of sustainable development became 

globally known: 

• Sustainable development includes physical sustainability: "At a minimum, sustainable 

development must not endanger the natural systems that support life on Earth: the 

atmosphere, the water, the soils, and the living beings" (Brundtland, 1987) 

• Sustainable development is a process - it is more the conservation of development 

rather than the conservation of nature. This implies that the goal of development 

logically comes prior to the proviso of sustainability (Langhelle, 1999). 

• Sustainable development is based on an ethical framework. The equal opportunity 

principle is an inherent part of the concept of sustainable development. There is a 

connection between equity (equal opportunity) and social justice that leads to the 

interpretation that the report Our Common Future is seen as an attempt to create a 

global social-democratic ideology (Langhelle, 1999). 

• The primary goal of sustainable development must be to satisfy human needs. In this, 

needs are given precedence over wants or desires as reason for development 

(Langhelle, 1999). 

• The fact that sustainable development demands that desires be constrained in order to 

safeguard the fulfilment of essential needs stands in contrast to the ideology of liberty, 

which defines "the absence of obstacles to the fulfilment of man's desires" (Berlin, 

1968). 

The term "sustainable development" was defined by the 1995 World Summit on Social 

Development as "the framework for our efforts to achieve a higher quality of life for all 

people" in which "economic development, social development and environmental protection 

are interdependent and mutually reinforcing components" (United Nations, 1995). The 2002 

World Summit on Sustainable Development expanded this definition, identifying the "three 
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overarching objectives of sustainable development" to be: 

• eradication of poverty; 

• protecting natural resources; and 

• changing unsustainable production and consumption patterns (Pope et ah, 2004). 

The concept of sustainable development must in summary be understood as an overall 

normative strategic framework for continuing to work out in detail the necessary balance 

between the three core elements of physical sustainability (including the environment), 

generational equity (including social justice) and global solidarity (including economy), not 

as a fixed blueprint but as a set of basically integrated concepts and values pointing in a 

genuinely different alternative direction (Langhelle, 1999). 

Based on the definition of the concept of sustainable development as well as the global 

application thereof as defined above, it is evident that sustainability is based on ideological 

concepts giving rise to a specific philosophy or thinking pattern: 

• The moral choice to pursue equity is at the very core of the notion of sustainable 

development (Field, 2006). 

• Sustainable development is based on an ethical framework with the equal opportunity 

principle as an inherent part of the concept which requires integration with social 

justice, creating a global social-democratic ideology (Langhelle, 1999). 

• Sustainable development demands that desires be constrained in order to safeguard 

the fulfilment of essential needs (Langhelle, 1999). 

3.1.2.3 Sustainability within the legal and institutional reality of South Africa 

The concept of sustainable development and the interpretation, impact assessments and 

project appraisals in South Africa based on this concept, is highly affected by the local 

political and social status and history of South Africa. As a result of the socio-political 

framework prior to the first democratic election in 1994, black South Africans paid little 

attention to environmental policy issues, as they were seen as tools for racially based 

oppression (Rossouw & Wiseman, 2004). 
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After 1994 an elaborate nation-wide environmental policy process followed and resulted in 

new legislative and administrative requirements based on democratic and participative 

principles. The Constitution of the Republic of South Africa (South Africa, 1996) provides 

for a completely reconstituted governance system reflecting a paradigm shift in the values 

underpinning the South African society, based on the principles of accountability and 

transparency in governance (Rossouw & Wiseman, 2004). 

The concept of sustainable development was framed in the South African context in terms of 

section 24 of the Constitution (South Africa, 1996) by addressing all three core elements 

(environment, economy and equity) by stating that: 

"Everyone has the right: to an environment that is not harmful to their health or well-

being; and to have the environment protected, for the benefit of present and future 

generations, through reasonable legislative and other measures that - prevent 

pollution and ecological degradation; promote conservation; and secure ecologically 

sustainable development and use of natural resources while promoting justifiable 

ecological and social development". 

As a result of the Constitution, a commitment to establish an effective system of 

environmental management and natural resource management and as result of the national 

policy process, a number of laws were promulgated to provide a legal framework with effect 

on the water sector. This is of importance and is discussed with reference to other laws in the 

next section. 
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3.2 Legal and institutional framework 

The legal and institutional framework, including core policies and guidelines in South Africa, 

is playing a major role in the understanding of the relationship between land use and 

environmental factors, including geohydxology. The applicable core policies, legislation and 

guidelines that direct land use and related management within the VDWHS are summarised 

in Table 1 (Schoeman, 2007). 

Table 1: Core policies, legislative framework and guidelines applicable to land use and 
infrastructure management and development within the VDWHS (Schoeman, 2007) 

Policy 
Reconstruction and 
Development Plan (1994) 
Growth, Economic and 
Redistribution Strategy 
(1996) 
White Paper on South 
African Land Policy 
(1997) 
Urban Development 
Framework (1997) 
Rural Development 
Framework (1997) 
Green Paper on 
Development and 
Planning (1999) 
White Paper on National 
Transport Policy (1996) 
Moving South Africa 
(1996) 
White Paper on Local 
Government (1998) 
Strategic Environmental 
Assessment in South 
Africa (2000) 
National Integrated Rural 
Development Strategy 
(2000) 
White Paper on Spatial 
Planning and Land Use 
Management (2001) 
National Spatial 
Development Perspective 
(2003) 
Mining Charter (2003) 
Construction Charter 
(2005) 
King Report on Corporate 

Legislation 

Existing core legislation 
• Constitution of the 

Republic of South 
Africa (108 of 1996) 

• Bill of Human Rights 
(1996) 

• Municipal Structures 
Act (117 of 1998) 

• Restitution of Land 
Rights Act (22 of 1993) 

• Interim Protection of 
Informal Rights Act (76 
of 1995) 

• Prevention of Illegal 
Eviction from Unlawful 
Occupation of Land Act 
(19 of 1998) 

• Reconstruction and 
Development 
Programme Act (79 of 
1998) 

• Municipal Systems Act, 
(32 of 2000) and 
Regulations on 
Municipal Planning and 
Performance, 2001 
(Regulation R796) 

• Development 
Facilitation Act (67 of 
1995) - Chapter 1 
Principles 

• Subdivision of 
Agricultural Land Act 
(70 of 1970) 

• Agricultural Resources 
Act (43 of 1983) 

• Minerals Act (50 of 

Guidelines 

IDP Manuals 
• IDP Guide Pack -
Guide i n - Methodology 
• IDP Guide Pack -
Guide V — Sectors and 
Dimensions 
• IDP Guide Pack -
Guide VI - Implementation 
Management 

f (Department of Provincial 
and Local Government) 

• Resource 
Document on the 
Chapter 1 Principles of the 
Development Facilitation 
Act, 1995 

. (Development and Planning 
Commission, 1995) 

• Strengthening 
Sustainability in the 
Integrated Development 
Planning Process 
• National Framework 
Document — Department of 
Environmental Affairs and 
Tourism, 2002 

Strategic Environmental 
Assessment in South 
Africa 
• Guideline Document 
- Department of 
Environmental Affairs and 
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Governance for South 
Africa (2002) 

• Convention of Biological 
Diversity 

• Minimum requirements 
for the Classification, 
Handling and Disposal of 
Hazardous Waste (Second 
Edition (1998) (DWAF) 

• White Paper on Integrated 
Pollution and Waste 
Management for South 
Africa (2000) 

• White Paper on Water and 
Sanitation (1997) 

1991) 

Draft Legislation 
• Land Use Management 

Bill (Draft 2006) 

Other National Acts that 
must also be taken into 
consideration 
• Advertising on Roads 

and Ribbon Development 
Act (21 of 1940) 

• Fencing Act (31 of 1963) 
• Health Act (63 of 1977) 
• National Building 

Regulations and Building 
Standards Act (103 Of 
1977) 

• Urban Transport Act (78 
of 1977) 

• National Road Traffic 
Act (93 of 1996) 

• National Veld and Fire 
Forest Act (101 of 1998) 

• National Heritage 
Resources Act (25 of 
1999) 

• Land Transport 
Transition Act (22 of 
2000) 

• Wa te rAc t (54o f l956 ) 
• National Water Act (36 

of 1998) 
• Water Services Act (108 

of 1997) 
• Environment 

Conservation Act (73 of 
1989) 

• Physical Planning Act 
(125 of 1991) 

• Less formal Township 
Establishment Act (113 of 
1991) 

• Occupational Health and 
Safety Act (85 Of 1993) 

• Local Government 
Transition Act (209 of 
1993) 

• Housing Act (107 of 
1997) 

• National Land Transport 
Interim Arrangements Act 
(45 of 1998) 

• National Environmental 
Management Act (107 of 
1998) 

• The South African 
National Roads Agency 

Tourism, 2000 

Info Series (DEAT) 
(2004 to 2006) 

Green Paper on 
Development Planning 
(National Development and 
Planning Commission, 
Department of Land Affairs, 
May 1999) 

White Paper on Spatial 
Planning and Land Use 
Management (2001) 

Housing Code (2000) 

Guidelines for the provision 
of engineering services and 
amenities in residential 
township development, CSIR 
(1994) 

Settlement Planning and 
Design, Department of 
Housing (2000) 

DEAT, Integrated 
Environmental Management 
Information Series (2004) 

Municipal Infrastructure 
Grant (2004) Guidelines 
(MEG) 

Other sources: 

> Global Biodiversity 
Strategy: Guidelines for 
action to save, study and use 
earth's biotic wealth 
sustainably and equitably 
(Published by the WRI; 
IUCN andUNEP in 1992) 

*̂ Balancing the 
Scales: Guidelines for 
increasing Bio diversity's 
Chances through 
Bioregional Management, 
(Published by the World 
Resources Institute in 1996). 

Guideline for the 
Management of 
Development on Mountains, 
Hills and Ridges of the 
Western Cape (2002) 
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Limited and National 
Roads Act (7 of 1998) Policy for Development 

• World Heritage Control near Watercourses 
Convention Act (49 of (2002) 
1999) 

• National Heritage 
Resources Act (Act 27 of 
1999) 

• Promotion of Access to 
Information Act (2 of 
2000) 

• Promotion of 
Administrative Justice 
Act (3 of 2000) 

• National Transport 
Transition Act (Act 22 of 
2000) 

• Municipal Finance 
Management Act (Act 56 
of 2003) 

• World Heritage 
Convention Act (49 of 
1999) 

• Biodiversity Act (10 of 
2004) 

• Environmental 
Management: Protected 
Areas Act (57 of 2003) 
(Including the 
Regulations proclaimed 
GNR. 1061 of 28 October 
2005) 

• Provincial Ordinances on 
Town Planning and 
Townships (Transvaal) 
(15 of 1986) and (Free 
State) (9 of 1969) 

• Division of Land 
Ordinance (Transvaal) 
(Ordinance 20 of 1986) 

• Removal of Restrictions 
Act (84 of 1967) 

• Local Government 
Ordinance (Free State) 
(Ordinance 8 of 1962) 

Of these, the following relevant legislation and related policies and guidelines are highlighted 

as it forms the key elements in the management of land use and spatial planning in the light 

of geohydrological realities as part of sustainable environmental options (Schoeman, 2007). 

Their role and implications for groundwater and land use management were discussed and 

applied within the VDWHS. 
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3.2.1 Key Legislat ion and related pol ic ies and statutory requirements 

3.2.1.1 International level 

The World Heritage Convention Act (UNESCO, 1999) and related UNESCO Operational 

Guidelines (UNESCO, 2005) make provision for the establishment of Management 

Authorities for World Heritage Sites. Powers and duties of a Management Authority are 

assigned and described, and include all actions towards the identification, protection, 

conservation, presentation and transmission of the cultural and natural heritage to future 

generations. Management must be based on an Integrated Management Plan which includes 

the management of land use and development matters and related natural resources including 

groundwater. The Management Authority must participate in procedures regarding land use 

and spatial planning. Other land use management and spatial planning considerations from 

the guidelines defined by UNESCO (2005) include the inspection of all properties, the 

protection and conservation thereof and related control measures to ensure integrity of the 

area. 

3.2.1.2 National level 

The Agricultural Land Act (107/1970) regulates the subdivision of farm and agricultural 

land with the National Department of Agriculture acting as the competent authority 

responsible for the processing and approval of subdivision applications. 

The Constitution (1996) applies the principle of equity by defining the rights that everyone 
has to a healthy environment and access to natural resources. It defines that land use and 
development applications, control and management are the responsibility of the provincial 
and municipal sphere of governments. 

The National Heritage Resources Act (25/1999) provides for an integrated and interactive 

system for the management of national heritage resources and is thus applicable to the whole 
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of the VDWHS, in order to promote good governance at all levels. This includes the setting 

of norms and standards for the management and protection of resources. 

The Water Services Act (108/1997) defines the role of water service authorities 

(municipalities, water service institutions, water boards) and minimum standards for basic 

water and sanitation services - giving expression to the principle of equity. 

The National Water Act (NWA) (36/1998) gives a legislative framework to the way in 

which water resources are developed, managed, used, protected, conserved and controlled. 

The aim of the NWA was to introduce integrated water resource management to South Africa 

through a process that focuses on the meeting of basic human needs, equity in access, 

facilitating social and economic development, protection of the aquatic and associated 

ecosystem, reducing and preventing pollution and degradation and meeting international 

obligations. This act requires the licensing of water uses (including groundwater abstraction) 

which is not considered to be a Schedule 1 use in order to be lawful. (A Schedule 1 use is 

water which is used for domestic purposes and basic needs only and is not intended for a 

profit-making purpose.) The water use license is awarded on the basis of the land ownership 

and the licensing process is recommended to run parallel with the environmental process 

needed at new developments, and requires the determination of the groundwater reserve 

component. 

The National Environmental Management Act (NEMA) (107/1998) provides the legal 

framework for environmental management in South Africa and can be seen as a framework 

law providing overarching principles for sustainable development that apply to all activities 

of the state (Rossouw & Wiseman, 2004). It empowers the regulation and control of specific 

new land use activities within VDWHS through the requirement of environmental impact 

assessments related to land use applications. This mechanism enforces measures to prevent 

land uses that are polluting the environment and to mitigate such impacts within the 

VDWHS. The principles as contained in this act must be taken into consideration and 

environmental impact assessments done according to the procedure as defined in guideline 3: 

General Guide to Environmental Impact Assessment Regulations (South Africa, Department 

of Environmental Affairs and Tourism, 2005). 
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The structuring of actions and procedures in this environmental process is of critical 

importance in the integration between geohydrology and spatial planning within the 

VDWHS. A Simplified EIA procedure is presented in Figure 9 with the more detailed 

procedure in Figure 10 (Department of Environmental Affairs and Tourism, 2005, Schoeman, 

2007). In addition to the abovementioned guideline, the content of the Integrated 

Environmental Management Information Series (Department of Environmental Affairs and 

Tourism, 2004a) should also be consulted and applied by landowners and developers within 

the VDWHS (Schoeman, 2007). 

The concept of best environmental practices acts as a point of departure as contained in the 

legal framework and policies as defined by the National Environmental Management Act 

(107/1998), UNESCO operation guidelines (UNESCO, 2005) and application of the 

Regulations for the Proper Administration of Special Nature Reserves, National Parks and 

World Heritage Sites (South Africa, 2005). 

Kidd (2007) summarises the role of this legislation in South Africa in general as the four P's: 

Provisions, Process/Procedure, People and Politics. Due to the fact that legislation is 

determined by politics, he argues that politics is playing a dominant role in the EIA process 

resulting in a practice that leaves much to be desired, and indications are that the EIA is 

reduced in its sphere of application, which is not good news for the environment in South 

Africa (Kidd, 2007). This negative picture is also confirmed by Kotze (2007) arguing that the 

fragmented nature of governance in South Africa contributes to a fragmented environmental 

management that inhibits the achievement of sustainable environmental governance in terms 

of land use issues (Kotze, 2007) 

47 



Legal framework 

Determine the route the 

r 

application should follow 

i r i f 

Basic assessment w Scoping procedure ► Basic assessment Scoping procedure «— 

i F 

EIA procedure «-

r i r I V 

Revise 
application / 
documents 

Decision to 
grant or refuse 
authorisation 

Decision to 
grant or refuse 
authorisation 

Revise 
application / 
documents 

1 ' i r 

Appeal procedure 

Figure 9: Simplified procedure for EIA processes in the VDWHS (Department of Environmental Affairs and Tourism, 2005, Schoeman, 2007) 
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Figure 10: Detailed procedure for EIA processes in the VDWHS (Department of 
Environmental Affairs and Tourism, 2005, Schoeman, 2007) 
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The National Environmental Management: Protected Areas Act (57/2003) aims to 

provide for the protection and conservation of ecologically viable areas, proper 

administration of special nature reserves, national parks and world heritage sites. 

The Biodiversity Act (10/2004) provides for Biodiversity Planning and Monitoring in line 

with National environmental management principles and within the National biodiversity 

framework. 

The National Water Resource Management Strategy (DWAF, 2004b) was developed to 

provide a legal framework for the implementation of the NWA through IWRM principles for 

management on national and on catchment levels. The country was divided into 19 Water 

Management Areas, with the study area falling within the Upper Vaal Catchment Area 

(Figure 11). 
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Figure 11: Water Management Areas in South Africa (DWAF, 2004b) 
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The whole of the Regulations for the proper administration of Special Nature Reserves, 
National Parks and World Heritage Sites (South Africa, 2005) is applicable to the 

VDWHS in order to guide land use and development. The application of the SAHRA 
guidelines is fundamental to land use and development within VDWHS. It provides amongst 

others for notification to, and approval by SAHRA of certain types of land developments. 

Compulsory assessments and reporting on potential impact of such land development on the 

heritage resources are included in these requirements (Schoeman, 2007). 

3.2.1.3 Provincial and regional application 

The Development Facilitation Act (67/1995) stipulates that a provincial tribunal may 

suspend laws, plans, measures, standards, controls etc. related to any land development 

within the VDWHS. This legislation sees the Management Authority as being an affected 

body having an opportunity to lead evidence on the nature and impact of the application. 

Within the VDWHS area the tendency is that most land use changes and applications 

processed are based on the provisions of the Development Facilitation Act (67/1995) and 

the Physical Planning Act (125/1991) (Schoeman, 2007). The DFA is used in the North-

West Province where the ultimate transfer of properties is envisaged. Where a property owner 

intends to develop a property for the purpose of giving access to the general public and non-

permanent residence is foreseen, a permit is applied for in terms of the Physical Planning Act 

(125/1991). In the Free State Province, the Subdivision of Agricultural Land and 

establishment of residence on agricultural land is in use (Plan Centre & LMV, 2006). 

The Internal Strategic Perspectives (ISP) (DWAF, 2004a) was introduced for each 
catchment in order to capture current resource management practices and for setting up 
guidelines for the development of Catchment Management Strategies. The aim of this process 
is to give a common approach and understanding of how DWAF reviews IWMS and guides 
officials in their task as IWRM managers (Botha, 2005). The outcome of this ISP for the 
Upper Vaal Catchment Area laid important foundations for this study (DWAF, 2004a) 

There is a need for the compilation of a land use management system (LUMS) and a land 
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use scheme (LUS) for the VDWHS. This compilation will bring uniformity in the area 
divided in land use and spatial management due to the institutional reality (divided by 2 
provinces and 3 local municipalities). The same points of departure for land use management 
and spatial planning is needed to be followed for the total VDWHS in order to simplify land 
use change procedures and related studies. The LUMS and LUS for the VDWHS then have to 
be included as an annexure to the LUMS and LUS prepared for the local municipalities 
(Schoeman, 2007). 

Proposals towards an Integrated Land Use Management Scheme for both the Free State and 

North West Province for the VDWHS were given in May 2006, prepared for the North-West 

Province Department of Agriculture, Conservation, Environmental and Tourism, and the Free 

State Department of Tourism, Environmental and Economic Affairs (Plan Centre & LMV, 

2006). Although a comprehensive guideline was compiled for development in the area to 

ensure an effective land use policy, no direct implementation is forthcoming from this project 

(de Jager, 2008). Despite this thorough study with the aim to ensure effective land use control 

in the area through a Land Use Management Scheme, the urgent need for a land use and 

spatial planning tool still exists, as required by the Municipal Structure Act (117/1998) and 

the Municipal Structure Amendment Act (20/2002) as part of the Spatial Development 

Framework at municipal level. 

In order to move towards the development of a local Land Use Schemes for the North-West 

Province, the Department of Developmental Local Government and Housing embarked on a 

project to draft a Land Use Policy (Department of Developmental Local Government and 

Housing, 2008a) and a Land Use Management Bill for the North-West Province in order to 

streamline, consolidate and improve the land use management system in a sustainable way 

(Department of Developmental Local Government and Housing, 2008b). Although special 

focus is given in this proposal to establish a more coordinated cooperation between the land 

use and the Environmental Impact Assessment procedures, the draft does not include close 

cooperation with DWAF regarding water use licensing in the detailed process. The National 

Water Act (36/1998) is not included in the regulatory framework defined in the Land Use 

Policy (Department of Developmental Local Government and Housing, 2008a). Special 

reference was made in the draft bill to land falling within a world heritage site with 

recognition of the role of a competent authority (Department of Developmental Local 

Government and Housing, 2008b). 
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3.2.1.4 Municipal level 

The Municipal Structure Act (117/1998) defines the function of a district municipality to 

include roads, bulk services and promotion on tourism. 

The Municipal Systems Act (32/2000a), in combination with the Municipal Structures 

Amendment Act (33/2000b) and Local Government: Municipal Planning and 

Performance Regulations No. 7146 (2001), define a number of obligations for 

environmental management and sustainable development by local government that must be 

accommodated and reflected in the institutional framework and policies in the local 

government authority. These policies and statutory requirements create a special role for local 

government in environmental management and require the environmental sustainable issues 

to be integrated into municipal planning (Rossouw & Wiseman, 2004). As these requirements 

are of utmost importance to the water sector in South Africa and directly applicable to this 

study, the following aspects are highlighted (South Africa, 2001): 

providing municipal services in a financially and environmentally sustainable 

manner; 

promoting a safe and healthy environment; 

- the preparation of an integrated development plan (IDP) to provide a 

framework for the developmental role of local governments; and 

- strategic assessment of the environmental impact of the spatial development 

framework for each local government contained in the IDP. 

This legislation provides guidance with regard to the formulation of a Spatial Development 

Framework (SDF) as a component of the IDP on municipal level (Maxim, 2008). The SDF is 

of importance to this study and is described in section 6.1. 
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3.3 Effect of the Legal and institutional framework 

3.3.1 Effect of the legal and inst i tut ional f ramework on sustainabi l i ty and the water sector in 

South Afr ica 

The legal and institutional changes in South Africa and the legal framework-related principles 

as listed above have changed the water industry of the country, and are reflected in the 

change of project character in the water sector over the last 15 years. The focus of the 

regulatory perspective has changed from a nationally based water supply focus to a locally 

based sustainable focus as schematically presented in Figure 12 (Pretorius, 2008a). Water 

supply projects started in 1994 on a high national level with the Presidential lead projects, 

followed in 1995 by the Reconstruction and Development Programme (RDP). A more locally 

based approach developed after 1997 with the introduction of the Consolidated Municipal 

Infrastructure Programme (CMIP) and the partnership with the private sector in the Build, 

Operate, Train and Transfer (BOTT) programme. As of 2003, capital works in the water 

industry from the regulatory perspective are dominated by the Municipal Integrated Grants 

(MIG) projects with focus to support institutional transformation and sustainable service 

provision. This is supported by the focus on local government and related restructuring and 

donor coordination which enable authorities to apply the principle of sustainability as 

introduced by the National Water Act (36/1998). 

Figure 12: Project development - water sector in South Africa (Pretorius, 2008a) 
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Although the legal and constitutional framework in South Africa is supporting sustainable 

development, the application thereof within the institutional reality within South Africa is 

still very problematic and the following challenges are specific to the national environmental 

policy arena and applicable to this study: 

• Environmentally related legislative functions are fragmented across various levels of 

government (national, provincial and local) and the administrative distribution of 

functions is even more complex and fragmented (Rossouw & Wiseman 2004). This 

gives rise to a gap in groundwater and land use integration specifically on project 

level. 

• The increased responsibility resting on local governments to act as developmental 

agents, within a framework of inequality within municipal areas also gives rise to 

problems during implementation of the concept of sustainable development. 

(Rossouw & Wiseman, 2004). The supposed role of the local authority within 

groundwater management as reflected in this study is evident. 

• The socio-economic setting within South Africa is painting a bleak picture and 

"poverty, crime, state performance and civic responsibility are the challenges that 

need to be addressed to ensure that South Africa progresses on a sustainable pathway" 

according to the Ten Year Policy Review (The Presidency, 2003). 

• A key weakness of the environmental policy process in South Africa has been the lack 

of structural implementation logic. The absence of a strategy and action plan to put 

NEMA into action within the institutional reality remains a key logical gap in the 

implementation of the national policy framework. The principles contained in NEMA 

have therefore not been translated into an operational framework for environmental 

management and sustainable development. In practice therefore, the EIA system is 

driven by administrative needs and not by principles for sustainable development 

which emerge in NEMA. A clear link from national policy to local delivery was not 

established, even though municipalities are in the front line of social and economic 

development (Rossouw & Wiseman, 2004). 

Sustainable development with all three core elements in South Africa is therefore dependent 
on the addressing of these challenges on an integrated basis. This includes the effect of all 
development on natural resources (environment), national economy and society (equity). 
Based on the past and current socio-economic development, it is better to urge a broad-based 
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appropriation and institutionalisation of "sustainable development thinking" rather than to 

call for the strengthening of "environmental protection" measures. The environment stands a 

better change of being valued, respected, conserved, protected and enhanced if the focus is on 

sustainable development (Field, 2006). 

Because the EIA procedures have moved closer to an environmentalism paradigm in South 

Africa, compliance with the EIA regulations is not in itself sufficient to show a commitment 

to and a meeting of the requirements of sustainable development. A more integrated and 

involved approach is needed by all engaged in development. This involves "seeing rightly" 

and commitment to equity through integration and transformation (Field, 2006). 

Walmsley et at. (2001) proposed five water management themes to act as indicators to 

evaluate sustainable development within the water sector. These indicators should be 

evaluated on an integrated basis in order to reflect the concept of integration that lies at the 

heart of sustainable development (Field, 2006): 

• socio-economic indicators; 

• available water balance; 

• waste and pollution; 

• resource condition; and 

• policy and management aspects. 

The key issues that should be considered for inclusion in a catchment sustainability indicator 

set for South African conditions include (Walmsley et al, 2001): 

• The destruction of ecosystem integrity, which may lead to biodiversity and habitat 

loss. These can be assessed through monitoring of high species and key species or 

community assessments. 

• Waste production which leads to pollution of the environment and a deterioration of 

water quality. 

• Water quality problems. 

• Resource use (including use for recreational purposes and resource harvesting) and 

water availability. 

• Terrestrial ecosystem condition which has an impact on water resources. 
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• Population growth with the effect on development requirements, resource use and 

sustainability. 

The core indicators that are finally decided upon in a specific situation should meet the 

requirements of stakeholders in the catchment (Walmsley et at., 2001). The following 

indicators (grouped according to the three dimensions of sustainable development) are 

included in the integrated management approach on sustainable land use recommended for 

available groundwater within the Vredefort Dome World Heritage Site: 

1. Environmental 

water balance and availability of water; 

assessment of the ecosystem integrity; 

water quality assessment. 

2. Socio-economical 

assessment of waste management; 

water use for human activities; and 

long term projections of change in water use and demand. 

3. Equity 

reserve determination and minimum need for water supply; and 

stake holder engagement. 

The application of these indicators is believed to work towards a sustainable usage of 

groundwater within the VDWHS in order to avoid long-term deterioration of the overall 

resource in terms of any measurable criteria according to the definition of sustainable usage 

of groundwater as defined by Wright & Xu (2000). 

In conclusion, to move forward towards sustainable development in South Africa, the 

following aspects must be addressed on a national basis. It is also argued that although small 

in dimension, this study contributes to achieve this: 

• Development of a knowledge base: The national coordination of environmental 
management must become a knowledge organisation to include the evaluation and 
monitoring of the impact and effectiveness of NEMA. Without the understanding of 
the quantitative impacts on natural resources and changes to society and the national 
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economy that the environmental policy has produced, there is no way that its efficacy 
can be judged (Rossouw & Wiseman, 2004). 

• The core value of sustainable development and the spirit of this philosophy are found 

in the spiritual concept of equity. In order to move towards sustainability more is 

required than the application of the law. The law is a complicated tool leading to a 

complex application towards management of society addressing only the "soul" of the 

philosophy. The law therefore does not reflect the original purpose, but only the 

"institutionalisation" thereof and therefore leads to a complex network-yoking 

society. In order to address the concept of equity in the preparation of the IMP for the 

VDWHS, the incorporation of human perceptions was done through the participation 

process (AGES, 2007). 

• Sound water resource management is one of the key components of sustainable 

development (Walmsley et ah, 2001). The integration of groundwater as a strategic 

source within the VDWHS with land-use depending .on socio-economic indicators 

towards sustainable development is therefore argued in this thesis. 

3.3.2 Application in the VDWHS 

The legal framework above reflects a complicated, fragmented and uncoordinated land use 

framework for the VDWHS due to the following aspects: 

• As a result of the provincial border, some statutes are applicable to only one 

province in the study area. 

• In order to be managed as a world heritage site, all land within the VDWHS will 
be subject to relevant international and national statutory frameworks. 

• The Management Authority to be instituted needs to understand its role in the 

context of the policy and legislation. 

• Land use management is hampered by a complexity in legislation that causes a lot 

of confusion within regulatory governance spheres, increasing the administrative 
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burden, contributing to the fragmentation of land use decision-making and related 

procedures, and results in the fact that national policies are not effectively 

reflected (Department of Developmental Local Government and Housing, 2008b) 

The institutional and legal frameworks define and express the need for the implementation of 

an Integrated Management Plan through a Management Authority that must act as an 

exclusive body to guide, assess and manage the impacts of development (present as well as 

future) within VDWHS through its mandate to protect the integrity of the area through 

cooperation with existing spheres of government and organs of state (Schoeman, 2007). The 

important role of the IMP and the complex nature of the land use processes are summarised 

in Figure 13 and show the alignment and interface between policy, legislation, institutional 

structures and the existing knowledge in the VDWHS (Schoeman, 2007). 
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Figure 13: Alignment and interface between policy, legislation, institutional structures and 

existing knowledge in the VDWHS (Schoeman, 2007). 
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Within the complex nature of the legal framework as displayed in Table 1, the following 

statutory realities act as a baseline framework in the guidance of this process and as a basis 

for the operation of the Management Authority in the VDWHS. Based on the key legislation 

and related policies and statutory requirements, the following management recommendations 

regarding geohydrology and the role thereof in the determination of a spatial development 

framework in the VDWHS are therefore made: 

• UNESCO (1999, 2005): Ensure the involvement of the Management Authority in the 
management of groundwater as a strategic natural resource. 

• UNESCO (1999, 2005): Ensure the participation of the Management Authority in 
procedures regarding land use and spatial planning. 

The Agricultural Land Act (107/1970): The status of groundwater as a natural 
> 

resource and the environmental impact have to be defined and the impacts quantified 

during application for subdivision of land. This is necessary as the subdivision of 

agricultural land in the VDWHS will increase current population densities with 

negative impacts on conservation and the protection of biodiversity (Schoeman, 

2007). 

The National Water Act (NWA) (36/1998): The Management Authority must be 

familiar with the legislative framework regarding the way in which water resources 

are developed, managed, used, protected, conserved and controlled. 

The National Water Act (NWA) (36/1998): The Management Authority must ensure 
that correct water authorisation procedures are in place within the VDWHS. Due to 
expected reduction of the EIA process in its sphere in South Africa (Kidd, 2007), the 
regulations regarding the licensing of water uses related to land use activities as 
defined in the NWA (36/1998), need to be incorporated in land use management and 
spatial planning in a much more direct manner, and not indirectly through the EIA 
process. 

The National Environmental Management Act (NEMA) (107/1998): The 
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Management Authority must take the principles as contained in this act into 

consideration and ensure that environmental impact assessments were done according 

to the defined procedures as part of and prior to any development and land use change 

application. 

• The Development Facilitation Act (67/1995) and the Physical Planning Act 

(125/1991): The Management Authority must ensure its registration and recognition 

as an affected party during the application of this legislation within the VDWHS as 

well as during the related Environmental Impact Assessment Process. 

• The Management Authority must prioritise to address the need for the compilation of 

a land use management system (LUMS) and a land use scheme (LUS) for the 

VDWHS. 

In summary, the normative guiding principles as listed in application to spatial planning and 

landiise management in the North-West Province can also be applied to the VDWHS (South 

Africa, Department of Developmental Local Government and Housing, 2008a): 

• Principle of sustainability: The principle of sustainability requires the sustainable 

management and the use of resources making up the natural and built-up 

environment. 

• Principle of equality: The principle of equality requires that everyone affected by 

spatial planning, land use management and land development actions or decisions 

must enjoy equal protection and benefits, and no unfair discrimination should be 

allowed. 

• Principle of efficiency: The principle of efficiency requires that the desired result of 

land use must be produced with the minimum expenditure of resources. 

• Principle of integration: The principle of integration requires that the separate and 
diverse elements involved in development planning and land use should be combined 
and coordinated into a more harmonious whole. 

• Principle of fair and good governance: The principle of fair and good governance 

requires spatial planning; land use management and land development, to be 

democratic, legitimate and participatory. 
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4 GEOHYDROLOGICAL ASSESSMENT OF THE VDWHS 

Groundwater management objectives in South Africa have changed dramatically on a 

national level over the last 10 years and groundwater became a significant component of 

integrated water resource management as was foreseen in the National Water Act (36/1998). 

We are now in a new phase of groundwater resource assessment in South Africa that takes 

groundwater from private ownership status to a significant part of Integrated Water Resource 

Management (Braune, 2000). 

The NWA (36/1998) changed the status of groundwater from a private to public resource. 

This coincided with a greater recognition of the importance and role of groundwater as a 

water supply source (Saayman, 2005). 

This study contributes to the national objectives and principles defined for geohydrological 

assessments in this new era as it is in line with the key principles as defined by Braune 

(2000), which are: 

• The information product developed in this geohydrological assessment is focused to 

provide a management tool to the "main user focus area", which is the Management 

Authority of the VDWHS in the case of this study. 

• The development of spatial referenced data is part of the end product and contributes 

to the geo-referential data sets on the national level. 

• The study contributes to the development of a "standard toolbox of methodology" in 

geohydrology as it addresses the specific role of groundwater in land use and spatial 

planning. 

• The study is site specific and the priorities to be addressed for this specific region and 
its related management are addressed. 

In order to be in line with national standards regarding geohydrological assessments, the 

study addressed the following aspects as defined by DWAF (2008a): 

• This assessment is the first step towards the integrated water resource management 

(IWRM) process in the VDWHS. 
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• It determines the status quo in terms of water quantity and quality of the groundwater 
resources in the VDWHS. 

• It defines the geographic extent of the aquifer systems in the VDWHS. 

• The study determines the aquifer resource capability with respect to sustainability. 

• It summarises water requirements in light of expected demographic and socio-

economic changes in the VDWHS. 

An assessment of the geohydrological character of the VDWHS is needed as a basis in order 

to develop a groundwater management plan reflecting the principles of integration and 

sustainability. This assessment is based on the groundwater character and potential of the 

study area, which depend on the interaction of the following factors (Pearson et at., 2002): 

• The character of the geology and related groundwater aquifers: A higher groundwater 

potential is normally associated with fractured and non-homogeneous rocks, contact 

between two rock types of different competency associated with locally significant 

dykes and structural features. 

• The availability of surface water and the potential recharge from surface water 

drainage: A higher groundwater potential is normally associated with areas where a 

higher level of interaction between surface water flow and aquifers occurs. 

• The existing groundwater practices and land use of the area. 

In order to define the groundwater character based on these natural and social environmental 

factors in an integrated and sustainable manner, the following are included in this assessment: 

• The status of the groundwater defined by means of the assessment of the regional 

geohydrological setting of the study area, a geohydrological status assessment based 

on aquifer identification and description, hydrocensus results representing social 

issues, water flow and quality description and the determination of a groundwater 

balance. 

• A geohydrological risk assessment. 

This assessment was then used to develop a groundwater resource management, protection 

and monitoring plan with the definition of management measurements, monitoring 

requirements and recommended management options (chapter 5). 
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The geohydrological assessment of the VDWHS done in this study applied the following 

criteria for a successful assessment as specialist input during the environmental management 

process as defined by Pretorius (2008b): 

• The water balance must be assessed as part of the regional geohydrological evaluation 

within the setting of the total environmental framework. 

• A regional structural geological approach must form the basis for the assessment. 

• The assessment must take related specialist studies into account. 

• Effective participation of affected and involved parties including coordination with 

authorities must be ensured. 

In order to see the geohydrological assessment of the VDWHS and integration thereof in land 

use management and spatial planning in perspective, the geohydrological framework in the 

South African context is discussed as background. 
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4.1 Geohydrological framework in South Africa 

4.1.1 Geohydrology as a specialist tool within environmental management 

The availability and potential of groundwater as a strategic natural resource should play a 

major role in land use management and the planning thereof in areas which are not serviced 

by surface bulk water supply systems in South Africa. In this context, a geohydrological 

assessment can therefore be regarded as an essential aspect of the environmental assessment 

needed in support of the spatial planning and land use management in these areas. 

This will only result from the effective use of geohydrology as a specialist tool within the 

environmental impact assessment process prior to land use and spatial planning and related 

determinations. This thesis will argue that the important role of geohydrology has been 

neglected in this process in the past, leaving a negative impact on land use and environmental 

management practices and on the results thereof. 

4.1.1.1 Historical background on the role of geohydrology 

A historic overview on the role and development of geohydrology in South Africa gives an 

indication why we inherit a framework of spatial development and environmental 

management neglecting the important role of geohydrology. It also explains why until 

recently, groundwater in South Africa has been managed in isolation from surface water and 

not as part of the total natural water resources, leading to unsustainable groundwater 

management and resource degradation as reported by Wright & Xu (2000). 

Groundwater usage in South Africa started with the use of hand-dug wells and springs 
complimenting surface water use (Vegter, 1987). An interesting report on the geology of the 
now Limpopo Province and Zimbabwe resulting from an ox-wagon geological exploration, 
describe the geology with reference to a day to day travel from spring to spring through the 
"Zoutpansberg district" - an area with no spring recorded today (Trevor and Mellor, 1908). 
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After the advent of the drilling machine in 1880 and of the windmill shortly thereafter, the 

groundwater industry developed over a century to a point were 1800 x 106 m3/a (nearly 15% 

of South Africa's total annual consumption) was obtained from groundwater resources 

(Vegter, 1987). Despite this growth, Vegter reported that misconceptions regarding 

groundwater occurrence, movement and exploitation potential were the order of the day. 

Groundwater resources were viewed either as virtually limitless, or as so restricted as to be 

worthless for public water supplies. 

Over the next 20 years, this consumption grew to 3 360 x 106 m3/a with an expected increase 

of 3.4%/a (Vegter, 2001). In order to explain the technical and scientific development of 

geohydrology associated with this growing demand in groundwater, Vegter (2001) defined 

five time frame eras as follows: 

• Pre-geophysical era (1880 to 1935): In this era geological and experimental 

information played a major role in groundwater development. 

• Geophysical borehole sighting era (1936'-to 1955): During this era the focus in the 

groundwater industry was on the development of geophysical methodologies in 

effective borehole sighting. 

• Era of "Quest for quantification" (1956 - 1976): This era was related to the Water Act 

of 1956 and marked the first defined need for proper groundwater development and 

management. 

• The era of expanding activities (1977 - 1997): During this era the Directorate of 

Geohydrology developed as part of the DWAF, as the socio-political setting in South 

Africa changed, and reconstruction and development programs were implemented by 

government. 

• The Integrated Water Resource Management era (1998 - to date): During this era, the 
new National Water Act (36/1998) was implemented and integrated water resource 
management developed within the water sector (described in section 3.2.1). 

From this historical review it is evident that the Integrated Water Resource Management 
approach is still in a young phase in the groundwater industry. A combination of the 
generally wrong perceptions regarding groundwater as a science, and the fact that 
groundwater is a mainly "invisible natural resource" contribute to the lack of integration with 
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related land use and spatial realities. 

4.1.1.2 The role of groundwater in South Africa 

Although neglected in the past, and regardless of these negative perceptions, groundwater is 

playing an important role in the water sector in South Africa: 

• South Africa is a relatively dry and drought prone country with rainfall generally low 

and erratic. A total of 21% of South Africa receives less than 200mm/a and the 

country is ranked globally amongst the twenty most water-scarce countries. Over 80% 

of South Africa is underlain by relatively low-yielding, shallow, weathered and 

fractured-rock aquifer systems (Woodford et al., 2005). 

• Approximately 15 million people in South Africa rely on groundwater to some degree 

(DWAF, 2004a). 

• After identifying a total of 12 million people in South Africa lacking water for basic 

human needs in 1994, a total of 4 million of these people were reported as being 

served with basic water supply from groundwater sources (DWAF, 2004a). 

• Approximately 90% of a total of 14 000 rural villages in South Africa is served with 

groundwater (DWAF, 2004a) 

• Haupt (2001) concluded from his exploitation potential assessment that groundwater 

availability in South Africa can be as high as 19 000 x 106 m3/a. 

• As reflected from surveys and projects in the Limpopo Province, groundwater acts as 

a sole source for water supply to the majority of health and education institutions 

throughout South Africa (Department of Health and Social development, 2008) 

• Groundwater is used throughout South Africa, with national irrigation comprising 

64% of groundwater use, while mining and domestic consumption in urban areas, and 

rural areas, each use 8%. The groundwater use is schematically illustrated in Figure 

14, with radius of circles in ratio to the scale of lxl06m3/a (Department of 

Environmental Affairs and Tourism, 2006). 
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Figure 14: Groundwater use in South Africa (Department of Environmental Affairs and 
Tourism, 2006). 

In conclusion, groundwater can be considered to be of strategic importance as it represents an 

important resource in conjunctive use for bulk and local use, for extensive irrigation, for 

some areas as sole source and a critical resource in time of drought (DWAF, 2008a). 

This important role of groundwater cannot be overemphasized as South Africa is already 

classified as a water-stressed country, having resources that cater for less than 1700 mVyear 

per person (Vivier, 2006). 
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As surface water resources proved inadequate in South Africa, groundwater increased in 

importance and a regional plan was outlined in 1994 to ensure proper management of 

groundwater on the basis of provision of information and public awareness (Levitz, 1994). 

The incorporation of groundwater management as part of the total natural water resources 

was accordingly addressed on legal and policy level through the development of the Water 

Services Act (108/1997), followed by the development and implementation of the new 

National Water Act (3 6/1998). 

This legal framework fundamentally reforms the law related to water resources and 

recognises water as a scarce and unevenly distributed national asset that belongs to the people 

of South Africa. It provides the DWAF with the mandate to protect, use, develop, conserve, 

manage and control the country's water resources in an integrated manner and provides a 

legal basis upon which to develop tools and the means to effect this mandate (DWAF, 2007). 

4.1.1.3 Integration of geohydrology in spatial planning » 

As a result of the implementation of the NWA (36/1998) and due to a rising public awareness 

of the importance of water as a natural resource, the concept of Integrated Water Resource 

Management (IWRM) developed with a positive effect in the water sector in South Africa 

(Botha, 2005). This culminated at the legal and policy level in the alignment of the 

authorisation of water use with the environmental authorisation processes as part of 

cooperative governance (DWAF, 2007). The process of integration in South Africa followed 

a more global trend in the water industry (Oyebande, 1975). 

Viewing the concept of IWRM through the implementation of the WSA and NWA, it became 
clear that the groundwater resources form an integral part of the water sector today. As a 
result, and as an example of the application of the concept of integration in the water sector, a 
groundwater information system was developed by the DWAF and applied in the Limpopo 
Province (Botha, 2005). This integration between surface and groundwater, and alignment 
between water use and environmental management, provided a sound basis for sustainable 
groundwater usage within the framework of environmental management. 
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The integration based approach regarding groundwater resource management culminated in 

the production of a new guideline for the assessment, planning and management of 

groundwater resources in South Africa (DWAF, 2008b). The evaluation of the proposed 

assessment methodologies defined in this guideline indicated that the following integration 

aspects were included as part of the overall scope of IWRM: 

• interaction between surface and groundwater; 

• the contribution of groundwater to base flow; 

• integration between groundwater and socio-economically related actions (water use, 

interaction between people, social setting); and 

• the direct interaction between aquifer systems and adjacent ecosystems. 

Due to the greater focus on integration during the process of Geohydrological Assessments, 

this guideline gives a detailed description regarding the public participation process as part of 

the geohydrological assessments (DWAF, 2008b). This focus on the managing of a public 

participation process as part of a geohydrological procedure reflects the importance of the 

integration process towards sustainability. 

The NWA (36/1998) requires a balance between use and protection of resources. The 

approaches that are targeted to protect water resources are described as "Resource Directed 

Measures" (RDM). With a focus on groundwater, this strategy is known as "Groundwater 

Resource Directed Measures" (GRDM). It is important in the assessment to comply with this 

strategy. GRDM allows the use and protection of the entire groundwater resource to be 

addressed holistically (Parsons & Wentzel, 2007). In line with this strategy, specific 

guidelines for determining the scope of Geohydrology in EIA processes were defined by the 

Provincial Government of the Western Cape, Department of Environmental Affairs and 

Development Planning (Saayman, 2005). 

Despite the progress and sound foundation in the integration of geohydrology in the IWRM 
strategy, the importance of geohydrology as a strategic resource is not consistently reflected 
in procedures related to land use management and spatial planning in South Africa and the 
evidence thereof in the VDWHS will be highlighted in this study. Huge challenges lie ahead 
in light of constant tension between development and availability of groundwater (as a 
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natural resource and as part of the environmental ecosystem). An informing process lies 
ahead to inform land use planners and developers of the importance of groundwater as a 
strategic resource. 

The neglecting of the importance of groundwater is still evident in the spatial and land use 

planning sector and other applications where geohydrology is relevant: 

• The Decision Support System (DSS) design by the DWAF, as part of an acting tool 

(to be used by decision-making bodies) to assess the impacts of change in land use on 

catchment systems does not reflect the importance of geohydrological assessment 

(Water, 2001) and still affects the practice to date. 

• The National Water Resource Strategy sets a legal framework for implementation of 

IWRM principles on a national scale and also sets a framework within which water 

resources have to be managed at catchment levels (Botha, 2005). This strategy " 

conveys the message that groundwater plays a marginal role due to a perceived lack 

of reliability and lack of information (DWAF, 2004b). This contributes to the general 

perception that groundwater is not an important resource to be taken into account 

during regional spatial planning. 

• At conferences, workshops and in literature, statements were made in the water sector 

reflecting an underestimation of the importance of groundwater as a strategic resource 

(Vivier, 2006). 

Based on experience and reference within the African context, Botha (2005) argued 

that in developing countries such as South Africa, the neglect of groundwater in 

IWRMP "may even be more frequent" in comparison with ignorance of groundwater 

as reported for the USA (Gxigg, 1996). 

There is a gap in the application of the authorisation of water rights within newly 

proposed applicable provincial and municipal legislation and spatial framework in the 

VDWHS, as will be discussed in section 6.3. 
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It is important to contribute to the growing integration between geohydrology and land use in 

South Africa by application in areas where the need exists for an integrated management 

approach as a basis for sustainable development. Such a need exists in the Vredefort Dome 

World Heritage Site where a geohydrological assessment and associated management 

procedures to manage, measure and monitor the status of the geohydrological resources have 

to form the basis of spatial planning and land use guidelines due to the limited supply of 

surface water resources. 

This thesis focuses on the interface and integration between geohydrology (as an important 

component of environmental management) and spatial planning and land use management. In 

the application of this focus in the VDWHS, it contributes to the development of an 

Integrated Management Plan available as a basis for future development and management 

within this area (AGES, 2007). 
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4.2 Geohydrological status assessment of the VDWHS 

4.2.1 Regional geohydrological setting 

The study area is situated within the area covered by the 1:500 000 general hydrogeological 

map series, Johannesburg 2526, as compiled by Barnard (2000). On this map, different 

hydrogeological units were defined for the regional area based on lithology, stratigraphy and 

the character of the related geological formations. Although simplified on a scale of 

1:500 000, it illustrates the application of the same principles that were used in the 

delineation of different groundwater zones in this study. 

According to the evaluation by the Groundwater Resource Directed Measures software 

application, the study area, which is mainly an intergranular and fractured rock type aquifer, 

shows a borehole yield median of between 0.5 to 2 1/sec (GRDM, 2008). 

4.2.2 Aquifer description within the VDWHS 

Different aquifer types can be expected in the regional setting of the VDWHS and include the 

following (Barnard, 2000): 

• Intergranular aquifers: associated with loose and unconsolidated and weathered 

material in which groundwater is stored and transmitted through intergranular voids. 

This type of aquifer is found in weathering associated with drainage systems. 

• Fractured aquifers: associated with hard and compact rocks in which fractures, 
fissures, open faults and joints occur that are capable of storing and transmitting 
groundwater. This type of aquifer is found in the study area, underlain by the 
Witwatersrand Supergroup, intrusive rocks, granites and the basement complex, the 
contacts between different rock types and to a lesser extent in the Ventersdorp lava. 

• Karst aquifers: associated with carbonate rock in which groundwater is stored and 
transmitted through cavities and fractures. This type of aquifer is found in a small 
portion of the north-west area of the study area underlain by the Chuniespoort Group. 

• Intergranular and fractured aquifers: aquifers that represent a combination of 
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intergranular and fractured aquifers where the intergranular interstices serve primarily 

as the storage of groundwater and the fractures for groundwater transmitting. This 

type of aquifer is found in the rocks which underlie the intergranular aquifers. 

Aquifers in the VDWHS include both main groundwater aquifers as described by Heath 

(2004): 

• The aquifers which are located closest to the surface and are in contact with the 

atmosphere are considered to be unconfined aquifers. Direct interaction between 

surface and groundwater as well as groundwater vulnerability to surface activity are 

evident within these aquifers. 

• Deeper aquifers overlain by more solid geological layers are described as confined 

aquifer systems and are characterised by high hydraulic pressure in boreholes 

reflected in the significant rise of water level above groundwater strike during drilling. 

These aquifers are more protected from poor quality surface seepage and recharge 

from the surface. 

The physical parameters of the different rock types in the study area are playing a major role 

in the geohydrological assessment and are used spatially to define and present the 

groundwater potential and aquifer character of the VDWHS (Figure 15). Different 

stratigraphic units and related groundwater potential areas form mainly NE - SW elongated 

trending zones with difference in local groundwater potential. 

The different rock types presented in Figure 15 are described in the next paragraph. This 

classification and presentation also contributes to the identification of the different 

groundwater management units (section 4.3). 
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Granite, gneiss and intrusive rocks in general exhibit a low groundwater potential with a 

recharge probability of 3-4 % of mean annual precipitation (MAP) (DWAF, 2006a) as 

indication of groundwater potential. Local variation in texture occur in the granites and 

gneisses of the hub of the Dome (Bisschoff, 1999), giving rise to a variation in weathering. In 

combination with faults and dykes and the availability of surface water infiltration in 

drainage systems, specific zones within the granite do present a target for successful borehole 

development. 

Quartzite dominated successions giving rise to the development of prominent hills 

throughout the study area and a low groundwater potential occur due to the near-surface 

nature of the beds that form the bedrock (Brink et aL, 2005b). A recharge probability of 

between 3-4 % of the MAP is reported for quartzites from the Witwatersrand Supergroup 

(DWAF, 2006a). Local linear aquifer development is typical of the quarts dominated 

successions associated with cracks and fissure zones along dykes, faults and shear zones 

(Brink et aL, 2005b). A combination of the presence of an intergranular aquifer in overlaying 

alluvium and the availability of surface water infiltration, can give rise to localised higher 

potential zones in these areas. 

Lavas and basalts define a low groundwater potential in the study area while reflecting a 

recharge probability of 4% of the MAP (DWAF, 2006a). Areas underlain by massive 

occurrence of shale in groups within this category indicate a very low recharge probability of 

2% of the MAP (DWAF, 2006a). 

Alluvium and unconsolidated material and deeply weathered material typically 
associated with the surface drainage systems are considered areas of moderate groundwater 
potential. The deeper weathering increases not only the transmissivity, but also the storativity 
of the matrix, giving rise to the development of main aquifers in the valley fills. Although 
higher groundwater is expected in these areas, it is highly dependent on recharge and 
vulnerable to artificial change in balance (Brink et aL, 2005b). Although the boreholes 
developed within the alluvium can be high yielding, they may have a lower sustainable yield 
since they are dependent on the rainfall, which is seasonal by nature. All old highland terrain 
reflecting activities from the glacial period in the area were identified by Brink et al. (2005b) 
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as an important component of this aquifer type in the Central Rand Group of the 

Witwatersrand Supergroup in the study area. 

The Dolomites from the Malmani subgroup have a moderate to high groundwater potential 

with a recharge potential of 6% of the MAP (DWAF, 2006a). A local variation in weathering 

occurs in these rock types with chert and chert-breccia forming more weather-resistant zones 

(Bisschoff, 1999). Groundwater is stored and transmitted through cavities and fractures in the 

carbonate rock giving rise to a complex interaction of groundwater throughout the 

succession. 

From the complex structural geological character described in section 2.2.3, as well as from 

previous investigations in the study area (Brink et al., 2005b), it is evident that a complex 

network of faults, cracks and fissures along dykes and shear zones exist in the study area. 

This network gives rise to the development of linear secondary aquifers that may serve as 

conduits resulting in groundwater transfer from one to another catchment area and 

lithological unit. This geological character will give rise to a complex groundwater flow 

pattern which will significantly influence the geohydrological follow-up work and modelling. 

4.2.3 Hydrocensus 

A hydrocensus survey was conducted between 17 January 2007 and 25 April 2007 over an 

area of almost 350 km2 (Appendix A). The survey concentrated on the core of the Dome due 

to accessibility and cooperation from land owners as they were involved in a public liaison 

process during the listing as a world heritage site. Where time, budget and access to land 

permitted, the survey was extended to the buffer area. As part of this regional survey, 460 

sites were visited, of which 18 were identified to be springs and the rest boreholes. The 

position and status of the boreholes are illustrated in Figure 16. Water of 138 boreholes were 

chemically analysed and classed for human consumption (Appendix B). The hydrocensus 

included only existing boreholes and no new holes were drilled for the purpose of the 

research. 
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The hydrocensus recorded information including: borehole condition, equipment, status, 

location and owner information. Abstraction rates and information pertaining to supply 

reliability were not measured but were derived from the equipment/infrastructure survey and 

usage-information (see Appendix A). 

The hydrocensus survey commenced on the northern side of the Vaal River and the farms 

were selected on the basis of access availability and observed land use. The aim of the survey 

was to obtain a representative sample of the borehole distribution across the area in the 

different aquifer types and land use requirements. Where possible the water levels were 

measured in the boreholes. 

The following observations were made from the hydrocensus survey: 
• Only 285 out of 460 surveyed boreholes and springs are operational (62%), 161 are 

not currently in use (35%) and 14 boreholes are deemed destroyed (3%). A summary 
of the status of the boreholes is given in Figure 17. 

Figure 17: Hydrocensus results: Borehole status, (total of 460) 
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• Eighteen springs were identified in the study area during the hydrocensus survey. 

Eleven of these springs are in use for stock watering or irrigation purposes. Some are 

uncovered and in some instances contaminated by carcasses and cattle manure. The 

springs are mostly associated with localized perched aquifer conditions within 

quaternary alluvium formations overlying a known deeper secondary linear aquifer 

system. The sustainability of the springs in the alluvium is expected to be low and 

recharge-dependent as the near-surface character of bedrocks give rise to groundwater 

in short supply (Brink et ah, 2005b). A number of springs occur in shallow alluvium 

overlaying massive andesitic lava to the north and granites to the south. 

• Of the operational boreholes now in use, 31 % are used for agricultural purposes only, 

31% are used for domestic and drinking purposes only, and 36% are utilised both for 

agricultural and domestic purposes. A summary of the borehole use is presented in 

Figure 18. 

Figure 18: Hydrocensus results: Groundwater uses - 285 operational boreholes in use 
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Of the total operational boreholes classified in more detail, 32% are used for domestic 

purposes, 31% for both domestic use and livestock, 18% for stock watering and only 

5% each for irrigation and a combination of agricultural and domestic use (illustrated 

in Figure 19. 

■ Ag ri cu I tu re/Do m estic 

D Domestic 

□ Domestic/Irrigation 

■ Domestic/Livestock 

■ Game only 

■ Irrigation 

D Irrigation/Stock watering 

□ Stock wafer only 

□ Other 

Figure 19: Hydrocensus: Groundwater use in more detail - 285 operational boreholes 
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• The number of boreholes and springs recorded which are not in use amount to 161. 

The majority of these boreholes are not used because their water source has dried up 

or the boreholes collapsed. Some of the boreholes were identified to have poor quality 

water and the users decided to drill elsewhere for an alternative supply. 

• Fourteen (14) destroyed boreholes were identified. These boreholes cannot be 

rehabilitated due to obstruction and collapse of the boreholes. 

• The equipment of the boreholes is dominated by submersibles at 186 of the 

operational and equipped boreholes (65%). Wind pumps were the next most frequent 

occurring with 47 out of 285 equipped boreholes in use (16%) while positive 

replacement pumps were used in 25 cases (9%) and power-heads and other equipment 

in 27 cases (10%). 

From the hydrocensus it is evident that all domestic activity and supply of drinking water are 

totally dependent on groundwater as a natural resource. Except for localized irrigation from 

the Vaal River, all farming activity including small scale irrigation, livestock and small-scale 

game watering in the VDWHS is also totally dependent on groundwater. This supports the 

classification of the aquifers (Table 2) as being a sole source under the system of Parsons 

(1995). Groundwater as the sole source of water supply in the VDWHS requires careful 

management and protection to ensure sustainability and equitable access as required by the 

National Water Act (36/1998). 

Aquifers are classified by the system of Parsons (1995) into minor, major and sole source 

aquifers. The criteria for classification are based on potential sustainable yield and on water 

quality related to human consumption. 
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Table 2: Aquifer classification system (Parsons, 1995) 

Aquifer 
System 

Defined by Parsons (1995) Defined by DWAF Minimum 
Requirements (South Africa, DWAF, 

1998) 
Sole 
Source 
Aquifer 

An aquifer which is used to supply 50 % or more of domestic water for 
a given area, and for which there are no reasonably available 
alternative sources should the aquifer be impacted upon or depleted. 
Aquifer yields and natural water quality are immaterial. 

An aquifer, which is used to supply 50% or 
more of urban domestic water for a given area 
for which there are no reasonably available 
alternative sources should this aquifer be 
impacted upon or depleted. 

An aquifer, which is used to supply 50% or 
more of urban domestic water for a given area 
for which there are no reasonably available 
alternative sources should this aquifer be 
impacted upon or depleted. 

Major 
Aquifer 

High permeable formations usually with a known or probable presence 
of significant fracturing. They may be highly productive and able to 
support large abstractions for public supply and other purposes. Water 
quality is generally very good (<150 mS/m). 

High yielding aquifer (5-20 L/s) of acceptable 
water quality. 

Minor 
Aquifer 

These can be fractured or potentially fractured rocks, which do not 
have a high primary permeability or other formations of variable 
permeability. Aquifer extent may be limited and water quality variable. 
Although these aquifers seldom produce large quantities of water, they 
are important both for local supplies and in supplying baseflow for 
rivers. 

Moderately yielding aquifer (1-5 L/s) of 
acceptable quality or high yielding aquifer (5-
20 L/s) of poor quality water. 

Non-
Aquifer 

These are formations with negligible permeability that are generally 
regarded as not containing groundwater in exploitable quantities. 
Water quality may also be such that it renders the aquifer as unusable. 
However, groundwater flow through such rocks, although 
imperceptible, does take place, and need to be considered when 
assessing the risk associated with persistent pollutants. 

Insignificantly yielding aquifer (< 1 L/s) of 
good quality water or moderately yielding 
aquifer (1-5 L/s) of poor quality or aquifer 
which will never be utilised for water supply 
and which will not contaminate other aquifers. 

Special 
Aquifer 

An aquifer designated as such by the Minister of Water Affairs, after 
due process. 

An aquifer designated as such by the Minister 
of Water Affairs, after due process. 

4.2.4 Water levels 

The depth to water table was obtained during the hydrocensus from boreholes available. A 

total of 205 boreholes were available as observation points, reflecting an average water level 

of 16.55m below surface, with a standard deviation of 11m and a median value of 15.40m 

(See Appendix A). 

In unconfined aquifers flowing under gravity, the water table is a subdued replica of the 

topography. This principle is used in the application of sparse water table measurement in the 

mapping of phreatic surfaces, using the geo-statistical method known as Kriging (Desbarats 

et al, 2002). This information regarding the static water level/piezometric head is an 

important component of the geohydrological conceptual model representing the natural 

system (Van Tonder et al., 2005). 
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The Kxiging geo-statistical method was applied to the data obtained from the hydrocensus to 

determine zones with the same expected water levels. From this, a depth to water level map 

was compiled in order to contribute to the understanding of the groundwater conceptual 

model of the study area (Figure 20). 
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Figure 20: Water level depth in the VDWHS 

The following important conclusions were made from this information: 

• Water levels follow a general NE - SW trend correlating with geological formations 
confirming that geology is playing a major role in groundwater occurrences, giving 
rise to different zones in need for different management objectives. 

• Based on the available borehole information (Figure 16) the indication is that the Vaal 

River drainage system shows no effect on the groundwater level pattern. This 

indicates in general that recharge from surface water to groundwater from the Vaal 

River is restricted. 
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• The deepest water levels were observed in the north-west of the VDWHS in the area 

underlain by andesite as part of the Ventersdorp Supergroup (Figure 4). This may 

results from the low groundwater potential related to lavas and basalts and indicative 

of the effect of local groundwater abstraction from the related aquifer with lower 

permeability and transmissivity. The authorisation of any land use and groundwater 

related use activity in this area must therefore be based on a geohydrological 

assessment of the area. 

• The shallow water levels (2 to 4 metres) near Parys and Vredefort indicate that the 

groundwater aquifers in these areas are highly vulnerable to pollution and surface 

related activities. Any activities with a negative environmental impact like poorly 

designed and managed sewerage systems can have a severe influence on water quality 

and should be monitored and managed accordingly. 

A grid-based graphic surfer model program was used to interpolate irregular spaced XYZ 

data (Appendix A) into a regular space grid. The grid was then used to produce measured 

flow directions and measured heads (Figure 21). The following important conclusions are 

made from this information: 

• Water abstraction from boreholes gives rise to local dewatering as an indication of the 
low critical balance in water demand and availability. 

• Variation in flow directions is indicative of the effect of structural geology on the 
flow of groundwater within secondary linear aquifers throughout the study area. 

A digital termination model, Surfer 8 (Golden Software, 2002), was used to recalculate the 
levels in boreholes to water above sea level and are presented as the Z value in appendix C. 
The Kriging method (Desbarats et ah, 2002) was used to compile groundwater flow 
directions and piezometric heads and gradients within the study area (Figure 21). From this 
presentation the following observations were made: 

• Groundwater flow follows the surface water flow direction with flow towards the 

Vaal River and tributaries in general. It is apparent from Figure 21 that the Vaal River 

86 



Geohydrological assessment of the VDWHS  

is acting as an output for the underlying aquifers within the central and south-eastern 
sections of the VDWHS. 

• The groundwater flow move against the flow of the Vaal River in the western parts of 

the VDWHS in the area underlain by lavas, basalts and shales. This indicates that that 

the river may be acting as a local input, or may be entirely disconnected from the 

aquifer. 

• Groundwater flow crosses geological strata and confirms the existence of linear 

aquifers in the study areas as describe by Brink et ah (2005b). 

• Abstraction from boreholes gives rise to local dewatering and indicates the sensitive 

water balance in the study area. 

• The groundwater flow patterns as describe indicates that pollution of shallow aquifers 

within the VDWHS may contribute to the surface water pollution in the Vaal River 

and a decrease in base flow with additional groundwater abstraction may also occur. 
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4.2.5 Water quality and water chemistry 

4.2.5.1 Sampling and selection methodology 

Where possible, all boreholes and springs were sampled, numbered and dated accordingly. 

Sampling was done according to the sampling guide (DWAF, 2003b) and selected to reflect 

the best representation of different aquifer and geological settings. This selection was done on 

the basis of site specific characteristics (geology, locality, topography) usages (e.g. irrigation 

use, proximity to soak-away systems) proximity to the Vaal River and reflecting land use 

character. 

The samples were analysed for macro- and micro-elements including fluoride, electrical 

conductivity and pH. The results were compared to the DWAF Drinking Water Guidelines^ 

(DWAF, 1996a), the quality assessment guide (DWAF, 1998), as well as to the South African 

National Standard for drinking water quality SABS 241 (SANS, 2006). The irrigation 

standards were used for indicative purposes (DWAF, 1996b). (See Appendix B). 

4.2.5.2 Results 

A summary of the chemistry of the boreholes that have been analysed is presented in Table 3 

and compared with standards as defined above. The spatial water quality distribution 

according to the National Standard for drinking water quality (SANS, 2006) is shown in 

Figure 23 and indicates an even spread of occurrences of groundwater of high water quality. 

The results reflect the following important aspects that must be taken into consideration in the 
future effective management of groundwater in the VDWHS as measured against the Quality 
of Domestic Water Supplies assessment guides: 

• The hydro chemistry is overall acceptable with 84 out of 138 samples being classified 

as Class 0 or ideal against the drinking water standards. Added to this, another 28 

samples were considered to be Class 1, which is also acceptable for drinking purposes 

under this standard. This means that 82% of the boreholes sampled have acceptable 

water quality (Figure 22). 

89 



Geohydrological assessment of the VDWHS 

Table 3: Summary of the water quality and comparison with standards 

Element and 

Physical 
Properties 

Minimum 
Value 

Maximum 
value Mean 

Standard 
deviation 

Al lowable Operational Limits 

Element and 

Physical 
Properties 

Minimum 
Value 

Maximum 
value Mean 

Standard 
deviation 

Human 
Consumption 

(mg/l) 
(SANS, 2006) 

Animal 
Consumption 
(mg/l) (DWAF, 

1998) 

Irrigation 
(mg/l) 

(DWAF, 
1996b) 

Ca 5 155.5 25.2 23 150 1000 -

Mg 0.49 102 18 20.3 70 500 -

K 0 26.2 2.42 3.9 50 - -

Na 0 235.6 23.5 28.5 200 2000 -

S04 0.69 514.7 29.1 64.9 400 1000 -

N0 3 0.2 169.9 19.5 27.8 10 100 5 

NH4 0.14 71.3 2.17 8.9 1 - -

Cl 0.71 433.9 24.4 48.1 200 1500 100 

HCO3 3.05 414.9 142.6 100.1 - - -

PH 5.49 8.35 7.16 0.57 5.0-9.5 - 6.5-8.4 
EC (mS/m) 2 276 39.5 36.5 150 -

TDS 13 1794 257.1 237.3 1000 1000 40 

F 0 5 0.07 0.51 1 2 2.0-15 

Mn 0 2.71 0.06 0.28 100 10 0.02 -10 

I ■ Class 0 

■ Class 1 

D Class 2 

■ Class 3 

, ■ Class 4 

Figure 22: Water quality in the VDWHS 
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• The 18% (n = 26) of the boreholes which are not considered as acceptable are 

indicative of local influences rather than a regional trend and need further 

investigation and attention. Due to the restricted nature of this investigation, more 

analyses are needed to quantify the spread of low quality groundwater within the 

VDWHS. It is therefore recommended that the quality of water be established for all 

boreholes and especially those which will be publicly used as part of activities related 

to the World Heritage Status of the Dome. 

• Any new borehole development must include standard water quality analyses and 

must be registered with the Management Authority. The Management Authority 

should be aware of quality standards for water and applicable assessment guidelines. 

• A higher concentration of low quality groundwater (unsuitable for human 

consumption) is located within the Vaal River drainage system associated with 

shallow unconfined aquifers consisting of alluvium, sand, soil, gravel, and ferricrete 

with a high expected hydraulic conductivity. The water chemistry with typical nitrate 

of more than 50mg/L and ammonia concentrations averaging 0.1 mg/L is indicative of 

pollution of groundwater from surface activities including decay of plant, animal and 

human waste. Direct causes may include high intensity land use activities such as 

poorly designed and managed septic tanks and/or high animal concentrations. It is 

therefore important that standard criteria for sewage systems be identified and 

implemented by the Management Authority as part of the regulation of land use and 

development. 

• People are not normally aware of water quality during usage, and the Management 
Authority must take the responsibility to inform people in case of water supply from a 
poor water quality aquifer. Infants under the age of 1 year (especially malnourished 
children) are sensitive to nitrate-polluted water. Nitrate has the potential to cause 
tiredness and failure to thrive. In extreme cases cyanosis and difficulty in breathing in 
bottle-fed infants under the age of 1 year may occur. Nitrate does not have any taste, 
colour or smelly and does not affect the appearance of the water (WRC, 1998). 
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• A detailed investigation is needed in areas were existing borehole information and 

water quality indicate elevated nitrate levels. Inspection of existing sewage systems 

and other possible sources, recommendations and instructions must be included in this 

investigation. Methods to remove nitrate include ion-exchange, reverse osmosis and 

biological reduction using carbon sources, but requires advanced and intensive 

supervision. Home treatment kits using ion-exchange processes can be purchased, but 

are expensive and only treat small amounts of water (Swartz et ah, 2007). 

• The Fluoride content of 2 of the samples are well above the recommended limit of 1,5 

mg/1 (3,12 and 5,15 mg/1) and are currently used for domestic purposes. High fluorite 

content was also reported from boreholes 3 km to the northwest from the VDWHS 

(Smit & Pretorius 2008). Fluoride is mostly brought into groundwater by leaching 

from minerals in rocks but may also be affected by chemical fertilizers in agricultural 

areas (Appelo & Postma, 2005). More such cases may exist throughout the VDWHS 

and future attention is needed in this regard. Chronic intake of this high level of 

fluoride can damage the skeleton, causing hardening and brittleness of bones and in 

severe cases crippling can occur. Acute poisoning can cause abdominal pain, 

vomiting, nausea, diarrhoea and convulsions. Sensitive groups are small children, 

HFV infected persons, and people with poor health. Fluoride is difficult to remove. 

Home treatment kits using ion-exchange can be purchased but are expensive. The 

individuals with the high F contents in their water should urgently be informed. It is 

recommended that additional water samples be taken and analysed to make sure of the 

levels and the water be either decommissioned for human consumption or a home 

treatment kit should be used (WRC, 1998). 

• The average TDS of boreholes in the VDWHS was 250mg/L, pH neutral at 7.1 and 

chloride at 25mg/L, which is acceptable. 
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4.2.5.3 Water chemistry and origin 

The chemical characteristics of groundwater depend on the chemical composition of 

precipitation, the biological and chemical reactions occurring on the land surface and soil 

zone, and on the mineral composition of the aquifers and confining beds through which the 

water moves (Heath, 2004). 

The chemical analyses of 138 groundwater samples were used to determine the chemical 

characteristics of groundwater in the VDWHS. From this data, a piper diagram was plotted 

and is presented in Figure 24. This methodology represents a ternary plot which can be used 

as an indicator towards the definition of the source of the groundwater and sample age and 

origin relative to each other (Appelo & Postma, 2005). 

STAGNANT WATER 

GYPSUM CONTAMINATION 

DOLOMITIC WATER 

RECENT WATER 

CATION 

Figure 24: Piper Diagram: Chemical analyses of 138 samples within the VDWHS 
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From the chemical analyses presented in the piper diagram, the following aspects became 
evident: 

• The water types are dominated by calcium-magnesium-carbonate and the character of 

the water is very similar for all of the 138 samples analysed. 

• There is a high proportion of carbonate water with dominant HCO3 anion present. The 

cation domination is reflected on the left triangle of the diagram and indicates a 

domination of calcium and magnesium. 

• The majority of the water sources appear to be recent. This means that there is a short 

delay or lag time between recharge and entry into the capture zone of the boreholes. 

The implication is that the water in the aquifers is not held in storage for very long 

and that the water is largely rainfall-derived as opposed to seepage from surface water 

sources and deep aquifer circulation.' 

4.2.6 Groundwater recharge 

The quantification of groundwater recharge is an essential task towards effective water 

resource management. There are numerous factors that influence recharge and groundwater 

recharge can vary significantly across a catchment spatially and temporally (Department of 

Water Affairs and Forestry, 2006a). 

The recharge rate of groundwater witiain the VDWHS is therefore a crucial aspect of any 

future groundwater management and necessitates the calculation of the regional water 

balance which is indicative of water available for sustainable abstraction. Detailed 

geohydrological studies regarding the determination of recharge rate of groundwater are 

recommended for the VDWHS. 

For the purpose of this study, the recharge will be calculated by the application of the 

chloride methodology verified by the estimations according to general guidelines and 

available information as defined by DWAF (2006a). 
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4.2.6.1 The Chloride method 

The Chloride method as described by DWAF (2006a) was used to calculate an estimation of 

the groundwater recharge. The chloride concentration statistics are summarised in Table 4 as 

follows: 

Table 4: Chloride concentration statistics in samples from the VDWHS 

mg/l Recharge % 
Maximum 434 0.2 
Minimum 0.71 140 
Average 24.87 4 

Standard deviation 48.4 2 

The average of the chloride concentrations recorded for the samples taken at 138 boreholes, 

was calculated as 24.87 mg/l. A chloride concentration of 1 mg/l was used for rainwater. 

From Table 4, the chloride concentration in rainwater is divided by the concentration 

measured in boreholes. This gives a range from 0.2% to 140% recharge, the latter being an 

anomaly which has been influenced by additional chloride sources (e.g. waste, sanitation etc.) 

and is disregarded. 

Using the average of the chloride concentrations, a recharge of approximately 4% of MAP 

has been calculated with a standard deviation of 2%. The recharge for the study area is 

considered to be between 2% and 6% of MAP. 

4.2.6.2 Verification of recharge in the VDWHS 

The following general information regarding recharge was used in the estimation of a 

recharge for the VDWHS for application in this study: 

• The Groundwater Harvest Potential Maps of South Africa (DWAF, 1996c) indicated 

variability in recharge as one of the factors restricting the groundwater harvest 

potential. 
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• According to the geological and lithological character of the VDWHS, recharge may 

differ from 4% (granites) to 6% (dolomites) throughout the study area, with an 

estimated recharge of 7% in areas underlain by shale/quartzite successions (DWAF, 

2006a). 

• The recharge calculations for the Catchments C23C and C23L are given as 6,5% and 

6,2% respectively (DWAF, 2006a). 

• According to national compilations the VDWHS falls within a recharge zone of 25 -

35 mm/a (DWAF, 2006a). 

Based on the chloride method and verification above, the recharge rate for calculation of the 

water balance is taken as 6% but it is important to note that further research is needed to 

verify this figure and it is therefore included in the gap analyses resulting from this study. 

The recharge volumes are likely to have been underestimated by this simplified water balance 

calculation, which does not take into account storage volumes or variable aquifer potential 

within the area. This study needs to be undertaken for each groundwater management unit as 

described later. 

4.2.7 Groundwater reserve determination 

The strategy and methodology of water management based on the resource-directed measures 

as applied by the DWAF and defined by section 12 of the NWA (36/1998) need to be applied 

for the VDWHS. This strategy involves: 

• the assessment of the current situation with regard to water volumes and quality 
(present status category); 

• the assessment of the practical long-term requirements for the protection of the 

groundwater resource (the reserve determination); and 

• the setting of resource quality objectives against which the status of the aquifer is 

measured. 
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The reserve determination of catchments in South Africa is the responsibility of the sub-

directorate (DWAF, 2008a). As defined by the NWA (36/1998), this determination of the 

reserve volume or protection volume includes the following process: 

• The calculation of the groundwater contribution to base flow and thus the Inflow 

Stream Requirements (IFR). This is determined by surface water scientists and 

hydrologists on a regional scale. Special attention is needed for a river section which 

may have multiple ecological, topographical and flow patterns and therefore different 

minimum flow requirements for the preservation of the environment as is the case in 

the VDWHS. 

• The portion of groundwater which must be allocated for basic human need 

requirements (BHN), based on population data. 

It is very important to determine the groundwater reserve within the VDWHS as it represents 

the portion of recharge which is needed to put aside for the protection of the aquifer and the 

surface water ecosystems which are reliant on groundwater base flow within the area. This 

determination is needed before licensing of any water use from groundwater can be granted 

in the VDWHS. 

As water use licensing is integrated with the Environmental Impact Assessment related to 

land use change applications, it is recommended that this study must be done for the VDWHS 

in order to ensure support to future land use applications within the area. 

According to Colvin et at. (2004) an intermediate to comprehensive level of GRDM is 
needed in low and moderate yielding aquifers with sole source dependency, as is the case in 
the VDWHS. Intermediate determination yields results of medium confidence, requires field 
investigations by experienced specialists and is used to assess individual licences for 
moderate impacts. Comprehensive determination aims to produce high confidence results 
based on site-specific data collected by specialists, used for compulsory license exercise and 
individual license application (Colvin et ah, 2004). 

98 



Geohydrological assessment of the VDWHS 

It is recommended that a comprehensive determination be scheduled for the VDWHS as the 
use of groundwater will result in an impact on an ecologically important and sensitive area 
(Parsons & Wentzel, 2007). 

For the purpose of a groundwater reserve determination, it is required that the catchment or 

study area be divided into aquifer or resource and management units. To each of these 

resource and management units, a unit of recharge and resource quality objectives (RQO) is 

then applied (DWAF, 2008b). The setting of RQO's must be based on the conceptual 

understanding of groundwater resource units, the category of resource that is to be sustained 

and the reserve that has to be met. The procedure to be followed when setting RQO's requires 

the definition of critical characteristics or attributes of the groundwater system in order to 

maintain the aquifer functionality in terms of groundwater resource directed measures 

(GRDM). These could include groundwater levels and gradients, groundwater quality, 

discharge volumes into rivers and groundwater abstraction (Colvin et at, 2003). 

This process is in progress at the regional DWAF office for the surface water system and 

incorporates the required component of the groundwater system. The RQO's which are then 

set, are used as measurement tools for monitoring compliance with the management 

objectives for the groundwater resource. According to communication with DWAF officials 

(Strassen, 2007), the reserve determination of the VDWHS forms part of the Vaal River 

reserve determination and is scheduled for completion in 2010. 

It is evident that close coordination is needed between the VDWHS Management Authority 

and the DWAF in order to prioritise the reserve determination for the area before any final 

water balance calculations can be done and new water rights can be established. 
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4.2.8 Groundwater balance 

4.2.8.1 The groundwater flow balance 

A water balance approach is a basic requirement for sustainable management of groundwater. 

The water balance principle is based on the law of conservation of mass: The groundwater 

entering and leaving a distinct geohydrological unit in an unexploited, steady state, over a 

period of time, can be described by the equation (Wright & Xu, 2000): 

+Qin - Qout= 0, where: 

+Qin = Total water entering the groundwater system by rainfall recharge and inflow 

from aquifer boundaries. 

-Qout = Total water leaving the aquifer unit through base flow to rivers, spring flow, 

evapo-transpiration and discharge through aquifer boundaries. 

This equation is based on a general long-term hydrological assumption, not restricted by 

variation of input and output over a specific time period. To take this into account and to 

accommodate the exploitation of the groundwater system by abstraction (Qab), the natural 

change of conditions must be reflected in the equation. The reduction in discharge of the 

system (AQout) and a change in storage (AV) are given by: 

(Qin + AQin) - (Qout - AQin) + Qab = A V 

The portion of water entering the system that is available for abstraction will depend on the 

amount of outflow required to sustain natural systems (base flow and ecological needs). 

This requires that decisions should be made based on accurate information of current water 
balance inputs (Qin and Qout) and the predicted response that abstraction volumes will have on 
a change in water levels and a reduction in base flow or spring flow. 

4.2.8.2 Conceptual water balance 

A conceptual water balance was developed for the core zone of the VDWHS as an indicator 

of availability of groundwater for future development and groundwater management in the 
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Dome area. This conceptual water balance is based on the following: 

Recharge: The total surface of the core area of the VDWHS is 280km2. An annual rainfall 

estimation of 609 mm/a was obtained from the reserve determination tool as developed by the 

DWAF (GRDM, 2008). With an average recharge of in the order of 6%, a recharge volume 

of in the order of 10,23 lxl 06 m3/a is calculated. 

Existing groundwater abstraction rates: The borehole survey information from the core 

area (Appendix A) was used to calculate the existing groundwater abstraction rates to a total 

of 4.352xl06 mVa (Table 5). (It should however be noted that these volumes are estimations 

and further detailed information is required for more accurate figures for individual 

groundwater management units within the VDWHS.) 

Table 5: Current abstraction and spring flow calculations 

Equipment and abstraction 
description Number 

Estimate abstraction 
(litre/second) 

Pumping duration 
(hours/day) 

Volume 
(m3/day) 

Wind Pumps 54 0.8 16 2,488.32 
Mono Type Pumps 25 2 12 2,160.00 
Submersible Pumps 186 1 12 8,035.20 
Springs 19 1 24 1,641.60 

Total cubic metres per day 14,325.12 
Total cubic metres per annum 5,228,668.80 

Base flow component: Based on maps by Vegter (1995), and a reserve determination 
methodology developed by the DWAF, (GRDM, 2008), a base flow component of 4mm/a is 
required for the catchments. For the total area of 280km2, calculated per day, this yields a 
volume in the order of 1.120x106 m3/a. (See calculation in Table 6). 

Table 6: Required base flow calculation for VDWHS 

Surface area (m3) 
Minimum base flow 

(m) 
Annual volume Dase 

flow (m3) 
280,000,000 0.004 1,120,000 

Basic human need: The official reserve determination as discussed in section 4.2.7 is at this 

stage still outstanding and will play a critical role in the water balance calculation for the 

VDWHS and is therefore needed prior to any future development in the area. Currently, basic 

human needs are set by the Water Service Act (Act 108/1997) at 25 litres per person per day 
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(1/p/d). According to the borehole survey results (Appendix A) in the order of 150 farming 

units exist in the core area, which correlate with the a total of 148 farms recorded (Du Pisani, 

2007). For the present calculation the basic human need component of the reserve was 
■2 

estimated as 136 m /day based on the number of farms in the study area. 

Table 7: Basic Human Need Calculation 
Number of farms in the core area 150 
Estimated number of people per farm 8 
Total people 1,200 
Reserve (1/p/d) 25 
Annual basic need per person (m3) 9.125 
Total annual basic need (mJ) 10,950 

Based on al this information and calculations, the conceptual groundwater balance for the 

VDWHS is summarised and calculated in Table 8. As calculated in this table, it is evident 

that the groundwater balance is still positive, but under stress (461,181.2 m3/a, approximately 

7% of the available total inflow of water). 

Table 8: Groundwater Balance Volume Calculation 
Component Inflow (m3/a) Outflow (m3/a) 
Recharge 6,820,800 
Base flow required 1,120,000 
Estimated current abstraction or outflow 5,228,668.8 
Basic human need 10,950 
Totals 6,820,800 6,359,618.8 
Balance 461,181.2 
Imbalance 7% 

The following groundwater management aspects can be highlighted from this preliminary 
study focused on the core zone of the VDWHS: 

• The reserve determination needed for the VDWHS plays a major role in the water 

balance and needs to be addressed by the DWAF prior to any development and 

management decisions on groundwater use and related land uses. 

• Groundwater use in the study area is currently at a maximum and additional 
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abstraction may lead to depletion of the aquifer system over time. 

• This current situation of a critical point of balance in groundwater inflow and outflow 

in the VDWHS requires further definition and urgent geohydrological research as 

defined in the gap analyses and should be done prior to any further developments in 

the area being authorised. This must include research on existing water use, recharge 

and reserve determination for each groundwater management unit defined within the 

VDWHS. 
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4.3 Delineation of groundwater resource management units 

4.3.1 Basis of delineation 

Groundwater resource units form the basis of spatial ordering and groundwater resource maps 

that play a major role in groundwater resource management and development (Botha, 2005). 

The following methodologies were developed historically and exist to identify and present 

different spatial units as groundwater resource entities: 

• The international legend for hydrogeological maps laid the basis for the identification 

of different spatial groundwater units. This identification was based on difference in 

the nature of water-bearing rock formations in combination with the varying capacity 

of a unit that may have an effect on borehole yields (UNESCO, 1983). 

• Vegter (1995) compiled the first Groundwater Resources Map of the RSA and 

identified different lithostratigraphic units supported by geohydrological data and 

interpretation to identify different zones based on "nature of water-bearing rock". 

• The first hydrogeological map series on a scale of 1:500 000 was developed in 1995, 

laying the basis for the compilation of this series. Formations with different water 

bearing characteristics and expected yield median (borehole-yields) were used to 

present different groundwater resource units (Haupt, 1995). 

• In compilation of the 1:500 000 hydrogeological map of the study area, an adaptation 
of the international legend for hydrogeological maps was used based on the nature of 
water-bearing rock formations with recognition of aspects and features peculiar to 
South African hydrogeological conditions (Barnard, 2000). 

• In order to reflect a combined character of the aquifer, du Toit (1998) introduced and 

used the concept of Specific Capacity (Sc) to evaluate the borehole potential and to 

develop a map for the Kruger National Park. The Sc gives the aquifer the yield per 
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• 

unit drawdown and is an indicator of the transmissivity of the aquifer. 

The groundwater Harvest Potential Map of the Republic of South Africa was 

developed to give groundwater resource planners a spatial distribution of sustainable 

volume of groundwater per area by introducing the concept of harvest potential based 

on aquifer recharge dependency (Baron et al, 1996). 

This concept of harvest potential was used to develop a spatial zoning based on 

exploitation potential of groundwater resource units by using an exploitation factor 

calculated from borehole yields in the different units (Haupt, 2001). 

The concept of groundwater regions as manageable spatial units was introduced in 

South Africa when Vegter (2001) used lithostratigraphy and physiography to divide 

South Africa into groundwater regions. The water-bearing character of formations, as 

well as rock fracturing and weathering character were used to identify groundwater 

regions, and the criteria for borehole development per region were defined (Vegter, 

2001). 

Based on this historical development in methodology, it became standard practice and 

applied principle that geology forms hydraulic zones that are controlled by the 

lithological units, structural geology and surface water features (Raath, 2008). 

Parsons & Wentzel (2007) stated in their groundwater resource-directed measures 

manual that no formal methodology exists for delineation of groundwater resource 

units and expert judgement and local knowledge is required. The final delineation has 

to be based on physical criteria, management criteria and functional criteria (Parsons 

& Wentzel, 2007). 

From the practices described above, it is evident that information regarding the following 
aspects is importance in the delineation of groundwater resource management units in the 
VDWHS: formation character, lithology, stratigraphy, physiographic aspects, structural 
geology, surface water features, surface and groundwater interaction, recharge and 
geohydrological parameters. To ensure sustainability, factors from both the natural and the 
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social environment have to be integrated into the development of a sustainable management 

of groundwater resources within the VDWHS. The combination of the following natural and 

social aspects was therefore used to delineate and define five groundwater resource 

management units in the VDWHS: 

• Geological and structural geological setting: Specific aquifer systems acting as one 

resource and manageable unit are defined by the geological formations and their 

physical character reflecting depth and character of weathering. 

• Geomorphological setting: Specific aquifer systems are defined by river valley 

development and hill formation throughout the VDWHS area. 

• Aquifer characteristics as reflected by geohydrological parameters (water level from 

surface, water chemistry, and yield). 

• Institutional reality and social structuring: This includes the borders of the 

VDWHS, and existing and expected development zones. 

4.3.2 Description of the different groundwater resource management units 

The different groundwater resource management units are shown in Figure 25 , followed by a 

description per management unit. 
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Groundwater resource management Unit A: Vaal River and Enselspruit Valley 

Groundwater resource management Unit Al is delineated as the area next to the Vaal 

River around Venterskroon. The delineation is based on the geological formations — hills and 

outcrops surrounding a weathered valley area underlain by sand, soil, gravel, ferricrete, 

alluvial and weathered formations, associated with the Vaal River drainage system. A total of 

16 water samples from boreholes were analysed within this area. The quality of the water is 

fairly good with only 2 boreholes falling in the quality class 2 and higher. The depth of the 

water levels in this domain is between 13 and 17 metres. 

Due to the expected character of this aquifer (higher local permeability and transmissivity), 

potential development in the Venterskroon area may have a negative impact on the water 

quality. A high water conductivity rate is expected for the geological formation defined in 

this unit. Special care should therefore be taken in the design and management of sanitation 

systems at existing as well as new developments within the area. 

The approval of any individual land use change and related water rights regarding existing 

and new development depending on the use of groundwater in this area must be based on a 

regional geohydrological study of the area including the total Unit Al . This study must 

include a detail geohydrological status assessment, aquifer character investigation, 

experimental source development, modelling and risk analyses as well as a groundwater 

management plan. This is needed in order to ensure long-term sustainability within this area 

of high importance for the character of the VDWHS in the future. 

Based on the fact that the governmentally owned property (with future potential development 
as an information centre) falls within this area, that this area will be a centre for future 
tourism activity, and that this area is the only current development in the VDWHS, it is 
strongly recommended that the geohydrological investigation of this unit be prioritised by the 
Management Authority according to guidelines as defined in the gap analyses. 

Groundwater resource management Unit A2 is the remaining and bigger area along the 
Enselspruit and part of the Vaal River drainage system developed in a north-east to 

south-west zone throughout the VDWHS. It is mainly underlain by sand, gravel, ferricretes, 

108 



Geohydrological assessment of the VDWHS 

alluvium and weathered formations associated with these drainage systems and a high 
permeability and transmissivity is expected due to high hydraulic conductivity. 

This management unit reflects the lowest groundwater quality of all the units in the VDWHS, 
expected to be related to existing land uses. Due to the higher hydraulic conductivity in this 
area, a negative local environmental impact (sewerage system for example), may have a more 
regional effect. The cumulative effect of all impacts may have led to the low water quality in 
the area. A higher density of development and tourism activity occurs along the river in these 
units. 

A total of 14 boreholes of the 31 sampled and analysed from this unit fall in the water quality 

class 2 and higher. High Nitrate levels is the biggest problem reported. Ca, Mg, SO4, Cl, 

HCO3, EC and TDS levels are also the highest in this Unit. 

It is therefore recommended that the Management Authority focus on the regulating of 

groundwater usage and sanitation practices in Units Al and A2. 

As described for Unit Al, the approval of any individual land use change and related water 

rights regarding existing and new development depending on the use of groundwater in the 

area of Unit A2, must also be based on a regional geohydrological study of the area including 

the total Unit A2. This study must include a detailed geohydrological status assessment, 

aquifer character investigation, experimental source development, modelling and risk 

analyses as well as a groundwater management plan. 

A regional geohydrological study is therefore recommended for this unit as described for 

Unit Al above. During this study, a strategy and methodology need to be developed to 

improve groundwater with poor quality. 

Groundwater resource management Unit B: Witwatersrand Supergroup valleys and 

hills 

Groundwater resource management Unit Bl is delineated in the central valley developed 
between the Turffontein Subgroup to the north and Johannesburg Subgroup to the south. This 
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valley runs partially parallel with the Vaal River Valley (unit Al) and is the result of 

erosionally resistant quartzite horizons with shale found in the valleys (Brink et al., 2005b). 

Groundwater levels in this valley have fallen indicated that the aquifer is under stress and a 

detailed delineation of the area indicate an interdependence with the linear aquifers developed 

in the adjacent quartziterich hills (Brink et al., 2005b). A regional geohydrological 

assessment is needed for this total management unit prior to any further groundwater use 

from this area. 

Groundwater resource management Unit B2 include the rest of the alternating hills and 

valleys underlain by the Central Rand Group as a generalised combination of smaller locally 

developed aquifer systems with variations in character. This unit is underlain by variable 

geological formations of quartzites, shales, sedimentary successions and localised weathered 

zones stretching in a general north-easterly, south-westerly direction through the VDWHS. 

Water levels and water quality differ from point to point throughout unit B2 due to the 

complex geological structure and character of the area. 

Due to the complex nature of this groundwater resource management unit and the high level 

of variation in aquifer character and spatial dimensions, a regional geohydrological 

assessment within this area will be of a generalised nature and not of practical value from a 

management point of view. It is therefore recommended that any local land use application 

and related water right must be supported by a site-specific geohydrological assessment to 

determine the parameters of each specific case. 

Groundwater resource management Unit B3 is delineated for the area underlain by the 
Jeppestown, Government and Hospital Hill Subgroup as part of the West Rand Group 
representing different aquifer systems developed locally. This unit is underlain by 
undifferentiated successions of quartzite, sandstone, slate conglomerate, hornfels with politic 
beds stretching in a general north-easterly, south-westerly direction through the VDWHS. 
Water levels and water quality differ from point to point throughout unit B3 due to the 
complex geological structure and character of the area. 

It is also recommended that any local land use application and related water right must be 
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supported by a site-specific geohydrological assessment to determine the parameters of each 
specific case in this unit. 

Groundwater resource management Unit C: Plains north of the Witwatersrand 
Supergroup. 

Groundwater resource management Unit Cl is situated in the north and north-western 
areas of the VDWHS underlain by andesite of the Klipriviersberg Group, Ventersdorp 
Supergroup. A total of 20 boreholes analysed generally reflecting good water quality for this 

unit, especially in the area overlain with alluvium directly north of the Witwatersrand 

Supergroup. (Only 1 sample with high Fe levels falls in the quality class higher than 2.) 

Nitrate (NO3), bicarbonate (HCO3), NH3, EC and TDS levels are the lowest in this Unit, 

indicating that this area does not pose a problem to development activities. The water levels 

of the boreholes in this Unit are the deepest from the surface, making it less vulnerable to 

pollution due to surface activities. '-

Groundwater resource management Unit C2 is situated on the same plains underlain by 
dolomites to the north and north-west of the andesites. The area northeast of the VDWHS 

border is also included in this management zone to cover the total area underlain by the 

Malmani dolomites. Although not as important as Unit Al and A2, with less dense expected 

future development and a lower risk of pollution, this groundwater management unit is of 

great importance to the VDWHS due to high yielding boreholes and good water quality. This 

makes this area the possible water supply source to other areas under stress in the future. 

Land use applications in this unit must also be regarded as a sensitive issue as this area is 
mainly underlain by dolomite. Human activities related to land use change and development 
on dolomites increase the risk of sinkholes, since interrupted natural surface drainage, 
increased runoff and leakage from water-bearing utilities can result in concentrated ingress of 
water into the ground (Pretorius & Hattingh, 2008). A classification system, based on the risk 
of formation of sinkholes on dolomitic land, has been developed in order to zone the land for 
appropriate development and should be applied prior to land use change. Ongoing monitoring 
and maintenance of water bearing services, as well as the implementation of precautionary 
measures relating to drainage and infiltration of surface water, are regarded as essential for 
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developed areas underlain by dolomite. Special types of foundations and quality of 

infrastructure are often needed (De Bruyn & Bell, 2001). 

Due to the interaction between groundwater and formation stability in dolomite formations, 

special care must be taken in the assessment, planning and management of groundwater as 

defined in guidelines from the DWAP (2006b). 

Groundwater resource management Unit C3 comprises a small portion of the area 

underlain by rocks of the Pretoria Group. This area is comprised of quartzites, shale and 

andesite with a general low groundwater potential. 

Groundwater resource management Unit D: Granite and gneiss plains south of the 
Witwatersrand Supergroup. 

Groundwater resource management Unit D represents the area south of the 

Witwatersrand Supergroup as the southern part of the VDWHS. Water level from surface 

in boreholes within this Unit is very shallow. This may result from the character of the 

geological formations within the area as well as a high groundwater recharge giving rise to a 

perched water table. Artificial recharge from various land uses may also contribute to this. 

This shallow water table results in the aquifer being more vulnerable to pollution from 

surface activities. 

The existing available water analysed from this unit does not reflect a true spatial 

representation of activities in the more densely populated areas near Parys and Vredefort 

since the original survey was focused on the core area of the VDWHS. A more basic 

geohydrological survey and sampling is therefore recommended for this area, followed by a 

geohydrological risk assessment as included on proposed projects described in the gap 

analyses. 

Land use practices in this unit must take note of the vulnerability of the groundwater aquifer 

and special care must be taken to ensure appropriate sanitation and waste management 

practices. 
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4.4 Geohydrological risk assessment 

4.4.1 Aquifer vulnerability 

The possible groundwater contamination sources that may pose a threat to groundwater in the 

VDWHS depend mainly on human activity and include the following: 

leakages from human-generated waste and sanitation systems; 

agricultural practices; and 

groundwater and surface water interaction. 

The Aquifer Vulnerability Classification methodology as introduced by the DWAF (DWAF, 

2003a) was followed in the risk assessment of the groundwater within the VDWHS. Aquifer 

vulnerability is dependent upon the following parameters: depth to groundwater, recharge, 

aquifer media, soil media, topography and impact on the vadose zone. A simplified 

classification system is presented in Table 9 (DWAF, 2003 a). 

Table 9: Aquifer Vulnerability Classification Table (DWAF, 2003 a) 

! V/feft^Mtyte--: {Stemmrnfts ®fmmm 
Extreme 
(usually highly fractured rock 
and/or high ground water 
table) 

High risk and short 
distance 
(< 2m) to water table 

Vulnerable to most pollutants with relatively 
rapid impact from most contamination 
disposed of at or close to the surface 

High 
(usually gravelly or fractured 
rock, and/or high water table) 

High risk and medium 
distance (2-5m) to water 
table 

Vulnerable to many pollutants except those 
highly absorbed, filtered and/or readily 
transformed 

Medium 
(usually fine sand, deep loam 
soils with semi-solid rock and 
average water table (>10m) 

Low risk and medium to 
long distances to water 
table 

Vulnerable to inorganic pollutants but with 
negligible risk of organic or microbiological 
contaminants 

Low 
(usually clay or loam soils with 
semi-solid rock and deep 
water table (>20m) 

Minimal and low risk 
and long to very long 
distance to water table 

Only vulnerable to the most persistent 
pollutants in the very long term 

Negligible 
(usually dense clay and/or 
solid impervious rock with 
deep water table) 

Minimal risk with 
confining layers 

Confining beds present with no significant 
infiltration from surface areas above aquifer 
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From this guideline, the aquifer characteristics for the different groundwater resource 
management units in the VDWHS were used to define and classify aquifer vulnerabilities. 

Groundwater resource management unit Al, is underlain by sand, soil, gravel, ferricrete, 

alluvial and weathered formations associated with the Vaal River drainage system and has a 

groundwater table between 13 and 17 m below surface. It is therefore classified as of medium 

vulnerability (Table 9). 

Although a low risk is defined for this unit, it is vulnerable to inorganic pollutants but with 

negligible risk of organic or microbiological contaminants on a regional scale. Due to the 

character of this aquifer (higher local permeability and transmissivity), potential development 

may therefore have a negative impact on the water quality. Special care should be taken in 

the design and management of sanitation systems at existing as well as new development 

within this area in order to ensure that local contamination of groundwater would not lead to 

localised microbiological contamination. 

Groundwater resource management Unit A2, the remaining and bigger area along the 

Enselspruit and Vaal River drainage system is underlain by sand, gravel, ferricretes, 

alluvium and weathered formations associated with these drainage systems and shows a high 

permeability due to a high hydraulic conductivity, with a water table depth between 10 and 

20 m. This unit can therefore also be classified as of medium vulnerability. 

The vulnerability to inorganic pollutants is confirmed in the unit as it reflects the lowest 
groundwater quality of all the units in the VDWHS, expected to be related to existing surface 
human activity. Due to the higher hydraulic conductivity in this area, a negative local 
environmental impact from mainly poorly designed and managed sewerage systems may 
have a more regional effect. The accumulative effect of all impacts may have led to the low 
water quality in the area as a higher density of development and tourism activity occurs along 
the river in this unit. 

Groundwater resource management unit B, covering the VDWHS area underlain by the 

Witwatersrand Supergroup as a generalised combination of smaller local developed aquifer 

systems with variation in character, underlain by variable geological formations (including 
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quartzites, shales, sedimentary successions and localised weathered zones), needs local 

individual investigation in order to do a final aquifer vulnerability classification. Due to the 

variable character of the aquifers developed throughout the area, it is therefore impossible to 

do a regional classification in this regard. 

Groundwater resource management unit C is situated in the north and north-western 

areas of the VDWHS underlain by andesite (Cl) and dolomites (C2) and can be classified 

as of medium vulnerability due to the aquifer character within the unit. 

Groundwater resource management unit D presents the area south of the Witwatersrand 
Supergroup in the southern parts of the VDWHS. The water level from surface is very 

shallow due to the character of the geological formations within the area as well as high 

groundwater recharge, and can be classified as of extreme vulnerability. This aquifer is 

therefore vulnerable to most pollutants with relatively rapid impact from most contaminants 

disposed of at or close to the surface. 

4.4.2 Risk of contaminants 

Although the volume of potential waste spillage is not quantified, but based on the principle 

of precautionary approach, the contaminant load risk for leaking sanitation systems is defined 

as medium. Using this definition as well as the classification of the aquifer vulnerability as 

above, the actions needed for the different groundwater resource management units can be 

derived from DWAF guidelines as defined in Table 10 (DWAF, 2003a). 

The overall risk is thus deemed to be medium for units A, B and C and high for unit D. 
Thus precautionary measures should be implemented to ensure that there are no leaks at on-

site sanitation systems. 
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Table 10: Contaminant Load Risk, Aquifer Vulnerability and action table (DWAF 2003a) 

Contaminant Load Risk 

High Medium Minimal 

!5 
CO 

3 > 
d) 

'5 
< 

Extreme 
very high (obtain 

alternative water source 
or ensure treatment) 

high (implement 
remedial measures) 

high (implement 
remedial measures) 

!5 
CO 

3 > 
d) 

'5 
< 

High high (implement 
remedial measures) 

* high (implement 
remedial measures) 

medium (take 
precautionary measures) !5 

CO 

3 > 
d) 

'5 
< 

Medium high (implement 
remedial measures) 

** medium (take 
precautionary measures) Low (no action required) 

!5 
CO 

3 > 
d) 

'5 
< Low medium (take 

precautionary measures) low (no action required) minimal (no action 
required) 

!5 
CO 

3 > 
d) 

'5 
< 

Negligible low (no action required) minimal (no action 
required) 

minimal (no action 
required) 

* Groundwater management unit D 

** Groundwater management units A,B and C 

The strategic value of the groundwater is a function of the potential yield of the aquifer, the 

present or probable future use of the groundwater, and the existence of alternative water 

sources. In combination with the contamination risk profile it gives expression to the 

relevance of contamination (DWAF, 2003a). Table 11 provides a simplified classification of 

the strategic value and the impacts based on the strategic use of the groundwater in this 

regard. 
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Table 11: Relevance of contamination load and risk profile (DWAF, 2003 a) 

|[ ©Mt£#B«£to3 i S M I , \MmmB(i8lMM(!8<B$mSj]SffiGi& 

Groundwater 
Use (present 

or future) 

Potential 
Yield Comment 

Bacteria 
and 

viruses 
Nitrates Chlorides 

Domestic use 
(drinking water) 

> 1 urn 
Very important aquifer, should 
be protected even in remote 
areas 

Medium risk 
but can be 
treated 

High risk -
cannot be 
easily 
treated 

Minimal risk 

Domestic use 
(drinking water) 0.1-1 Mild 

Important aquifer to local 
communities 

High risk — 
often 
inadequate 
treatment 

Medium risk 
-no 
treatment 

Minimal risk 
Domestic use 
(drinking water) 

< 0.1 Mild 
Could be important to 
single community 

High risk-
often no 
treatment 

Medium 
risk- no 
treatment 

Minimal risk 

Agricultural use 
(animal drinking 
water) 

> 1 Mm 
Very important aquifer, but 
sanitation contaminants 
unlikely to pose a threat 

Low risk Minimal risk Minimal risk 
Agricultural use 
(animal drinking 
water) 

0.1-1 Mm 
Important aquifer to local 
communities Low risk Minimal risk Minimal risk 

Agricultural use 
(animal drinking 
water) 

< o.i Mm Could be important to single 
community Low risk Minimal risk Minimal risk 

Agricultural 
(irrigation) or 
industrial use 

> 1 urn 
Very important aquifer, but 
sanitation contaminants 
unlikely to pose a threat 

Low risk Minimal risk Low risk to 
some crops 

Agricultural 
(irrigation) or 
industrial use 

0.1-1 Mm 
Important aquifer to local 
communities Low risk Minimal risk Low risk to 

some crops 

Agricultural 
(irrigation) or 
industrial use 

< o.i Mm Could be important to single 
community Low risk Minimal risk Low risk to 

some crops 

The aquifers in the different groundwater resource management units in the VDWHS have a 

potential yield < 0.1 M^/d, but are important for domestic water supply as the sole source. 

The relevance of the threat of contaminants is therefore high in the case of bacteria and 

viruses as the water is used for drinking. Nitrates pose a medium risk and chlorides pose a 

minimal risk. 

4.4.3 Risk assessment summary 

Groundwater resource management units A and C are classified as of medium 

vulnerability and are vulnerable to inorganic pollutants but with negligible risk to organic or 

microbiological contaminants. Groundwater resource management unit D is classified as 

extreme vulnerable due to the shallow water table and is vulnerable to most pollutants with 
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relatively rapid impact from most contamination disposed of at or close to the surface. Due to 

the variable character of the aquifers developed throughout groundwater resource 
management unit B, individual site-specific risk assessments are needed during the 

evaluation of groundwater resources in this area in order to do a final aquifer vulnerability 

classification where needed. 

The overall contamination risk is deemed to be medium for units A, B and C and high for 

unit D. If a development is proposed for the area, precautionary measures should be 

implemented to ensure that there are no leaks at on-site sanitation systems. 

The majority of aquifers in the VDWHS have a potential yield of < 0.1 M^/d, but are 

important for domestic water supply as a sole source. As a result, the relevance of the threat 

of contaminants is high in the case of bacteria and viruses as the water is used for drinking. 

Nitrates pose a medium risk and chlorides pose a minimal risk, 

118 



CHAPTER 5 
5 GROUNDWATER RESOURCE MANAGEMENT 

5.1 Groundwater resource management framework 

5.1.1 Water rights within the VDWHS 

In order to apply the principle of Integrated Water Resource Management (IWRM) to work 

towards sustainability in South Africa, the National Water Act (36/1998) structures the 

official granting of water rights through the following schedules: 

• No authorization is needed for a Schedule 1 use - water which is used for domestic 

purposes and basic needs only and is not intended for a profit-making purpose. 

• General authorisation is needed for the registration of water use within set limits and 

conditions of use. 

• The licensing of water use is employed for specific water uses as defined by the act. 

In order to be lawful, groundwater abstraction from boreholes therefore needs licensing if not 

considered to be covered under a Schedule I use or general authorisation in terms of section 

39 of the National Water Act (36/1998). 

The need for a water user to apply for a licence for the taking or storage of water from a 

water resource was revised in order to define the limits and conditions as set out for general 

authorisations. This revision is valid until 2009 and will be extended, amended or replaced by 

the DWAF (South Africa, 2004b). 

119 



Groundwater resource management 

According to this revision, the water uses are covered under the general authorization and 

registration of water use within the VDWHS as summarized in Table 12. 

• Quaternary catchment C23C, eastern portions of the VDWHS (Figure 8): 150m3 per 

hectare per annum and water for small industrial users may be taken under general 

authorization. This implies that a total of 41 000 litres per day can be taken per 100 ha 

land use unit under general authorization. 

• Quaternary catchment C23L, western portions of the VDWHS (Figure 8): 75m3 per 

hectare per annum and water for small industrial uses may be taken under general 

authorisation. This implies that a total of 20 500 litres per day can be taken per 100 ha 

land use unit under general authorisation. 

Table 12 : Groundwater taking: General authorization in the VDWHS 

Groundwater taking: General authorization limits in the VDWHS 
Water use description Drainage region Water use description C23 L C 2 3 C 

cubic meter per hectare per annum 75 150 
cubic meter for 100 hectare land unit per annum 7500 15000 
cubic meter per day for 100 hectare land unit 20.54795 41.09589 
litre per day for 100 hectare land unit 20547.95 41095.89 
Litre per day for 8 hours borehole pumping per day (100ha unit) 2568.493 5136.986 
Litre per second, 8 hours borehole pumping per day (100ha unit) 0.71347 1.426941 

In order to be lawful, groundwater abstraction from boreholes (excluding schedule 1 use and 

the general authorisation that needs registration), requires the process of water use licensing. 

A water use licence is awarded on the basis of the land ownership and the licence can be 

transferred to a new owner when the farm or portion is sold. The registration and licensing 

process must run parallel to the environmental impact assessment needed for new 

developments, and requires the determination of the groundwater reserve component by the 

DWAF authorities as described in section 4.2.7. During the liaison and public participation 

process as part of the compilation of the IMP for the VDWHS, it was recommended to 

DWAF (and recommended to the Management Authority to coordinate with DWAF in this 

regard) that the VDWHS area must be prioritised in the reserve determination process in 

order to make possible the regulation process of water use related to development in the 

Dome. Once this reserve component has been determined, the application for new water use 

volumes can be considered within the context of the aquifer capacity, the existing water use 
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and the status of the water balance. 

It is beneficial and in line with DWAF policy and strategy for groundwater users to form 

Water Users Associations (WUA). These WUA's have the benefit that the abstraction 

volume allocated is usually higher, the licence is awarded to the association and the 

management and control of abstraction is the responsibility of the WUA. The WUA also has 

the right to impose water charges on its members in order to function. It is therefore 

recommended to the Management Authority to investigate the potential and benefit to the 

VDWHS management and community to work toward development of a WUA for the total 

Dome area with a focus on groundwater resource management units A, B and C. 

In order to understand the legal framework regarding water use, it is important to understand 

the interaction needed between the application of the National Water Act (act 36 of 1998) and 

the National Environmental Management Act (107/1998) as described in section 1.1.3.3. The 

obtaining of a legal water use as defined by the NWA and described above is a requirement 

of the Environmental Impact Assessment as defined by the NEMA. This interaction is very 

important and the two processes must run parallel in order to ensure effective support to land 

use change applications. 

5.1.2 Applied strategies, policies and principles 

In order to define the groundwater resource management within the VDWHS, it is important 

to highlight important strategies, policies and principles within the water sector in South 

Africa. 

Principle of Precautionary approach: The National Water Resource Strategy (DWAF, 
2004b), following the policy and strategy for groundwater quality management (DWAF, 
2000), defines the principle of "precautionary approach". Specifically, in the VDWHS with 
the sensitive heritage nature and global attention due to the World Heritage status, and the 
already stressed water balance, it is recommended that all groundwater must be assumed 
vulnerable to damage. It is therefore recommended that the general authorisation as defined 
for the area first have to be subjected to the principle of precautionary approach and that 
geohydrological assessments as required for water licensing must be applied as part of the 

121 



Groundwater resource management  

EIA in all developments within the area. 

Principle of integration: In order to apply the concept of Integrated Water Resource 

Management (IWRM) within the VDWHS, it is important that the natural, social, economic, 

political and other environments and their various components be considered when 

conducting water resource planmng and management. The groundwater in the VDWHS must 

therefore be managed in full understanding of its importance for social and economic 

development (DWAF, 2004a). This integrated planning and management approach can only 

be achieved through an intensive public participation process as part of the water use and 

environmental assessment process by applying: 

• cooperative governance (ensure maximum interaction with governmental 

authorities involved in the VDWHS). 

• user education (ensure the education of the public regarding the sensitive 

nature of groundwater in the VDWHS). 

5.1.3 Groundwater supply and demand 

In light of the critical point of balance in groundwater inflow and outflow in the VDWHS, 

any new groundwater demands will pose a threat to the availability of groundwater. Table 13 

summarises the requirements for water supply related to some actions associated with 

expected new development within the VDWHS depending on groundwater for their water 

supply. The requirements of the development therefore have to be calculated as part of the 

application process to determine what the impact will be on the existing critical groundwater 

balance. 
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Table 13: VDWHS Water supply and demand estimates 

Land use or utilisation category Figure for estimated demand 
1 Development demand 
Description of water supply Consumption Consumption 

Litre /person/day Litre/hectare/day 
=> Dwelling houses 245 
=> Labourers' houses 150 
=> Guest houses 280 
=> Conference facilities 

280 

=> Resorts 70 
=> Business and commercial 215 
=> Education facilities/ team building 183 
=> Offices 31 
=> Gardening and landscaping 56 3 000 (Summer) 

1850 (winter) 
=> Churches 35 (2 X per week) 

=> Other buildings 105 
=> Tourist (Day visitors) 80 

2 Agricultural demand 
Description of water supply 
:=> Surface irrigation (crops) 500 to 1000 
=> Sub-surface irrigation (crops) 250 to 275 
=> Average agricultural demand 80 to 150 
=> Horticulture 
=> Cattle farming 3 000 to 3500 
=> Poultry 25 to 35 
=> Small animal farming 25 to 25 
=> Game farming 20 to 25 
=> Other agriculture-related demand 15 to 20 

50 to 65 
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5.2 Groundwater resource management, protection and monitoring plan 

5.2.1 Identification of threats 

Protection zones are defined in the context of this investigation as those areas of groundwater 

resources which require special protection measurements as a result of the existing or 

proposed land uses, site characteristics and aquifer characteristics. The following threats have 

been identified that may have a negative impact on the groundwater resources: 

5.2.1.1 Exploitation 

Abstraction protection zones are defined by the radius of influence (ROI) of specific 

abstractions from the same aquifer. The proximity of production boreholes to one another has 

a cumulative effect on the water levels (Heath, 2004). The resource quality objectives should 

include the definition of the ROI in aquifer units and the restriction on drilling new boreholes 

within this ROI. The greater aquifer protection zone in terms of abstraction also applies to 

wellfield development as the cumulative impact of a wellfield is likely to be represented over 

a greater area than the impact of a single abstracting borehole. 

Constant rate pump tests should be performed to determine the sustainable yield for 

individual boreholes according to the South African National Standards (SAMS, 2002). If 

groundwater levels decline by more than 80% of the depth of the borehole during production, 

it is used at an unsustainable yield and alternative sources should be secured or the pump rate 

should be adjusted. 

5.2.1.2 Water balance 

The protection of the aquifer water balance requires that the reserve component is not 

allocated and the buffering capability of the aquifer is defined. The water balance should 

always be positive and water abstraction allocation should be denied where the abstraction, if 

allocated, will cause the water balance within the aquifer to become negative. 
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5.2.1.3 Recharge reduction 

Recharge to groundwater depends on rainfall, surface topography, vegetation, soil properties 

and geological character as the main factors (South Africa, DWAF, 2006a). Specific land 

uses may influence the natural state of vegetation, topography and soil properties that may 

lead to reduction in recharge to groundwater. These activities include the development of 

storm water drainage systems, ploughing of lands to increase run-off and development of 

crops which do not permit infiltration. Vegetation which intercepts percolating groundwater 

also has the potential to decrease recharge (Scanlon et ah, 2006). Such activities that may 

lead to recharge reduction occur in the VDWHS, but no detail surveys and quantification 

were done of this aspect. 

5.2.1.4 Sanitation 

The protection of boreholes from seepage from soakaways and septic tanks requires a buffer 

zone to be created down-gradient from the location of the sewage system. The travel of 

bacteria from the sewage into the borehole capture zone under the influence of abstraction 

should not be underestimated. Ideally, all sewage should be disposed of into septic tanks that 

are emptied on a regular basis. 

It is recommended to apply the decision support framework and impact methodology as 

developed by Vivier (2006) to identify the appropriate sanitation technology on a regional 

scale in future developments within the VDWHS. 

5.2.1.5 Surface disposal of solid and liquid waste other than sanitary 

The disposal of domestic waste has been determined to be a potentially problematic issue and 
has been given due attention in the land use management plan for the VDWHS (Schoeman, 
2007). The potential impact on the groundwater is related to the quality of the seepage from 
such disposal, be it temporary or long-term. 
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5.2.1.6 Vaal River ingress 

The water level in the boreholes closest to the Vaal River is higher than the level of the Vaal 

River so ingress from the Vaal River to the boreholes does not appear to be problematic at 

this point in time. The reduction in water levels in the boreholes to below the piezometric 

head of the Vaal River could pose a problem. The groundwater levels in these regions 

therefore need to be monitored. In line with the precautionary principle, abstraction boreholes 

should therefore not be developed within 100m of the Vaal River. 

5.2.1.7 Sinkhole development 

The development of sinkholes is exclusive to dolomite geology. Dolomite covers only a small 

elongated zone on the north-western side of the VDWHS. The development of sinkholes is 

related to over-abstraction from groundwater resources, uncontrolled storm water drainage 

and leakages from water and sanitation infrastructures within this unit. 

Specialist geotechnical investigations are carried out as standard practice prior to the 

development of buildings on dolomite in order to quantify the potential risk of sinkholes. 

Additional groundwater management measures are required in the dolomite if wellfields are 

developed, to ensure that there is no additional risk of sinkhole formation as a result of 

abstraction. 

5.2.1.8 Storm water management 

Proper storm water management is required to ensure that surface drainage does not have a 

chance to contaminate groundwater resources through water quality changes. The protection 

of the aquifers from seepage of lesser quality surface water from storm water run-off should 

be prevented by having a compulsory storm water management plan for all developments e.g. 

petrol stations and lodges. 

5.2.1.9 Alien and invader vegetation 

Alien vegetation such as the sp. Acacia Karoo and sp. Eucalyptus have the potential to 

impact negatively on the volume of water recharging the groundwater resources (Le Maitre et 
al., 1999). The development of deep root systems can also abstract directly from below the 
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water table in the areas where the water levels are less than 8m deep e.g. in the southern area 

of the study area. The impact of alien vegetation on the surface water run-off and 

groundwater recharge and resulting influence on the water balance of the VDWHS should 

also not be underestimated. The areas covered by this water-guzzling vegetation can be 

included in the water balance for the VDWHS and the potential increase in water available 

can then be quantified for the scenario where the vegetation is removed. This is to be 

addressed in future studies. 

5.2.1.10 Riparian vegetation 

This vegetation has the potential to abstract from base flow during the dry seasons. This will 

have an effect on all rivers in the study area, especially on the tributaries of the Vaal River 

which is not perennial and drain the VDWHS. The potential risk to the groundwater is the 

reduction in flow of the groundwater and a reduction in volume of groundwater available to 

the water balance system. 

5.2.1.11 Application of fertiliser 

Golf courses and commercial agriculture have the potential to increase the salt loading and 

specifically the nitrate contents of the water being used in the irrigation of greens. This salt 

concentration has the potential to contaminate the groundwater system where the irrigation is 

unnecessarily excessive and the use of fertiliser is too concentrated for the plants to absorb it 

adequately. 

Golf courses should include in their environmental management plan the monitoring of 

groundwater quality near and within their estates to ensure that the sole source water quality 

is not negatively impacted by their operation. 
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5.2.2 Management measurements 

The following management measurements are needed within the VDWHS to protect the 

groundwater resources from the threats identified: 

• Groundwater usage and sanitation practices in groundwater resource management 

units A and D need to be regulated. 

• A geohydrological status and risk assessment are needed in groundwater resource 

management unit D in order to quantify the risk of groundwater pollution by land use 

practices. 

• The geohydrological investigations required for each groundwater resource 

management unit as described in the gap analyses (section 5.3) must include the 

definition of a radius of influence (ROI) for each unit. 

• The effect of land use practices and change in vegetation on groundwater recharge 

and the total water balance in the VDWHS must be included in geohydrological 

investigations required for each groundwater resource management unit. 

• Borehole development must be regulated within the VDWHS according to the uses 

and defined actions as formulated in the National Water Act (36/1998). 

• The approval of any new groundwater development must depend on the proof of 

available water balance supported by recommended geohydrological investigations as 

defined in the gap analyses. This must include all aspects of water use within the unit 

as well as the reserve determination. 

• All new borehole development and evaluation of groundwater resources within the 

VDWHS must be done according to and based on South African National Standards 

prior to and as part of the licensing process (SANS, 2002). 

• Surface activities that may have a negative effect on the recharge of groundwater 

from rainfall must be identified and managed on a regional scale within each 

groundwater resource management unit as part of the ongoing groundwater 

monitoring plan. 

• A complete survey of existing sanitation systems is recommended for groundwater 

management Units A and D in order to assess the accumulative effect on 
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groundwater. Recommendations regarding the remediation of the existing sanitation 

situation should be part of the defined regional geohydrological studies for these 

areas. 

• Specific recommendations regarding sanitation systems, design, and management and 

monitoring must be included in the EIA prior to any new development within the 

VDWHS. 

• Specific recommendations regarding solid waste sites, domestic-generated waste and 

any other surface waste sites must also be addressed in the EIA prior to any new 

development within the VDWHS. 

• No new boreholes should be developed within 100m from the Vaal River in order to 

avoid ingress from river to groundwater flow. 

• Boreholes must be identified to monitor groundwater levels in the close vicinity of the 

Vaal River in order to ensure that no ingress takes place from river to groundwater 

flow. 

• All new and existing development where activities may lead to pollution of water, 

must have a storm water management plan as part of the environmental management 

plan as defined in the EIA. 

• Golf courses and all agricultural activities using of fertilizer should include in their 

environmental management plan, the monitoring of groundwater quality near and 

within their estates to ensure that the sole source water quality is not negatively 

impacted upon by their operation. 

• Abstraction auditing: Illegal and excessive groundwater uses should be Identified and 

quantified. The influence of abstractions on neighbouring boreholes cannot be 

underestimated. For this reason, controls within the WUA and the management area 

are required so that there are fewer disputes about inequitable water access and 

impacts of excessive use on a neighbour's water supplies. The abstraction rate for a 

borehole should not exceed the volume for which it is licensed. Should the owner 

require an increase in allocation, a separate application process should be 

implemented and followed. 

• Prior to the development of a WUA, it is recommended that the Management 

Authority update the existing borehole survey to cover the total area of the VDWHS 

and record the existing use of water for all purposes with a focus on uses other than 

Schedule I. 
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• Allocation applications: Once the compulsory licensing process is complete, the 

owners may elect to increase their requirements through development of their 

properties. This increase in demand should be worked out within a numerical 

management model and the influence on the immediate neighbours determined. Only 

if the impact is proven to be minimal and the aquifer has the surplus to allocate, then 

the borehole is added to the abstraction matrix and is issued with an official 

management authority number. 

• Centralised borehole numbering and data control: It is recommended that in the future 

the Management Authority of the VDWHS implement a centralised borehole 

numbering and data control system in conjunction with DWAF, other regulatory 

institutions and the WUA. This management system should have the capacity and 

ability to supply landowners with borehole numbers and the data for the drilling and 

testing of the boreholes should be collected once this work has been completed. This 

will ensure that all boreholes in the VDWHS are known, identified by a unique 

number and can be included in the water balance and numerical management model 

• The decision support framework and impact methodology as developed by Vivier 

(2006) must be applied to identify the appropriate sanitation technology on a regional 

scale in future developments within the VDWHS. 

5.2.3 Monitoring 

A groundwater monitoring plan is proposed for implementation in the VDWHS in order to 

manage the resource correctly and proactively in a sustainable manner. The following 

broadly defined aspects need to be monitored within the VDWHS in order that appropriate 

actions can be implemented for any changes detected: 

• water quantity; 

• water quality; 

• aquifer variability (water levels, abstraction and recharge); 

• water consumption; and 

• all actions with a potential influence on the aspects defined above. 
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5.2.3.1 Monitoring of water quantity 

Changes in rainfall affect water demand and the volume of recharge to the aquifer, thus 

changing the extent to which the aquifer can be utilised and stress is put on the aquifer. 

Rainfall data and groundwater level measurements collected over a long period of time are 

used to determine and better understand the relation between changing precipitation and 

recharge. This is important to account for dry seasons. 

It is therefore recommended that specific monitoring boreholes must be developed according 

to the following guidelines: 

• New boreholes must be sited based on aquifer dimensions, geophysical and regional 

structural interpretations in order to represent the aquifer within a groundwater 

resource management unit. 

• The borehole must be accurately logged during drilling for a better understanding of 

the aquifer, and tested according to DWAF and SABS standards to determine the 

aquifer parameters. 

• Automatic water level recorders must be installed and automatic rainfall recorders 

next to the monitoring boreholes. Equipment with telemetric data transferring abilities 

is recommended. 

• These monitoring boreholes must be developed at the following localities: two 

boreholes in groundwater resource management area Al, three boreholes spread 

evenly in groundwater resource management area A2, (at least one at each Unit 

close to the Vaal River), two boreholes in groundwater resource management area 

C2, one borehole in groundwater resource management area Bl and two in 

groundwater resource management area D. 

• Monitoring boreholes where water levels can be measured manually and samples 

taken for water quality evaluation on a periodical basis should be included in the EIA 

recommendations as part of the environmental monitoring program at each 

development identified to have a threat to groundwater resources. 

It is further recommended that through the regulation of groundwater use, abstraction 

volumes be monitored on an annual basis to use in the future evaluation of aquifers. 
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5.2.3.2 Monitoring of water quality 

Water quality monitoring must be done on a regular basis to ensure that the water quality is 

not deteriorating over time and if so, that the necessary steps can be taken to determine the 

source(s) of the contamination. 

It is recommended that specific production boreholes near newly developed monitoring 

boreholes be identified, or the new monitoring boreholes themselves be utilised for sampling 

and that water quality be analysed once a year for a full macro-element analysis. Samples 

from boreholes in close proximity to development and a higher concentration of human 

activities including urban areas in units A and D should also be analysed for microbial 

contamination, E.Coli and Faecal Coliforrns. 

5.3 Geohydrological research gap analyses 

During this geohydrological investigation in the VDWHS, huge progress has been made in 

improving the existing knowledge of groundwater within, the Dome as well as to structure the 

effective management thereof. The investigation also identified some knowledge gaps and the 

need for further investigation within the VDWHS which was also incorporated in the IMP 

(AGES, 2007). 

Based on all the recommendations made throughout the study, the following gaps and related 

research topics on the Geohydrology in the VDWHS were identified and prioritised and 

classified into three main groups: 

Group 1 - of immediate importance to effective groundwater management: This includes 

the development of all groundwater management infrastructure and information needed in 

order to proceed with management of groundwater within the VDWHS for the first year of 

management. 
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Group 2 - of medium term importance to effective groundwater management: This 

includes the regional surveys and geohydrological assessments needed in order to improve 

basic knowledge and the management of different aquifers within the VDWHS over the next 

5 years. 

Group 3 — of long term importance to effective groundwater management: This includes 

research regarding basic aspects of the Geohydrology with a long-term effect on effective 

groundwater management within the VDWHS. 

5.3.1 Group 1: Immediate importance to effective groundwater management 

The following gaps and related projects, actions and research are listed as of immediate 

importance: 

• The development and implementation of a groundwater information system: 
This includes the compilation of a groundwater information and management system 

of the VDWHS to be used by the Management Authority. This database and 

management system must incorporate all borehole data and other applicable 

geohydrological information. This system must be applied to implement a borehole 

numbering system within the VDWHS area and must be able to be updated with all 

new information becoming available related to new research and development. The 

geohydrological management system must be updated with each individual study 

defined below or related to new development or water use licence applications on an 

ongoing basis. The management system must also include the development of 

procedures for the practical implementation of compulsory water use licensing for all 

uses. It must facilitate the enforcement of allocations which have been approved by 

the DWAF and include guidelines for prosecution of illegal abstraction subsequent to 

the compulsory licensing process. The management system must define a strategy to 

develop a Water Users' Agency and to promote the acceptance of groundwater tariffs 

amongst the users to assist the management agency in controlling over-abstraction. 

• Development of a geohydrological monitoring infrastructure and related system: 
This includes the preparation and development of a groundwater monitoring system as 

defined in this study. It includes the geohydrological study needed, appointment and 

management of drilling, testing and equipping contractors as well as the 

implementation of the monitoring program. 
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• Geohydrological assessment of the groundwater resource management unit Al 
and A2: This includes a desk study, defining and evaluation of existing water uses 

and sanitation practises, geohydrological assessment, aquifer characterising, 

groundwater risk analyses and geohydrological numeric modelling (based on real 

water levels and water flow) as well as the development of a groundwater 

management plan for the unit. All detailed surveys on sanitation and waste water 

disposal must be included in the study for this sensitive area. This study is prioritised 

in the light of water use demands related to expected pressure on development within 

this Unit. 

• Geohydrological status assessment of the VDWHS: This includes the incorporation 

of all existing information on water use, borehole information and geohydrological 

information within the VDWHS, the execution and completion of a borehole and 

groundwater use survey and inclusion of related data throughout the VDWHS area, 

the execution of a survey of all sanitation practices and other groundwater 

contamination sources within the VDWHS, identification of all illegal water uses 

within the VDWHS, obtaining water reserve determination results for the VDWHS 

from DWAF, and the consequent development of an updated water balance for the 

VDWHS making use of a numeric geohydrological management model. The project 

must also result in the identification of over-abstraction and stressed aquifer systems 

within the VDWHS, the delineation of protection zones and the identification of a 

methodology for the legal recognition of these protection zones within the 

management strategy of the VDWHS. This study must include the areas underlain by 

dolomite to the north and northwest of the VDWHS area in order to include this area 

in the future groundwater management of the VDWHS. A resource quality objective 

must be defined for the groundwater sources within the VDWHS against which the 

status of the sources can be evaluated in the future. 

5.3.2 Group 2: medium-term importance to effective groundwater management 

This group includes the regional surveys and geohydrological assessments needed in order to 
improve basic knowledge and the management of different aquifers within the VDWHS. The 
following gaps and related projects, actions and research are listed in this regard: 
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• Geohydrological assessment of the groundwater resource management unit D. 
This includes a desk study, defining and evaluating existing water uses and sanitation 

practises (including the evaluation of bulk sewerage works at Vredefort and Parys), a 

geohydrological assessment, aquifer characterising, groundwater risk and assessment 

and geohydrological numeric modelling (based on real water levels and water flow) as 

well as the development of a groundwater management plan for each unit. All details 

and surveys regarding sanitation and water waste disposal practices must be included 

in this study. This study is needed in the light of water use demands related to 

expected pressure on development within the VDWHS. 

• Geohydrological assessment of the groundwater resource management unit C. 
This includes a desk study, defining and evaluation of existing water uses and 

sanitation practises, geohydrological assessment, aquifer characterising, groundwater 

risk analyses with special attention to stability and geohydrological numeric 

modelling (real water levels and water flow) as well as the development of a 

groundwater management plan for this unit. This study is needed in the light of future 

expected water use demands and the development of wellfields for water supply to 

developments within the VDWHS from this dolomitic aquifer. This must also include 

the assessment of abstractions from the dolomite aquifer on a regional scale outside 

the VDWHS and the effect on the Dome area. 

• Wellfield development: This study includes a desk study, regional interpretations and 

detailed geophysical survey, aquifer delineation and characterisation and costing to 

develop a wellfield for bulk water supply to the VDWHS. 

• Regional Geohydrological assessment of the groundwater within the VDWHS. 

This includes the incorporation of the individual assessments as defined for the 

different groundwater management units as well as geohydrological studies 

throughout the VDWHS done as part of the environmental assessment of the water 

use licensing process into a combined regional geohydrological assessment for the 

VDWHS. The water balance must be updated and long-term risk assessments done 

based on a numeric geohydrological management model reflecting all information. 

5.3.3 Group 3: Long-term importance to effective groundwater management 

This group includes research needed regarding basic aspects on the Geohydrology with a 

long-term effect. The following gaps and related projects, actions and research are listed in 

this regard: 
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• Surface water - groundwater interface: There is a relationship between rainfall, 

surface water flow and groundwater availability. The interface is crucial and must be 

understood in terms of groundwater and surface water balances for the VDWHS in 

order to manage the water effectively. As soon as practically possible and to be able 

to fine-tune the management strategy, a water balance should be developed for the 

surface water and groundwater components based on a defined surface water -

groundwater interface. Dams within the VDWHS have the potential to seep and 

contribute recharge to the groundwater system. Evaporation rates are also high, so a 

balance is required between the water which is stored and that which is abstracted 

from groundwater when required. The area of surface water storage and the nature of 

the floor of these facilities should be included as information in the defining of the 

groundwater balance for the catchment. 

• Base flow in the Vaal River: In order to support the flora and fauna requirements of 

the Vaal River banks and in-stream ecosystem and understanding of the ecology, 

minimum water defined as base flow (low flow) is required. This should take into 

account releases from dams in the system, the development of farm and golf course 

dams and the increase or decrease in irrigation within the area. The management of 

base flow from the groundwater will be less problematic to include in the groundwater 

reserve determination when this information is readily available. 

• Recharge to groundwater: This proposed study includes the implementation of all 

known existing methodologies to verify and develop a more accurate recharge figure 

for each individual aquifer and groundwater management unit within the VDWHS to 

support all geohydrological studies defined above. 

• Nitrates in groundwater: A detailed investigation is needed in areas where existing 

borehole information and water quality indicated a deviated nitrate level exceeding 

the standards. Inspection of existing sewage systems and other possible sources, 

recommendations and instructions must be included in this investigation, remedial 

actions identified and evaluated. Methods to remove nitrate include ion-exchange, 

reverse osmosis and biological reduction using carbon sources, and the application of 

home treatments kits must be considered. 
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6 LAND USE MANAGEMENT AND SPATIAL PLANNING IN THE VDWHS 
WITH REFERENCE TO THE ROLE OF GROUNDWATER. 

"Land use is at the heart of our hopes of achieving truly 

sustainable development." 

Kofi Annan, in his message to the second colloquium of the 

IUCN academy of environmental law, 2004 

(Chalifour et al, 2007) 

Land use is central to development in Africa and through the mechanism of Environmental 

Impact Assessments it is one of the most important conservation tools in public interest 

(Kidd, 2007). The land use management regime therefore forms an integral part of the entire 

environmental governance in South Africa (Kotze, 2007), and is playing a major role to 

ensure sustainability. 

The role of land use management and spatial planning is reflected in the purpose as defined 

for the North-West Land Use Management Bill (South Africa, Department of Developmental 

Local Government and Housing, 2008b): 

To promote uses of land that are socially and economically beneficial, ecologically sustainable 

and that conserve the environment and cultural heritage of the North-West Province by: 

establishing integrated and efficient planning and decision-making systems for land use 

management based on co-operative government principles that promote ecologically 

sustainable, economically efficient, culturally appropriate and socially just uses of land; 

establishing mechanisms for provincial support to, and monitoring and oversight of, 

municipalities in respect of planning and managing the use of land; repealing certain legislation; 

facilitating the integration of environmental and heritage impact assessment processes with land 

use planning processes and other decision-making processes affecting the use of land; and 

providing for incidental matters. 
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6.1 Spatial Development Framework (SDF) as a concept 

Spatial planning, land use management and development in South Africa is guided by a 

hierarchy of Spatial Development Frameworks as was legislated through the Development 

Facilitation Act (67/1995), and the related process through the Municipal Systems Act 

(32/2000d). This framework gives effect to the directive principles of equality, efficiency, 

integration, sustainability and fair and good governance (listed in section 3.3.2) on three 

levels (Maxim, 2008): 

• National Spatial Development Frameworks (NSDF) give effect to national policy, 

priorities, plans and planning legislation. 

• Provincial Spatial Development Frameworks (PSDF) coordinate and integrate the 

spatial aspects of the plans and programmes of the various provincial departments and 

agencies. The objectives of the PSDF should guide decisions related to the location 

and nature of physical development, indicate the desired development patterns and 

contribute towards redressing past spatial imbalanced development (Department of 

Developmental Local Government and Housing, 2008b). 

• Municipal Spatial Development Frameworks forms part of the Integrated 

Development Plan (IDP) prepared by a municipality in terms of section 32 of the 

Local Government: Municipal Systems Act (32/2000a). 

The SDF on municipal level aim to achieve the local vision of building a thriving but 
sustainable area, provide development direction, coordinates initiative and identifies key 
development areas for improvement (Maxim, 2008). In order to achieve this, it must reflect 
at least; 

• a status quo report on existing land use; 

• a conceptual framework reflecting desired spatial growth patterns; 

• a multi-sector based spatial plan; 
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• and a multi-sector driven resource plan for implementation of the spatial development 
framework. 

The detail regarding the alignment between the spatial planning (as reflected in the SDF), 

environmental management (as reflected in the Environmental Management Framework) and 

land use (the statutory Land Use Management Systems) is shown on provincial level for the 

North-West Province in preparation for the Land Use Management Bill (Department of 

Developmental Local Government and Housing, 2008c) and is attached in Appendix D. 

From this layout it is evident that the IDP must provide for this alignment and play an 

important role in this integration process (Department of Developmental Local Government 

and Housing, 2008a). 

The integration of the IDP's and related SDF's from the various institutional entities 

presented in the VDWHS and application of normative planning principles based on 

conservation as the main focus is therefore recommended in the Land Use and Infrastructure 

Development Plan as part of the proposed Integrated Management Plan for the VDWHS 

(Schoeman, 2008). 

This study (chapter 4 and 5) indicates that groundwater is playing a prominent role as natural 

resource and that a geohydrological assessment is therefore essential as part of the alignment 

of the environmental, spatial and statutory frameworks within the VDWHS. 

6.2 The role and framework of land use management and spatial planning in the 
VDWHS 

As on a national and provincial level, land use management and spatial planning is playing a 

very important role in achieving sustainability and to ensure the future integrity of the 

VDWHS. It is therefore important to define the existing framework for land use management 

and spatial planning in the VDWHS. The gap in terms of integration with geohydrology is 

then defined and an integrated process recommended for the VDWHS. 
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The application of the following framework during land use management and spatial 
planning will contribute to sustainable development in the VDWHS with the protection of the 
integrity of the area. 

The availability of natural resources and related infrastructure is a basic determining factor 

in land use management and spatial planning. The geohydrological assessment done in this 

study indicated that most development and related land use changes depend on groundwater 

for water supply as the only water resource. The existing framework for land use 

management and spatial planning must therefore be adapted to integrate geohydrology and 

land use management on a practical level. The gaps within the existing framework is 

therefore addressed in chapter 6.3 and integration with geohydrology in chapter 6.4 

The implementation of a Management Authority for the VDWHS was identified in the 

Integrated Management Plan as a very important action towards the effective management of 

all land use and spatial planning processes in the area (Aucamp, 2007). The role of the 

Management Authority is very important to ensure uniform and consistent criteria being met 

during the land use processes throughout the area and to protect the integrity of the VDWHS. 

The legal framework for land use management and spatial planning as well as for 
Environmental Management and the principles in this framework as discussed in chapter 3 
must be the basis for all spatial planning and land use management within the VDWHS. Land 
use management and spatial planning in the VDWHS must take note of all environmental 
considerations to ensure sustainable development and to protect the integrity of the VDWHS 
as guided by the legal framework. All spatial planning must rather be conservation-driven 
than development-driven (Schoeman, 2007). The process to make land use change decisions 
based on this principle is demonstrated and summarised in Figure 26 and makes use of the 
distinction between appropriate and in-appropriate development within the environmental 
reality (Schoeman, 2007). 
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Figure 26: Assessment framework for land use management and spatial planning in the 

VDWHS 

The Institutional, socio-economic, and physical spatial realities must be taken into 

consideration during land use management and spatial planning. This includes the existing 

land uses as primary management areas, ecological sensitivity, visual impacts, archaeology, 

geological features and recreation potential (Schoeman, 2007). 

All these physical factors as identified during the study in preparation for the IMP 

(Schoeman, 2007) are spatially presented in Figure 27 in the context of the identified 

groundwater resource management units. This information can be used to scan the possible 

feasibility of proposed developments within the VDWHS and to identify favourable areas for 

development. This factor plan does not reflect the availability of groundwater as natural 

resource and this integration depends on assessments and procedures as discussed in chapter 

6.4. 
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Land use management and spatial planning are forming the core focus in the management of 

the balance between the two opposing forces of spatial development and conservation. This 

inter-relationship represents an important driving force in protecting and conserving the 

integrity of the VDWHS (Schoeman, 2007). Based on the defined framework for land use 

management and spatial planning within the VDWHS, an assessment framework was 

developed to be used by land owners and developers indicating a point allocation of 1 to 16 

in order to give expression to this balance (Table 14). This can be used as a broad based filter 

process to determine the level of appropriateness of land use and spatial planning within a 

specific environmental setting in the VDWHS (Schoeman, 2007). 

Table 14: Assessment framework for land use and development within the VDWHS 
Land use or 
development 
category 

Ecological sensitivity classification Classification of effect and 
impact 

Land use or 
development 
category 

Low Moderate High 

Classification of effect and 
impact 

land 
15 1 14 to 16 (In-appropriate) 

Industrial 
development 

13 to 15 (In-appropriate) 

Commercial 
development 

12 12 to 14 (In-appropriate) 

Business 
development 

12 11 to 13 (In-appropriate) 

Township 
development 

12 10 to 12 (In-appropriate) 

Residential 
estates 

9 10 II 11 (In-appropriate) 
10 (Appropriate) 
9 (Preferable) 

4X4 routes and 
Quad bike routes ' 1 ' IV 10 (In-appropriate) 

1 9 (Appropriate) 
8 (Preferable) 

Tourism-related 
development 

7 8 9 9 (Appropriate) 
7 to 8 (Preferable) 

Resort 
development 

6 
7 8 

8 (Appropriate) 
6 to 8 (Preferable) 

Lodges 5 6 7 5 to 7 (Preferable) 

Conference 
facilities 

4 5 6 5 to 6 (Preferable) 
4 (Recommended) 

Labourers' 
housing 

3 4 S 5 (Sensitive) 
4 (Preferable) 
3 (Recommended) 

Second dwelling 
houses 

2 3 4 2 to 4 (Recommended) 

Dwelling house 1 2 3 1 to 3 (Recommended) 

Severity of impact 

Source: Schoeman, 2007 
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6.3 The gap in integration between geohydrology and land use management and 

spatial planning in the VDWHS 

At an international level, many authors use the term land use planning in a way that means to 

include water and not only land and soil. An effort is made to incorporate effective land use 

and stewardship in the realm of water (Chalifour et al, 2007). Although groundwater is 

playing a major role as strategic water resource as indicated in this study, this integration 

between land use planning and the realm of water is not evident within the rural areas of 

South-Africa as reflected in the situation in the VDWHS. 

Due to the dependency on groundwater, land use and geohydrology interacts in a unique way 

in the VDWHS and represents one of the core considerations in its present and future 

development. This important interdependency is not reflected in previous studies in the 

VDWHS, demonstrating the general lack of geohydrological consideration in land use and 

spatial planning, leading to unsustainable development and the need for focus on natural 

resources towards sustainability: 

The Conservation Management Plan (Contour project Managers, 2002) identifies a 

number of spatial issues, challenges and opportunities, recognises the area as a unique 

geological phenomenon with a growing number and range of products, having a variety of 

natural, archaeological, historical and other attractions, in transition from agriculture to 

tourism, but neglecting groundwater as an essential criteria as a natural resource towards 

sustainable development. 

The SEA (African EPA, 2006) confirmed this and identified a number of additional threats 
to the integrity and functioning of the VDWHS. It defined zones of no-go, conservation, 
nature enjoyment and recreation, but again no reference was made regarding the role of 
groundwater as a natural resource playing a role in spatial planning and land use 
management. 
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The Sense of Place Report (Van Rensburg et at, 2006) uses the concepts a sense of arrival, 

orientation and experience as a basis for spatial planning, introduces development nodes but 

again without contextualisation within the availability of natural resources. The research 

project resulting in the Sense of Place Report for the VDWHS illustrates the integration 

between physical environmental science (spatial planning) and psychological aspects (sense 

of place) (Puren et al., 2007). Despite this integration, no reference is made to the importance 

of integrating this result with the natural resource character (groundwater) of the area. 

The land use and Infrastructure Management Plan (Schoeman, 2007) in preparation for 

the compilation of an Integrated Management Plan for the VDWHS rectified this. This plan 

referred to groundwater as a determining factor in assessment of the feasibility of new 

developments and related land use changes but no methodology to implement this as a point 

of departure during spatial planning was given. 

The study leading to the compilation of the draft Land Use Policy (Department of 

Developmental Local Government and Housing, 2008a), and related draft Land Use 

Management Bill (Department of Developmental Local Government and Housing, 2008b) 

listed the promotion of sustainable use of resources as part of the purpose of the draft bill. In 

spite of this, a gap is created as the draft does not refer to the National Water Act as part of 

the core regulatory framework for the North-West Province. Neither is any reference made to 

water use licensing in the land use application and township establishment procedures. It did 

not refer to water as a natural resource either and therefore reflects the ignorance about 

groundwater management as essential criterium to land use management and spatial planning. 

A proposal towards an Integrated Land Use Management Scheme for both the Free State 
and North-West Province for the VDWHS has been submitted to the North-West Province 
Department of Agriculture, Conservation, Environment and Tourism, and the Free State 
Department of Tourism, Environmental and Economic Affairs in May 2006 (Plan Centre & 
LMV, 2006). Although this did not result in an official LUMS for the VDWHS, important 
guidelines and core issues were identified regarding the role of groundwater. The 
geohydrological status was defined as one of the core issues listed in an assessment matrix in 
order to determine development density for various land uses. This status includes the 
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assessment of aquifer classification based on DWAF specifications, the groundwater 

development potential (yield and quality), a groundwater risk assessment and the definition 

of perched aquifers (Plan Centre & LMV, 2006). 

The terms of reference for the compilation of the North-West Province Spatial 

Development Framework (NWPSDF) includes the addressing of environmental 

consideration in development. It also promotes sustainable development and the responsible 

use and protection of natural resource planning (Department of Developmental Local 

Government and Housing, 2008d). Regardless this approach, no integration is made between 

spatial planning and the availability of water supply to related development and 

recommendations were made to the department to incorporate the Internal Strategic 

Perspectives compiled by the DWAF (2004a) into the NWPSDF (Pretorius, 2008c). 

The gap in integration between geohydrology and land use management and spatial planning 

is especially evident at the regional management and planning level. Groundwater is 

particularly susceptible to the cumulative effect of small impacts. It is therefore important to 

recognise that the regional application of geohydrology as assessment must be done within 

the context of the contribution to the cumulative effect (Saayman, 2005). Based on this 

principle, a Cumulative Effect Assessment (Department of Environmental Affairs and 

Tourism, 2004b) was recommended for the VDWHS prior to any new development 

(Schoeman, 2007), and the application of the Comprehensive determination of the GRDM is 

recommended in this study. Although this is not yet in place, individual applications for land 

use changes are listed with the Tlokwe City council (AGES, 2008). 
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6.4 Geohydrology-based land use management guideline and procedures. 

From the geohydrological assessment described in this study it is evident that the availability 

of groundwater for water supply to development is the one determining factor in land use 

management and spatial planning. The assessment of any new land use and related 

development is dependent on the water balance regardless all other factors as defined in the 

previous section. 

As described in chapter 3.2, the EIA procedure is limited in its sphere of application and the 

management thereof fragmented in the South African context. It is therefore argued that the 

regulations regarding the licensing of water uses related to land use activities as defined in 

the NWA (36/1998), need to be incorporated in land use management and spatial planning in 

a much more direct manner, and not only indirectly through the EIA process. 

The main objective therefore is to compile a geohydrology-based land use management 

guideline and procedure for the VDWHS. This procedure must optimise the integration 

between the following three sectors and related legal frameworks in order to establish legal 

rights regarding land use: 

• Water sector: It was identified in this study that groundwater is a strategic natural 

resource of critical importance in land use management and spatial planning within 

the VDWHS. Securing of water rights in terms of general authorisation or licensing is 

required and guided by the NWA (36/1998). The official right is reflected in the 

granting of a water licence or registration of water use under the general authorisation. 

• Environmental sector: The VDWHS is regarded as an environmentally sensitive 
area due to its natural heritage of such importance that it is reflected in the registration 
as a World Heritage Site. All land use changes in the VDWHS must be supported by 
an Environmental Impact Assessment as required and guided by the National 
Environmental Management Act (107/1998). The official right is reflected in a 
Record of Decision defining the condition to proceed with development. 
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• Land use and spatial planning: Granting a land use right is guided by a number of 

acts as defined in chapter 3, and depends on the legal outcome as described for the 

water and environmental sector. 

In order to optimise the integration between these three sectors, it is recommended that the 

three processes run parallel and simultaneously but based on a phased and interdependent 

approach. The outcome of each phase will then be determined for all three sectors prior to the 

implementation of the next phase. The layout and structure of this procedure and sequence of 

actions can be seen in Figure 28. Al these phases and actions should take place within the 

recognition of the requirement of regionally based assessments as defined for the VDWHS in 

this study. 

The following prominent phases are part of this proposed process: 

• The pre-feasibility phase: This phase includes the initial actions followed by the 

intention to apply for a land use change regarding to future spatial planning and 

development. During this phase the existing land use status is assessed and the 

required land use is identified and tested against the environmental criteria and water 

availability. This filter process is based on existing environmental information 

available in the VDWHS as summarised and shown in Figure 26 on an integrated 

basis with the available groundwater information and the identification of conditions 

for the specific groundwater resource management units as shown in Figure 24. From 

this screening process, the probability can be defined for a specific required land use 

to be appropriate within the concept of sustainability and therefore expected to be 

authorised. Liaison by land owners, developers and appointed specialists during this 

phase will be restricted to government officials representing the three sectors. If any 

of these screening actions and liaison processes are indicative of a fatal flaw, the 

required land use must be revised or the project abandoned. 
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• The feasibility phase, investigation level: This phase includes the development of 

conceptual plans and the testing of these ideas against public acceptance by involving 

of all affected and interested parties in a public participation process. In order to 

achieve this, actions in each of the three sectors must be implemented parallel and 

simultaneously during this phase and the public participation process must be 

integrated to one process addressing the legal requirements and standards for all three 

sectors. In the land use sector, the specific legal mechanism for the land use change 

and application must be identified and implemented and related requirements from the 

other sectors identified. The conceptual land use and spatial planning must also be 

finalised during this phase. In the environmental sector the initial assessment phase of 

the EIA must be completed which will identify the nature of specialist investigations 

required. In the water sector, a water balance study is needed for all groundwater 

management units. A regional geohydrological assessment is needed for groundwater 

resource management units A, C and D as defined in this study. It is evident therefore 

that a very close cooperation with governmental officials from the water sector is 

required during this phase. If any of the actions during this phase is indicative of a 

potential fatal flaw, it must be addressed in a transparent manner during the public 

participation and liaison process and specialist studies must be defined to quantify this 

problem and to develop measures for mitigation. This may lead to the adjustment of 

plans or the abandoning of the project. 

• The feasibility phase, specialist and final design phase. This phase includes the 

final spatial planning and land use management based on the interaction with the 

environmental and water sectors as well as the public participation process during the 

previous phase. All final designs and specialist reports must be completed during this 

phase and in the water sector a detailed site specific geohydrological assessment must 

be completed. All final mitigation and monitoring measures must be defined and the 

final applications launched in the three individual sectors. 

• The approval phase. This phase includes liaison with all the authorities within the 
three sectors, obtaining the Record of decision to proceed with development, the 
establishment of the water right and the approval of the land use related to the planned 
development. Monitoring of the key variables as specified by the authorisations 
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should commence and the required reporting to the authorities to ensure compliance 

should be done. 

• The implementation phase. This phase includes the final implementation of 

development and ongoing monitoring and reporting to ensure compliance with 

conditions as specified by the three spheres of governance. 

150 



Land use management and spatial planning 

Project 
phase 

Liaison 
focus Descriptions of Project actions Outcome Regional 

context 

Intention to develop I 

Pre-
feasibility 

Government 
and 

authorities 
pre-leaablftij 
O O M H I I I 

desksliidu, 
-

pnwiDimdnta 

studu. 

Land u 
ndidof 

required Land use 

Feasibility: 

Investigation 
stage. 

Public: 
affected 

and 
involved 
parties 

t Jnits: A,C,D B 
^ T ^ r Qnvnonmeittal 

£Jnifc (jroundwafcer Impact 
balance mwjp* Assessment 

■ I (scoc-ing) 

t 

Fatal flaw: 
Abandoned 
project 

Positive: 

Proceed to 
next .phase 

|denbfi|spati^ 
mfich. 1 

ttDf 

Feasibility: 
specialist 
stage and 
final design. 

specialists 

Approval 
phase 

Implementation 

Government 
and 

authorities 

Specialists 
monitoring 

^inaJ land use 
A n d spatial 

planning 

Fatal flaw: 
Abandoned 
project or 

adjust 
spatial 

planning 

Positive: 

Proceed to 
next phase 

Kecoraof 
decision 

Monitoring 
and reporting 

GRDM 
strategy 

for " 
Total 

VDWHS 

Regional 
Monitoring 

and 
management 

Figure 28: Integration of geohydrological and land use processes: structure of procedures and actions. 
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CHAPTER 7  

7 SYNTHESIS AND CONCLUSION 

7.1 Project and study description 

The Vredefort Dome, as the most clearly defined, largest and oldest meteorite impact crater 

known on earth, was listed as a World Heritage Site and is in need of the compilation of an 

Integrated Management Plan for future management. The study reflected in this thesis 

contributes to specialist studies related to the development of this Integrated Management 

Plan and related future management of the VDWHS in the following ways: 

• It defines the knowledge base and basis for the Geohydrological Status Assessment 

and the Geohydrological Management Plan in order to implement aquifer protection 

and sound groundwater resource management. 

• It defines the basis for the integration between geohydrology and land use 

management. 

• It contributes to the general knowledge basis, strategy and integration process needed 

to ensure sustainable development. 

In order to lay the basis, this study includes a geohydrological assessment of the VDWHS to 

define the properties of aquifers within the delineation of different groundwater resource 

management units. Based on specific defined principles, geohydrological procedures are 

developed within the legal and strategic framework of South Africa in order to protect and 

manage the groundwater in the VDWHS. These management measures are then integrated as 

guidelines within the land use management and spatial planning procedures within the 

VDWHS. Against this as background procedures needed to support land use applications and 

future land spatial planning are defined. 
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7.2 Project and study framework 

The geohydrological assessment and resulting integration with land use management and 
spatial planning in the VDWHS are based on the following framework as defined and 
discussed in this thesis: 

The setting of the study area: The study area represents an important management unit in 

South Africa as it is a World Heritage Site and therefore of international importance. It 

reflects a dynamic character due to regional setting - being in close vicinity to the Central 

and South Gauteng area were urban living conditions and growth "maturity" give rise to 

interest in adjacent more "environmentally friendly" habitats. The important geology of the 

area forms part of a circular-shaped geological succession reflecting the result of a meteorite 

impact over the regional area. The area is mainly in private ownership and is totally 

dependent on groundwater as natural resource for water supply to all related activities. 

Groundwater status in South Africa: The availability and potential of groundwater as a 

strategic natural resource should play a major role in land use management and the planning 

thereof in areas which are not serviced by surface bulk water supply systems in South Africa. 

The important role of geohydrology has been neglected in this process over years, leaving a 

negative impact on land use and environmental management practices and on the results 

thereof. The concept of Integrated Water Resource Management is an approach that results 

from the legislation framework in SA, and is still a young phase in the groundwater industry. 

It is therefore important to contribute to the growing integration between geohydrology 

within the water sector and also within land use management and spatial planning in South 

Africa through application in areas were the need exists for an integrated management 

approach as a basis for sustainable development as is the case in the VDWHS. 

The legal framework in South Africa: The following Acts (with their related policies, 

directives and guidelines) define the legal framework for this study: 

The National Water Act (36/1998) defines the governmental management of water resources 

by their recognition of water as a scarce and unevenly distributed national asset, belonging to 

the people of South Africa, to be protected, used, developed, conserved, managed and 
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controlled in an integrated manner. According to this legislation, the official granting of 
water rights is structured through the following schedules: 

• No authorisation is needed for a Schedule 1 use - water which is used for domestic 

purposes and basic needs only and is not intended for a profit-making purpose. 

• General authorisation is needed for the registration of water use according to the 

following set limits: In the eastern portions of the VDWHS (Quaternary catchment 

C23C) 150m3 per hectare per annum (41 000 litres per day per 100 ha land use). In the 

western portions of the VDWHS (Quaternary catchment C23L) 75m3 per hectare per 

annum (20 500 litre per day per 100 ha land use). 

• The licensing of all other water use is required as defined by the Act. 

The National Environmental Management Act (107/1998) empowers the regulation and 

control of specific new land use activities within VDWHS through the requirement of 

environmental impact assessments related to land use applications. This mechanism enforces 

measures to prevent land uses that are polluting the environment and to mitigate such impacts 

within the VDWHS. 

The Development Facilitation Act (67/1995) stipulates that a provincial tribunal may suspend 

laws, plans, measures, standards, controls, etc. related to any land development within the 

VDWHS. This legislation sees the Management Authority as being an affected body having 

an opportunity to lead evidence on the nature and impact of the application. 

Within the VDWHS area the tendency is that most land use changes and applications 
processed are based on the provisions of the Development Facilitation Act (67/1995) and the 
Physical Planning Act (1991) (Schoeman, 2007). The DFA is used in the North-West 
Province where the ultimate transfer of properties is envisaged. Where a property owner 
intends to develop a property for the purpose of giving access to the general public and non-
permanent residence is foreseen, a permit is applied for in terms of the Physical Planning Act 
(125/1991). In the Free State Province the Subdivision of Agricultural Land and 
Establishment of Residence on Agricultural Land is in use. 
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The concept of integration and sustainability: Specialisation within a specific applied 

environmental field must be of such a nature that it can contribute to integrated management 

of the environment. This principle was applied in the integration of geohydrology into land 

use management. It is argued in this thesis that in order to move towards sustainable 

management of natural resources, integration is needed at management level between natural 

resource information and socio-economic aspects as specifically reflected in land use and 

spatial planning. 

Sustainable development is a "way of seeing" development as based on the principle of 

equity, in order to balance economic growth, human need and development and the 

conservation of natural resources and the environment. This ideological concept needs to be 

based on a value system and the application of legal mechanisms alone will not ensure 

sustainability. The purpose and motive for a specific development must therefore be 

evaluated against the elements of sustainability (environment, economics, equity) as part of 

the process to evaluate and define the sustainability thereof. This will lead to a simplistic but 

powerful evaluation of the potential of a development to be sustainable in nature if managed 

correctly. 

The legal and constitutional framework in South Africa supporting sustainable development 

and the application thereof within the institutional reality of South Africa must therefore be 

achieved on a project basis by the application of the concept of sustainability as defined 

above. In essence this contradicts the practice of environmental impacts driven by 

administrative requirements rather than principles for sustainable development. 

7.3 Geohydrological assessment 

An assessment of the geohydrological character of the VDWHS was done as a basis for the 
development of a groundwater resource management plan and to feed into the development 
of a land use management plan reflecting the principles of integration and sustainability. 

Groundwater is the sole source of water supply in the VDWHS including water supply to all 
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domestic activity and supply of drinking water and all farming activities except localised 

irrigation from the Vaal River. It requires careful management and protection to ensure 

sustainability and equitable access. 

The hydrocensus results indicate an average water level of 16.55m below surface and an 

overall accepted hydrochemistry with local influences giving rise to lower water quality. The 

average TDS of boreholes in the VDWHS is 250mg/L, pH neutral at 7.1 and chloride at 

25mg/L, which is acceptable for human consumption. The water types are dominated by 

calcium-magnesium-carbonate and the character of the water is very similar throughout the 

study area. The majority of the water sources appear to be recent with a short delay or lag 

time between recharge and entry into the capture zone of the boreholes. The water is largely 

derived from rainfall and a recharge rate of 4% was used for calculation of the water balance. 

Groundwater flow patterns indicate that there is a minimum recharge from the Vaal River 

into groundwater aquifers within the VDWHS. This may lead to an increase of surface water 

pollution from pollution to shallow aquifers and a decrease in base flow due to additional 

groundwater abstraction, both with negative impact on downstream areas. 

The combination of the geological and structural geological setting, the geomorphological 

setting, the aquifer characteristics, the institutional reality and the social stmcturing was used 

to delineate and define five groundwater resource management units in the VDWHS. 

Groundwater resource management unit A l delineated in the Vaal River valley around 

Venterskroon is expected to have an aquifer with localised higher permeability and 

transmissivity vulnerable to development and high impact surface practices. Due to the 

expected vulnerability and critical water balance, the approval of any individual land use 

change regarding existing and new development in this area must depend on the granting of 

water rights. The granting of individual water rights must be based on a site specific 

geohydrological study and risk assessment of the total unit A l (if depending on groundwater 

for water supply). This is needed in order to ensure long-term sustainability within this area 

which defines the only potential development zone in the VDWHS of international 

importance due to tourism, and is therefore very important for the character of the VDWHS 

in future. 
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Groundwater resource management unit A2, delineated as the remaining and bigger area 
along the Enselspruit and Vaal River drainage system, is expected to have an aquifer with 

localised higher permeability and transmissivity, vulnerable to development and high impact 

surface practices. This unit reflects the lowest groundwater quality in the VDWHS, expected 

to be related to existing surface human activity with a negative local environmental impact 

due to a higher density of development and tourism activity along the river. 

The regulation of water use in this unit is very important and the approval of any individual 

land use change regarding existing and new development in this area must depend on the 

granting of water rights. The granting of individual water rights must be based on a site 

specific geohydrological study and risk assessment of the total unit A2 (if depending on 

groundwater for water supply). This is needed in order to ensure long-term sustainability in 

an area also very important to the character of the VDWHS in the future. Special care must 

be taken in this unit to develop a strategy and methodology to manage water with, poor 

quality. 

Groundwater resource management unit B covers the area of the VDWHS underlain by 

the Witwatersrand Supergroup as a generalized combination of smaller local developed 

aquifer systems with variation in character. Water levels and water quality differ from point 

to point through this area due to the complex geological structure and character of the area. 

Land use application and related water rights must be supported by a local geohydrological 

assessment to determine the parameters for each specific case. The following subdivision is 

described: 

• Bl is delineated in the central valley developed between the Turffontein Subgroup to 

the north and Johannesburg Subgroup to the south with aquifers under stress. 

• B2 include the rest of the alternating hills and valleys underlain by the Central Rand 

Group showing a groundwater interdependence though a complex development of 

linear aquifers (Brink et al., 2005b). 

• B3 is delineated for the area underlain by the Jeppestown, Government and Hospital 

Hill Subgroup as part of the West Rand Group representing different aquifer systems 

developed locally. 
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Groundwater resource management unit C is situated north of the Witwatersrand 
Supergroup and is underlain by the following: 

• Cl is underlain by andesite of the Klipriviersberg Group, Ventersdorp Supergroup, 

reflecting good water quality and deeper water levels less vulnerable to pollution due 

to surface activities. 

• C2 is underlain by dolomites with related high yielding boreholes and has good water 

quality. This groundwater management unit is of great importance to the VDWHS as 

this area can be a possible water supply source to other areas under stress in the 

future. Land use applications in this unit must also be regarded as a sensitive issue as 

human activities related to land use change and development on dolomites increase 

the risk of sinkholes. A classification system, based on the risk of destabilisation, 

special designs regarding foundations and water-related infrastructure, ongoing 

monitoring and maintenance of water-bearing services, as well as the implementation 

of precautionary measures relating to drainage and infiltration of surface water are 

regarded as essential for development in this>unit. 

• C3 comprise a small portion of the area underlain by rocks of the Pretoria Group. 

Groundwater resource management unit D underlain by granite and gneiss south of the 

Witwatersrand Supergroup reflects a vulnerable aquifer with a very shallow water level from 

surface due to the character of the geological formations within the area as well as a high 

groundwater recharge. This shallow water table gives rise to an aquifer more vulnerable to 

pollution from surface activities. 

Due to a lack of information, a geohydrological status and risk assessment is recommended 

for this area. Land use practices in this unit must take note of the vulnerability of the 

groundwater aquifer and special care must be taken to ensure the right sanitation and waste 

management practices. 

The conceptual groundwater balance for the VDWHS indicates that the groundwater balance 
is still positive, but under stress with only 7% of the total inflow of water still available. This 
critical point of balance in groundwater inflow and outflow in the VDWHS requires further 
definition and urgent geohydrological research before any proposed developments in the area 
are considered. It is therefore recommended that research on existing water use, recharge and 
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reserve determination must be done for each groundwater management unit defined within 

the VD WHS prior to the granting of water rights regarding individual new developments and 

related land use changes. 

7.4 Groundwater Resource Management 

Precautionary approach: Due to the sensitive heritage nature and global attention to the 

Vredefort Dome as a World Heritage site and the already stressed water balance and 

vulnerability of the majority of aquifers in VDWHS it is recommended that all groundwater 

must be assumed to be vulnerable. It is therefore recommended that all water rights must be 

subjected to the principle of precautionary approach and that geohydrological assessments as 

required for water licensing must be applied as part of the EIA to all development within the 

area. 

Principle of integration: In order to apply the concept of Integrated Water Resource 

Management (IWRM) within the VDWHS, it is important that the natural, social, economic, 

political and other environments and their various components are considered when 

conducting water resource planning and management. The groundwater in the VDWHS must 

therefore be managed in full understanding of its importance for social and economic 

development. This integrated planning and management approach can only be achieved 

through an intensive public participation process as part of the water use and environmental 

assessment process. 

Management measures: In order to ensure sound groundwater resource management within 

the VDWHS, the following management measures are needed regarding groundwater and 

land use: 

• A geohydrological census must be completed for the total VDWHS including the 
survey, auditing and registration of boreholes, abstraction rates and water use, surface 
activities that may have a negative effect on water quality and activities that may 
influence the recharge of groundwater from rainfall. 

• A centralised data management system must be implemented for the VDWHS, 
including a borehole numbering, data control and regulatory system. 
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• Borehole development must be regulated and all new borehole development and 

evaluation of groundwater resources within the VDWHS must be done according to 

and based on DWAF and SABS standards prior to and as part of the licensing process. 

No new boreholes should be developed within 100 m from the Vaal River stream flow 

area in order to avoid ingress of river water to groundwater flow. 

• A regional geohydrological status and risk assessment is recommended for 

groundwater resource management units A and B prior to any development and 

granting of water rights in these areas. Special attention must be given to the effect of 

existing sanitation practices and required remediation. Groundwater usage and 

sanitation practices in groundwater resource management units A and B need to be 

regulated. 

• The approval of any individual land use change regarding existing and new 

development must depend on the granting of water rights by DWAF. The granting of 

individual water rights must be based on a regional geohydrological status and risk 

assessment for groundwater resource units A and B, and on a regional reserve 

determination and water balance and local geohydrological status and risk assessment 

in groundwater resource management units C, D and E. The geohydrological status 

and risk assessment in unit D must focus on quantifying the risk of groundwater 

pollution by land use practices. 

• Specific recommendations regarding solid waste sites, domestically generated waste 

and any other surface waste sites must also be addressed in the EIA prior to any new 

development within the VDWHS. All new and existing development where activities 

may lead to pollution of water, must have a storm water management plan as part of 

the environmental management plan as defined in the EIA. 

• The geohydrological investigations required for each groundwater resource 

management unit as described in the gap analyses must include the definition of a 

radius of influence (ROI) for each unit. 

• The effect of land use practices and change in vegetation on groundwater recharge 
and the total water balance in the VDWHS must be included in geohydrological 
investigations required for each groundwater resource management unit. 

• The decision support framework and impact methodology as developed by Vivier 

(2006) must be applied to identify the appropriate sanitation technology on a regional 

scale in future developments within the VDWHS. 
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• A comprehensive groundwater monitoring plan must be implemented for the 

VDWHS in order to manage the resource correctly and in a sustainable manner. This 

must include water quantity and quality, aquifer variability (water levels, abstraction 

and recharge), surface activities which imply a risk to groundwater and water 

abstractions. Special attention must be given to: 

identify boreholes to be used to monitor groundwater levels from surface in close 

vicinity of the Vaal River in order to ensure that no ingress takes place from the 

river to groundwater flow. 

Golf courses and all agricultural activities making use of fertilizer. 

7.5 Spatial planning and land use management 

Spatial planning, land use management and development in South Africa is guided by a 

hierarchy of SDF's that give effect to the directive-.principles of equality, efficiency, 

integration, sustainability and fair and good governance. On municipal level, the IDP must 

provide for the integration of spatial planning with environmental and statutory management. 

In order to ensure sustainability, the integration of the IDP's and related SDF's from the 

various institutional entities presented in the VDWHS and application of normative planning 

principles based on conservation as the main focus is recommended. Groundwater is playing 

a prominent role as natural resource and a geohydrological assessment is therefore essential 

as part of this alignment of the environmental, spatial and statutory frameworks within the 

VDWHS. 

Land use management and spatial planning play a very important role in achieving 
sustainability and to ensure the integrity of the VDWHS. In order to optimise sustainability, it 
is necessary to integrate groundwater management recommendations into the land use 
management and spatial planning process. 

The predominant land use in the VDWHS is agriculture-orientated, with built up areas only 

on a small scale, tourism-orientated and restricted to development along the Vaal River. 
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A number of illegal land uses occur within the VDWHS, mainly related to recreation and 

tourism activities and result from inadequate development control practices related to land 

use management and building and construction control by the competent authorities. 

Development clustering is visible along the river and some localised preferences are due to 

environmental and visual considerations. 

An ad hoc adjudication of land use change applications and practices exists in the VDWHS 

and does not support a holistic and integrated approach towards sustainable development and 

conservation of the VDWHS. This practice gives rise to intensive movement of people in the 

area, endangering natural resources and threatens conservation of certain sensitive areas 

within the VDWHS. Land use management is hampered by a complexity in legislation that 

causes a lot of confusion within regulatory governance spheres, increasing the administrative 

burden, contributing to the fragmentation of land use decision making and related procedures, 

and results in the fact that national policies are not effectively reflected. The normative 

guiding principles of sustainability, equity, efficiency, integration and fair and good 

governance are therefore needed to optimise spatial planning and land use management in the 

VDWHS. 

Except for localised irrigation from the Vaal River, all land use activities in the VDWHS are 

dependent on groundwater as natural resource for water supply. This dependency becomes 

more complex due to the fact that the bulk of the VDWHS is privately owned by individuals, 

creating a challenge for centralised management. Further development and increasing human 

impact brings a higher obligation for statutory measures to protect and manage natural 

resources within the VDWHS. This situation emphasises the need for an integrated approach 

between groundwater resource assessments and land use/ spatial planning reflecting an 

interface between natural and social environments in order to achieve sustainability. 

Based on the legal framework, the environmental realities and spatial realities, the core 

founding principles and the density guidelines as defined for the VDWHS, an assessment 

framework was developed to be used as interface between land use management and spatial 

planning in order to implement the required normative guidelines. This is based on the 

integration between the three processes of land use change, environmental assessments and 

water use authorisation. 
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7.6 Geohydrology-based, integrated land use management guidelines and 

procedures. 

The availability of groundwater for water supply to development as well as the vulnerability 

of the aquifers in the VDWHS, is the one determining factor in land use management and 

spatial planning for the area. The assessment of any new land use and related development is 

dependent on the water balance regardless of all other factors as defined in the previous 

section. The regulations regarding the licensing of water uses related to land use activities 

must therefore be integrated in land use management and spatial planning on a much more 

direct manner, and not only indirectly through the EIA process. It is therefore required that 

the geohydrological status and risk assessments must be one of the core issues listed in an 

assessment matrix in order to determine development possibility and density for various land 

uses. 

The main objective to compile a geohydrologically-based land use management guideline 

and procedure is to optimise the integration between the following three sectors and related 

legal frameworks in order to establish legal rights regarding land use: 

• Water sector: It was identified in this study that groundwater is a strategic natural 

resource of critical importance in land use management and spatial planning within 

the VDWHS. Securing water rights in terms of general authorisation or licensing is 

required and guided by the National Water Act (36/1998). The official right is 

reflected in the rendering of a water licence or registration of water use under the 

general authorisation. 

• Environmental sector: The VDWHS is regarded as an environmentally sensitive 
area due to its natural heritage of such importance that it is reflected in the registration 
as a World Heritage Site. All land use changes in the VDWHS must be supported by 
an Environmental Impact Assessment as required and guided by the National 
Environmental Management Act (107/1998). The official right is reflected in a 
Record of Decision defining the condition to proceed with development. 

163 



Conclusion and synthesis 

• Land use and spatial planning: The granting of a land use right is guided by a 

number of acts as defined in chapter 3, and depends on the legal outcome from the 

water and environmental sector. 

In order to optimise the integration between these three sectors, it is recommended that the 

three processes run parallel and simultaneously but based on a phased and interdependent 

approach as demonstrated in Figure 27: 

• The pre-feasibility phase includes the assessment of the existing land use status and 

the identification of the required land use. The required land use is tested through a 

pre-feasibility screening process against the environmental criteria and water 

availability and an appropriate land use is identified within the concept of 

sustainability. Liaison is focussed on government officials representing the three 

sectors. If a fatal flaw is indicated by the outcome of this phase, the required land use 

must be revised or the project abandoned. 

• The feasibility phase, investigation level includes the development of a conceptual 

land use and spatial planning based on the environmental impact assessment and a 

geohydrological assessment. This must be tested against public acceptance by 

involving of all affected and interested parties in a parallel and integrated public 

participation process. If a fatal flaw is indicated by the outcome of this phase, it must 

be addressed in the public participation process and quantify through specialist 

studies. This may lead to the adjustment of plans, the implementation of mitigation 

measures, or the abandoning of the project. 

• The feasibility phase, specialist and final design phase includes the final spatial 
planning and land use management based on the outcome of all specialist reports and 
identification of final mitigation and monitoring measures. Final applications 
regarding legal rights must be launched in the three individual sectors. 

• The approval phase includes the obtaining of the record of decision to proceed with 
development, the establishment of the water right and the approval of the land use 
related to the planned development. Monitoring and reporting to the authorities should 
be implemented to ensure compliance. 
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Conclusion and synthesis  

• The implementation phase includes the final implementation of development and 

ongoing monitoring and reporting to ensure compliance with conditions as specified 

by the three spheres of governance. 

All local actions must be contextualised within a regional approach in the integration between 

geohydrology and land use management and spatial planning. This must include a 

comprehensive determination according to the GRDM strategy by DWAF as required for 

ecologically important and sensitive areas. It must also include a CEA regarding development 

within the VDWHS as groundwater is susceptive to the cumulative effect of small impacts. 

In conclusion, this study proves that a geohydrological assessment needs to form the basis of 

land use management and spatial planning in the VDWHS. Effective integration of 

geohydrology and land use management will contribute to a spatial development framework 

that will ensure sustainability in the VDWHS. 

This conclusion must be fed into the spatial development frameworks and related statutory 

development on all levels in South Africa. The integration of water supply and availability of 

groundwater must be taken into consideration during spatial planning, related legal 

framework development and the implementation of statutory processes in all areas depending 

on groundwater for water supply. This will result in the optimisation of integration between 

the land use and planning sector, the environmental sector and the water sector and will 

contribute to achieve sustainable development in South Africa. 
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endix A 

Hydrocensus Report from 17 January 2007 to 12 April 2007 

BOREHOLE SITE DETAILS BOREHOLE LOCATION EQUIPMENT DEPTH TO 
WATER LEVEL Main Details System Coordinates Pump Motor 

DEPTH TO 
WATER LEVEL 

Site No Status Condition Use Site Owner Farm Latitude Longitude Type Type (m) 

Dome 1 In Use Good Agriculture/Domestic Du Plessis Du Plessis Hartebeespoort 451 IQ NV -26.755240 27.314980 Submersible 31.22 
Dome 2 In Use Good Agriculture/Domestic Du Plessis Du Plessis Hartebeespoort 451 IQ NV -26.755250 27.315000 Submersible Electric 31.33 

Dome 3 In Use Good Agriculture/Domestic Du Plessis Du Plessis Hartebeespoort 451 IQ NV -26.755030 27.316030 Submersible Electric 32.93 
Dome 4 In Use Collapsed Production Du Plessis Du Plessis Hartebeespoort 451 IQ NV -26.753490 27.314580 Submersible Electric 24.62 

Dome 5 In Use Good Production Du Plessis Du Plessis Hartebeespoort 451 IQ NV -26.753800 27.314120 Submersible Electric 23.55 
Dome 6 In Use Unknown Production Du Plessis Du Plessis Hartebeespoort 451 IQ NV -26.734630 27.333090 Windpump Wind 
Dome 7 In Use Good Production Du Plessis Du Plessis Hartebeespoort 451 IQ NV -26.739300 27.338510 Windpump Wind 12 
Dome 8 In Use Good Production Du Plessis Du Plessis Hartebeespoort 451 IQ NV -26.763660 27.322160 Submersible Electric 12.24 
Dome 9 Unused Destroyed None Du Plessis Du Plessis Hartebeespoort 451 IQ NV -26.763680 27.322120 No Equipment 
Dome 10 In Use Good Production HC van Wyk -26.766970 27.328510 Submersible Electric 8.43 
Dome 11 In Use Good Production HC van Wyk -26.766820 27.328670 Windpump Wind 
Dome 12 Unused Moderate None HC van Wyk -26.765690 27.326550 No Equipment Electric 6.86 
Dome 13 In Use Good Production Stephan de la Harpe -26.798260 27.315950 Submersible Electric 12.08 

Dome 14 In Use Good Production Stephan de la Harpe -26.798010 27.315930 Submersible Electric 

Dome 15 In Use Good Stock water only Stephan de la Harpe -26.806310 27.328320 Submersible Electric 
Dome 16 Unused Abandoned None Stephan de la Harpe -26.806230 27.328250 No Equipment 12.99 
Dome 17 In Use Good Stock water only HC van Wyk -26.799580 27.330720 Mono Diesel 

Dome 18 Unused Abandoned None HC van Wyk -26.799220 27.308600 No Equipment None 9.08 

Dome 19 In Use Moderate Stock water only HC van Wyk -26.799260 27.330920 Windpump Wind 

Dome 20 In Use Moderate Production HC van Wyk -26.780540 27.336570 Submersible Electric 28.7 
Dome 21 Unused Abandoned None HC van Wyk -26.780560 27.336560 No Equipment 21.54 
Dome 22 In Use Moderate Production HC van Wyk -26.774850 27.328990 Submersible Electric 6 
Dome 23 In Use Good Domestic PKirstein Kirstein Leeufontein NV -26.807840 7.309660 Windpump Wind 10.85 
Dome 24 In Use Moderate Production PKirstein Kirstein Leeufontein NV -26.809320 27.311110 No Equipment 8.76 
Dome 25 In Use Moderate Agricultural PKirstein Kirstein Leeufontein NV -26.816490 27.309430 Windpump Wind 

Dome 27 In Use Moderate Production Hennie de Wet 81 Leeufontein NV -26.815020 27.291790 Submersible Electric 2.25 

Dome 28 In Use Moderate Stock water only Hennie de Wet 81 Leeufontein NV -26.827910 27.290900 No Equipment 31.135 
Dome 29 Unused Moderate None De Wet Kruger 17 Leeufontein NV -26.802300 27.315140 No Equipment 3.07 
Dome 31 In Use Good Agricultural De Wet Kruger 17 Leeufontein NV -26.804110 27.314510 Submersible Electric 6.3 

Dome 32 In Use Moderate Stock water only De Wet Kruger 17 Leeufontein NV -26.816610 27.324330 Windpump Wind 18 

Dome 34 Unused Dry None De Wet Kruger 17 Leeufontein NV -26.801280 27.308460 No Equipment 

Dome 35 In Use Moderate Stock water only Daan vd Merwe Tygerfontein NV -26.853460 27.242650 Mono Electric 
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WATER LEVEL Main Details System Coordinates Pump Motor 

DEPTH TO 
WATER LEVEL 

Site No Status Condition Use Site Owner Farm Latitude Longitude Type Type (m) 

Dome 36 Unused Abandoned None Daan vd Merwe Tygerfontein NV -26.853690 27.243160 Mono Other 2.97 
Dome 37 Unused Moderate Stock water only Daan vd Merwe Tygerfontein NV -26.855390 27.250670 No Equipment 

Dome 38 In Use Moderate Stock water only Daan vd Merwe Tygerfontein NV -26.860670 27.249900 Windpump Wind 15.64 
Dome 39 Unused Moderate None Daan vd Merwe Tygerfontein NV -26.860240 27.249500 Mono None 

Dome 40 Unused Moderate None Daan vd Merwe Tygerfontein NV -26.860170 27.249430 No Equipment 13.53 
Dome 41 In Use Moderate Production Daan vd Merwe Tygerfontein NV -26.861550 27.242330 Submersible Electric 

Dome 42 In Use Moderate Stock water only Daan vd Merwe Tygerfontein NV -26.829500 27.247920 Windpump Wind 10.3 
Dome 43 In Use Moderate Irrigation/Stock watering Daan vd Merwe Tygerfontein NV -26.834560 27.246750 Windpump Wind 11.83 
Dome 44 In Use Moderate Irrigation/Stock watering Daan vd Merwe Tygerfontein NV -26.826830 27.269430 Windpump Wind 19.73 
Dome 45 Unused Unknown None Daan vd Merwe Tygerfontein NV -26.842770 27.263740 Mono None 

Dome 46 In Use Moderate Production Daan vd Merwe Tygerfontein NV -26.843730 27.263950 Submersible Electric 16.79 
Dome 47 In Use Moderate Stock water only Daan vd Merwe Tygerfontein NV -26.847710 27.262930 Windpump Wind 

Dome 48 In Use Moderate Domestic Daan vd Merwe Tygerfontein NV -26.846260 27.248870 Windpump Wind 
Dome 49 In Use Good Domestic Daan vd Merwe Tygerfontein NV -26.844210 27.255670 Submersible Electric 1.39 
Dome 50 In Use Moderate Stock water only Chris van Wyk -26.820940 27.283840 Mono None 5.15 
Dome 51 Unused Dry None NW Dome Project MNG NV -26.887930 27.269980 No Equipment 

Dome 52 In Use Moderate Domestic NW Dome Project MNG NV -26.888210 27.270640 Submersible Electric 24.99 
Dome 53 In Use Unknown Domestic AC da Acreia Venterskroon NV -26.890680 27.262640 Submersible Electric 20.45 
Dome 54 In Use Moderate Stock water only AC da Acreia Venterskroon NV -26.890620 27.262880 Submersible Electric 24.76 
Dome 55 In Use Moderate Domestic Christo Meyer 13 Rooderand NV -26.890530 27.263330 Submersible Electric 23.08 
Dome 56 Unused Moderate None Christo Meyer 13Rooderand NV -26.889210 27.263590 No Equipment None 25.67 
Dome 57 In Use Moderate Domestic Vredefort Info Centre NV -26.886410 27.268910 Submersible Electric 28.89 
Dome 58 In Use Moderate Domestic Hervormde Kerk Ventersl Kampterrein Hervormde Kerk Ven -26.885170 27.270460 Submersible Electric 36.55 
Dome 59 Unused Good None Hervormde Kerk Ventersk Kampterrein Hervormde Kerk Ven -26.885420 27.269810 No Equipment 29.39 

Dome 60 In Use Moderate Production Eugene Bryant Buffelskloof NV -26.854950 27.296470 Submersible Electric 26.13 
Dome 61 Unused Moderate None Ian vd Walt Rooderand NV -26.887180 27.267820 Submersible Electric 25.84 
Dome 62 Unused Good None Ian vd Walt Rooderand NV -26.886830 27.268180 No Equipment 25.29 

Dome 63 Unused Moderate None Ian vd Walt Rooderand NV -26.881250 27.273100 Windpump Wind 

Dome 64 In Use Moderate Domestic Ian vd Walt Rooderand NV -26.881170 27.274100 Mono Electric 

Dome 65 Unused Moderate None Ian vd Walt Rooderand NV -26.881940 27.273980 No Equipment 23.88 
Dome 66 In Use Moderate Production Thinus Hermann Jakkalsdraai NV -26.869290 27.282830 Submersible Electric 46.16 

Dome 67 Unused Moderate None Thinus Hermann Jakkalsdraai NV -26.869370 27.283440 No Equipment 35.83 
Dome 68 In Use Moderate Production Thinus Hermann Jakkalsdraai NV -26.870900 27.288450 Submersible Electric 30.94 
Dome 69 In Use Unknown Domestic EGrammel Grammel 516 Ptn of ptn 10 Koedoeslaagte -26.843160 27.327100 Submersible Electric 13.85 

187 



Appendix A 

BOREHOLE SITE DETAILS BOREHOLE LOCATION EQUIPMENT DEPTH TO 
WATER LEVEL Main Details System Coordinates Pump Motor 

DEPTH TO 
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Site No Status Condition Use Site Owner Farm Latitude Longitude Type Type (m) 
Dome 70 !n Use Moderate Stock water only EGrammel Grammel 516 Ptn of ptn 10 Koedoeslaagte -26.848390 27.326820 Windpump Wind 
Dome 71 Unused Moderate Domestic SC Landman -26.851250 27.331150 Windpump Wind 
Dome 72 In Use Moderate Production SC Landman -26.847740 27.330350 Windpump Wind 
Dome 73 In Use Moderate Domestic Willem van Rensburg -26.846290 27.330630 Submersible Electric 25.16 
Dome 74 Unused Dry None Johannes vd Merwe BuffelskloofNV -26.860440 27.286940 No Equipment 
Dome 75 Destroye Poor None Johannes vd Merwe BuffelskloofNV -26.856970 27.283680 No Equipment 
Dome 76 In Use Moderate Domestic Johannes vd Merwe BuffelskloofNV -26.856730 27.283290 Submersible Electric 1.79 
Dome 77 Unused Moderate None Johannes vd Merwe BuffelskloofNV -26.862350 27.287020 Submersible Electric 22.76 
Dome 78 Destroye Poor None Johannes vd Merwe BuffelskloofNV -26.861980 27.287960 No Equipment 
Dome 79 Unused Abandoned None Johannes vd Merwe Buffelskloof NV -26.861430 27.288990 No Equipment 19.24 
Dome 80 Destroye Poor None Johannes vd Merwe Buffeiskloof NV -26.859260 27.287160 No Equipment 
Dome 81 Unused Moderate None Johannes vd Merwe Buffelskloof NV -26.858870 27.286730 No Equipment 2.42 
Dome 82 In Use Moderate Domestic Johannes vd Merwe Buffeiskloof NV -26.858680 27.288060 Submersible Electric 15.49 
Dome 83 In Use NV Domestic Koos Weideman 11/20 Koedoeslaagte NV -26.851610 27.319620 Submersible Electric 26.8 
Dome 84 In Use Moderate Domestic Koos Weideman 11/20 Koedoeslaagte NV -26.850530 27.315930 Submersible Electric 33.86 
Dome 85 In Use Moderate Domestic Koos Weideman 11/20 Koedoeslaagte NV -26.847190 27.319420 Windpump Wind 
Dome 86 In Use Moderate Domestic NG Kerk NV Takwasa NG Kerk Kampterrein N* -26.866970 27.291400 Submersible Electric 51.45 
Dome 87 In Use Moderate Domestic NG Kerk NV Takwasa NG Kerk Kampterrein N -26.865630 27.291770 Submersible Electric 23.05 
Dome 88 In Use Moderate Domestic Bubu Arendse Rooderand NV -26.884420 27.275580 Submersible Electric 32.37 
Dome 89 Unused Moderate None Bubu Arendse Rooderand NV -26.884460 27.275450 Powerhead. Electric 
Dome 90 Unused Moderate Domestic Theo v Niekerk Rooderand NV -26.886060 27.275530 Submersible Electric 22.21 
Dome 91 In Use Moderate Domestic Cecil Rutherford Rooderand NV -26.888880 27.270480 Submersible Electric 19.88 
Dome 92 Unused Moderate None Cecil Rutherford Rooderand NV -26.885550 27.273910 No Equipment 25.97 
Dome 93 Destroye Poor None Cecil Rutherford Rooderand NV -26.886430 27.269960 No Equipment 
Dome 94 Unused Moderate None Cecil Rutherford Rooderand NV -26.887470 27.269910 No Equipment 23.35 
Dome 95 In Use Good Domestic Cecil Rutherford Rooderand NV -26.889030 27.269960 Submersible Electric 20.28 
Dome 96 In Use Good Domestic Ben Lourens 75 Venterskroon NV -26.886390 27.266260 Submersible Electric 
Dome 97 Destroye Poor None Linda NV Visarend Vreugde NV -26.891850 27.268860 No Equipment 
Dome 98 In Use Moderate NV Linda NV Visarend Vreugde NV -26.892020 27.268300 Submersible Electric 14.66 
Dome 99 In Use Moderate Domestic Ben Lourens 15 Venterskroon NV -26.891250 27.263430 Submersible Electric 
Dome 100 In Use Good Production Rene Nys Leeufontein NV -26.821220 27.303370 Submersible Electric 
Dome 101 In Use Good Production Rene Nys Leeufontein NV -26.821350 27.302730 Submersible Electric 46.13 
Dome 102 In Use Moderate Stock water only Rene Nys Leeufontein NV -26.816140 27.297730 Windpump Wind 9 
Dome 103 In Use Good Stock water only Rene Nys Leeufontein NV -26.816570 27.955600 Windpump Wind 
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Dome 104 In Use Good Production Rene Nys Leeufontein NV -26.824730 27.293380 Submersible Electric 20.78 

Dome 105 Unused Poor None Bubu Arendse Rooderand NV -26.894830 27.260340 Windpump Wind 
Dome 106 In Use Moderate Domestic Dr Faan Burger Rooderand NV -26.901430 27.257200 Submersible Electric 31.36 

Dome 107 In Use Moderate Domestic Dr Faan Burger Rooderand NV -26.904800 27.253820 Submersible Electric 39.03 

Dome 108 Unused Poor None Polimac NV Basut - Rooderand NV -26.904640 27.252490 No Equipment 29.47 

Dome 109 In Use Moderate Domestic Polimac NV Basut-Rooderand NV -26.908570 27.259350 Submersible Electric 34.41 
Dome 110 Unused Poor None Polimac NV Basut - Rooderand NV -26.907230 27.255030 No Equipment 33.59 
Dome 111 In Use Good Domestic Thelma Weeks Kaymen Boerdery Rooderand NV -26.910080 27.250300 Submersible Electric 

Dome 112 Unused Poor None Thelma Weeks Kaymen Boerdery Rooderand NV -26.909600 27.250460 No Equipment 
Dome 113 ' Unused Poor None Bubu Arendse Rooderand NV -26.892450 27.258590 Windpump Wind 

Dome 114 Unused Collapsed None Eugene Bryant Bergkruin - Buffelskloof NV -26.854980 27.298060 Mono 

Dome 115 In Use Good Production Nicholaas Croeser Koedoeslaagte NV -26.845260 27.335820 Submersible Electric 22.6 
Dome 116 Unused Old None Nicholaas Croeser Koedoeslaagte NV -26.845940 27.337350 Windpump Wind 

Dome 117 In Use NV Stock water only HS du Plooy Koedoeslaagte NV -26.841460 27.339170 Windpump Wind 

Dome 118 In Use Good Production HS du Plooy Koedoeslaagte NV -26.841390 27.339310 Submersible Electric 18.51 
Dome 120 In Use Good Game watering Pieter L Rontgen 478 Koedoesfontein NV -26.835060 27.353360 Submersible Electric 4.58 
Dome 121 In Use Good Game watering Pieter L Rontgen 478 Koedoesfontein NV -26.833830 27.354310 No Equipment Electric 

Dome 122 In Use Good Game watering Pieter L Rontgen 478 Koedoesfontein NV -26.832790 27.355690 Submersible Electric 

Dome 123 In Use Good Production Pieter L Rontgen 478 Koedoesfontein NV -26.836900 27.357560 Submersible Electric 

Dome 124 In Use Good Domestic Johan Ferreira Koedoesfontein NV -26.837200 27.356440 Submersible Electric 21.56 

Dome 125 Unused Good None Johan Ferreira Kiepersol NV -26.837270 27.356380 No Equipment 18.55 

Dome 126 In Use Moderate Domestic Ina Viljoen Viljoensrus NV -26.832320 27.356060 Submersible Electric 

Dome 127 In Use Good Domestic Ina Viljoen Viljoensrus NV -26.826760 27.362020 Submersible Electric 21.73 

Dome 128 In Use Good Domestic A Hefer Koedoesfontein NV -26.308400 27.373690 Submersible 

Dome 129 In Use Good Domestic Lenie Pretorius BeRakah Adventures NV -26.823730 27.368190 Submersible Electric 18.15 
Dome 130 Unused Old None Lenie Pretorius BeRakah Adventures NV -26.824000 27.685500 Mono None 

Dome 131 Unused Poor None Spook? NV Koedoesfontein NV -26.827800 27.366200 Windpump 

Dome 132 In Use Moderate Production Karel Coetzee Koedoesfontein NV -26.821470 27.376170 Windpump Wind 25.05 

Dome 133 In Use Moderate Production GP Barrentt M&N Koedoesfontein NV -26.827550 27.390610 Mono Electric 

Dome 134 In Use Good Domestic HBotha Botha Kloofsig Koedoesfontein NV -26.824800 27.393930 Submersible Electric 19.92 
Dome 135 In Use Good Garden only WNel Nel Koedoesfontein NV -26.817080 27.389830 Submersible Electric 9 

Dome 137 In Use NV Agriculture/Domestic WNel Nel Koedoesfontein NV -26.820380 27.393680 Submersible Electric 6.32 
Dome 138 In Use Good Domestic SAPD NV SAPD Buffelskloof Polisiestasie N -26.802550 27.400140 Submersible Electric 18.06 

Dome 139 In Use Moderate Agriculture/Domestic T van Vuuren Buffelshoek NV -26.800290 27.400230 Submersible Electric 17.95 
Dome 140 In Use Moderate Agriculture/Domestic T van Vuuren Buffelshoek NV -26.801000 27.400600 Powerhead Electric 13.1 
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Dome 141 In Use NV Production JWR Olivier Buffelshoek NV -26.793390 27.387690 Submersible Electric 10.24 
Dome 142 In Use Moderate Droduction JWR Olivier Buffelshoek NV -26.791740 27.386730 Submersible Electric 9.620001 

Dome 143 In Use Moderate Stock water only Stefan Fourie Koedoesfontein NV -26.803590 27.358950 Submersible Other 
Dome 144 Unused Poor ^ione Stefan Fourie Koedoesfontein NV -26.803100 27.358910 No Equipment 30.52 
Dome 145 In Use Good Stock water only Stefan Fourie Koedoesfontein NV -26.799710 27.357100 Windpump Wind 
Dome 146 In Use Good Production Stefan Fourie Koedoesfontein NV -26.821880 27.382870 Submersible Electric 23.93 
Dome 147 In Use Good Domestic Stefan Fourie Koedoesfontein NV -26.821860 27.382770 Submersible Electric 23.82 
Dome 148 In Use Good Game watering Stefan Fourie Koedoesfontein NV -26.822950 27.383490 Submersible Electric 8.16 
Dome 149 In Use Good Game watering Stefan Fourie Koedoesfontein NV -26.822850 27.383290 Submersible Electric 8.099999 
Dome 150 Unused Moderate Agricultural Stefan Fourie Koedoesfontein NV -26.823410 27.382850 No Equipment Electric 5.75 
Dome 151 Unused Good Agricultural Stefan Fourie Koedoeslaagte NV -26.823160 27.384430 No Equipment Other 8.120001 
Dome 152 Unused Good None Stefan Fourie Koedoesfontein NV -26.823500 27.382500 No Equipment 
Dome 153 In Use Moderate Production ReneJordaan Jordaan Koedoesfontein NV -26.826050 27.391770 Submersible Electric 12.98 
Dome 154 In Use Moderate Stock water only JWR Olivier Buffelshoek NV -26.793050 27.370250 Windpump Wind 
Dome 155 Unused Good Stock water only JWR Olivier Buffelshoek NV 26.933200 27.605700 No Equipment 7.92 
Dome 156 In Use Moderate Game only Ina Viljoen Buffelshoek NV -26.801990 27.374420 Windpump Wind 
Dome 157 In Use Moderate Stock water only Deon NV Buffelshoek NV -26.801990 27.374420 Submersible Diesel 25.21 
Dome 158 In Use Moderate Production Helgardt du Plessis Buffelshoek NV -26.798460 27.385030 Submersible Electric 26.16 
Dome 159 In Use Moderate Production Helgardt du Plessis Buffelshoek NV -26.798760 27.386830 Submersible Electric 31.06 
Dome 160 In Use Moderate Domestic Helgardt du Plessis Buffelshoek NV -26.794710 27.390600 Windpump Electric 

Dome 161 In Use Moderate Production Deon NV Buffelshoek NV -26.807690 27.401040 Windpump Electric 25 
Dome 162 In Use Moderate Production CG Risseeuw Swaliespruit Buffelshoek NV -26.785600 27.376310 Windpump Wind 
Dome 163 In Use Moderate Production CG Risseeuw Swaliespruit Buffelshoek NV -26.785700 27.376400 Mono Electric 

Dome 164 Unused Poor None CG Risseeuw Swaliespruit Buffelshoek NV -26.785340 27.376140 No Equipment 3.36 
Dome 165 In Use Good Production CG Risseeuw Swaliespruit Buffelshoek NV -26.793230 27.361410 Windpump Wind 
Dome 166 Unused Poor None CG Risseeuw Swaliespruit Buffelshoek NV -26.793270 27.361530 No Equipment 

Dome 167 In Use Moderate Production PM van Rensburg Rietfontein NV -26.779810 27.373740 Mono Electric 

Dome 168 Unused NV None SAPD NV Buffelshoek NV -26.803100 27.395510 No Equipment 

Dome 169 Unused NV None SAPD NV Buffelshoek NV -26.809030 27.397450 No Equipment 

Dome 170 In Use Good Production R Laubsher Grootfontein NV -26.776660 27.333500 Submersible Electric 6.71 
Dome 171 Unused Old None R Laubsher Grootfontein NV -26.776570 27.333680 No Equipment 7.41 
Dome 172 Unused Moderate None R Laubsher Grootfontein NV -26.776600 27.333710 No Equipment 8 
Dome 174 In Use Good Stock water only R Laubsher Grootfontein NV -26.780370 27.353060 Mono Diesel 1.5 
Dome 175 Unused Poor None R Laubsher Grootfontein NV -26.783160 27.353150 Other Other 9.12 
Dome 176 In Use Moderate Production ThinusSwanepoel Swane Grootfontein NV -26.782230 27.360710 Submersible Electric 4.98 
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Dome 177 In Use Vloderate Stock water only ThinusSwanepoel Swane Grootfontein NV -26.781160 27.361350 Windpump Electric 5.81 
Dome 178 Unused Destroyed None ThinusSwanepoel Swane Grootfontein NV -26.771270 27.363460 No Equipment NV 
Dome 179 In Use Moderate Production Eugene Beyleveld Grootfontein NV -26.780030 27.375040 Mono Electric NV 
Dome 180 In Use Moderate Production Eugene Beyleveld Grootfontein NV -26.780680 27.374690 Submersible Electric 2.58 
Dome 182 Unused Moderate None Eugene Beyleveld Grootfontein NV -26.778500 27.377290 Submersible Electric 5.35 
Dome 183 In Use Good Production HBotha Botha Kloofsig Koedoesfontein NV -26.823890 27.394210 Submersible Electric 18.51 
Dome 184 Unused Good None HBotha Botha Kloofsig Koedoesfontein NV -26.823670 27.393340 No Equipment 11.18 
Dome 185 Unused Good None HBotha Botha Kloofsig Koedoesfontein NV -26.825370 27.392290 No Equipment 11.48 
Dome 186 In Use Moderate Agriculture/Domestic Anne Grobler Buffelshoek NV -26.820520 27.393690 Mono Electric NV 
Dome 187 Unused Dry None Anne Grobler Buffelshoek NV -26.811290 27.378990 No Equipment NV 
Dome 189 In Use Good Domestic KoosvZyl van Zyl Koedoesfontein NV -26.837850 27.354870 Submersible Electric 17.32 
Dome 190 In Use Moderate Domestic KoosvZyl van Zyl Koedoesfontein NV -26.837370 27.354970 Windpump Wind NV 
Dome 191 In Use Good Domestic KoosvZyl van Zyl Koedoesfontein NV -26.837030 27.354560 Submersible 9.94 
Dome 192 In Use Good Domestic JohanSwanepoel Swanep Dieu Donne Rooderand 510 NV -26.883290 27.277980 Submersible Electric 25.03 
Dome 193 In Use Moderate NV Sea Verster Lenyebi NV -26.913510 27.241890 No Equipment NV 
Dome 194 In Use Good Domestic Sea Verster Lenyebi NV -26.916550 27.241690 Submersible Electric NV 
Dome 195 In Use Moderate Domestic Leon Potgieter Lenyebi NV 26.916830 27.242630 Submersible Electric 14.92 
Dome 196 In Use Moderate Domestic JS Janse v Rensburg Lenyebi NV -26.913210 27.247070 Submersible NV 
Dome 197 In Use Good Domestic CN de Villiers Lenyebi NV -26.912900 27.248620 Submersible Electric NV 
Dome 198 In Use Good Domestic FP de Beer -26.891160 27.262300 Submersible Electric 20.5 
Dome 199 Unused Moderate None Christo Meyer Inikom - Kopjeskraal NV -26.881220 27.385830 No Equipment NV 
Dome 200 Unused Moderate None Christo Meyer Inikom - Kopjeskraal NV -26.881230 27.385720 No Equipment 32.11 
Dome 201 In Use Moderate Production Christo Meyer Inikom - Kopjeskraal NV -26.887770 27.389280 Submersible Electric 11.18 
Dome 202 In Use Good Irrigation/Stock watering Willie Venter Koedoeslaagte NV -26.864090 27.342380 Submersible Electric 8.860001 
Dome 203 In Use Moderate Production Willie Venter Koedoeslaagte NV -26.871210 27.350340 Mono Diesel NV 
Dome 204 Unused Poor None Willie Venter Koedoeslaagte NV -26.870120 27.352660 NV NV 
Dome 205 Unused Good None Willie Venter Koedoeslaagte NV -26.868970 27.352250 No Equipment NV 
Dome 206 Unused Poor None Donkervliet Recreation C( Donkervliet NV -26.866230 27.383550 NV NV 
Dome 207 In Use Moderate Production Susan Whaley -26.902600 27.374100 Submersible Electric NV 
Dome 208 Unused Poor None Swanie Swanepoel Daskop NV -26.916900 27.389820 No Equipment NV 
Dome 209 In Use Moderate Domestic Swanie Swanepoel Daskop NV -26.916030 27.388520 Other Electric NV 
Dome 210 Unused Good None Swanie Swanepoel Daskop NV -26.919080 27.385460 No Equipment 2 
Dome 211 Unused Good None Swanie Swanepoel Daskop NV -26.919610 27.385280 No Equipment 2 
Dome 212 Unused Good None Swanie Swanepoel Daskop NV -26.915370 27.387190 No Equipment 7.1 
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Dome 213 Unused Good None Swanie Swanepoel Daskop NV -26.910020 27.374420 No Equipment 32 

Dome 214 Unused Good None Swanie Swanepoel Kopjesdam NV -26.910580 27.373070 No Equipment 6.05 
Dome 215 Unused Good None Swanie Swanepoel Kopjesdam NV -26.909700 27.371250 No Equipment 4.2 

Dome 216 In Use Moderate Domestic Swanie Swanepoel Kopjesdam NV -26.908430 27.370400 Submersible Electric 6 

Dome 217 Unused Good None Swanie Swanepoel Kopjesdam NV -26.907770 27.371670 No Equipment 4.25 
Dome 218 Unused Moderate None Swanie Swanepoel Kopjesdam NV -26.926780 27.383080 No Equipment -0.3 
Dome 219 Unused Poor None Swanie Swanepoel Kopjesdam NV -26.936320 27.378520 No Equipment 1.1 
Dome 220 Unused Moderate None Swanie Swanepoel Kopjesdam NV -26.929180 27.358780 Windpump NV 
Dome 221 Unused Moderate None Wally Deadwith Daskop NV -26.934340 27.375730 No Equipment 0.8 
Dome 222 Unused Moderate None Wally Deadwith Daskop NV -26.934250 27.376130 No Equipment 0.75 
Dome 223 Unused Moderate None Wally Deadwith Daskop NV -26.934630 27.364400 No Equipment 0.9499999 
Dome 224 Unused Moderate None Wally Deadwith Daskop NV -26.935290 27.376330 No Equipment 0.27 
Dome 225 In Use Moderate Production Wally Deadwith Daskop NV -26.932480 27.367490 Mono Electric NV 
Dome 226 Unused Moderate None Wally Deadwith Daskop NV -26.939810 27.370020 No Equipment 2.21 
Dome 227 Unused Moderate None Wally Deadwith Daskop NV -26.382400 27.369870 No Equipment -0.65 
Dome 228 Unused Moderate None Wally Deadwith Daskop NV -26.937020 27.370830 No Equipment 2.13 
Dome 229 Unused Moderate None Wally Deadwith Daskop NV -26.939990 27.369560 No Equipment 2.36 
Dome 230 Unused Moderate None Wally Deadwith Daskop NV -26.940220 27.369630 No Equipment 2.96 
Dome 231 Destroye Moderate None Wally Deadwith Daskop NV -26.940340 27.369010 No Equipment NV 
Dome 232 Unused Moderate None Wally Deadwith Daskop NV -26.940550 27.368580 No Equipment -0.98 
Dome 233 Unused Moderate None Wally Deadwith Daskop NV -26.939930 27.369130 No Equipment 2.51 
Dome 234 Destroye Poor None Wally Deadwith Daskop NV -26.969880 27.369850 No Equipment NV 
Dome 235 Unused Moderate None Wally Deadwith Daskop NV -26.939680 27.369640 No Equipment 2.33 
Dome 236 Unused Poor None Wally Deadwith Daskop NV -26.931800 27.362540 Windpump NV 

Dome 237 Unused Moderate None Wally Deadwith Daskop NV -26.931800 27.362540 No Equipment NV 
Dome 238 Unused Poor None Wally Deadwith Daskop NV -26.931500 27.362770 No Equipment NV 
Dome 239 Unused Poor None Wally Deadwith Daskop NV -26.931620 27.362800 No Equipment NV 
Dome 240 In Use Moderate Irrigation/Stock watering Frikkie Rademan Sunnyside NV 27.234690 Submersible Wind 27.8 
Dome 241 In Use Moderate Domestic Frikkie Rademan Sunnyside NV -26.969900 27.214110 Submersible Electric 7.89 
Dome 242 Unused NV None Erik Schoeman Witklipfontein NV -26.946320 27.258060 No Equipment NV 

Dome 243 In Use Moderate Agriculture Erik Schoeman Witklipfontein NV -26.940190 27.251540 Submersible Electric NV 

Dome 244 Unused NV None Erik Schoeman Witklipfontein NV -26.942250 27.251780 No Equipment 14.41 
Dome 245 Unused Moderate None Erik Schoeman Witklipfontein NV -26.941850 27.251260 No Equipment 11.84 
Dome 246 In Use Good Stock water only Erik Schoeman Witklipfontein NV -26.941850 27.251230 Submersible Electric 11.64 
Dome 247 In Use Moderate Agriculture JohanBorman Borman Oudewerf-Vaal Hade NV -26.878600 27.292180 Submersible Electric 13.9 
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Dome 248 Destroye Poor None Mark Resley Boomplaas-Hakuna Matata NV -26.856570 27.334050 No Equipment NV 
Dome 249 Unused Moderate None Mark Resley Boomplaas-Hakuna Matata NV -26.861180 27.330860 No Equipment 7.4 
Dome 250 Destroye Poor None Mark Resley Boomplaas-Hakuna Matata NV -26.862250 27.629410 No Equipment NV 
Dome 251 Unused Poor None Mark Resley Boomplaas-Hakuna Matata NV -26.863130 27.326880 No Equipment 15.04 
Dome 252 Unused Moderate None Mark Resley Boomplaas-Hakuna Matata NV -26.863770 27.326410 No Equipment NV 
Dome 253 Unused NV None Mark Resley Boomplaas-Hakuna Matata NV -26.863700 27.326540 No Equipment NV 
Dome 254 Unused Moderate None Mark Resley Boomplaas-Hakuna Matata NV -26.864510 27.325980 Powerhead None NV 
Dome 258 In Use Moderate Irrigation/Stock watering Salty de Viliers Betel - Mystic River NV -26.902250 27.267550 Submersible Electric 14.6 
Dome 259 In Use Good Irrigation/Stock watering Salty de Viliers Betel - Mystic River NV -26.901560 27.268720 Submersible NV 
Dome 260 In Use Good Irrigation/Stock watering Salty de Viliers Betel - Mystic River NV -26.905130 27.278600 Mono Diesel 20 
Dome 261 In Use Moderate Agriculture Gerhard Benade 19 Deelfontein NV -26.931690 27.279250 Submersible Electric 18.61 
Dome 262 In Use Good Production Gerhard Benade 19 Deelfontein -26.931640 27.279370 Windpump Wind NV 
Dome 263 Unused Poor None Gerhard Benade 19 Deelfontein NV -26.936360 27.275420 No Equipment 16.23 
Dome 264 Unused Moderate None Gerhard Benade 19 Deelfontein NV -26.939170 27.271760 Windpump Wind NV 
Dome 265 In Use Moderate Production Gerhard Benade 19 Deelfontein NV -26.939400 27.269880 Submersible Electric 10.5 
Dome 266 Unused Poor None Gerhard Benade 19 Deelfontein NV -26.939320 27.270350 No Equipment 10.03 
Dome 267 Unused Moderate None Gerhard Benade 19 Deelfontein NV -26.939110 27.270710 No Equipment 10.32 
Dome 268 In Use Good Production Herman van Wyk Baskop NV -26.921850 27.240250 Submersible Electric NV 
Dome 269 Unused Poor None Herman van Wyk Baskop NV -26.921970 27.240160 No Equipment 8.21 
Dome 270 Destroye Poor Domestic Herman van Wyk Virginia NV -26.938280 27.232660 No Equipment NV 
Dome 271 In Use Good Stock water only Herman van Wyk Virginia NV -26.944070 27.233630 Windpump Electric NV 
Dome 272 Destroye Poor None Herman van Wyk Virginia NV -26.943990 27.234080 No Equipment NV 
Dome 276 Unused Poor None Hervormde Kerk Ventersk Rust en Vrede NV -26.941160 27.245290 No Equipment NV 
Dome 277 Destroye Poor None Hervormde Kerk Ventersk Virginia NV -26.943680 27.239690 Powerhead NV 
Dome 279 In Use Good Irrigation/Stock watering Herman van Wyk Virginia NV -26.948320 27.238640 Windpump Electric NV 
Dome 280 Unused NV None Herman van Wyk Mispah NV -26.950180 27.240810 No Equipment NV 
Dome 281 In Use Good Stock water only Herman van Wyk Mispah NV -26.949690 27.229480 Windpump Wind NV 
Dome 282 In Use Moderate Production Dolf/Adrie van Niekerk Libertas NV -26.958370 27.224450 Submersible Electric 100 
Dome 283 Destroye Poor None Dolf/Adrie van Niekerk Libertas NV -26.958630 27.228590 No Equipment NV 
Dome 284 Unused Moderate None Dolf/Adrie van Niekerk Libertas NV -26.956230 27.221390 Windpump NV 
Dome 285 In Use Good Production SeefDunnhauser Edenvale NV -26.945970 27.345910 Submersible Electric NV 
Dome 287 Unused NV Stock water only SeefDunnhauser Edenvale NV -26.944310 27.344960 No Equipment NV 
Dome 288 In Use Moderate Stock water only Seef Dunnhauser Edenvale NV -26.928970 27.331780 Submersible Electric NV 
Dome 289 In Use Moderate Production Louwtjie JV Rensburg Helena NV -26.883750 27.349130 Windpump Wind NV 
Dome 290 Unused Moderate None Louwtjie JV Rensburg Helena NV -26.882610 27.349570 No Equipment 12.64 
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Dome 291 Unused Moderate None Louwtjie JV Rensburg Helena NV -26.882080 27.349380 Windpump Wind NV 
Dome 292 Unused Moderate None Louwtjie JV Rensburg Eliza NV -26.888400 27.342180 No Equipment 24.71 
Dome 293 In Use Moderate Stock water only Louwtjie JV Rensburg Eliza NV -26.888390 27.342220 Windpump NV 
Dome 294 In Use Moderate Stock water only Louwtjie JV Rensburg Helena NV -26.889950 27.343220 Windpump 69 
Dome 295 In Use Moderate Domestic Norman Josephs Kopjeskraal NV -26.893590 27.393160 Submersible Electric 3.6 
Dome 296 In Use Good Other JohnSpencer Spencer Kopjeskraal NV -26.893390 27.393430 Submersible Electric 3.62 
Dome 297 Unused Moderate None Norman Josephs Kopjeskraal NV -26.894410 27.390680 No Equipment 8.6 
Dome 298 In Use Good Agriculture Norman Josephs Kopjeskraal NV -26.887660 27.390280 Submersible Electric 11.82 
Dome 299 Unused NV None Norman Josephs Kopjeskraal NV -26.882880 27.390830 No Equipment NV 
Dome 300 Unused Moderate None Norman Josephs Kopjeskraal NV -26.876580 27.393580 No Equipment NV 
Dome 301 Unused Moderate None Norman Josephs Kopjeskraal NV -26.888160 27.389910 Windpump Wind NV 
Dome 302 In Use Moderate Domestic Adan Parker Kopjeskraal NV -26.891150 27.390010 Submersible Electric 8.75 
Dome 303 Unused Poor None Adan Parker Kopjeskraal NV -26.891190 27.390060 No Equipment 8.79 
Dome 304 In Use Moderate Production Adan Parker Kopjeskraal NV -26.882860 27.396910 Submersible Electric 15.4 
Dome 305 In Use Moderate Agricultural Adan Parker Kopjeskraal NV -26.887470 27.393910 Submersible Electric 4.65 
Dome 306 In Use Moderate Domestic JohnSpencer Spencer Kopjeskraal NV -26.899660 27.395730 Submersible Electric 16.4 
Dome 307 In Use Good Agricultural Colin Reitz Dampoort NV -26.944660 27.304110 Submersible Electric NV 
Dome 308 In Use Good Domestic Colin Reitz Dampoort NV -26.944800 27.304150 Submersible Electric 14.27 
Dome 309 In Use Good Domestic Colin Reitz Dampoort NV -26.942530 27.303330 Submersible Electric 23.55 
Dome 310 Unused Moderate None Colin Reitz Dampoort NV -26.940550 27.305000 No Equipment 17.51 
Dome 311 In Use Good Irrigation Colin Reitz Dampoort NV -26.942130 27.314830 Submersible Electric NV 
Dome 312 In Use Moderate Production Albert Wiegand Dampoort NV -26.932930 27.310020 Windpump Electric NV 
Dome 313 In Use Good Stock water only Albert Wiegand Dampoort NV -26.932030 27.311200 Windpump Electric 20.99 
Dome 314 In Use Moderate Stock water only Albert Wiegand Dampoort NV -26.925870 27.307850 Windpump Wind NV 
Dome 315 In Use Moderate Production Martiens Prinsloo Hydrocks Rust NV -26.929830 27.312690 Submersible 35 
Dome 316 In Use Good Production Andries Kotze Skurwedraai NV -26.856390 27.320000 Submersible Electric NV 
Dome 317 In Use Moderate Production Vossie Vosloo Hoenderland NV -26.856640 27.308160 Submersible Electric NV 
Dome 318 Unused Moderate None Vossie Vosloo Hoenderland NV -26.856410 27.308710 Windpump 17.85 
Dome 319 In Use Moderate Production Vossie Vosloo Hoenderland NV -26.854440 27.308650 Submersible Electric 11.4 
Dome 320 In Use Poor Production John vd Merwe Hoenderland NV -26.854960 27.316460 Submersible Electric 13.83 
Dome 321 In Use Good Domestic John vd Merwe Hoenderland NV -26.855290 27.316410 Submersible Electric 16.4 
Dome 322 In Use Good Domestic JFB Pretorius Witbank -Dimalachite NV -26.903840 27.367120 Submersible Electric 20.03 
Dome 324 In Use Good Production Wally Deadwith Rensburgsdrift NV -26.900780 27.361820 Submersible Electric NV 
Dome 325 In Use Moderate Stock water only Wally Deadwith Rensburgsdrift NV -26.903580 27.351230 Windpump Wind 34.42 
Dome 326 In Use Moderate Stock water only Petrus & Sonja Bait Moray NV -26.935770 27.324820 Submersible Diesel 24.52 
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Dome 327 In Use Moderate Stock water only Petrus & Sonja Bait Moray NV -26.940550 27.328410 Submersible Electric 9.23 

Dome 328 In Use Moderate Agriculture/Domestic Petrus & Sonja Bait Moray NV -26.943230 27.334980 Submersible Electric 8.02 

Dome 329 In Use Good Production Petrus & Sonja Bait Moray NV -26.942950 27.335990 Mono Diesel NV 

Dome 330 Unused Poor None Petrus & Sonja Bait Moray NV -26.944020 27.335380 No Equipment NV 

Dome 331 In Use Moderate Stock water only Petrus & Sonja Bait Moray NV -26.945370 27.334250 Windpump Wind 18.08 
Dome 332 Unused Moderate Production JHB 200 (Dawie) NV Rietkuil NV -26.921460 27.321370 Submersible Electric 25.02 
Dome 333 In Use Moderate Production JHB 200 (Dawie) NV Rietkuil NV -26.940290 27.320750 Submersible Diesel 15.88 
Dome 334 In Use Moderate Domestic PGericke Gericke Eerstegeluk NV -26.963170 27.223840 Submersible 98 
Dome 335 Unused Good None JHB 200 (Dawie) NV Rietkuil NV -26.939920 27.316240 No Equipment 14.13 
Dome 336 Unused Moderate None JHB 200 (Dawie) NV Rietkuil NV -26.952440 27.323660 No Equipment 8.04 
Dome 338 In Use Good Production Louis Lindeque Steenkampsberg Twane NV -26.919930 27.296400 No Equipment Electric 5 
Dome 339 Unused Moderate None Louis Lindeque Steenkampsberg Twane NV -26.917310 27.299220 No Equipment 19.1 
Dome 340 In Use Good Agriculture/Domestic JFB Pretorius Witbank -Dimalachite NV -26.905460 27.372050 Submersible Electric 5.35 
Dome 341 In Use Moderate Domestic JohanBeytell Beytell Kommandonek NV -26.887220 27.359740 Submersible 17.42 
Dome 342 In Use Moderate Game watering JohanBeytell Beytell Kommandonek NV -26.896500 27.358420 Windpump 21.4 
Dome 343 Unused NV None JohanBeytell Beytell Kommandonek NV -26.887790 27.358170 No Equipment 23.7 
Dome 344 Unused NV None JohanBeytell Beytell Kommandonek NV -26.886680 27.359990 No Equipment 12.2 
Dome 345 Unused Moderate None Dennis Dedwith Spitzkop NV -26.903260 27.346260 Mono None NV 

Dome 346 In Use Moderate Production Dennis Dedwith Zuid-Witbank NV -26.924570 27.350610 Mono Diesel NV 

Dome 347 In Use Moderate Stock water only Dennis Dedwith Diepsloot NV -26.904100 27.330710 Powerhead Diesel NV 

Dome 348 Unused Moderate None Dennis Dedwith Diepsloot NV -26.905810 27.331220 No Equipment 31.4 
Dome 349 Unused Moderate None Dennis Dedwith Spitzkop NV -26.903730 27.345080 No Equipment NV 

Dome 350 Destroye Poor None Dennis Dedwith Spitzkop NV -26.912680 27.343110 No Equipment NV 

Dome 351 In Use Moderate Agricultural Thinusvan van Biljon Goedgedag NV -26.876490 27.345500 Submersible Electric NV 

Dome 352 In Use Moderate Domestic Willemvan van Biljon Theunsrust NV -26.884950 27.336650 Powerhead Wind NV 

Dome 353 Unused Poor None Thinusvan van Biljon Theunsrust NV -26.883930 27.331440 No Equipment NV 

Dome 354 In Use Moderate Production Thinusvan van Biljon Theunsrust NV -26.884420 27.330120 Submersible Electric NV 

Dome 355 Unused Poor None Thinusvan van Biljon Theunsrust NV 26.883520 27.333320 No Equipment 17.85 

Dome 356 In Use Moderate Production Alwyn Meyer Barnardsrust NV -26.855850 27.328400 Submersible Electric NV 

Dome 357 In Use Moderate Stock water only Alwyn Meyer Barnardsrust NV -26.863290 27.325490 Mono Diesel NV 

Dome 358 In Use Moderate Stock water only Andries Kotze Skurwedraai NV -26.868590 27.319850 Windpump Wind NV 

Dome 359 In Use Moderate Stock water only Andries Kotze Skurwedraai NV -26.857880 27.320980 Windpump Wind NV 

Dome 360 In Use Moderate Production Nardus Conradie Bet-El NV -26.898770 27.274730 Windpump Wind NV 

Dome 361 In Use Moderate Stock water only Nardus Conradie Bet-El NV -26.904870 27.278410 Mono Diesel NV 

Dome 362 In Use Moderate Domestic/Livestock Nardus Conradie Slangkop NV -26.874360 27.293800 Submersible Electric 11.44 
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Dome 363 In Use Moderate NV Gert Meyer Doornhoek NV -26.862720 27.303210 NV NV 
Dome 364 In Use Moderate Production Gert Meyer Doornhoek NV -26.859430 27.303360 Submersible Electric NV 
Dome 365 In Use Moderate Domestic Stan Hill Riverview NV -26.866180 27.298020 Submersible Electric 14.5 
Dome 366 In Use Moderate Domestic DeonK Kriel Klein Paradys NV -26.871180 27.293180 Submersible Electric 10.9 
Dome 367 In Use Moderate Domestic Deon Kriel Ventersrand NV -26.881950 27.304380 NV 100 
Dome 368 In Use Moderate Domestic DeonK Kriel Ventersrand NV -26.881340 27.304830 NV 44.75 
Dome 369 Unused Poor Domestic DeonK Kriel Ventersrand NV -26.881950 27.304380 Submersible Electric 16.8 
Dome 370 In Use Moderate Production DeonK Kriel Ventersrand NV -26.882770 27.304420 NV NV 
Dome 371 In Use Good Domestic JFB Pretorius Witbank -Dimalachite NV -26.904310 27.367530 Submersible Electric 19.63 
Dome 372 In Use Moderate Irrigation/Stock watering AndriesD du PLessis Thesen Rust NV -26.872710 27.338110 Submersible Electric NV 
Dome 373 Unused Good None Andries du Plessis Thesen Rust NV -26.875040 27.337790 NV NV 
Dome 374 Unused Moderate None Andries du Plessis Thesen Rust NV -26.875190 27.335190 NV 23.15 
Dome 375 Unused Moderate None Karel Booyse Ortlepp -26.886220 27.318800 NV 80 
Dome 376 In Use Moderate Production KB Booyse Oktlepp NV -26.886580 27.318830 Powerhead Electric NV 
Dome 377 In Use Moderate Stock water only Martiens Prinsloo Hydrocks Rust NV -26.884230 27.320650 Submersible Electric NV 
Dome 378 In Use Moderate Production PeterM Marx Wonderoord NV -26.885080 27.303600 Powerhead Diesel NV 
Dome 379 In Use Moderate Domestic PieterC Conradie Aasvoelrand Vriendskapsdal NV -26.890260 27.275200 Submersible Electric 9.9 
Dome 380 In Use Moderate Agriculture/Domestic PietS Sullivan Rebokkop NV -26.911630 27.261300 Submersible Electric NV 
Dome 381 In Use Poor Domestic JB Booyse Rebokkop NV -26.911890 27.258880 Submersible Electric NV 
Dome 382 In Use Moderate Domestic PPV van der Wedthuizen Rebokkop NV -26.917840 27.251830 Submersible NV 
Dome 383 In Use Moderate Domestic Rv van Deventer Rebokkop NV -26.913730 27.258120 Submersible Electric NV 
Dome 384 In Use Moderate Agriculture/Domestic PietG Goosen Grootkoppe NV -26.931000 27.230280 Submersible Electric 60 
Dome 385 Unused Moderate Game watering PietG Goosen Grootkoppe NV -26.935570 27.224920 Mono NV 
Dome 386 Unused Moderate Game watering PietG Goosen Grootkoppe NV -26.942440 27.213720 Mono None NV 
Dome 387 In Use Moderate Game watering PietG Goosen Grootkoppe NV -26.923980 27.216030 Mono Diesel NV 
Dome 388 Unused Moderate NV Piet Goosen Grootkoppe NV -26.919940 27.215620 NV NV 
Dome 389 Unused Moderate None Piet Goosen Tygerfontein NV -26.904800 27.217850 NV NV 
Dome 390 In Use Moderate Game watering PietG Goosen Tygerfontein NV -26.904830 27.218030 Windpump NV 
Dome 391 In Use Moderate Production PietG Goosen Tygerfontein NV -26.895780 27.208890 Mono Diesel NV 
Dome 392 Unused Moderate None Piet Goosen Tygerfontein NV -26.900870 27.215920 NV NV 
Dome 393 In Use Moderate Stock water only JohanBronkhorst Bronkhc Nooitgedacht NV -26.931500 27.254240 Mono Electric NV 
Dome 394 Unused Moderate None JohanBronkhorst Bronkhc Nooitgedacht NV -26.932500 27.249640 NV NV 
Dome 395 In Use Moderate Stock water only JohanBronkhorst Bronkhc Nooitgedacht NV -26.923950 27.261370 Windpump NV 
Dome 396 In Use Moderate Domestic Dirk Steenkamp Sweet Home NV -26.942770 27.263670 Submersible Electric NV 
Dome 397 Unused Good None Piet Erasumus Rooderand NV -26.919450 27.227870 NV 24.4 
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Dome 398 In Use Moderate Stock water only DietErasmus Erasmus Rooderand NV -26.912540 27.221770 Powerhead Diesel NV 
Dome 399 Unused Good None Piet Erasumus Rooderand NV -26.902020 27.236030 NV 23 
Dome 400 Unused Good None Piet Erasumus Rooderand NV -26.903910 27.240210 NV 24 
Dome 401 In Use NV Production 3ietErasmus Erasmus Rooderand NV -26.892800 27.238350 Mono Diesel NV 
Dome 402 Unused NV None Pieter Conradie Aasvogelrand Oos NV -26.894330 27.280740 NV 35.57 
Dome 403 Unused NV None Elradus Erasmus Aasvogelrand Oos NV -26.888890 27.280410 NV 80 
Dome 404 In Use NV Domestic Elardus Erasmus Aasvogelrand Oos NV -26.889620 27.279980 Submersible Electric NV 
Dome 405 In Use NV Domestic Schalk Theron Suikerbos Rooderand NV -26.897220 27.228590 NV 23.8 
Dome 406 Unused Poor None Schalk Theron Suikerbos Rooderand NV -26.897230 27.228690 NV NV 
Dome 407 In Use Poor Production Schalk Theron Suikerbos Rooderand NV -26.881790 27.233470 Mono 26 
Dome 408 In Use NV Production Schalk Theron Suikerbos Rooderand NV -26.881740 27.233620 Submersible Electric 27.34 
Dome 409 In Use NV Stock water only Anton Vorster Vorsterskraal NV -26.881890 27.223720 Submersible Electric 2.29 
Dome 410 In Use NV Production Anton Vorster Vorsterskraal NV -26.881760 27.225640 Submersible Electric NV 
Dome 411 In Use NV Stock water only Anton Vorster Vorsterskraal NV -26.882420 27.227260 Submersible Electric 22.28 
Dome 412 In Use NV Production Dome Lodge NV Dome Lodge Tygerfontein NV -26.881050 27.221440 Submersible Electric 15.92 
Dome 414 In Use NV Production Schalk Theron Suikerbos Rooderand NV -26.877080 27.239070 Mono Diesel NV 
Dome 415 In Use NV Domestic Schalk Theron Suikerbos Rooderand NV -26.896630 27.223380 Mono Diesel NV 
Dome 416 Unused NV None Jumbo Jumbo -26.944510 27.212670 NV 18.3 
Dome 195A In Use Moderate Domestic Marais/TG Kruger Lenyebi NV -26.914670 27.243230 Submersible Electric 11.53 
Dome 251A In Use Moderate Production Mark Resley Boomplaas-Hakuna Matata NV -26.863300 27.326550 Submersible Electric 15.67 
Dome 378A Unused Moderate None Pieter Marx Wonderoord NV -26.885140 27.303630 NV 80 
Dome 396A In Use Good Production PietErasmus Erasmus Rooderand NV -26.927500 27.232900 Submersible Electric 16.09 
Dome F 26 Unused NV NV PKirstein Kirstein Leeufontein NV -26.805690 27.308390 NV NV 
Dome F 30 In Use Moderate Production De Wet Kruger 17 Leeufontein NV -26.801690 27.315520 No Equipment NV 
Dome F 33 Unused NV NV De Wet Kruger 17 Leeufontein NV -26.812550 27.323410 NV NV 
Dome F 119 In Use NV Stock water only HS du Plooy Koedoeslaagte NV -26.834780 27.338720 NV NV 
Dome F136 In Use NV Irrigation/Stock watering WNel Nel Koedoesfontein NV -26.811090 27.383190 No Equipment NV 
Dome F181 In Use NV Stock water only Eugene Beyleveld Grootfontein NV -26.780920 27.374740 Other Electric NV 
Dome F 188 In Use Moderate Agricultural WNel Nel Buffelshoek NV -26.820960 27.393970 NV NV 
Dome F 255 Unused NV None NW Nature Conservation Rooderand NV -26.870420 27.272240 NV NV 
Dome F 256 Unused NV None NW Nature Conservation Rooderand NV -26.868620 27.281560 No Equipment NV 
Dome F 257 Unused NV None NV Jakkalsdraai NV -26.837460 27.316470 No Equipment NV 
Dome F 273 In Use NV Game only Herman van Wyk Virginia NV 27.236870 No Equipment NV 
Dome F 274 In Use NV Irrigation/Stock watering Herman van Wyk Virginia NV -26.939850 27.238070 No Equipment NV 
Dome F 275 In Use NV Irrigation/Stock watering Herman van Wyk Virginia NV -26.938820 27.239110 No Equipment NV 
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BOREHOLE SITE DETAILS BOREHOLE LOCATION EQUIPMENT DEPTH TO 
WATER LEVEL Main Details System Coordinates Pump Motor 

DEPTH TO 
WATER LEVEL 

Site No Status Condition Use Site Owner Farm Latitude Longitude Type Type (m) 
Dome F278 Unused Good None Herman van Wyk Virginia NV -26.947720 27.237270 No Equipment 12.1 
Dome F286 In Use NV Stock water only Seef Dunnhauser Edenvale NV -26.946340 27.347890 No Equipment NV 
Dome F 323 Unused NV None JFB Pretorius Witbank -26.903910 27.363510 No Equipment NV 
Dome F 337 In Use NV Game watering JHB 200 (Dawie) NV Rietkuil NV -26.952960 27.320280 No Equipment NV 
Dome F413 Unused NV None Dome Lodge Tygerfontein dome lodge -26.881910 27.222750 No Equipment NV 
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NOORDWES UNIVERSITEIT Eco Analytica 
ECO ANALYTICA Posbus 19140 

NOORDBRUG2522 
Tel: 018-293 3900 

AGES 
2007/03/04 BbO-ANALYSIS 

Macro elements 
Ca Mg K Na P 0 4 S 0 4 N 0 3 NH4 Cl HCO3 

Sample no. Milligram per litre 
Dome 004 40.48 14.10 2.74 8.05 <0.01 1.18 7.54 0.29 1.98 207.45 
Dome 010 24.45 7.05 0.39 34.03 <0.01 15.36 0.89 0.32 10.85 161.69 
Dome 011 10.82 6.08 0.39 50.81 0.00 14.41 0.37 0.56 10.28 164.74 
Dome 016 1.60 0.49 0.39 1.15 <0.01 0.48 4.34 0.40 2.48 3.05 
Dome 017 34.47 9.72 0.39 12.64 <0.01 8.31 5.58 0.41 5.32 164.74 
Dome 025 2.40 0.97 0.39 1.61 <0.01 0.95 3.78 0.32 2.48 9.15 
Dome 027 10.02 3.89 0.00 5.98 <0.01 2.60 7.44 0.36 2.84 51.86 
Dome 028 1.60 0.49 0.78 0.92 <0.01 1.08 1.86 0.40 1.77 6.10 
Dome 031 2.81 0.97 0.39 1.15 <0.01 0.66 8.68 0.29 3.55 3.05 
Dome 032 2.81 0.49 1.17 0.69 <0.01 2.39 1.00 0.43 2.84 9.15 
Dome 035 37.67 33.54 0.00 23.68 <0.01 49.11 1.48 0.60 26.59 237.96 
Dome 040 2.00 1.22 0.78 1.61 <0.01 1.92 2.48 0.32 4.25 6.10 
Dome 041 3.21 0.49 0.00 1.84 <0.01 0.77 5.78 0.32 1.48 9.15 
Dome 044 52.50 19.20 5.86 16.78 <0.01 25.94 1.23 0.40 30.14 225.76 
Dome 046 6.41 1.70 0.78 4.37 <0.01 1.92 19.84 0.56 4.96 12.20 
Dome 048 47.69 17.01 0.39 16.09 <0.01 19.36 6.21 0.41 10.28 225.76 
Dome 052 14.83 3.40 0.00 3.68 <0.01 1.60 9.30 0.41 2.25 57.97 
Dome 057 14.83 3.65 0.78 2.76 0 . 0 1 1.74 1.24 0.41 1.42 67.12 
Dome 058 20.84 4.13 0.78 4.14 <0.01 1.25 6.20 0.49 1.11 88.47 
Dome 060 14.03 2.92 0.00 3.45 <0.01 9.13 10.60 0.43 6.74 33.56 
Dome 064 33.26 4.86 0.78 4.60 <0.01 2.29 1.62 0.54 1.21 134.23 
Dome 066 6.01 1.70 7.82 2.99 <0.01 5.20 13.64 0.45 11.34 9.15 
Dome 069 14.83 2.67 0.39 2.30 0 . 0 1 5.57 1.86 0.49 3.55 51.86 
Dome 072 31.26 16.77 1.17 19.08 <0.01 11.53 90.53 0.32 40.42 57.97 
Dome 076 7.61 1.70 0.00 1.61 <0.01 3.92 1.24 0.18 1.75 27.46 
Dome 079 20.84 11.91 1.95 11.95 <0.01 3.23 0.98 0.34 21.18 117.76 
Dome 081 6.41 0.97 0.39 1.61 0 . 0 1 2.88 1.24 0.29 2.48 21.36 
Dome 084 42.88 13.85 5.08 36.78 <0.01 115.93 2.23 0.25 37.93 91.52 
Dome 086 57.31 8.51 1.95 12.87 <0.01 19.10 8.39 0.29 12.82 201.35 
Dome 088 32.46 6.81 1.17 12.87 0 . 0 1 3.61 3.04 0.63 4.25 155.59 
Dome 096 12.42 2.19 0.39 1.61 0 . 0 1 1.36 0.29 0.34 1.06 51.86 
Dome 098 35.27 34.51 3.13 18.16 <0.01 75.05 18.80 0.54 56.02 125.08 
Dome 106 66.13 77.78 5.08 15.40 <0.01 25.62 98.61 0.38 56.02 414.91 
Dome 108 42.48 7.05 7.04 34.49 <0.01 2.28 0.58 4.28 3.31 271.52 
Dome 109 36.87 47.15 1.56 46.67 <0.01 104.71 1.11 0.32 63.46 231.86 
Dome 115 8.82 6.81 0.78 3.68 <0.01 1.31 5.58 0.32 2.89 61.02 
Dome 118 5.61 3.89 2.35 2.99 0 . 0 1 3.20 13.02 0.25 6.03 21.36 
Dome 120 20.84 15.80 1.56 9.43 <0.01 12.96 1.54 0.34 12.61 131.18 
Dome 122 8.02 8.51 1.17 3.45 <0.01 5.76 11.16 0.34 7.09 48.81 
Dome 123 42.48 35.24 1.17 58.62 <0.01 58.43 55.66 0.16 20.17 302.03 
Dome 124 42.48 34.51 1.17 61.84 0 . 0 1 50.89 59.63 0.14 26.55 302.03 
Dome 126 42.88 31.60 1.95 60.92 0 . 0 1 23.01 48.25 0.36 30.31 329.49 
Dome 127 8.02 10.21 0.39 10.35 <0.01 3.48 21.08 0.25 10.28 61.02 
Dome 128 34.07 30.87 1.17 30.12 <0.01 9.82 33.61 0.23 [ 15.91 268.47 
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Macro elements 
Ca Mg K Na P 0 4 so4 N 0 3 NH, Cl HCO3 

Sample no. Milligram per litre 
Dome 129 4.81 8.75 0.78 9.66 <0.01 3.84 11.16 0.31 12.05 48.81 
Dome 134 34.87 39.37 1.56 26.90 <0.01 22.24 32.87 0.27 30.29 265.42 
Dome 135 4.41 6.32 1.17 5.29 <0.01 1.91 5.54 0.16 5.93 42.71 
Dome 138 9.62 10.45 9.38 11.27 <0.01 13.45 36.58 0.43 27.30 27.46 
Dome 141 2.00 2.67 1.17 4.60 <0.01 2.72 3.12 0.99 1.79 27.46 
Dome 143 2.00 0.97 0.78 1.15 <0.01 1.04 0.85 0.97 2.29 12.20 
Dome 147 3.21 8.26 1.95 8.05 <0.01 3.83 1.65 1.12 7.09 61.02 
Dome 148 26.85 15.80 1.56 15.17 <0.01 21.14 0.83 1.21 14.18 155.59 
Dome 151 9.22 4.13 1.56 163.23 <0.01 6.72 0.58 1.33 206.69 118.98 
Dome 153 57.31 50.55 1.17 31.73 <0.01 48.03 83.71 1.19 87.92 225.76 
Dome 153 44.09 59.55 1.17 33.34 0.00 44.01 79.62 0.60 87.57 241.01 
Dome 154 17.63 6.08 0.39 10.12 <0.01 1.28 3.72 1.33 7.34 97.63 
Dome 157 11.62 1.70 0.39 4.14 <0.01 1.30 1.01 1.66 7.35 45.76 
Dome 161 16.83 17.50 0.00 7.82 <0.01 7.39 2.76 1.62 3.90 146.44 
Dome 163 31.66 17.50 0.00 15.86 <0.01 58.67 1.57 1.62 15.51 128.13 
Dome 165 4.41 2.19 0.00 3.22 <0.01 0.90 0.62 1.15 0.71 33.56 
Dome 171 50.10 22.60 0.00 17.47 <0.01 25.94 19.22 1.52 13.12 244.06 
Dome 176 34.07 16.28 0.00 15.40 <0.01 41.61 1.40 1.30 12.84 155.59 
Dome 179 67.33 29.65 0.39 27.82 <0.01 49.95 35.96 1.15 56.02 237.96 
Dome 183 32.86 38.89 1.56 30.81 <0.01 22.05 31.93 1.26 30.46 271.52 
Dome 189 13.63 13.61 1.95 80.47 <0.01 19.21 9.59 1.23 62.80 186.10 
Dome 192 14.43 12.88 1.56 11.50 <0.01 3.92 3.66 1.26 15.93 109.83 
Dome 196 17.63 27.46 1.56 28.97 <0.01 57.32 0.44 0.90 54.95 106.78 
Dome 198 4.01 7.05 1.17 7.59 <0.01 2.62 12.40 0.96 5.12 48.81 
Dome 201 26.05 14.58 0.39 28.97 <0.01 28.63 21.70 0.32 6.87 161.69 
Dome 212 6.81 9.48 1.56 52.19 0.00 67.98 6.10 0.79 32.61 64.07 
Dome 214 24.45 15.31 1.56 33.34 <0.01 15.93 14.00 0.47 23.12 170.84 
Dome 217 39.68 21.15 0.78 51.27 <0.01 95.20 11.62 0.34 87.21 85.42 
Dome 218 24.85 8.26 10.17 42.99 <0.01 3.53 0.52 4.51 25.75 213.56 
Dome 221 10.82 3.16 2.35 23.22 <0.01 5.10 1.77 0.36 11.34 88.47 
Dome 226 10.82 2.92 6.26 5.75 <0.01 1.46 0.80 10.28 3.90 100.68 
Dome 232 12.82 6.56 3.52 20.69 <0.01 2.39 4.17 0.34 9.93 109.83 
Dome 241 54.91 54.69 1.56 40.23 <0.01 142.44 54.08 0.22 84.38 167.79 
Dome 243 19.24 26.01 0.39 20.00 <0.01 17.82 40.75 0.22 10.24 164.74 
Dome 246 23.65 24.79 2.35 25.29 <0.01 19.48 21.02 0.31 15.94 195.25 
Dome 247 62.52 84.34 1.17 40.46 <0.01 302.40 9.55 0.29 89.70 180.00 
Dome 249 5.61 11.18 5.08 28.74 <0.01 22.78 9.61 0.32 7.45 106.78 
Dome 252 4.01 5.83 16.81 40.69 1.54 3.84 2.48 67.21 15.24 366.10 
Dome 258 74.14 97.22 1.95 42.30 <0.01 164.10 133.38 0.34 109.72 305.08 
Dome 260 12.82 35.97 0.39 24.83 <0.01 15.33 19.27 0.32 7.50 234.91 
Dome 262 2.81 25.28 2.74 22.30 <0.01 14.62 48.31 0.32 12.53 112.88 
Dome 263 4.81 15.80 2.35 13.33 <0.01 7.96 42.89 0.34 3.45 76.27 
Dome 265 2.81 16.28 1.56 12.64 <0.01 4.84 40.92 0.40 4.96 73.22 
Dome 268 101.00 86.28 2.74 57.48 <0.01 313.16 23.22 0.34 138.98 234.91 
Dome 271 28.05 26.74 0.78 36.09 <0.01 31.24 39.20 0.31 33.36 183.05 
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Macro elements 
Ca Mg K Na P 0 4 so4 N 0 3 NH4 Cl HCO3 

Sample no. 1 Milligram per litre 
Dome 279 22.04 15.56 1.17 17.70 <0.01 5.72 9.36 0.27 3.17 173.90 
Dome 282 70.54 45.94 1.56 17.93 <0.01 41.97 71.30 0.32 80.83 231.86 
Dome 285 21.24 11.91 1.95 32.19 <0.01 15.70 31.11 0.34 8.16 149.49 
Dome 288 22.84 13.61 0.39 18.39 <0.01 2.83 21.08 0.38 4.96 155.59 
Dome 289 18.04 27.46 2.74 31.04 <0.01 22.11 76.51 0.27 8.31 161.69 
Dome 290 16.83 26.49 2.74 27.59 <0.01 22.12 72.03 0.25 8.08 149.49 
Dome 292 7.61 4.86 1.56 24.37 O.01 4.33 39.52 0.22 7.80 57.97 
Dome 297 155.50 102.08 13.29 235.65 <0.01 514.70 10.86 14.88 433.94 268.47 
Dome 304 27.65 15.80 1.17 31.04 <0.01 22.57 12.72 0.36 7.53 195.25 
Dome 306 35.67 5.35 1.17 25.98 <0.01 14.87 13.01 0.31 8.02 161.69 
Dome 307 22.44 14.10 1.17 14.94 <0.01 5.31 38.80 0.40 4.25 131.18 
Dome 310 15.63 8.02 1.95 20.46 <0.01 16.34 40.30 0.36 3.89 79.32 
Dome 311 20.44 10.94 1.56 18.39 O.01 7.40 39.57 0.72 3.88 115.93 
Dome 312 14.83 9.48 1.17 9.66 O.01 1.93 30.38 0.69 2.48 85.42 
Dome 314 29.66 11.91 1.56 10.58 <0.01 5.71 5.48 0.49 1.68 167.79 
Dome 315 54.91 27.46 1.56 17.01 O .01 13.84 39.36 0.27 11.61 277.62 
Dome 316 21.24 11.18 1.17 10.81 <0.01 4.86 17.88 0.25 5.66 118.98 
Dome 319 32.86 27.71 0.78 23.68 <0.01 56.53 78.36 0.20 10.26 137.29 
Dome 320 22.04 36.46 0.78 59.31 <0.01 18.94 92.92 0.22 54.83 198.30 
Dome 324 73.74 55.17 2.74 60.69 0.00 68.20 169.89 0.32 146.78 164.74 
Dome 325 20.04 10.21 2.35 47.13 0.00 3.88 0.57 0.36 5.05 228.81 
Dome 326 17.63 10.21 1.56 20.92 0.00 2.76 47.22 0.40 5.11 106.78 
Dome 331 11.62 5.59 3.52 24.14 0.00 4.47 20.46 0.38 8.15 94.57 
Dome 333 29.26 17.99 2.35 24.60 0.00 13.55 34.12 0.38 11.46 180.00 
Dome 334 58.91 65.62 0.78 20.69 0.00 118.16 30.38 0.49 65.59 274.57 
Dome 338 6.01 4.13 0.39 5.06 0.00 2.84 4.96 0.47 2.13 42.71 
Dome 342 39.68 15.80 0.78 21.15 0.00 13.46 0.51 1.24 21.87 207.45 
Dome 344 27.25 35.24 8.99 17.01 19.79 0.49 0.20 39.52 14.59 399.65 
Dome 346 22.44 7.29 2.35 35.86 0.00 3.38 10.42 0.76 13.12 170.84 
Dome 348 13.63 4.13 3.91 42.07 0.00 0.39 0.57 4.51 4.51 186.10 
Dome 362 89.37 85.31 1.56 103.23 0.00 279.54 32.18 0.32 155.99 320.33 
Dome 364 38.07 50.31 1.17 27.13 0.00 76.01 68.51 0.43 20.56 247.11 
Dome 366 73.34 15.80 5.08 39.08 0.00 91.26 53.05 0.34 79.77 109.83 
Dome 368 30.46 4.62 1.17 10.35 0.00 8.86 5.74 0.31 4.04 122.03 
Dome F: 026 2.40 7.78 3.52 5.29 <0.01 3.84 2.48 7.00 4.61 100.68 
Dome F: 030 0.40 2.19 0.39 2.53 <0.01 0.28 1.86 1.39 4.25 15.25 
Dome F: 033 0.80 0.49 0.39 1.15 <0.01 0.81 3.10 1.08 1.42 6.10 
Dome F: 119 0.80 2.19 0.78 2.30 O.01 2.70 2.63 1.06 2.01 15.25 
Dome F: 136 0.80 1.70 0.39 0.92 <0.01 6.47 1.58 1.19 1.54 6.10 
Dome F: 181 36.47 27.46 2.35 27.13 <0.01 23.88 1.56 0.40 13.12 271.52 
Dome F: 188 7.21 14.83 2.35 12.41 <0.01 4.00 1.39 0.29 5.45 118.98 
Dome F: 255 0.80 1.22 0.00 0.92 <0.01 2.27 1.86 0.38 2.48 3.05 
Dome F: 256 2.81 1.70 1.95 1.84 <0.01 2.88 1.26 1.62 2.34 21.36 
Dome F: 257 1.60 0.97 0.78 2.30 <0.01 3.84 1.86 0.51 3.19 6.10 
Dome F: 273 39.68 25.52 21.11 54.49 <0.01 24.65 0.59 1.33 29.74 350.84 
Dome F: 274 34.87 35.97 20.72 56.79 <0.01 33.30 0.71 2.90 39.00 372.20 
Dome F: 275 25.65 26.98 0.78 26.90 <0.01 5.05 0.62 0.54 9.57 262.37 
Dome F: 278 30.86 4.86 26.20 5.75 1.08 6.72 2.48 71.25 12.05 381.35 
Dome F: 286 54.51 16.28 5.08 26.44 <0.01 4.97 0.27 2.53 10.10 311.18 
Dome F: 337 26.05 5.35 5.86 10.35 0.00 2.51 0.56 1.15 1.77 140.34 
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Micro-elements and other data 
Fe Mn Cu Zn B pH EG F TDS 

Sample no. Milligram per litre (mS/cm) mg/1 
Dome 004 <0.01 0.01 <0.01 <0.01 <1 8.10 0.36 0.11 234 
Dome 010 <0.01 <0.01 <0.01 <0.01 <1 7.99 0.33 0.28 214.5 
Dome 016 <0.01 0.04 0.02 0.02 <1 5.55 0.02 0.11 13 
Dome 017 <0.01 0.02 <0.01 <0.01 <1 7.46 0.31 0.12 201.5 
Dome 025 <0.01 0.00 <0.01 0.02 <1 6.18 0.03 0.06 19.5 
Dome 027 <0.01 0.00 <0.01 <0.01 <1 7.48 0.11 0.15 71.5 
Dome 028 <0.01 <0.01 0.03 0.04 <1 5.68 0.02 0.13 13 
Dome 031 <0.01 <0.01 <0.01 <0.01 <1 6.60 0.03 0.01 19.5 
Dome 032 0.65 0.12 0.01 0.32 <1 6.84 0.03 0.03 19.5 
Dome 035 <0.01 0.03 <0.01 0.03 <1 8.08 0.57 0.13 370.5 
Dome 040 <0.01 <0.01 0.02 <0.01 <1 5.74 0.03 0.02 19.5 
Dome 041 <0.01 <0.01 <0.01 <0.01 <1 6.83 0.03 0.03 19.5 
Dome 044 <0.01 0.01 <0.01 0.01 <1 8.28 0.51 0.12 331.5 
Dome 046 <0.01 <0.01 <0.01 <0.01 <1 7.37 0.07 0.02 45.5 
Dome 048 <0.01 <0.01 <0.01 <0.01 <1 8.28 0.45 0.13 292.5 
Dome 052 <0.01 <0.01 <0.01 0.02 <1 7.70 0.12 0.06 78 
Dome 057 <0.01 <0.01 <0.01 <0.01 <1 7.81 0.12 0.06 78 
Dome 058 <0.01 <0.01 <0.01 <0.01 <1 7.64 0.16 0.10 104 
Dome 060 <0.01 <0.01 0.01 <0.01 <1 7.41 0.11 0.04 71.5 
Dome 064 <0.01 <0.01 <0.01 <0.01 <1 7.96 0.23 0.08 149.5 
Dome 066 <0.01 0.04 <0.01 <0.01 <1 7.25 0.08 0.03 52 
Dome 069 <0.01 <0.01 <0.01 <0.01 <1 7.09 0.11 0.05 71.5 
Dome 072 <0.01 <0.01 <0.01 <0.01 <1 7.62 0.38 0.04 247 
Dome 076 <0.01 <0.01 <0.01 0.07 <1 7.01 0.06 0.05. 39 
Dome 079 <0.01 <0.01 <0.01 <0.01 <1 7.87 0.26 0.04 169 
Dome 081 0.01 <0.01 <0.01 <0.01 <1 6.35 0.05 0.07 32.5 
Dome 084 <0.01 <0.01 <0.01 0.02 <1 7.66 0.50 0.14 325 
Dome 086 <0.01 <0.01 <0.01 O.01 <1 8.03 0.42 0.05 273 
Dome 088 <0.01 <0.01 <0.01 <0.01 <1 8.00 0.28 0.07 182 
Dome 096 <0.01 <0.01 <0.01 <0.01 <1 7.59 0.09 0.05 58.5 
Dome 098 <0.01 0.02 <0.01 0.01 <1 7.83 0.55 0.10 357.5 
Dome 106 <0.01 <0.01 <0.01 0.29 <1 8.11 1.05 0.04 682.5 
Dome 108 <0.01 0.14 <0.01 <0.01 <1 6.99 0.46 0.15 299 
Dome 109 <0.01 0.02 <0.01 0.01 <1 7.45 0.78 0.16 507 
Dome 115 <0.01 <0.01 <0.01 <0.01 <1 7.20 0.12 0.07 78 
Dome 118 <0.01 0.02 <0.01 0.02 <1 6.21 0.08 0.05 52 
Dome 120 <0.01 <0.01 <0.01 0.02 <1 7.48 0.28 0.11 182 
Dome 122 <0.01 <0.01 <0.01 0.02 <1 6.86 0.13 0.05 84.5 
Dome 123 <0.01 <0.01 0.02 0.08 <1 7.40 0.76 0.25 494 
Dome 124 <0.01 <0.01 <0.01 <0.01 <1 7.19 0.77 0.18 500.5 
Dome 126 <0.01 0.01 0.04 1.89 <1 7.50 0.75 0.16 487.5 
Dome 127 <0.01 <0.01 <0.01 0.04 <1 7.32 0.17 0.06 110.5 
Dome 128 <0.01 <0.01 <0.01 0.07 <1 7.10 0.56 0.13 364 
Dome 129 <0.01 <0.01 <0.01 <0.01 <1 7.15 0.14 0.06 91 
Dome 134 <0.01 <0.01 <0.01 0.01 <1 8.23 0.62 0.34 403 
Dome 135 <0.01 <0.01 <0.01 <0.01 <1 7.29 0.10 0.06 65 
Dome 138 <0.01 <0.01 <0.01 <0.01 <1 6.91 0.21 0.06 136.5 
Dome 141 <0.01 <0.01 <0.01 <0.01 <1 6.90 0.06 0.03 39 
Dome 143 <0.01 0.03 <0.01 <0.01 <1 6.82 0.03 0.03 19.5 
Dome 147 <0.01 <0.01 0.10 0.03 <1 7.35 0.13 0.06 84.5 
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Micro-elements and other data 
Fe Mn Cu Zn B PH EG F IDS 

Sample no. Milligram per litre (mS/cm) mg/l 
Dome 148 <0.01 0.01 0.01 <0.01 <1 7.71 0.34 0.18 221 
Dome 151 0.03 0.01 0.02 <0.01 1 8.31 0.80 3.12 520 
Dome 153 <0.01 <0.01 0.02 <0.01 <1 7.63 0.85 0.29 552.5 
Dome 154 0.06 <0.01 0.02 <0.01 <1 7.64 0.19 0.10 123.5 
Dome 157 <0.01 <0.01 0.01 O.01 <1 7.36 0.10 0.03 65 
Dome 161 <0.01 O.01 0.01 <0.01 <1 7.14 0.27 0.09 175.5 
Dome 163 <0.01 <0.01 0.02 0.02 <1 7.30 0.38 0.12 247 
Dome 165 <0.01 0.02 0.01 0.01 <1 7.21 0.06 0.06 39 
Dome 171 <0.01 0.01 0.03 0.03 <1 7.11 0.52 0.14 338 
Dome 176 0.01 0.01 <0.01 <0.01 <1 7.44 0.38 0.13 247 
Dome 179 <0.01 O.01 <0.01 <0.01 <1 7.85 0.71 0.18 461.5 
Dome 183 <0.01 <0.01 O.01 <0.01 <1 7.93 0.63 0.33 409.5 
Dome 189 <0.01 <0.01 <0.01 <0.01 <1 7.50 0.54 1.07 351 
Dome 192 0.04 0.08 <0.01 0.03 <1 6.98 0.24 0.05 156 
Dome 196 0.01 0.09 <0.01 <0.01 <1 7.60 0.45 0.05 292.5 
Dome 198 0.01 0.01 0.01 0.07 <1 6.74 0.12 0.05 78 
Dome 201 <0.01 0.02 <0.01 0.09 <1 6.88 0.38 0.21 247 
Dome 214 O.01 0.01 0.03 0.02 <1 6.96 0.40 0.25 260 
Dome 217 0.12 0.03 0.01 <0.01 <1 6.97 | 0.60 0.21 390 
Dome 218 0.23 <0.01 0.01 <0.01 <1 7.15 0.43 0.21 279.5 
Dome 221 0.07 <0.01 0.01 O.01 <1 7.48 0.19 0.10 123.5 
Dome 226 1.18 0.10 0.01 <0.01 <1 6.82 0.18 0.12 117 
Dome 232 0.32 0.02 0.01 O.01 <1 6.94 0.22 0.17 143 
Dome 241 0.00 0.02 0.02 <0.01 <1 7.16 0.90 0.1 585 
Dome 243 <0.01 <0.01 0.01 <0.01 <1 7.43 0.40 0.12 260 
Dome 246 <0.01 0.03 0.01 O.01 <1 7.08 0.44 0.17 286 
Dome 247 <0.01 0.02 0.02 <0.01 <1 7.15 1.19 0.25 773.5 
Dome 249 0.16 0.01 <0.01 <0.01 <1 7.34 0.26 0.21 169 
Dome 252 0.14 0.06 <0.01 <0.01 <1 7.11 0.66 0.21 429 
Dome 258 <0.01 0.01 0.01 <0.01 <1 7.02 1.36 0.19 884 
Dome 260 O.01 <0.01 0.01 0.12 <1 7.20 0.47 0.08 305.5 
Dome 262 <0.01 <0.01 0.01 0.66 <1 7.02 0.33 0.07 214.5 
Dome 263 <0.01 O.01 0.08 0.14 <1 6.58 0.22 0.08 143 
Dome 265 O.01 <0.01 O.01 0.02 <1 6.48 0.21 0.11 136.5 
Dome 268 0.01 0.26 0.01 0.04 <1 7.27 1.47 0.17 955.5 
Dome 271 0.03 0.01 0.01 0.05 <1 7.24 0.52 0.09 338 
Dome 279 0.10 <0.01 0.01 0.08 <1 7.62 0.32 0.12 208 
Dome 282 O.01 0.01 <0.01 <0.01 <1 6.97 0.81 0.04 526.5 
Dome 285 <0.01 <0.01 <0.01 O.01 <1 7.36 0.35 0.34 227.5 
Dome 288 0.06 <0.01 <0.01 0.01 <1 6.94 0.31 0.16 201.5 
Dome 289 0.01 O.01 <0.01 0.02 <1 7.33 0.46 0.21 299 
Dome 290 O.01 <0.01 0.01 0.07 <1 6.75 0.43 0.20 279.5 
Dome 292 0.02 0.01 0.09 0.14 <1 6.25 0.19 0.19 123.5 
Dome 297 3.07 1.23 0.01 0.03 <1 6.77 2.76 0.09 1794 
Dome 304 <0.0I 0.02 <0.01 <0.01 <1 7.10 0.41 0.13 266.5 
Dome 306 0.01 0.01 <0.01 <0.01 <1 7.41 0.34 0.46 221 
Dome 307 <0.01 0.02 <0.01 0.08 <1 7.07 0.30 0.12 195 
Dome 310 0.01 0.03 0.01 0.09 <1 6.61 0.24 0.14 156 
Dome 311 O.01 <0.01 O.01 O.01 <1 6.89 0.28 0.06 182 
Dome 312 <0.01 <0.01 0.01 0.02 <1 6.98 0.20 0.09 130 
Dome 314 <0.01 O.01 0.01 0.15 <1 6.84 0.30 0.04 195 
Dome 315 <0.01 <0.01 <0.01 0.03 <1 7.27 0.58 0.14 377 
Dome 316 O.01 <0.01 O.01 O.01 <1 6.72 0.25 0.05 162.5 
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Micro-elements and other data 
Fe Mn Cu Zn B pH EG F TDS 

Sample no. MUligramper litre (mS/cm) mg/l 
Dome 319 <0.01 <0.01 0.01 O.01 <1 7.02 0.50 0.09 325 
Dome 320 <0.01 <0.01 0.01 O.01 <1 6.76 0.67 0.06 435.5 
Dome 324 0.00 0.00 0.02 0.00 0 6.82 1.10 0.03 715 
Dome 325 0.01 0.00 0.01 1.24 0 6.99 0.40 0.25 260 
Dome 326 0.00 0.00 0.01 0.10 0 7.03 0.27 0.21 175.5 
Dome 331 0.00 0.00 0.02 0.12 0 7.04 0.22 0.09 143 
Dome 333 0.00 0.00 0.01 0.11 0 7.55 0.41 0.15 266.5 
Dome 334 0.00 0.00 0.28 0.13 0 7.05 0.93 0.02 604.5 
Dome 338 0.00 0.00 0.01 0.00 0 6.31 0.09 0.01 58.5 
Dome 342 0.18 0.10 0.02 0.02 0 7.16 0.43 0.21 279.5 
Dome 344 1.60 2.71 0.01 0.01 0 6.52 0.76 5.15 494 
Dome 326 0.00 0.01 0.01 0 0 7.73 0.33 0.23 214.5 
Dome 346 0.00 0.17 0.00 0.00 0 8.27 0.34 0.14 221 
Dome 333 0.00 0.01 0.01 0.00 0 7.79 0.86 0.30 559 
Dome 348 0.04 0.19 0.00 0.01 0 6.89 0.32 0.13 208 
Dome 338 0.02 0.01 0.11 0.15 0 6.70 0.35 0.27 227.5 
Dome 362 0.00 0.11 0.01 0.00 0 7.35 1.60 0.08 1040 
Dome 364 0.00 0.01 0.00 0.00 0 7.34 0.73 0.05 474.5 
Dome 366 0.00 0.07 0.00 0.00 0 7.54 0.68 0.14 442 
Dome 368 0 0.01 0.06 0.13 0 6.86 0.24 0.07 156 
Dome F: 026 10.67 1.44 <0.01 <0.01 <1 6.57 0.19 0.14 123.5 
Dome F: 030 0.10 0.04 <0.01 <0.01 <1 6.77 0.04 0.03 26 
Dome F: 033 <0.01 0.01 <0.01 <0.01 <1 6.68 0.02 0.04 13 
Dome F: 119 <0.01 0.02 <0.01 <0.01 <1 6.05 0.04 0.05 26 
Dome F: 136 <0.01 0.04 <0.01 0.01 <1 6.56 0.03 0.05 19.5 
Dome F: 181 0.02 0.08 0.01 <0.01 <1 7.69 0.53 0.34 344.5 
Dome F: 188 <0.01 <0.01 0.01 <0.01 <1 7.42 0.22 0.17 143 
Dome F: 255 <0.01 <0.01 <0.01 <0.01 <1 5.49 0.02 0.03 13 
Dome F: 256 0.17 <0.01 <0.01 <0.01 <1 5.91 0.05 0.07 32.5 
Dome F: 257 <0.01 <0.01 <0.01 <0.01 <1 5.57 0.03 0.04 19.5 
Dome F: 273 0.03 0.03 0.01 <0.01 <1 7.36 0.71 0.66 461.5 
Dome F: 274 0.29 0.54 <0.01 <0.01 <1 7.34 0.79 0.35 513.5 
Dome F: 275 0.01 0.04 0.01 <0.01 <1 8.35 0.47 0.13 305.5 
Dome F: 278 0.27 0.05 0.04 <0.01 <1 7.27 0.68 0.11 442 
Dome F: 286 0.03 0.26 0.01 <0.01 <1 7.01 0.55 0.32 357.5 
Dome F: 337 0.07 0.08 0.01 0.00 0 6.88 0.24 0.29 156 
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AND WATER LEVEL DATA 
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Site No. STATUS PURPOSE USE Lat Long X Y Z(Topo) 
mamsl 

BH WL(m) Measured head 
(mamsl) 

1 In Use Water Supply Agriculture/Domestic -26.755240 27.314980 21257.15 -2984313.13 1462.00 Dome 1 31.22 1430.78 

2 In Use Water Supply Agriculture/Domestic -26.755250 27.315000 23300.42 -2984286.84 1462.00 Dome 2 31.33 1430.67 

3 In Use Water Supply Agriculture/Domestic -26.755030 27.316030 32138.44 -2982401.64 1464.00 Dome 3 32.93 1431.07 

4 In Use Water Supply Production -26.753490 27.314580 23561.13 -2981859.62 1460.00 Dome 4 24.62 1435.38 

5 In Use Water Supply Production -26.753800 27.314120 33192.08 -2981620.99 1460.00 Dome 5 23.55 1436.45 

6 In Use Water Supply Production -26.763660 27.322160 30203.19 -2981550.29 1480.00 Dome 8 12.24 1467.76 

7 In Use Water Supply Production -26.766970 27.328510 33265.20 -2981384.07 1490.00 Dome 10 8.43 1481.57 

8 Unused -26.765690 27.326550 30122.36 -2981298.57 1480.00 Dome 12 6.86 1473.14 

9 In Use Water Supply Production -26.798260 27.315950 25003.20 -2981256.31 1515.00 Dome 13 12.08 1502.92 

10 Unused -26.806230 27.328250 24951.65 -2981211.89 1556.00 Dome 16 12.99 1543.01 

11 Unused Water Supply None -26.799220 27.308600 24948.67 -2981211.88 1494.00 Dome 18 . 9.08 1484.92 

12 In Use Water Supply Production -26.780540 27.336570 36602.74 -2981096.39 1508.00 Dome 20 28.70 1479.30 

13 Unused Water Supply None -26.780560 27.336560 32613.53 -2981085.40 1508.00 Dome 21 21.54 1486.46 

14 In Use Water Supply Production -26.774850 27.328990 30288.73 -2981079.58 1493.00 Dome 22 6.00 1487.00 

15 In Use Water Supply Domestic -26.807840 27.309660 36707.12 -2981060.13 1506.00 Dome 23 10.85 1495.15 

16 In Use Water Supply Production -26.809320 27.311110 31852.90 -2981054.64 1518.00 Dome 24 8.76 1509.24 

17 In Use Water Supply Production -26.815020 27.291790 36700.24 -2981034.63 1481.00 Dome 27 2.25 1478.75 

18 In Use Water Supply Stock water only -26.827910 27.290900 36657.56 -2981027.85 1538.00 Dome 28 31.14 1506.86 

19 Unused Water Supply -26.802300 27.315140 36745.98 -2981014.82 1511.00 Dome 29 3.07 1507.93 

20 In Use Water Supply Agricultural -26.804110 27.314510 31405.13 -2981012.51 1511.00 Dome 31 6.30 1504.70 

21 Unused Water Supply None -26.853690 27.243160 36708.28 -2981000.30 1450.00 Dome 36 2.97 1447.03 

22 In Use Water Supply Stock water only -26.860670 27.249900 26801.31 -2980944.23 1480.00 Dome 38 15.64 1464.36 

23 Unused None -26.860170 27.249430 26848.01 -2980935.46 1472.00 Dome 40 13.53 1458.47 

24 In Use Water Supply Stock water only -26.829500 27.247920 26883.81 -2980912.27 1462.00 Dome 42 10.30 1451.70 

25 In Use Water Supply Irrigation/Stock water -26.834560 27.246750 36827.33 -2980705.91 1466.00 Dome 43 11.83 1454.17 

26 In Use Water Supply Irrigation/Stock water -26.826830 27.269430 37591.26 -2980630.61 1520.00 Dome 44 19.73 1500.27 

27 In Use Water Supply Production -26.843730 27.263950 27352.22 -2980608.57 1490.00 Dome 46 16.79 1473.21 

28 In Use Water Supply Domestic -26.844210 27.255670 32258.37 -2980554.84 1469.00 Dome 49 1.39 1467.61 

29 In Use Water Supply Stock water only -26.820940 27.283840 37374.11 -2980515.83 1494.00 Dome 50 5.15 1488.85 

30 In Use Water Supply Domestic -26.888210 27.270640 36189.52 -2980439.23 1344.00 Dome 52 24.99 1319.01 

31 In Use Water Supply Domestic -26.890680 27.262640 37314.83 -2980410.39 1345.00 Dome 53 20.45 1324.55 

32 In Use Water Supply Stock water only -26.890620 27.262880 37354.59 -2980400.54 1345.00 Dome 54 24.76 1320.24 

33 In Use Water Supply Domestic -26.890530 27.263330 60154.83 -2980372.68 1342.00 Dome 55 23.08 1318.92 

34 Unused Water Supply None -26.889210 27.263590 30906.76 -2980137.03 1346.00 Dome 56 25.67 1320.33 

35 In Use Water Supply Domestic -26.886410 27.268910 27733.72 -2980091.95 1347.00 Dome 57 28.89 1318.11 

36 In Use Water Supply Domestic -26.885170 27.270460 23131.31 -2979618.37 1348.00 Dome 58 36.55 1311.45 

37 Unused None -26.885420 27.269810 38047.33 -2979574.90 1348.00 Dome 59 29.39 1318.61 

38 In Use Water Supply Production -26.854950 27.296470 23853.53 -2979006.98 1340.00 Dome 60 26.13 1313.87 

39 Unused Water Supply None -26.887180 27.267820 31919.77 -2978968.37 1346.00 Dome 61 25.84 1320.16 

40 Unused Water Supply None -26.886830 27.268180 29720.82 -2978503.14 1348.00 Dome 62 25.29 1322.71 

41 Unused Water Supply None -26.881250 27.273100 38459.40 -2978311.87 1358.00 Dome 63 0.00 1358.00 

42 Unused Water Supply Mone -26.881940 27.273980 24160.01 -2978198.70 1350.00 Dome 65 23.88 1326.12 

43 In Use Water Supply Production -26.869290 27.282830 37058.42 -2977776.91 1378.00 Dome 66 46.16 1331.84 

44 Unused Water Supply None -26.869370 27.283440 36877.92 -2977678.87 1370.00 Dome 67 35.83 1334.17 

45 In Use Water Supply Production -26.870900 27.288450 25762.59 -2977525.98 1342.00 Dome 68 30.94 1311.06 

46 In Use Water Supply Domestic -26.843160 27.327100 36920.27 -2977465.15 1360.00 Dome 69 13.85 1346.15 

207 



Appendix C 

47 In Use Water Supply Domestic -26.84629C 27.33063C 25333.76 -2977376.64 1348.0C Dome 73 25.1 e 1322.84 

48 In Use Water Supply Domestic -26.85673C 27.28329C 32902.66 -2977236.82 1380.0C Dome 76 1.7S 1378.21 

49 Unused Water Supply None -26.862350 27.287020 36958.77 -2977209.30 1362.00 Dome 77 22.76 1339.24 

50 Unused Water Supply None -26.861430 27.288990 25214.11 -2977107.14 1348.00 Dome 79 19.24 1328.76 

51 Unused Water Supply None -26.858870 27,286730 25082.02 -2977089.15 1360.00 Dome 81 2.42 1357.58 

52 In Use Water Supply Domestic -26.858680 27.288060 36510.13 -2977080.57 1359.00 Dome 82 15.49 1343.51 

53 In Use Water Supply Domestic -26.851610 27.319620 36469.55 -2977028.37 1340.00 Dome 83 26.80 1313.20 

54 In Use Water Supply Domestic -26.850530 27.315930 34891.11 -2976995.08 1340.00 Dome 84 33.86 1306.14 

55 In Use Water Supply Domestic -26.866970 27.291400 26578.63 -2976827.40 1340.00 Dome 86 51.45 1288.55 

56 In Use Water Supply Domestic -26.865630 27.291770 25550.63 -2976734.42 1340.00 Dome 87 23.05 1316.95 

57 In Use Water Supply Domestic -26.884420 27.275580 39313.13 -2976573.77 1340.00 Dome 88 32.37 1307.63 

58 Unused Water Supply Domestic -26.886060 27.275530 22709.30 -2976262.49 1340.00 Dome 90 22.21 1317.79 

59 In Use Water Supply Domestic -26.888880 27.270480 35607.59 -2976212.60 1330.00 Dome 91 19.88 1310.12 

60 Unused Water Supply None -26.885550 27.273910 38813.23 -2975990.50 1340.00 Dome 92 25.97 1314.03 

61 Unused Water Supply None -26.887470 27.269910 39059.90 -2975900.40 1342.00 Dome 94 23.35 1318.65 

62 In Use Water Supply Domestic -26.889030 27.269960 39086.79 -2975878.32 1331.00 Dome 95 20.28 1310.72 

63 In Use Water Supply -26.892020 27.268300 26655.53 -2975694.05 1320.00 Dome 98 14.66 1305.34 

64 In Use Water Supply Production -26.821350 27.302730 38752.73 -2975633.52 1530.00 Dome 101 46.13 1483.87 

65 In Use Water Supply Production -26.824730 27.293380 38747.78 -2975629.07 1521.00 Dome 104 20.78 1500.22 

66 In Use Water Supply Domestic -26.901430 27.257200 26059.63 -2975597.51 1346.00 Dome 106 31.36 1314.64 

67 In Use Water Supply Domestic -26.904800 27.253820 26093.52 -2975544.40 1350.00 Dome 107 39.03 1310.97 

68 Unused Water Supply None -26.904640 27.252490 26117.38 -2975537.80 1362.00 Dome 108 29.47 1332.53 

69 In Use Water Supply Domestic -26.908570 27.259350 26162.11 -2975527.92 1322.00 Dome 109 34.41 1287.59 

70 Unused Water Supply None -26.907230 27.255030 27341.47 -2975500.51 1338.00 Dome 110 33.59 1304.41 

71 In Use Water Supply Production -26.845260 27.335820 26188.24 -2975381.71 1348.00 Dome 115 22.60 1325.40 

72 In Use Water Supply Production -26.841390 27.339310 26821.16 -2975363.10 1368.00 Dome 118 18.51 1349.49 

73 In Use Water Supply Game watering -26.835060 27.353360 26872.86 -2975346.59 1350.00 Dome 120 4.58 1345.42 

74 In Use Water Supply Domestic -26.837200 27.356440 33996.62 -2975310.63 1360.00 Dome 124 21.56 1338.44 

75 Unused Water Supply None -26.837270 27.356380 26888.91 -2975272.39 1360.00 Dome 125 18.55 1341.45 

76 In Use Water Supply Domestic -26.826760 27.362020 38676.40 -2975254.33 1381.00 Dome 127 21.73 1359.27 

77 In Use Water Supply Domestic -26.823730 27.368190 35585.48 -2975247.43 1381.00 Dome 129 18.15 1362.85 

78 In Use Water Supply Production -26.821470 27.376170 38775.80 -2975242.45 1390.00 Dome 132 25.05 1364.95 

79 In Use Water Supply Domestic -26.824800 27.393930 39136.52 -2975222.52 1402.00 Dome 134 19.92 1382.08 

80 In Use Water Supply Agriculture/Domestic -26.820380 27.393680 26816.56 -2975190.24 1400.00 Dome 137 6.32 1393.68 

81 In Use Water Supply Domestic -26.802550 27.400140 35741.65 -2975184.72 1420.00 Dome 138 18.06 1401.94 

82 In Use Water Supply Agriculture/Domestic -26.800290 27.400230 26608.98 -2975157.67 1420.00 Dome 139 17.95 1402.05 

83 In Use Water Supply Agriculture/Domestic -26.801000 27.400600 35766.65 -2975124.95 1422.00 Dome 140 13.10 1408.90 

84 In Use Water Supply Production -26.793390 27.387690 26644.83 -2975118.96 1420.00 Dome 141 10.24 1409.76 

85 In Use Water Supply Production -26.791740 27.386730 26717.46 -2975072.58 1420.00 Dome 142 9.62 1410.38 

86 Unused Water Supply None -26.803100 27.358910 27375.27 -2975035.21 1540.00 Dome 144 30.52 1509.48 

87 In Use Water Supply Production -26.821880 27.382870 27214.44 -2974978.35 1410.00 Dome 146 23.93 1386.07 

88 In Use Water Supply Domestic -26.821860 27.382770 26807.11 -2974963.07 1410.00 Dome 147 23.82 1386.18 

89 n Use Water Supply Game watering -26.822950 27.383490 30167.40 -2974939.65 1380.00 Dome 148 8.16 1371.84 

90 nUse Water Supply Game watering -26.822850 27.383290 26871.75 -2974935.51 1380.00 Dome 149 8.10 1371.90 

91 Unused Water Supply Agricultural -26.823410 27.382850 27380.63 -2974853.50 1380.00 Dome 150 5.75 1374.25 

92 Unused Water Supply Agricultural -26.823160 27.384430 27619.37 -2974728.82 1380.00 Dome 151 8.12 1371.88 

93 nUse Water Supply Production -26.826050 27.391770 39436.18 -2974712.64 1390.00 Dome 153 12.98 1377.02 

94 Unused Water Supply Stock water only 26.933200 27.605700 34732.62 -2974671.09 Dome 155 7.92 

95 In Use Water Supply Stock water only -26.801990 27.374420 22580.11 -2974622.37 1535.00 Dome 157 25.21 1509.79 
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96 In Use Water Supply Production -26.79846C 27.385030 30242.77 -2974586.37 1440.00 Dome 158 26.1 e 1413.84 

97 In Use Water Supply Production -26.798760 27.386830 27222.26 -2974578.37 1436.00 Dome 159 31.06 1404.94 

98 In Use Water Supply Production -26.807690 27.401040 22228.49 -2974563.02 1416.00 Dome 161 25.00 1391.00 

99 Unused Water Supply None -26.785340 27.376140 23197.26 -2974553.69 1435.00 Dome 164 3.36 1431.64 

100 In Use Water Supply Production -26.776660 27.333500 38324.91 -2974528.60 1498.00 Dome 170 6.71 1491.29 

101 Unused Water Supply None -26.776570 27.333680 30287.65 -2974518.89 1498.00 Dome 171 7.41 1490.59 

102 Unused Water Supply None -26.776600 27.333710 27134.99 -2974501.73 1498.00 Dome 172 8.00 1490.00 

103 Unused Water Supply None -26.783160 27.353150 22002.11 -2974469.55 1472.00 Dome 175 9.12 1462.88 

104 In Use Water Supply Production -26.782230 27.360710 29031.45 -2974212.33 1455.00 Dome 176 4.98 1450.02 

105 In Use Water Supply Stock water only -26.781160 27.361350 33306.01 -2973845.07 1455.00 Dome 177 5.81 1449.19 

106 In Use Water Supply Production -26.780680 27.374690 29193.50 -2973742.90 1438.00 Dome 180 2.58 1435.42 

107 Unused Water Supply None -26.778500 27.377290 29132.71 -2973390.40 1450.00 Dome 182 5.35 1444.65 

108 In Use Water Supply Production -26.823890 27.394210 28662.77 -2973358.30 1400.00 Dome 183 18.51 1381.49 

109 Unused Water Supply None -26.823670 27.393340 28165.31 -2973187.65 1405.00 Dome 184 11.18 1393.82 

110 Unused Water Supply None -26.825370 27.392290 28104.71 -2973178.65 1390.00 Dome 185 11.48 1378.52 

111 In Use Water Supply Domestic -26.837850 27.354870 28956.91 -2972923.52 1350.00 Dome 189 17.32 1332.68 

112 In Use Water Supply Domestic -26.837030 27.354560 29614.96 -2972837.51 1342.00 Dome 191 9.94 1332.06 

113 In Use Water Supply Domestic -26.883290 27.277980 28994.02 -2972775.13 1336.00 Dome 192 25.03 1310.97 

114 In Use Water Supply Domestic 26.916830 27.242630 34023.77 -2972617.07 1328.00 Dome 195 14.92 1313.08 

115 In Use Water Supply Domestic -26.891160 27.262300 32450.89 -2972525.39 1342.00 Dome 198 20.50 1321.50 

116 Unused Water Supply None -26.881230 27.385720 32483.73 -2972506.63 1395.00 Dome 200 32.11 1362.89 

117 In Use Water Supply Production -26.887770 27.389280 28522.81 -2972410.62 1368.00 Dome 201 11.18 1356.82 

118 In Use Water Supply Irrigation/Stock water -26.864090 27.342380 28718.82 -2972309.13 1335.00 Dome 202 8.86 1326.14 

119 Unused Water Supply None -26.915370 27.387190 32879.81 -2972291.60 1360.00 Dome 212 7.10 1352.90 

120 Unused Water Supply None -26.910580 27.373070 24834.34 -2972216.66 1348.00 Dome 214 6.05 1341.95 

121 Unused Water Supply None -26.909700 27.371250 24787.74 -2972161.17 1347.00 Dome 215 4.20 1342.80 

122 Unused Water Supply None -26.907770 27.371670 28494.87 -2972024.96 1347.00 Dome 217 4.25 1342.75 

123 Unused Water Supply None -26.926780 27.383080 28627.09 -2972004.21 1362.00 Dome 218 0.30 1361.70 

124 Unused Water Supply None -26.936320 27.378520 28153.53 -2971787.08 1378.00 Dome 219 1.10 1376.90 

125 Unused Water Supply None -26.934340 27.375730 30679.89 -2971757.52 1378.00 Dome 221 0.80 1377.20 

126 Unused Water Supply None -26.934250 27.376130 31445.44 -2971635.31 1378.00 Dome 222 0.75 1377.25 

127 Unused Water Supply None -26.934630 27.364400 31450.50 -2971598.75 1378.00 Dome 223 0.94 1377.06 

128 Unused Water Supply None -26.935290 27.376330 29463.84 -2971592.84 1378.00 Dome 224 0.27 1377.73 

129 Unused Water Supply None -26.939810 27.370020 30674.46 -2971539.22 1378.00 Dome 226 2.21 1375.79 

130 Unused Water Supply None -26.382400 27.369870 24166.02 -2971441.96 Dome 227 0.65 

131 Unused Water Supply None -26.937020 27.370830 31765.48 -2971228.35 1378.00 Dome 228 2.13 1375.87 

132 Unused Water Supply None -26.939990 27.369560 31399.05 -2971107.77 1385.00 Dome 229 2.36 1382.64 

133 Unused Water Supply None -26.940220 27.369630 32861.25 -2970641.69 1385.00 Dome 230 2.96 1382.04 

134 Unused Water Supply None -26.940550 27.368580 33377.39 -2970528.92 1385.00 Dome 232 0.98 1384.02 

135 Unused Water Supply None -26.939930 27.369130 25411.42 -2970394.01 1385.00 Dome 233 2.51 1382.49 

136 Unused Water Supply None -26.939680 27.369640 26234.50 -2970342.51 1384.00 Dome 235 2.33 1381.67 

137 In Use Water Supply Irrigation/Stock water -26.969630 27.234690 32511.30 -2970293.97 1370.00 Dome 240 27.80 1342.20 

138 In Use Water Supply Domestic -26.969900 27.214110 33725.42 -297010104 1326.00 Dome 241 7.89 1318.11 

139 Unused Water Supply None -26.942250 27.251780 35273.10 -2969713.03 1360.00 Dome 244 14.41 1345.59 

140 Unused Water Supply None -26.941850 27.251260 35423.37 -2969649.18 1360.00 Dome 245 11.84 1348.16 

141 nUse Water Supply Stock water only -26.941850 27.251230 35429.35 -2969641.44 1360.00 Dome 246 11.64 1348.36 

142 In Use Water Supply Agriculture -26.878600 27.292180 35242.54 -2969622.08 1330.00 Dome 247 13.90 1316.10 

143 Unused Water Supply None -26.861180 27.330860 35123.87 -2969403.47 1340.00 Dome 249 7.40 1332.60 

144 Unused Water Supply None -26.863130 27.326880 24526.93 -2969323.02 1350.00 Dome 251 15.04 1334.96 
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145 In Use Water Supply Irrigation/Stock water -26.902250 27.26755C 24644.35 -2968762.59 1330.00 Dome 258 14.6C 1315.40 

146 In Use Water Supply Agriculture -26.931690 27.279250 28917.14 -2968595.48 1438.00 Dome 261 18.61 1419.39 

147 Unused Water Supply None -26.936360 27.275420 35987.30 -2968486.24 1422.00 Dome 263 16.23 1405.77 

148 In Use Water Supply Production -26.939400 27.269880 26783.15 -2968471.10 1400.00 Dome 265 10.50 1389.50 

149 Unused Water Supply None -26.939320 27.270350 38944.92 -2968416.35 1402.00 Dome 266 10.03 1391.97 

150 Unused Water Supply None -26.939110 27.270710 38996.85 -2968341.16 1403.00 Dome 267 10.32 1392.68 

151 Unused Water Supply None -26.921970 27.240160 39160.07 -2968278.51 1320.00 Dome 269 8.21 1311.79 

152 Unused Water Supply None -26.882610 27.349570 29164.49 -2968243.70 1340.00 Dome 290 12.64 1327.36 

153 Unused Water Supply None -26.888400 27.342180 39188.22 -2968177.77 1380.00 Dome 292 24.71 1355.29 

154 In Use Water Supply Domestic -26.893590 27.393160 3910181 -2968153.12 1358.00 Dome 295 3.60 1354.40 

155 In Use Water Supply Other -26.893390 27.393430 36601.02 -2968152.27 1356.00 Dome 296 3.62 1352.38 

156 Unused Water Supply None -26.894410 27.390680 38059.08 -2968121.12 1360.00 Dome 297 8.60 1351.40 

157 In Use Water Supply Agriculture -26.887660 27.390280 38216.23 -2968093.90 1368.00 Dome 298 11.82 1356.18 

158 In Use Water Supply Domestic -26.891150 27.390010 38122.86 -2968070.35 1364.00 Dome 302 8.75 1355.25 

159 Unused Water Supply None -26.891190 27.390060 38103.01 -2968059.21 1364.00 Dome 303 8.79 1355.21 

160 In Use Water Supply Production -26.882860 27.396910 38061.58 -2967951.60 1380.00 Dome 304 15.40 1364.60 

161 In Use Water Supply Agricultural -26.887470 27.393910 38051.65 -2967949.36 1368.00 Dome 305 4.65 1363.35 

162 In Use Water Supply Domestic -26.899660 27.395730 37395.65 -2967904.18 1361.00 Dome 306 16.40 1344.60 

163 In Use Water Supply Domestic -26.944800 27.304150 30094.85 -2967871.37 1442.00 Dome 308 14.27 1427.73 

164 In Use Water Supply Domestic -26.942530 27.303330 28217.06 -2967821.60 1452.00 Dome 309 23.55 1428.45 

165 Unused Water Supply None -26.940550 27.305000 39136.74 -2967788.69 1454.00 Dome 310 17.51 1436.49 

166 In Use Water Supply Stock water only -26.932030 27.311200 29008.90 -2967167.45 1470.00 Dome 313 20.99 1449.01 

167 Unused Water Supply None -26.856410 27.308710 30931.19 -2966540.44 1338.00 Dome 318 17.85 1320.15 

168 In Use Water Supply Production -26.854440 27.308650 39872.86 -2966384.89 1330.00 Dome 319 11.40 1318.60 

169 In Use Water Supply Production -26.854960 27.316460 30787.43 -2966376.10 1340.00 Dome 320 13.83 1326.17 

170 In Use Water Supply Domestic -26.855290 27.316410 32636.18 -2966202.35 1340.00 Dome 321 16.40 1323.60 

171 In Use Water Supply Domestic -26.903840 27.367120 31270.66 -2965964.00 1340.00 Dome 322 20.03 1319.97 

172 In Use Water Supply Stock water only -26.903580 27.351230 35685.55 -2965863.79 1370.00 Dome 325 34.42 1335.58 

173 In Use Water Supply Stock water only -26.935770 27.324820 39785.18 -2965815.09 1438.00 Dome 326 24.52 1413.48 

174 In Use Water Supply Stock water only -26.940550 27.328410 31333.79 -2965763.60 1430.00 Dome 327 9.23 1420.77 

175 In Use Water Supply Agriculture/Domestic -26.943230 27.334980 37228.04 -2965745.25 1420.00 Dome 328 8.02 1411.98 

176 In Use Water Supply Stock water only -26.945370 27.334250 39831.45 -2965643.49 1422.00 Dome 331 18.08 1403.92 

177 Unused Water Supply Production -26.921460 27.321370 39794.91 -2965564.71 1490.00 Dome 332 25.02 1464.98 

178 In Use Water Supply Production -26.940290 27.320750 30684.36 -2965420.74 1445.00 Dome 333 15.88 1429.12 

179 Unused Water Supply None -26.939920 27.316240 38463.05 -2965391.05 1440.00 Dome 335 14.13 1425.87 

180 Unused Water Supply None -26.952440 27.323660 38284.18 -2965357.27 1420.00 Dome 336 8.04 1411.96 

181 Unused Water Supply l̂one -26.917310 27.299220 31415.44 -2965316.16 1538.00 Dome 339 19.10 1518.90 

182 In Use Water Supply Agriculture/Domestic -26.905460 27.372050 38550.38 -2964796.31 1340.00 Dome 340 5.35 1334.65 

183 In Use Water Supply Domestic -26.887220 27.359740 38455.48 -2964613.19 1340.00 Dome 341 17.42 1322.58 

184 In Use Water Supply Game watering -26.896500 27.358420 37404.52 -2963900.90 1352.00 Dome 342 21.40 1330.60 

185 Unused Water Supply None -26.887790 27.358170 35118.98 -2963652.80 1350.00 Dome 343 23.70 1326.30 

186 Unused Water Supply None -26.886680 27.359990 35871.08 -2963551.86 1350.00 Dome 344 12.20 1337.80 

187 Unused Water Supply Ĵone -26.905810 27.331220 35935.06 -2963433.49 1412.00 Dome 348 31.40 1380.60 

188 Unused Water Supply None 26.883520 27.333320 37261.85 -2963384.14 1358.00 Dome 355 17.85 1340.15 

189 nUse Water Supply Agriculture/Domestic -26.874360 27.293800 33469.94 -2963360.24 1330.00 Dome 362 11.44 1318.56 

190 nUse Water Supply Domestic -26.866180 27.298020 33470.94 -2963358.03 1340.00 Dome 365 14.50 1325.50 

191 In Use Water Supply Domestic -26.871180 27.293180 37521.13 -2963143.36 1330.00 Dome 366 10.90 1319.10 

192 In Use Water Supply Domestic -26.881340 27.304830 33166.76 -2962927.31 1400.00 Dome 368 44.75 1355.25 

193 Unused Water Supply Domestic -26.881950 27.304380 33187.66 -2962920.72 1380.00 Dome 369 16.80 1363.20 
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194 In Use Water Supply Domestic -26.904310 27.367530 33184.69 -2962917.39 1340.00 Dome 371 19.63 1320.37 

195 Unused None -26.875190 27.335190 32718.75 -2962725.60 1350.00 Dome 374 23.15 1326.85 

196 In Use Water Supply Domestic -26.890260 27.275200 32673.27 -2961852.36 1327.00 Dome 379 9.90 1317.10 

197 In Use Water Supply Domestic -26.897220 27.228590 32478.70 -2961710.03 1460.00 Dome 405 23.80 1436.20 

198 In Use Water Supply Production -26.881790 27.233470 32042.63 -2961484.00 1440.00 Dome 407 26.00 1414.00 

199 In Use Water Supply Stock water only -26.881890 27.223720 31332.79 -2960550.38 1400.00 Dome 409 2.29 1397.71 

200 In Use Water Supply Stock water only -26.882420 27.227260 31330.80 -2960549.26 1415.00 Dome 411 22.28 1392.72 

201 In Use Water Supply Production -26.881050 27.221440 31435.30 -2960526.26 1402.00 Dome 412 15.92 1386.08 

202 In Use Water Supply Domestic -26.914670 27.243230 31245.65 -2960389.50 1335.00 Dome 195A 11.53 1323.47 

203 In Use Water Supply Production -26.863300 27.326550 31291.49 -2960355.27 1340.00 Dome 251A 15.67 1324.33 

204 Unused None -26.885140 27.303630 36909.98 -2919253.96 1412.00 Dome 378A 80.00 1332.00 

205 In Use Water Supply Production -26.927500 27.232900 33117.77 -2974767.57 1322.00 Dome 396A 16.09 1305.91 

206 Unused Water Supply None -26.947720 27.237270 24099.95 -2978437.92 1358.00 Dome F 278 12.10 1345.90 

Avg 16.47 1379.79 

Min 0.00 1287.59 

Max 80.00 1543.01 
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APPENDIX D: NORTH WEST LAND USE MANAGEMENT 
BILL: LAND USE FRAMEWORK - PROCEDURE 
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Figure 3.1 shows the alignment between environmental management, spatial planning and 
Land use management within the NWP. 
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Figure 3.2 shows the process flow of statutory planning applications and its alignment to 
EIA processes and instruments. the 

Land us* application (LUA) 
submitted to 

Local Municipality 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations 

Land us* application (LUA) 
submitted to 

Local Municipality 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations 

Land us* application (LUA) 
submitted to 

Local Municipality 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations 

* 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations 

Screening of LUA 
(Legally and Administratively) 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations 

Screening of LUA 
(Legally and Administratively) 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations 

Screening of LUA 
(Legally and Administratively) 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations Submission of LAU ID National 
and Provincial Departments 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations Submission of LAU ID National 
and Provincial Departments 

-Township Establishment 
•Reionings 

■Subdivision of erven/land 
-Removal of restrictions 

■Private and Public Resorts 
-Country Estates 

LUMB 
and 

Regulations Submission of LAU ID National 
and Provincial Departments 

i i 

LUPF 
■PGDS 
■PSDF 

■DMSDF 
■LMSDF 

■Land Development Polioies 
■Precinct Plans 

•Need and desirability 
-Traffic Impact 

Planning Report prepared by 
Municipal Town and Regional Planner 

or Service Provider 

LUPF 
■PGDS 
■PSDF 

■DMSDF 
■LMSDF 

■Land Development Polioies 
■Precinct Plans 

•Need and desirability 
-Traffic Impact 

Planning Report prepared by 
Municipal Town and Regional Planner 

or Service Provider 

LUPF 
■PGDS 
■PSDF 

■DMSDF 
■LMSDF 

■Land Development Polioies 
■Precinct Plans 

•Need and desirability 
-Traffic Impact 

r 

LUPF 
■PGDS 
■PSDF 

■DMSDF 
■LMSDF 

■Land Development Polioies 
■Precinct Plans 

•Need and desirability 
-Traffic Impact 

r 

LUPF 
■PGDS 
■PSDF 

■DMSDF 
■LMSDF 

■Land Development Polioies 
■Precinct Plans 

•Need and desirability 
-Traffic Impact 

Assessment of LUA by the 
Land Use Committee of the 

Local Municipality (delegation of powers} 

LUPF 
■PGDS 
■PSDF 

■DMSDF 
■LMSDF 

■Land Development Polioies 
■Precinct Plans 

•Need and desirability 
-Traffic Impact 

r 

LUPF 
■PGDS 
■PSDF 

■DMSDF 
■LMSDF 

■Land Development Polioies 
■Precinct Plans 

•Need and desirability 
-Traffic Impact 

Approval/ ratification of LUA 
by Local Municipal Council 

t Approval/ ratification of LUA 
by Local Municipal Council EMF 

•EIA process as applicable 
in tennis of the 

NEMA Regulations 

EMF 
•EIA process as applicable 

in tennis of the 
NEMA Regulations • ^ 

EMF 
•EIA process as applicable 

in tennis of the 
NEMA Regulations 

mm 
i 

Figure 3.2 

215 



Appendix D 

Figure 3.3 shows the detailed phases in the processing of land use applications 
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Figure 3.3: Detailed process flow for land use applications 

216 



Appendix D 

Figure 3.4 shows the detailed process flow for township establishment applications. 
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APPENDIX E: A1 VERSION OF FIGURE 27 
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