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Abstract 

The problem facing the Tlokwe Local Municipality is that it is Constitutional and 

legislatively obliged to avoid and/or mitigate the impact of potential disasters within its 

boundaries, through the effective management of potential disaster risks and 

disasters. The lack of effective risk management tools is especially concerning in the 

context of the water catchment management of the Mooi River, which is the main 

water supply of the Tlokwe local Municipality. The Mooi River is exposed to many 

potential catchment related hazards that could affect the municipality of which the 

origins are both anthropogenic and natural. Although, many of the impacts on the 

catchment arise beyond the boundaries and the control of the municipality, this does 

not relieve the municipality from the responsibility to develop tools to manage the 

risks. 

The aim of the study is to assist in addressing the above stated problem through 

establishing the requirements for a conceptual model for an effective spatial 

information system that will assist the municipality in effectively managing the potential 

disaster risks and disasters that may arise in the Mooi River Catchment area that 

could impact on the Tlokwe Local Municiaplity. The aim gives rise to three-research 

questions that are formulated as research objectives that are used to identify the 

conceptual model requirements.  

The first is to identify and conceptualise the constitutional and legislative obligations in 

respect of disaster risk management in general and specifically those governing the 

disaster disk management in the water catchment area for the Mooi River. The study 

of this objective not only highlight the constitutional and legal obligations that the local 

municipality is subject to, but provides legislatives remedies that the local municipality 

can utilise to assist with disaster risks reduction. 

The second is to identify and conceptualise the generic hazards that are related to 

water catchment areas (including the related groundwater compartments) and those 

specific in the Mooi River catchment area. In this section, potential anthropogenic and 

natural hazards are listed, a methodology for risk and vulnerability analyses is 

provided, and a concise study of quaternary catchment C23D is provided. 

The third is to identify and conceptualize the requirements for an effective conceptual 

model of GIS for Disaster Risk Management in the Tlokwe Local Municipality. An 

overview of a GIS is provided. The essential components of a generic information 



system namely, people, software, hardware, procedures and processes, data and 

telecommunications or networks are discussed.  

The information and system requirements cumulating from the analyses of the three 

research questions, serve as the drivers of the goal, outcomes and transformation 

process of the system as well as the requirements for the conceptual model. In this 

section: a comparison of the Systems Development Life Cycle (SDLC), Framework for 

Applied Systems Thinking (FAST), problem solving and the phases addressed in this 

study; the identification of the conceptual model requirements; and a concise systems 

conceptualisation of an effective GIS is provided.   

As the, mini-dissertation focuses on the needs for a conceptual model, the additional 

activities required before the system can be implemented are identified and formulated 

as recommendation that provide the opportunity for future research. 

Keywords 

 
Anthropogenic Hazards 
Disaster Management 
Disaster Management Related Legislation 
Disaster Management Spatial Information System 
Disaster Risk Management 
Disaster Risks 
Dolomite Compartment 
GIS and Disaster Management 
Mining Hazards 
Mooi River Catchment  
Natural Hazards 
Vulnerabilities 
Water Catchment Area 
Water Resource Related Legislation 
Waterborne Hazards  



List of abbreviations used in the study 

 
ASCE: American Society of Civil Engineering 
CDC:  Centres for Disease Control and Prevention 
CFIA:  Canadian Food Inspection Agencies 
CGER: Commission of Geosciences, Environment and Resources 
CODESA: Conference for a Democratic South Africa 
D.I.G.:  Disaster Interest Group 
DEAT:  Department of Environmental Affairs and Tourism 
DFID:  Department for International Development 
DMC:  Disaster Management Committee 
DMF:  Disaster Management Framework 
DOH:  Department of Health 
DOPW: Department of Public Works 
DSS:  Decision Support System 
DWA:  Department of Water Affairs 
ESRI:  Environmental Systems Research Institute 
FAST:  Framework of Applied Systems Thinking 
FEMA: Federal Management Association: USA 
FSE:  Federation for Sustainable Environment 
GIS:  Geographic information systems 
GIZ:  Deutsche Gessellschaft fur Technische Zusammenarbeit 
GPS:  Global Positioning System 
GRASS: Geographic Support Analysis Support System 
ICT:  Information and communication technology 
IDP:  Integrated Development Plan 
IFRC:  International Federation of Red and Cross Red Crescent societies  
IMCAMD: Inter-Ministerial Committee on Acid Mine Drainage 
ISSG:  Invasive Species Specialist Group 
Kml:  Key Mark-up Language 
MDG:  Millennium Development Goals 
MDMC: Municipal Disaster Management Centre 
MDMCE: Municipal Disaster Management Committee 
MDMF: Municipal Disaster Management Framework 
MILE:  Municipal Institute for Learning 
MIS:  Management Information System 
NDMF: National Disaster Management Framework 
NEMA: National Environmental Management Act 48 of 2003. 
NGI:  National Geo-spatial Information 
NNR:  National Nuclear Regulator 
NOAA: National Oceanic and Atmospheric Administration 
NWA:  National Water Act 36 of 1998 
PDMF: Provincial Disaster Management Framework 
POP’s: Persistent Organic pollution 
ren:  Roentgen Equivalent Man  
SANDIS: South African Weather and Disaster Information Services 
SA-SAMS: South African School Administration and Management System 
SDLC:  Systems Development Life Cycle 
Sv:  Sievert 
TERI:  The Energy and Resource Institute 



UN:  United Nations 
UNCCC: United Nations Convention on Climate Change 
UNCCD: United Nation Convention to Combat Desertification 
UNCSD: United Nations Conference on Sustainable Development 
UNDP: United Nations Development Programme 
UNEPA: United Nations Environmental Protection Agency 
UNFCC: United Nations Framework Convention on Climate Change  
UNISDR: United Nations International strategy for Disaster Reduction 
UNMC: United Nations Millennium Campaign 
USGS: United States Geological Survey 
WHO:  World Health Organisation 
WWF:  World Wildlife Fund 
WWW: World Wide Web 
 
 

 

 

 

 

 

 

 

 

 

 

  

 



vi 

 

Table of Contents 
 

PREFACE .................................................................................................................................................................. I 

ABSTRACT ............................................................................................................................................................... II 

LIST OF ABBREVIATIONS USED IN THE STUDY ...................................................................................................... IV 

FIGURES .............................................................................................................................................................. XIV 

TABLES ................................................................................................................................................................. XV 

MAPS .................................................................................................................................................................. XVI 

CHAPTER 1: ORIENTATION AND PROBLEM STATEMENT ....................................................................................... 1 

1.1 INTRODUCTION ............................................................................................................................................. 2 

1.2 DISCUSSION AND ORIENTATION ................................................................................................................... 4 

1.3 DEFINITION OF TERMS ................................................................................................................................ 14 

1.3.1 COPING CAPACITY ................................................................................................................................... 14 

1.3.2 DISASTER .............................................................................................................................................. 14 

1.3.3 DISASTER RISK ........................................................................................................................................ 15 

1.3.4 DISASTER RISK MANAGEMENT ................................................................................................................... 16 

1.3.5 DISASTER RISK REDUCTION........................................................................................................................ 16 

1.3.6 EARLY WARNING ..................................................................................................................................... 17 

1.3.7 HAZARD ................................................................................................................................................ 17 

1.3.8 MITIGATION .......................................................................................................................................... 17 

1.3.9 PREPAREDNESS ....................................................................................................................................... 17 

1.3.10 RESILIENCE ........................................................................................................................................ 18 

1.3.11 VULNERABILITY .................................................................................................................................. 18 

1.3.12 WATER RESOURCE .............................................................................................................................. 19 

1.4 ADDRESSING THE PROBLEM ....................................................................................................................... 19 

1.4.1 PROBLEM STATEMENT.............................................................................................................................. 19 

1.4.2 POSSIBLE SOLUTION ................................................................................................................................. 20 

1.4.3 AIM OF THIS STUDY .................................................................................................................................. 20 



vii 

 

1.4.4 DEMARCATION OF THE STUDY .................................................................................................................... 20 

1.4.5 KEY RESEARCH QUESTIONS ........................................................................................................................ 20 

1.4.6 RESEARCH OBJECTIVES .............................................................................................................................. 21 

1.5 RESEARCH DESIGN ...................................................................................................................................... 23 

1.5.1 DATA COLLECTION AND DATA SOURCES ....................................................................................................... 25 

CHAPTER 2: CONSTITUTIONAL AND LEGISLATIVE OBLIGATIONS RELATING TO DISASTERS IN WATER 

CATCHMENT AREAS.............................................................................................................................................. 28 

2.1 INTRODUCTION ........................................................................................................................................... 28 

2.2 POSSIBLE IMPLICATIONS OF FAILURE TO MANAGE THE RISK OF A DISASTER ............................................ 30 

2.3 SOUTH AFRICA AS A CONSTITUTIONAL DEMOCRACY AND THE OBLIGATIONS OF THE ORGANS OF STATE

 32 

2.3.1 SOUTH AFRICA AS A CONSTITUTIONAL DEMOCRACY AND THE IMPLICATIONS THEREOF ............................................ 32 

2.3.1.1 Constitutionalism ...................................................................................................................... 33 

2.3.1.2 Rule of Law ............................................................................................................................... 35 

2.3.1.3 Democracy and Accountability .................................................................................................. 35 

2.3.1.4 Separation of Powers ................................................................................................................ 37 

2.3.1.5 Cooperative governance and devolution of powers................................................................... 38 

2.3.2 THE BILL OF RIGHTS ................................................................................................................................. 39 

2.3.2.1 The Bill of Rights, its link to the Millennium Development Goals, and Disaster Risk Reduction .. 39 

2.3.2.2 Rights in the Bill of Rights that could be linked to disaster management and sustainable 

development ................................................................................................................................................ 40 

2.3.2.2.1  Life (section 11 (Act 108 1996)) ................................................................................................................ 40 

2.3.2.2.2 Environment (section 24(Act 108 of 1996)).............................................................................................. 40 

2.3.2.2.3 Health care, food water and social security (Section 27 (Act 108 of 1996)) ............................................ 41 

2.3.2.2.4 Children (Section 28 (Act 108 of 1996)) .................................................................................................... 41 

2.4. LEGISLATIVE AND OTHER MEASURES IN RESPECT OF DISASTER MANAGEMENT IN GENERAL AND WITH 

SPECIFIC REFERENCE TO THE DISASTER MANAGEMENT ACT (57 OF 2002) ......................................................... 42 

2.4.1 DISASTER MANAGEMENT ACT 57 OF 2002 .................................................................................................. 42 

2.4.1.1 The recognition of other national legislation aimed at reducing the risk of disaster, and 

addressing the consequences of occurrences of disaster in nature .............................................................. 43 



viii 

 

2.4.1.2 The act provides for the making of regulations that are not inconsistent with the act. ............. 44 

2.4.1.3 The establishment of a framework for Disaster Risk Management at all spheres of government

 44 

2.4.1.4 The establishment of Disaster Management Centres at all three spheres of government ......... 45 

2.4.1.5 Procedures for the declarations of states of disaster at all spheres of government and the 

responsibilities for such disasters ................................................................................................................. 46 

2.4.1.6 The establishment of disaster management plans at all spheres of government. ..................... 47 

2.4.2 LEGISLATION, POLICY AND OTHER MEASURES RELATED TO WATER RESOURCES AND THE ENVIRONMENT ....................... 52 

2.4.3 ADDITIONAL SUPPORTING LEGISLATIVE, REGULATORY AND POLICY MEASURES ....................................................... 56 

2.5 SUMMARY ................................................................................................................................................... 60 

CHAPTER 3: HAZARDS AND VULNERABILITY IN THE TLOKWE LOCAL MUNICIPALITY’S WATER CATCHMENT AREA

 .............................................................................................................................................................................. 63 

3.1 INTRODUCTION ........................................................................................................................................... 63 

3.2 CONCEPTUALISATION OF THE GENERIC CATCHMENT AREA AND HYDROLOGICAL CYCLE ......................... 65 

3.2.1 WATER CATCHMENT AREA ........................................................................................................................ 65 

3.2.2 HYDROLOGICAL CYCLE .............................................................................................................................. 67 

3.2.3 THE CATCHMENT HYDROLOGICAL CYCLE ........................................................................................................ 71 

3.3 DISASTER RISK AND ITS THREE DETERMINANTS ......................................................................................... 74 

3.3.1 INTRODUCTION ....................................................................................................................................... 74 

3.3.2 CONCISE DISCUSSION OF DISASTER RISK AND ITS THREE DETERMINANTS .............................................................. 74 

3.3.3 RISK AND VULNERABILITY ANALYSES ............................................................................................................. 74 

3.4 CLASSIFICATION OF HAZARDS .................................................................................................................... 78 

3.4.1 CLASSIFICATION OF GENERIC HAZARDS ......................................................................................................... 78 

3.4.2 WATER RESOURCE AND WATER CATCHMENT RELATED HAZARDS ......................................................................... 81 

3.4.2.1 Biological Hazards ..................................................................................................................... 81 

3.4.2.2 Hydrological Hazards ................................................................................................................ 85 

3.4.2.2.1 Floods ........................................................................................................................................................ 85 

3.4.2.2.2 Drought ............................................................................................................................................................ 86 

3.4.2.3 Meteorological Hazards ............................................................................................................ 87 



ix 

 

3.4.2.4 Mining induced seismic activity ................................................................................................. 88 

3.4.2.5 AMD (Acid Mine Draining) ........................................................................................................ 89 

3.4.2.6 Sinkholes and subsidence’s ....................................................................................................... 90 

3.4.2.7 Uranium and radiation .............................................................................................................. 90 

3.5 DESCRIPTION OF THE SURFACE CATCHMENT OF THE MOOI RIVER ............................................................ 92 

3.5.1 THE QUATERNARY CATCHMENT AREA OF THE MOOI RIVER ............................................................................... 92 

3.5.2 THE RESEARCH DESIGN AND METHODOLOGY USED TO DESCRIBE THE MOOI RIVER CATCHMENT AREA AND SYSTEM. ....... 94 

3.5.3 The use of the above methodology to discuss Quaternary Catchment C23D ............................... 97 

3.5.3.1 Introduction .............................................................................................................................. 97 

3.5.3.2 Catchment dimensions and river flow characteristics................................................................ 97 

3.5.3.3 Potential hazards in the quaternary catchment area C23D ....................................................... 97 

3.6 DESCRIPTION OF THE GROUNDWATER ASSOCIATED WITH THE MOOI RIVER CATCHMENT. ................... 100 

3.6.1 INTRODUCTION ..................................................................................................................................... 100 

3.6.2 GROUNDWATER COMPARTMENTS ............................................................................................................. 100 

3.6.3 MINING VOIDS ..................................................................................................................................... 102 

3.7 SUMMARY ................................................................................................................................................. 105 

GIS: A THEORETICAL BACKGROUND ................................................................................................................... 108 

4.1 INTRODUCTION ......................................................................................................................................... 108 

4.2 THE GIS ...................................................................................................................................................... 109 

4.2.1 CONCEPTUALISING OF A GIS .................................................................................................................... 109 

4.2.2  GIS AS A GEOSPATIAL DATA MODEL REPRESENTATION OF THE EARTH ................................................................ 113 

4.2.3 LINES OF LATITUDE ................................................................................................................................ 114 

4.2.4 LINES OF LONGITUDE .............................................................................................................................. 114 

4.3 GIS LAYERS, SURFACES AND FEATURES .................................................................................................... 116 

4.3.1 RASTER LAYER ...................................................................................................................................... 117 

4.3.2 VECTOR LAYERS .................................................................................................................................... 118 

4.5 GIS AS AN INFORMATION SYSTEM ........................................................................................................... 122 

4.5.1 DATA ................................................................................................................................................. 122 



x 

 

4.5.2 PEOPLE ............................................................................................................................................... 123 

4.5.3 HARDWARE ......................................................................................................................................... 124 

4.5.4 SOFTWARE .......................................................................................................................................... 124 

4.5.5 PROCEDURES........................................................................................................................................ 125 

4.5.6 TELECOMMUNICATIONS .......................................................................................................................... 125 

4.6 SUMMARY................................................................................................................................................ 127 

5.1 INTRODUCTION ......................................................................................................................................... 129 

5.2 SYSTEMS DEVELOPMENT .......................................................................................................................... 129 

5.3  REQUIREMENTS FOR A CONCEPTUAL MODEL ......................................................................................... 132 

5.3.1 THE PROCESS OF DETERMINING THE REQUIREMENTS FOR A CONCEPTUAL MODEL ................................................. 132 

5.3.2  THE IDENTIFYING AND ANALYSES OF THE PROBLEM AND A POSSIBLE SOLUTION THAT MUST BE ADDRESSED BY THE MODEL

 132 

5.3.3 DETERMINING THE SCOPE OF THE MODEL ................................................................................................... 133 

5.3.4 DETERMINING AND ANALYSING THE INFORMATION NEEDS FOR THE MODEL ........................................................ 133 

5.3.4.1  Constitutional and legislative obligations ............................................................................... 134 

5.3.4.2 Managing the risk of disaster .................................................................................................. 134 

5.3.4.3 Mitigation and prevention of disasters ................................................................................... 135 

5.3.4.6  Early warning systems............................................................................................................. 136 

5.3.4.7 Disaster recovery and response ............................................................................................... 136 

5.3.4.8 Rehabilitation and reconstruction ........................................................................................... 136 

5.3.5 THE INFORMATION REQUIREMENTS ........................................................................................................... 137 

5.3.5.1  Introduction ........................................................................................................................... 137 

5.3.5.2 International, constitutional and legislative requirements ...................................................... 137 

5.3.5.3  Water resource, catchment system and hazards ..................................................................... 138 

5.3.5.4 Generic requirements in respect of a GIS ................................................................................. 139 

5.4 SYSTEMS CONCEPTUALISATION OF A GEOGRAPHIC INFORMATION SYSTEM .......................................... 142 

5.5 SUMMARY ................................................................................................................................................. 144 

CHAPTER 6 SUMMARY AND RECOMMENDATIONS ........................................................................................... 145 



xi 

 

6.2  RECOMMENDATIONS ............................................................................................................................... 146 

APPENDIX A ........................................................................................................................................................ 149 

MAP A 1: MAP OF THE MOOI RIVER CATCHMENT ..................................................................................................... 150 

MAP A 2: THE CATCHMENT AREA OF THE TLOKWE LOCAL MUNICIPALITY ........................................................................ 151 

MAP A 3. THE C23D CATCHMENT AREA ................................................................................................................. 152 

APPENDIX B ........................................................................................................................................................ 154 

APPENDIX B TABLE 1: FUNCTIONAL AREAS CONSTITUTIONALLY ASSIGNED TO DIFFERENT SPHERES OF GOVERNMENT IN SCHEDULE 4 

(ACT 108 OF 1996). ........................................................................................................................................... 154 

APPENDIX B TABLE 2: FUNCTIONAL AREA CONSTITUTIONALLY ASSIGNED TO DIFFERENT SPHERES OF GOVERNMENT IN SCHEDULE 

5(ACT 108 OF 1996) .......................................................................................................................................... 161 

APPENDIX B TABLE 3: THE LINK BETWEEN THE MILLENNIUM DEVELOPMENT GOALS (MDG) AND THE BILL OF RIGHTS .............. 163 

APPENDIX C: ....................................................................................................................................................... 165 

APPENDIX C1: BIOLOGICAL HAZARDS ................................................................................................................ 165 

1. BIOLOGICAL HAZARDS ................................................................................................................................. 165 

APPENDIX C1 TABLE 1: WATER BORNE BACTERIA ...................................................................................................... 166 

APPENDIX C1 TABLE 2: PROTOZOA ......................................................................................................................... 167 

APPENDIX C 1 TABLE 3: VIRUSES ............................................................................................................................ 169 

APPENDIX C2: ..................................................................................................................................................... 171 

2. SOUTH AFRICAN NATIONAL STANDARDS FOR WATER QUALITY SANS 241-2:2011 .................................................. 171 

APPENDIX C2 TABLE: 1  SANS 241, 2011 STANDARDS .............................................................................................. 173 

APPENDIX C3: ACID MINE DRAINAGE ................................................................................................................ 177 

3. AMD (ACID MINE DRAINAGE) ..................................................................................................................... 177 

APPENDIX C4: SINKHOLE AND SUBSIDENCE HAZARDS ...................................................................................... 180 

4. SINKHOLES AND SUBSIDENCE’S ...................................................................................................................... 180 

APPENDIX C4  TABLE 4.1  INHERENT HAZARD CATEGORY ............................................................................................. 181 

APPENDIX C4 TABLE 4.2.  INHERENT HAZARD CLASS (H =HIGH, M= MEDIUM, L=LOW ..................................................... 181 

APPENDIX C4 TABLE  4.3 DOLOMITIC AREA DESIGNATION ........................................................................................... 182 

APPENDIX C4 TABLE 4.4  DOLOMITE HAZARD SCORECARD (ACCORDING TO COETZEE ET AL.; 2012:7) .................................. 183 

APPENDIX D: ....................................................................................................................................................... 184 



xii 

 

APPENDIX D: LIST OF DIGITAL MAPS USED ........................................................................................................ 184 

LIST OF DIGITAL MAPS USED ................................................................................................................................... 184 

APPENDIX E: ....................................................................................................................................................... 195 

APPENDIX E 1. .................................................................................................................................................... 195 

E1 : IMPORTANT FEATURES AND POINT SOURCES ALONG THE WONDERFONTEIN SPRUIT IN QUATERNARY CATCHMENT C23D ..... 195 

APPENDIX E.2: PHOTOS AND SATELLITE IMAGES OF FEATURES IN THE C23D CATCHMENT AREA ............................................ 206 

APPENDIX E 2: PHOTOS ........................................................................................................................................ 206 

Photo E2.1: The Lancaster Dam (Note the tailings which form the base and shores of the dam) ............... 206 

Photo E2.2: Wetlands below Lancaster Dam (The wetlands filter most of the heavy metals) .................... 207 

Photo E.2 3: Wetlands below the Lancaster dam (Note the mine tailings in the background, which are a 

potential source of pollutants). .................................................................................................................. 208 

Photo E2.4: Wetlands in the Kagiso on its banks (Note many pollutants from water draining into the river 

are absorbed by the plants in the wetlands) .............................................................................................. 209 

Photo E2.5: Wetlands near the mouth of Luipaardsvlei Dam. (Note the Mine tailings in the background, 

which are a potential source of pollutants) ................................................................................................ 210 

Photo E2.6: Wetlands and mine mailings near Greunings Dam (Note the mine tailings in the Background, 

which are a potential source of pollutants) ................................................................................................ 211 

Photo E2.7: Wetlands at the mouth of Donaldson Dam (Despite the filtering ability of these wetlands high 

levels of heavy metals have been found in the dam) .................................................................................. 212 

Photo E2.8: The start of the +/- 30 km 1 metre diameter pipeline that conveys water from Donaldson Dam 

over the dewatered dolomite compartments to  prevent filling of compartments and flooding of mines. . 213 

APPENDIX E 3: SATELLITE IMAGES OF URBAN SETTLEMENTS ALONG THE BANK OF THE WONDERFONTEIN 

SPRUIT IN THE QUATERNARY CATCHMENT C23D. ............................................................................................. 214 

SETTLEMENT IMAGE: E3.1 AZAADVILLE AND KAGISO .................................................................................................. 215 

SETTLEMENT IMAGE: E3.2 RIETVALLEI ..................................................................................................................... 216 

SETTLEMENT IMAGE: E3.3 BEKKERSDAL ................................................................................................................... 217 

APPENDIX E: PART 4: GRAPHIC REPRESENTATION OF THE WATER COURSES OF THE WONDERFONTEIN SPRUIT 

AND ITS MAJOR TRIBUTARIES IN THE QUATERNARY CATCHMENT C23D .......................................................... 218 

TABLE E4.1. WONDERFONTEIN SPRUIT FROM LANCASTER DAM (C23D) ......................................................................... 218 

TABLE E4.2. MIDDELVLEI SPRUIT FROM ORIGIN TO INFLOW IN THE WONDERFONTEIN SPRUIT (C23D) .................................. 219 



xiii 

 

TABLE E4.3. RIETFONTEIN SPRUIT FROM ORIGIN TO INFLOW IN THE WONDERFONTEIN SPRUIT  (C23D) ................................ 220 

APPENDIC E: PART 5: DESCRIPTION OF THE RIVER COURSE IN QAUTERNARY CATCHMENT C23D.................... 223 

BIBLIOGRAPHY ................................................................................................................................................... 226 

 

 
  



xiv 

 

Figures 

Figure 1: Addressing the problem ........................................................................................... 22 

Figure 2: Research Design ..................................................................................................... 24 

Figure 3: The link between effective management of the risk of disaster and sustainable 

development ........................................................................................................................... 29 

Figure 4: Legislative framework for Disaster Management in South Africa since 1998 ........... 51 

Figure 5 : Outline of Chapter 3 ................................................................................................ 64 

Figure 6: Quaternary Catchment C23F as an example of a surface water catchment area. ... 65 

Figure 7: Schematic representation of the global water cycle. ................................................ 67 

Figure 8: Conceptualisation of the water catchment and hydrological cycle as an integrated 

system..................................................................................................................................... 73 

Figure 9: A Risk Management Process that can be used in risk management. ...................... 76 

Figure 10: Sustainable Livelihood framework adapted for vulnerability analysis and reduction.

 ................................................................................................................................................ 77 

Figure 11: Classification of hazards. ....................................................................................... 79 

Figure 12: Schematic representation of the Mooi River and its major tributaries in relation to 

the quaternary catchment areas. ............................................................................................ 93 

Figure 13: Schematic representation of the Mooi River and major tributaries in relation to the 

quaternary catchment areas and Dolomitic Compartments. ................................................. 101 

Figure 14: Significant Mining Basins associated with the Wonderfontein Spruit Catchment 

Area. ..................................................................................................................................... 103 

Figure 15: Schematic representation of the dolomite compartment and mining voids 

associated with the Mooi River Catchment Area ................................................................... 104 

Figure 16: Outline of Chapter 4 ............................................................................................. 109 

Figure 17: A systems conceptualization of a GIS .................................................................. 112 

Figure 18: Representation of the earth with some important features. ..................................................... 113 

Figure 19: An example of a raster representing a surface .................................................... 117 

Figure 20: Vector vertex with two and three references. ....................................................... 119 

Figure 21: Characteristics of vector features. ........................................................................ 121 

Figure 22: The components of a Geographic Information System. ....................................... 126 

Figure 23: Comparison of the SDLC, Generic Problem Solving, FAST and focus of this study

 .............................................................................................................................................. 131 

Figure 24: Example of a few of the data requirements for a conceptual model ..................... 141 

Figure 25: Example of a few of the data requirements for a conceptual model ..................... 143 

  



xv 

 

 

Tables 

TABLE 1: SUMMARY OF RECENT STUDIES AND REPORTS ........................................................................................ 7 

TABLE 2: EXAMPLE OF SUPPORTING LEGISLATION AND MEASURE THAT ARE AVAILABLE TO ASSIST WITH THE 

EFFECTIVE MANAGING OF THE RISK OF POTENTIAL DISASTERS OR TO ASSIST WITH THE REDUCING OF THE 

IMPACT OF A DISASTER ......................................................................................................................................... 56 

TABLE 3: EFFECTS OF A DOSE OF RADIATION. ....................................................................................................... 91 

TABLE 4: STANDARD PROJECTION FOR SOUTH AFRICA ....................................................................................... 116 

 

  



xvi 

 

Maps 

Map 1 The municipalities’ and districts outside the Tlokwe City Council through which the Mooi 

River flows ................................................................................................................................ 2 

Map 2: The quaternary catchment areas of the Mooi River within the boundaries of the 
Tlokwe Local Municipalities ................................................................................................... 5 

Map 3: The quaternary catchment areas of the Mooi River in relationship to the Tlokwe Local 

Municipality. .............................................................................................................................. 6 

Map 4: Quaternary Catchment C23D is superimposed on a Google Earth© satellite image .. 99 

 
  

 


