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Synopsis 

Recent studies indicate that the population of Cape Town generates approximately 2.2 million 

tons of waste annually. Numerous waste minimization strategies have been developed which 

have not been successful in reducing the amount that needs to be disposed of at a landfill site. 

This results to mounting pressure on existing waste disposal sites thus necessitating an urgent 

need for a new regional landfill. According to CCA Draft Environmental Impact Report (2006), 

the former Cape Metropolitan Council (CMC) appointed technical consultants in 2000 to identify 

and assess the potential sites for a landfill to service Cape Metropolitan Area (CMA), presently 

referred to as the City of Cape Town (CCT). 

The construction of a landfill has significant impacts on the environments. It is for that reason 

Integrated Environmental Management (IEM) has to be followed to assess the impacts. The 

principle of IEM is broadly interpreted as applying to the planning, assessment, implementation 

and management of any project proposal or activity that has a potentially significant effect on the 

environment. Environmental Impact Assessment (EIA) process, which lies in the heart of the 

IEM, is enforced to examine the environmental effects of development. These impacts are 

directly related to the physical location of the project. That makes site selection for proposed 

project a very important stage of the EIA process. Laws have been enacted to minimize 

environmental impacts, including strict guidelines for siting landfills. Using landfill siting 

criteria and site selection methods, the technical consultants identified four potential sites, 

Atlantis being the only site falling within the City of Cape Town. 

Siting a landfill is one example of a spatial problem in which existing guidelines can be 

expressed spatially in order to achieve the objective. This research followed the same guidelines 

used by the technical consultants as set out by the Department of Water Affairs and Forestry 

(DWAF) and implemented GIS to identify potential landfill sites within the CCT. To gain an 

understanding of the problem, senior staff of companies (Consultants) that were contracted to 

identify potential landfill sites was interviewed. Of importance to this research was to know the 

criteria that were used to identify the sites, the methods that were used, problems encountered 

and the sites that were identified. 
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VI 

The interviews, backed by secondary data sources such as websites and project reports, revealed 

that the techniques used to identify potential sites for the landfill, even when combined are costly 

and time consuming. 

Several scenarios were run using various ArcGIS extensions, including the ModelBuilder to 

identify sites that met the stated criteria. GIS analysis yielded agreeable results with the 

recommendations from the consultants who used techniques other than GIS to identify the 

regional landfill. The research findings demonstrate that GIS is an efficient and dependable 

stand-alone technique that can be implemented in landfill site studies thus expedite the decision 

making process. 
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Introduction 

1. Introduction 

1.1 Background to investigation 

The Cape of Town is one of the fastest growing cities in South Africa with the population 

expected to increase tremendously due to influx of people from other provinces. A study by 

Jcffares and Green (as cited in CCA 1 Draft EIR, 2006) indicates the annual average increase in 

population was 1.57% between the censuses of 1996 and 200 I. The study also shows that the 

population of Cape Town generates approximately 2.2 million tons of waste annually. Of this 

only 13% of the total waste generated is recovered through recycling and other composting 

alternatives. The rest is disposed of at the City'S landfill sites. Based on the projected increase in 

city's population to 4.3million over the next 30 years, it is estimated that between 70 and 90 

million tons of waste will need to be disposed of over the next 30 years. 

Numerous waste minimization strategies have been developed by the City of Cape Town (CCT). 

These include recycling and composting projects, waste awareness programs, industrial and 

commercial waste minimization clubs, and extensive public awareness programs. Despite the 

waste minimization strategies, the CCT has not been successful in reducing the amount that 

needs to be disposed of at a landfill site. This result to mounting pressure on the existing waste 

disposal sites within the CCT. Two sites, Brackenfell and Swartklip, have already been closed 

while two more, Faure and Vissershok, are expected to close by 2007 and 2008 respectively. 

However, the Vissershok site will continue to accept waste for a few more years as it is being 

extended. The remaining landfills are expected to have reached their maximum capacity by 2016 

(CCA Draft EIR, 2006). The study area and the existing landfill sites are shown in Figure 1.1. 

Other alternatives to landfill have been explored by the CCT. These include among others 

incineration, reduction and reclamation. For economic reasons, Wright-Pierce (as cited in CCA 

Draft EIR, 2006) concluded that disposal of waste by landfill remained the best option for waste 

disposal thus necessitating the urgent need for a new regional landfill site that will receive 

household and general waste, as well as industrial waste to serve the CCT for the next 30 years. 

I A firm of environmental consultants based in Cape Town, South Africa. 
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Introduction 

1.2 Problem definition 

A report by US Trade and Development Agency (USTDA) of June 1999, recommended that the 

City of Cape Town (CCT) identify a regional landfill to serve the region. The then Cape 

Metropolitan Area (CMA) appointed technical consultants in 2000 to identify and assess the 

potential sites for a landfill to service the region for the next 30 years. Waste management 

consultants were commissioned to undertake the technical aspects of the project and site studies 

started in April 2001. Other environmental consultants were commissioned to undertake project 

scoping, public participation, and the EIA (CCA Draft EIR, 2006). 

Using landfill siting criteria, the technical consultants identified numerous candidate landfills. 

After thorough investigations that included numerous site visits the number of sites was 

narrowed down to four (Personal Communication, 2006). The final scoping report that entailed 

the four selected sites was accepted by the approving authority, Department of Environmental 

Affairs and Development Planning (DEA & DP) in May 2004 and EIA in Feb 2005 (CCA Draft 

EIR, 2006). 

With reference to information in the preceding paragraphs, pertinent issues remain unresolved 

and which this research will attempt to unravel: 

• DWAF has guidelines and criteria that have to be followed when looking for prospective 

landfill sites. Were the criteria followed in order to obtain the prospective sites? 

• There are numerous techniques used in studies that involve site selection. Which 

techniques were used to identify the candidate sites? 

• Of the candidate sites that were identified, which ones faIl within the CCT? 

• According to CCA Draft EIR (2006) the site selection process started in 2001 and the 

Final Environmental Impact Report (FEIR) was submitted to the approving authority in 

November 2006. Why did it take that long to identify the sites? What are some of the 

obstacles were experienced in identifying the sites? 

of landfill sites (OW AF, 2005).The requirements are synonymously referred hereafter as criteria. 
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Introduction 

The need to identify a location for the regional landfill site marks the initial phase of the EIA 

process that is required to be addressed urgently. Construction of the landfill marks another 

phase that takes time. Landfill sites have impacts that last the landfill lifespan and beyond. This 

requires the balancing of time and effort required to carefully carry out the task in accordance 

with the minimum requirements and other tenets of environmental sustainability. This entails 

decision-making on both those contracted to carry out site studies as well as approving 

authorities. 

That mentioned, how can GIS be implemented to address some of the obstacles associated with 

other site selection methods, and in the process expedite decision-making? Can GIS 

implementation uphold landfill siting criteria and still present viable sites to decision-makers? 

This research describes application of GIS as decision support mechanism used to address some 

of the issues raised in the preceding paragraphs, and to identify the most ideal site for waste 

disposal facility for the CCT as case study. Yin (1994) defined case study as an empirical 

enquiry that investigates a contemporary phenomenon within its real-life context. The rationale 

behind using the case study is to understand the different processes that were involved in the 

analysis which used multiple sources of evidence. 

1.3 Research aim and objectives 

1.3.1 Aim 

The study aims to investigate criteria and methods used to site landfills, and to apply GIS as a 

decision support in identifying suitable locations for landfill sites. New landfill site to serve the 

City of Cape Town (CCT) is used as a case study. 

1.3.2 Research objectives 

Based on the general aim above, the research proposes to meet the following specific objectives: 

• To identify the criteria used to select landfill sites. 
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Introduction 

• To investigate the methods used to identify potential landfill sites to serve CCT and to 

establish the sites that were identified. 

• To find out the extent of GIS application in the EIA process and in site selection. 

• To implement GIS as a decision support in identifying the most suitable site for a regional 

landfill to serve CCT. 

1.3.3 Research questions 

To meet the objectives of the research the following questions will have to be addressed. Each 

objective has respective questions outlined below and which are addressed in various chapters of 

the thesis. 

Objective one: The EIA process, alternatives and site selection 

• What is EIA and what purpose does it serve in development projects? 

• What are alternatives and what limitations do they encounter? 

• Where does landfill site selection fit in the EIA? 

• What criteria are used to find suitable sites for waste disposal facilities? 

Objective two: Existing methods and identified sites 

• What techniques are used in site selection? 

• Which methods were used to identify the regional landfill site to serve CCT? 

• What are the problems encountered in methods used and which sites did they identify? 

Objective three: Decision support and GIS data 

• What are GIS and Decision Support Systems (DSS) and what are their functions? 

• What is the extent of GIS application in the EIA process? 

• What are the drawbacks of incorporating GIS into the EIA process? 

Objective four: GIS Implementation case study 

• What kind of data would be required in order for GIS to be implemented? 
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Introduction 

• How can GIS be used as stand-alone method to identify landfill sites, conform to landfill 

site specifications and still provide credible results? 

• Which advantages can GIS offer as compared to other site analysis techniques? 

1.4 Research design and data collection 

1.4.1 Research design 

"The researcher will naturally implement the research design that will be of the greatest value to 

his research, and that best fits his theoretical orientation," Smith (1995). In this research the case 

study of identifying a regional landfill is used. According to Garson (2002), case study research 

is a time honored, traditional approach that illustrates issues of research design. Garson further 

argues that since only a few instances are studied, the case researcher will typically uncover 

more variables. 

Investigation into the criteria and methods used in determining suitable landfill locations, and the 

implementation of GIS required some assignments be carried out. To meet the objectives of the 

research within the context of the questions raised in the preceding section, the following tasks 

were identified and completed: 

Task one: Carry out an in-depth literature review on EIA and landfill siting criteria. 

The related issues include: 

• Expounding on the EIA procedure in South Africa. This is to provide background 

information on EIA guidelines and landfill site requirements, and consequently establish 

where GIS can fit in. 

• Carry out a study on alternatives within the ElA context. Site selection entails selection 

of alternatives based on well stipulated criteria. 

• Identify the criteria set out by DWAF that is used in siting landfills. This forms the basis 

for research analysis. Analysis results are said to be credible if the minimum criteria are 

met. 

Task two: Conducting investigations into existing site selection techniques and sites that 

were identified as possible locations for a landfill to serve CCT. 
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Introduction 

The related issues include: 

• Carrying out an investigation into the methods and techniques used in site studies. 

• Identify the criteria that were used and the sites that were identified as potential landfill 

sites by conducting qualitative interviews and acquiring information from secondary 

sources. 

Task three: Identify decision support tools, their functions and applications in the EIA. 

The related issues include: 

• Defining GIS and other Decision Support Systems 

• Reviewing the extent and reasons for implementing GIS in the EIA process 

Task four: Implementing GIS to find the best location for regional landfill site. 

The related issues include: 

• Interpreting the minimum requirements for waste disposal by landfill so as to identify 

spatial data that would be required for the GIS analysis. 

• Assembling the database required for the project. This is by sourCIng the datasets 

required from various organizations, in tandem with the landfill requirements. 

• Prepare data for the analysis. These include merging, clipping and defining projections. 

This is due to the fact that datasets are from different sources. 

• Analyzing the data in conformity to landfill site guidelines outlined by DWAF. 

• Presenting results of each scenario in ArcMap and in layout view. 

The first three assignments are addressed by conducting an in- depth review of literature. This 

involved a closer look at the Environmental Conservation policy frameworks and other scholarly 

literature relevant to EIA, site selection and GIS applications in environmental management as 

well as qualitative data collection through interviews. The last assignment that forms the 

backbone of this research is achieved by performing spatial analysis. 

7 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Introduction 

1.4.2 Data collection 

Information for this research was obtained from a variety of sources using different methods. A 

combination of primary and secondary data collection methods were used as outlined below: 

• Research 

This formed the birth of the idea. A review of literature on site studies indicates that GIS 

techniques, not withstanding its analytical capabilities, are not embraced. Research involved 

searching for information relevant to the study. Books, journals articles, technical reports and 

conference proceedings at University of Cape Town (UCT) libraries and internet search engines 

such as Science Citation Index were used. 

• Interviews 

This formed the basis for primary data collection which makes application of GIS in site studies 

feasible. Techniques used in siting landfill sites, and their strengths and weaknesses were 

enumerated, with the backing of technical reports. Three GIS companies based in Cape Town 

that deal with environmental management as part of their services were approached and senior 

staff with a wealth of experience in site studies were interviewed using open-ended questions. 

The interviews were conducted face-to-face using a note-taking and Dictaphone. A list of 

questions that featured during the interviews is provided in Appendix C. 

• GIS data collection 

Data used to conduct the analysis was obtained from different sources. These included Chief 

Directorate Surveys and Mapping (CDSM), Environmental Potential Atlas (ENPA T) and 

University of Cape Town (UCT) GIS research facility. The South African Weather Services was 

approached to provide data on areas upwind of residential areas as well as where temperature 

inversion is experienced. The datasets were not available and were thus not used in the GIS 

implementation as indicated in Table 5.1. 
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Introduction 

1.5 Scope and limitations of research 

A review of literature indicates that decision support refers to a broad class of systems that help 

in decision-making. The flexibility offered by the term decision support will be exploited so as to 

realize the goals of this research. In the same breath this research will not draw a distinction 

between Decision Support Systems (DSS), Spatial Decision Support Systems (DSS) and 

Decision Support (OS). The terms will be used interchangeably implying the same thing, the 

common ground being that they are computerized decision support mechanisms. As such GIS is 

used as a decision support approach for siting landfills. 

A field study that focused on interviewing consultants that were contracted by the CCT to 

identify potential site for a landfill was carried out. This was aimed at establishing criteria and 

methods used problems encountered and sites identified. According to EIA the public must fully 

be involved, which can often lead to serious conflicts that may demand judicial interventions. 

Consultants who were interviewed requested their names not to be disclosed. That said the 

names of GIS companies and staff who were interviewed will not be disclosed. 

There are several credible sources of GIS datasets in Cape Town. These include CDSM, 

ENPAT, Surveyor General's office, the CCT, Weather Service among others. Datasets from the 

CCT were not used as they are not comprehensive and do not cover the entire study area in 

details. On the other hand, procedures that must be followed to acquire data from the Weather 

Service are time consuming. Apart from lengthy procedures, datasets for areas upwind of 

residential properties and prevailing wind directions that would be required for the GIS analysis 

were not available from the weather service. Limited financial resources made it difficult to 

acquire datasets from private venders. Due to time and financial constrains, datasets used to 

implement the GIS analysis was obtained from convenient sources namely, CDSM and ENPAT. 

The datasets obtained are sufficiently accurate to demonstrate the feasibility of GIS 

implementation as a decision support for siting a landfill. 
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Introduction 

Most criteria set out by DWAF are not quantified leaving this to the discretion of the analyst. For 

instance buffer distances from residential areas or from rivers to the potential landfill site were 

not specifically set out. For the sake of quantifying the criteria so GIS analysis can be conducted, 

all datasets used in this study will be buffered to a distance of 1000 meters. The only exception is 

airports dataset, which according to DWAF's criteria the landfill should be 3000 meters away 

from them. On the same note, detailed explanations on criteria stipulated by DWAF and reasons 

for setting out the criteria will not be provided in this research. 

The landfill site is primarily intended to serve the CCT. That said CCT will be chosen as the 

study area. Several criteria are set out by DWAF regarding selecting a location for a landfill. 

Due to the complexity of the criteria, a combination of techniques is implemented by consultants 

in landfill site studies. This study will be confined to the application of GIS as a stand-alone tool 

to identify suitable sites for a landfill within the CCT. Plausible sites that touch or lie very close 

to the boundary of CCT and other municipalities will not be considered. 

1.6 Structure of the thesis 

This introductory chapter described the development of the research idea and the rationale for 

undertaking the study. The objectives, research design and scope were presented. Due to the 

multidisciplinary nature of the thesis, literature reviewed is wide and incorporates three chapters; 

2,3 and 4. The seven chapters that comprise this research are interrelated as shown in Figure 1.2. 

Chapter 2 introduces the concept of Integrated Environmental Management (IEM), EIA in South 

Africa and development of alternatives. The legislative framework and criteria upon which 

decisions are made regarding location of landfills is also discussed. The set out criteria, which is 

important for this research is then translated into GIS format in Chapter 5. 

Chapter 3 outlines the various techniques used in site studies. The last section of the chapter 

dwells on field study (interview) findings with regard to the methods that were used to identify 

suitable sites for the City of Cape Town (CCT). Problems encountered and remedial measures 

taken, the extent of GIS application and the best sites that were identified are also presented. 
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Chapter 4 provides an orientation on GIS application in environmental management before 

embarking on GIS application in site selection. This chapter is divided into two sections; the first 

section provides the definition and functions of GIS, Decision Support Systems (DSS) and 

Spatial Decision Support Systems (SDSS). The role and reasons for GIS implementation is also 

discussed. The second section dwells on GIS and DSS applications in the EIA process. Factors 

hindering GIS application in EIA are also illuminated towards the end of the chapter. 

Chapter 5 describes the tasks that were done in preparation for GIS implementation. Most 

important is GIS data needs assessment based on criteria outlined in Chapter 2. Data assembly; 

design and creation of project database as well as data preparation are discussed in this chapter. 

Chapter 6 entails GIS implementation. A GIS analysis is conducted in conformity to the 

minimum requirements stipulated by the DWAF. Results of the analysis are also presented. 

The last chapter provides conclusions and recommendations of the research according to the 

structure of the thesis. Future research in implementation of GIS in aiding decision making in 

environmental management is also presented. 

11 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Environmental Impact Assessment (EIA) and landfill site selection 

2 Environmental Impact Assessment (EIA) and landfill site selection 

Development projects have impacts on the environment, positive or negative. It follows that 

mechanisms have to be devised to get to know the impacts before the project starts so 

appropriate action can be taken. Leknes (200 I) views Environmental Impact Assessment (EIA) 

as a tool to help identify potential environmental impacts as well as aid authorities to make the 

decisions concerning project approval and which conditions must be fulfilled. The EIA process 

epitomizes alternatives to proposed development projects. Among others, the process lays 

emphasis on alternatives to the proposed activity as well as alternative location that form the 

initiation stage of a proposed project. Legislative guidelines have been put in place that guides 

the selection of potential location of a project, such as the physical location of a landfill site. 

This chapter introduces the concept of Integrated Environmental Management OEM), 

Environmental Impact Assessment (EIA) in South Africa and development of alternatives. The 

legislative framework and criteria upon which decisions are made within the EIA context are 

also presented. The minimum requirements for waste disposal by landfill as stipulated by the 

Department of Water Affairs and Forestry (DWAF) is discussed. This forms the basis for this 

research as the requirements set out by DWAF are translated into spatial data (see Section 5.2) 

that is used in GIS implementation in landfill site selection. 

2.1 Integrated Environmental Management (IEM) in South Africa 

The Department of Environmental Affairs and Tourism (DEA T) developed IEM, an integrated 

method of looking in a holistic manner for the complete procedure of environmental 

development, including the administrative side of the process as illustrated in Appendix A and 

Figure 2.2. The philosophy of IEM proposes a holistic approach and method to the decision 

making process and procedure by which a multi-disciplinary analysis and an interdisciplinary 

synthesis are facilitated (Hugo, 2004). Hugo adds that the purpose of IEM is to mitigate any 

negative impacts and enhance the positive aspects of project development. Hugo (2004) argues 

that IEM is an umbrella-like process that includes EIA and environmental auditing, and asserts 

that it is the process ofEIA that lies at the heart of IEM. 
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Environmental Impact Assessment (EIA) and landfill site selection 

2.1.1 Definition, nature and purpose of EIA 

Fuggle and Rabie (1996) defined Environmental Impact Assessment (EIA) as the "administrative 

or regulatory process by which the environmental impact of a project is determined." The 

Department of Environmental affairs and Tourism (DEA T, 2004) define EIA as a public process, 

which is used to identify, predict and assess the potential environmental impacts of a proposed 

project on the environment and is used to inform decision-making. 

EIA is a site-specific environmental management tool designed to bring all the relevant detailed 

information regarding a site specific development to light. This encompasses methodologies and 

techniques for identifying, predicting and evaluating the environmental impacts associated with 

project development and actions. On the other hand it is also a procedure for facilitating 

informed decision-making (Hugo, 2004). 

"The purpose of EIA is fourfold: to aid decision-making by providing quality information to 

decision-makers, to ensure that the positive impacts of a development are enhanced while 

negative impacts are minimized, to explore ways of solving conflicts that arise between 

development needs and the environment, and to furnish decision-makers, interested and affected 

parties with information," Fuggle and Rabie (1996). 

2.1.2 The EIA procedure in South Africa 

The main steps in South African EIA process can generally be grouped into seven phases as 

shown as shown in Appendix A. The initial phase entails alternatives. The role of alternatives is 

to find the most effective way of meeting the need and purpose of the proposal, either through 

enhancing the environmental benefits of the proposed activity, and or through reducing or 

avoiding potentially significant negative impacts (DEAT 2004). The EIA places much emphasis 

on alternatives. For instance in the identification of a landfill site to serve the CCT, it is 

recommended that more than one site is identified so that the best site where the landfill would 

eventually be located is obtained after a thorough screening during the ElA process. The issue of 

alternatives is important for this research and as such more details are discussed in Section 2.1.3. 
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Environmental Impact Assessment (EIA) and landfill site selection 

According to DEA & DP (2006), Basic Assessment must be applied to activities listed in Listing 

Notice 1 No. R386. On the other hand Scoping/EIA must be done for all activities listed in 

Listing Notice 2 No. R387 (refer to Appendix D). Both applications (Basic Assessment and the 

Scoping/EIA) are informed by guidelines that have been developed by the Department of 

Environmental Affairs and Development Planning (DEA & DP). Guidelines include how to 

carry out public participation, decision appeal procedure and submission of exemptions (e.g., 

exemption from appointing an environmental consultant and exemption from considering 

alternative activity or location). 

Under the NEMA Act 107 of 1998, the establishment of a landfill site falls under Listing Notice 

2 No. R387, Sections 1(0), "The construction of facilities or infrastructure, including associated 

structures or infrastructure or infrastructure, for the final disposal of general waste covering an 

area of 100 square meters or more or 200 cubic meters or more of airspace" and Section 2 that 

states, "Any development activity, including associated structures and infrastructure, where the 

total area of the developed area is, or is intended to be, 20 hectares or more" (DEA T, 2006). 

It therefore implies that the full scoping/EIA must be done for the establishment of the landfill. 

The Scoping/EIA process that has to be followed is outlined in the process flow diagram in 

Figure 2.2 overleaf. The main phases and tasks undertaken during the EIA process are shown in 

Appendix A. 

In the third phase of the EIA process proponents prepare plan of study for scoping. This phase 

entails the identification of issues that are likely to be important during the EIA and eliminates 

those that are not. The scoping report forms the basis for the terms of reference for the next 

phase that entails EIA report preparation. 

In the fourth phase, proponents (EIA consultants contracted by the developer to undertake the 

EIA process) prepare a plan of study for EIA. The objective of this phase is to identify how the 

activities of the proposed development will impact on the various components of the 

environment. The impact assessment entails the identification and analysis of impacts, as well as 

a prediction of the significance of the impacts. 
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Environmental Impact Assessment (EfA) and landfill site selection 

The last phase is the implementation and monitoring. If the development is approved, the 

developer might be required to implement an Environmental Management Plan (EMP) for 

construction, operation and, in some instances, decommissioning of the project. The EMP is the 

tool used to ensure that the mitigation actions and the monitoring requirements recommended in 

the EIA are systematically implemented throughout all phases of the project. This often­

neglected aspect of EIA ensures delivery on promises (Weaver, 2003). 

2.1.3 Alternatives in the EIA process 

DEAT (2006) defined Alternatives as different means of meeting the general purpose and 

requirements of the activity. The most important part of the EIA process is developing the set of 

alternatives that become the choice set and the centre of environmental impact analyses. 

Alternatives are options, choices, or courses of action; they are means to accomplish ends. From 

the perspective of EIA, these ends include not just a particular agency's goal, but also broader 

societal goals such as the protection and promotion of environmental quality. The quality of a 

decision depends on the quality of alternatives from which to choose. 

Consideration of alternatives is one of the most critical elements of the environmental 

assessment process and should be identified as early as possible in the project cycle. Key criteria 

for considering when identifying alternatives are that they should be 'practicable', 'feasible', 

'reasonable', and 'viable' (DEAT, 2006). 

Wang et al (2003) views alternatives as fundamental to EIA; they encourage open decision­

making by virtue of incorporating environmental concerns early into project designs. There are 

different categories of alternatives in the EIA process. Two of the most important alternatives in 

the EIA process are activity and location alternatives, both of which are considered early in the 

project life-cycle. The alternative to the type of activity to be undertaken has been outlined in the 

background to investigation in Section 1.1. 

It is worth noting that in some cases it might not be possible to consider alternative locations for 

certain activities. For example, in the case of mining, extraction can only occur at the identified 
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Environmental Impact Assessment (EIA) and landfill site selection 

location of an ore body. On the other hand alternative sites or a suitable site may not be 

identified if the area under study does not meet the criteria or minimum requirements unless 

some compromises and mitigation measures are made. Other than the activity to be undertaken 

and the property on which or location where it is proposed to undertake the activity, the DEAT 

(2006) provides other alternatives such as the design or layout of the activity, the technology to 

be used in the activity and the operational aspects of the activity. 

Important to this research is the identification of alternative sites of the proposed activity. In the 

current study, location alternatives will be given prominence due to the fact that various sites for 

locating a landfill can be identified based on EIA guidelines and regulations. Alternative sites for 

the regional landfill to serve the CCT are provided in the GIS implementation. The proceeding 

paragraphs outline generic problems associated with alternatives and which can be addressed or 

minimized through GIS application. 

2.1.3.1 A general overview of problems associated with development of alternatives 

There are problems encountered that create obstacles to the full consideration of alternatives. 

DEA T (2004) identified three major obstacles namely technological obstacles (where high costs 

of a particular technology may prevent it from being considered as a viable option); resource 

availability obstacles (which may limit the range of alternatives in a particular context) and 

political economy or intellectual obstacles in which barriers may be imposed by people who wish 

to advance a particular agenda. 

Alshuwaikhat (2005) argues that foreclosure of alternatives at the project assessment stage 

eliminates options, which have potentially different environmental consequences from the 

chosen one. Alshuwaikhat further lament that decision-making is based on alternatives taken at 

earlier stages in the planning process, at which no satisfactory environmental assessment may 

have taken place. 
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Environmental Impact Assessment (EIA) and landfill site selection 

As mentioned earlier, the EIA process under whose structure alternatives lie underscores 

selection of alternatives such as possible sites for a landfill. Steinemann (200 I) outlines problems 

associated with alternatives as outlined in the proceeding paragraphs. 

"Even though agencies are required to take an interdisciplinary approach and explore alternatives 

outside their jurisdiction, those alternatives may not receive serious consideration," Steinemann 

(200 I). Steinemann argues that alternatives can also be eliminated if they do not meet the stated 

objectives of the agency. 

According to Steinemann (200 1), agencies tend to prescribe alternatives that they have used in 

the past. While this offers agencies both the reduced effort of designing new alternatives and the 

comfort of familiarity, Steinemann (200 I) asserts that by so doing new and perhaps more 

environmentally suitable alternatives are overlooked thus neglecting the important role of design, 

adaptation, and creation of new alternatives. He further adds that agencies often put aside new 

alternatives in favour of common and previously used ones particularly in projects that exhibit 

similar characteristics. For instance in landfill site studies, agencies may opt to use known 

locations such as abandoned mines as opposed to searching for new sites that meet set out 

criteria. 

"Alternatives may be 'dummied-up' so that the proposed action appears superior or 'straw men' 

alternatives may be constructed, only so they can be tom down and thereby add to the perceived 

attractiveness of the preferred alternative," Steinemann (200 I). 

The determination of alternatives which make it to the final set occurs in the screening phase. 

Steinemann (200 I) argues that the screening criteria are legally determined by what is reasonable 

in light of the agency's statement of project purpose and need. Steinemann adds that alternatives 

are eliminated from further consideration based on weak evaluations, which are not well 

documented in the EIA. "The reasons for rejection are often one sentence, such as 'not cost­

effective.' and since there is little judicial scrutiny of the reasons; an agency need only show that 

the alternative was not 'reasonable' as it did not meet the objectives as defined by the agency's 

purpose and need statement" Steinemann (200 I). 

19 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Environmental Impact Assessment (EIA) and landfill site selection 

2.1.3.2 A GIS solution to alternatives development 

The problems cited by DEA T (2004) are financial as well as human resource related. Money 

should be set aside to purchase technology such as GIS that can aid decision-making. To tie with 

that, personnel ought to be trained on how to implement the new technology. Other problems 

associated with alternative development, such as those advocated by Steinemann (2001) can be 

minimized through application of GIS, as long as the criteria set out by approving authorities are 

followed to the letter. For instance on location alternatives, all the potential landfill sites 

provided by GIS should be considered as plausible sites unless other salient criteria intervene to 

identify the most ideal sites. 

2.2 Criteria for identification of candidate sites 

There are numerous criteria that have to be met when selecting potential sites for a landfill. This 

section presents criteria upon which decisions are made within the EIA context and more 

specifically the Minimum Requirements for Waste Disposal by landfill as stipulated by the 

Department of Water Affairs and Forestry (DWAF, 2005). 

2.2.1 Initial site selection approach 

According to DWAF (2005), early considerations in site selection are to identify the physical 

size (area of land required) and the general location of the required site. The size of the site 

affects the size of the anticipated buffer zone. The cumulative effect of the areas potentially 

impacted by the disposal site project must be considered and adequate land area must be 

available beyond the site boundaries to accommodate future buffer zone. 

General site selection is determined by the waste generation area(s) to be served. It is 

economically sound to establish a landfill as close to the generation areas as possible, with a 

view to minimizing transport costs. The economic radius defines the initial area of investigation, 

which varies depending on the existing or proposed mode of waste transport. The considerations 

above, however, are part of criteria discussed in the next sections. 
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Environmental Impact Assessment (EIA) and landfill site selection 

2.2.2 Elimination of areas with inherent fatal flaws 

Fatal flaws l are situations that may prohibit the development of an environmentally or publicly 

acceptable waste disposal facility except at excessive costs (DWAF, 2005). It is a minimum 

requirement that no landfill site can be developed in an area with inherent fatal flaws. There are 

18 exclusionary criteria in this fatal flaws category relating to the areas the landfill should be 

outside of. These include: 

• 3000 m from the end of any airport runway or landing strip in the direct line of the flight 

path and within 5000 m of an airport or airfield boundary. Landfills attract birds creating 

the danger of aircraft striking birds. 

• Areas below the I in 100 year flood line. This eliminates areas adjacent to wetlands, 

vleis, pans and flood plains where waste disposal could cause water pollution. 

• Areas in close proximity to significant surface water bodies e.g., water courses or dams. 

• Unstable areas. These include fault zones, seismic zones, karst areas where sinkholes and 

subsidence are likely. 

• Sensitive ecological areas. These include nature reserves and areas of ecological and 

cultural or historical significance. 

• Catchment areas for important water resources. 

• Areas characterised by flat gradients, shallow or emergent ground water, e.g., vleins, 

pans, springs etc. 

• Areas characterised by steep gradients where stability of slopes could be problematic. 

• Areas of ground water recharge on account of topography and or highly permeable soils. 

• Areas overlying or adjacent to important or potentially important aquifers. 

• Areas characterised by shallow bedrock with little soil cover (also associated with steep 

slopes). 

• Areas in close proximity to land-uses that are incompatible with landfilling, e.g., 

residential areas, nature reserves and cemeteries. 

• Areas where buffer zones are not possible. 

• Areas immediately upwind of a residential area in the prevailing wind directions. 

I Factors or situations which prevents the development of an environmentally acceptable waste disposal facility, 
except at prohibitive costs (OW AF, 2005) 
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Environmental Impact Assessment (EIA) and landfill site selection 

• Areas that, because of title deeds and other constraints, can never be rezoned to penn it a 

waste disposal facility. 

• Areas over which servitudes are held that would prevent the establishment of a waste 

disposal facility, e.g., Rand Water, ESKOM or road Department servitudes. 

• Areas in conflict with the Local Development Objectives (LDO) process and the 

Regional Waste Strategy. 

• Any area characterized by any factor that would prohibit the development of a landfill 

except at prohibitive cost. 

2.2.3 Other criteria for identifying potentiallandflll sites 

While not necessarily fatal flaws, economic, environmental and public acceptance criteria may 

be critical factors which may represent a severe constraint on the development of a landfill 

DWAF (2005). Critical factors may become a fatal flaw if it cannot be addressed to the 

satisfaction of DWAF or its presence should prevent the landfill from meeting a minimum 

requirement. 

Plausible potential sites can be identified once the areas that the landfill site should be outside of 

are established. The next step is to identify sites that meet other criteria set out by DWAF (2005) 

as outlined in the proceeding sections. 

2.2.3.1 Economic criteria 

Economic criteria relate to the cost of obtaining, developing and operating a site (DWAF, 2005). 

Under economic criteria there are 10 considerations. These include: 

• The possible incorporation of the site into the waste disposal system, either immediately 

or in the future. 

• The economies of scale. Larger sites are economically more attractive. 

• The distance of the site from the waste generation areas. This is directly proportional to 

transport costs. 
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Environmental Impact Assessment (EIA) and landfill site selection 

• The size of the operation. A disposal site must cater for the disposal of the waste stream 

over at least the medium term to justify the capital expenditure. 

In addition to the size of the landfill proper, the anticipated extent of the areas of 

influence associated with the landfill project and the anticipated extent of the ultimate 

buffer zone should be considered. 

• Access to the landfill site. This has cost convenience and environmental implications, 

especially if the roads have to be constructed. 

• The available of on-site soil to provide low cost cover material. Importation of cover 

increases operating costs and cover shortage may reduce site life. 

• The quality of on-site soil. Low permeability clayey soils on site will reduce the cost of 

containment liners and leachate control systems. 

• Exposed or highly visible sites. High visibility results in additional costs being incurred 

for screening. 

• Land availability and/or acquisition costs. These are dependent on present or future 

competitive land-uses such as agriculture, residential or mining. 

• Other miscellaneous economic or socio-economic issues, e.g., where the displacement of 

local inhabitants must be addressed. 

2.2.3.2 Environmental criteria. 

According to DWAF (2005) environmental criteria relate to the potential threat to the biotic and 

abiotic environment. It is worth noting that some of the considerations under these criteria are 

similar to that of fatal flaws. These criteria include the following considerations: 

• The distance to ground or surface water. The greater the distance, the more suitable the 

site is in terms of lower potential for water pollution. 

• The importance of ground or surface water as water resources. The greater the resource 

values of the water, the more sensitive the establishment of a landfill on account of the 

potential for water pollution. 

• The depth of the soil on the site. The greater the availability of soil, the more cost­

effective it will be for the landfill to meet the minimum requirements for operation. 
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Environmental Impact Assessment (EIA) and landfill site selection 

• The quality of on-site soil. Low permeability soils reduce pollutant migration and are 

therefore favoured. 

• Valleys where temperature inversion could occur. This could promote the migration of 

landfill gas and odours into populated areas. 

• Sensitivity of the receiving environment. The development of a site in a disturbed 

environment, such as derelict mining land, would be preferable to a development in a 

pristine environment. 

2.2.3.3 Public acceptance criteria 

Public acceptance criteria relate to such issues as the possible adverse impact on public health, 

quality of life, and local land and property values. They also relate to potential public resistance 

to the development of a waste disposal site. Failure to meet the public acceptance criteria 

constitutes a fatal flaw. Under this criterion the following are considerations stipulated by 

DWAF (2005): 

• The displacement of local inhabitants. This will usually arouse public resistance. 

• Exposed sites with high visibility. These are less desirable than secluded or naturally 

screened sites. 

• The sensitivity of the environment through which the access roads passes. The shorter the 

distance to the site through residential areas, the more acceptable the site. 

• Prevailing wind directions- landfills and other waste management facilities should be 

sited downwind of residential areas. 

• The distance to the nearest residential area or any other land-use which is incompatible 

with the disposal operation. 

2.2.4 Obtaining candidate sites: a DW AF's perspective 

By eliminating all areas with associated inherent fatal flaws, and taking note of all the criteria 

and critical factors, a number of candidate sites can be identified, technically evaluated and 

compared to determine their acceptability. In the early stages, when there are many candidate 
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sites, a "coarse screening" is carried out to eliminate unsuitable sites and identify top ranking 

sites using the top ranking matrix (DWAF, 2005). 

The matrix is developed with candidate sites on the one axis and selected criteria on the other 

(refer to Figure 2.3). When using the matrix, each site is evaluated. Scores are assigned for each 

criterion and added together to provide a total for each site. Sites are then ranked from the 

highest to the lowest. 

Figure 2.3 
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Once completed, the technical ranking is presented to the Interested and Affected Parties (lAP) 

for their input and for final ranking. This is then presented in a draft Candidate Disposal Site 

Report. Once the top ranking sites are identified; they are then compared to one another in a 

"fine screening" exercise. After that they are further subjected to a more detailed investigation in 

the form of a feasibility study, done to confirm the environmental and public acceptability of the 

top site. The requirements for site selection are summarized by the table in Appendix B. 

A preliminary EIA is undertaken to re-address all the environmental siting criteria relating to the 

top ranking site(s). Critical factors are identified, discussed and addressed in the feasibility 

report. In terms of D WAF's "Minimum Requirements for Waste Disposal by Landfill" the best 

site(s) are then recommended for a full EIA process. 
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2.3 Summary 

The chapter has looked at the current EIA process in South Africa and problems related to 

alternative development. The minimum requirements for waste disposal by landfill have also 

been enumerated. This chapter provided the roadmap this thesis followed. One of the most 

important items that can be picked from this chapter is the minimum requirements for waste 

disposal by landfill as stipulated by DWAF. The requirements are interpreted and transformed 

into GIS format so analysis can be done to identify the most ideal sites for a landfill using GIS. 

The translation of the minimum requirements for waste disposal by landfill into GIS usable 

format is discussed in Chapter 5. Before preparing the implementation of GIS to identify 

potential landfill sites, it is worth looking at other methods used in site studies. 
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3 Existing site selection techniques and potential regional landfill sites 

There are various techniques used in identification of potential sites for development projects. 

Some are sophiscated while others are simple and based on intuition. This chapter is divided into 

two sections. The first section provides an overview of common site selection methods. More 

emphasis is put in the second section, which presents field study findings with regard to methods 

that were used to identify suitable sites for the City of Cape Town (CCT). Problems encountered 

and remedial measures taken, the extent of Geographical Information Systems (GIS) application 

and the best sites that were identified are presented. 

3.1 Existing site selection techniq ues 

There are numerous methods that can be used to select suitable sites. The choice of technique 

will among others, depend on the criteria against which the sites are selected, costs associated 

with the technique as well as the level of expertise on the part of users. Birkin et al (1996), 

Jankowski and Nyerges (200 I) and Eldrandaly et af (2003) present some of the most commonly 

used methods used in site selection as follows: 

3.1.1 Trial and error 

One of the simplest in terms of spatial analysis, the trial and error method involves on-site 

decision of a senior member of staff who gets a 'gut feeling' for a location by walking the entire 

region under consideration (Birkin et af, 1996). Birkin (1996) notes that one obvious drawback 

with such approach is that it is highly subjective and depends entirely on the experience of 

decision makers. On the other hand the method is time consuming and expensive. 

Davies (as cited in Birkin et af, 1996) defends the trial and error method by arguing that it should 

not be belittled since individuals have the ability to offer good instinctive judgements. Birkin et 

af (1996) add that the importance of site visits does not diminish even when more sophiscated 

techniques are on offer. 
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3.1.2 Analogue techniques 

The basic approach involves drawing comparisons (analogues) between subjects being studied. 

This can be done manually or through regression techniques. Birkin et al (1996) noted that the 

success of this approach depends on the experience of the location analyst and his or her team. 

3.1.3 Regression techniques 

One of the most commonly used statistical techniques is the multiple regressIOn model. 

According to Birkin et al (\996) regression analysis works by defining a dependent variable and 

correlating it with a set of independent or explanatory variables. Coefficients are calculated to 

weight the importance of each independent variable in explaining the variation in the set of 

dependent variables. 

The model can be written as 

Where 

Y is the dependent variable 

Xmi are independent variables 

bm are regression coefficients 

a is the intercept term. 

One of the weaknesses of regression models is that they evaluate sites in isolation and cannot 

handle spatial interactions. Regression analysis assumes that the explanatory variables in the 

models are independent of each other and are uncorrelated. This can lead to unreliable parameter 

estimates and severe problems of interpretation (Birkin et ai, 1996). 
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3.1.4 Choice models 

Choice models provide assistance in comparing numerous options against each other in terms of 

criteria in order to select the best options. According to Jankowski and Nyerges (2001), Multiple 

Criteria Decision Making (MCDM) models are among the most popular, with Analytical 

Hierarchy Process (AHP) featuring prominently. The scholars view weighted summation as the 

most popular technique because of its mathematical simplicity. Other techniques noted by 

Jankowski and Nyerges (2001) include rank order and ideal point, which constructs an "ideal 

option" by scanning all criterion data values for all options. 

3.1.5 Structured-group process techniques 

According to Jankowski and Nyerges (2001) these techniques help group interaction by reduce 

group process loss, i.e. loss of productivity due to wandering social interaction. They provide 

examples used for structuring computer assisted meetings, which include electronic 

brainstorming, and other technologies of participation. 

3.1.6 Judgement refinement techniques 

These techniques detail the character of choices made in relation to the overall pattern of choices. 

According to Jankowski and Nyerges (2001), Expert Choice is one of the most significant 

additions to these techniques that are implemented for sensitivity analysis. During sensitivity 

analysis a criterion weight can be changed relative to other weights. 

3.1.7 Analytical reasoning techniques 

These include expert systems, mathematical programming packages and more recent, soft 

computing. According to Jankowski and Nyerges (200 I) the basic thesis of soft computing is to 

imitate the human mind in exploiting the tolerance for imprecision and uncertainty when dealing 

with complex and imprecisely formulated tasks. 
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3.1.8 Expert Systems 

An Expert System is an intelligent computer program that uses stored knowledge and inference 

procedures to solve problems that require significant human expertise for their solutions 

(Eldrandaly as cited in Eldrandaly et ai, 2003). Expert Systems attempt to solve site selection 

problems that are heavily dependent on human judgement and experience. Some of the 

drawbacks of Expert Systems include their inability to generate solutions using spatial data and 

lack of geoprocessing capacity such as buffering and overlay. 

3.2 Regional landfill: a review of existing methods and sites 

A field study was carried out to establish whether GIS is used in projects that involve site 

selection. This took the form of interviews, which sampled a leading GIS consultancy firm in 

Cape Town that was contracted by the City of Cape Town (CCT) to establish the most ideal site 

for siting a regional landfill. A senior member of staff with a wealth of experience in site studies, 

who did not wish his name to be mentioned, was interviewed. The interview questionnaire used 

was categorized into three subtitles; initial site selection, project data and methods, problems and 

application of GIS (refer to Appendix C). A summary of the interview findings are discussed in 

the next sections. 

3.2.1 Site selection criteria and approach 

According to anonymous respondent (personal communication, 25 January, 2006), various site 

selection criteria as stipulated by the Department of Water Affairs and Forestry's (DWAF) 

Minimum Requirements for Waste Disposal by Landfill were used. The criteria entail Primary 

Exclusion Criteria (PEC), referred to as inherent fatal flaws, environmental, economic and public 

acceptance criteria. These were discussed in detail in Section 2.2. 

The anonymous respondent (personal communication, January 25, 2006) added that the initial 

search for candidate sites involved meetings and discussions with the relevant authorities and 

other informed people, accessing CCT web site and review of numerous reports. 
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An example of a desk study that formed the first part of the inception phase was described. A 

case in point was a report undertaken by Spoornet in 1996 that was used in the project Terms of 

Reference as a starting point. The report however concluded that the only available sites were far 

away from the CCT and as such discarded. 

The respondent gave another example of another report by Zietsman dated 1979 that indicated 

there were feasible sites within or close to the CCT. The report was used in the project. The rest 

of the desk study involved interviews, meetings and review of reports written by various 

consultants. Anonymous further added that there were areas that were recommended by DWAF 

as possible sites for landfills. He gave an example of a case where representatives from the 

D WAF head office visited De Hoek quarry in October 200 I so that CCT could determine 

whether it should be short-listed for landfill site or not. 

3.2.2 Project data 

Anonymous respondent, "Baseline line data that was available included spatial planning and of 

future developments, heritage sites, zoology, topography, vegetation, geology, transport among 

others. Baseline data was also sourced from different institutions that are credited for certain type 

of data. These include academic institutions, government departments and from previous studies. 

A vailable data was developed through scoping and screening so as to refine it to suit the 

requirements of the project," (personal communication, January 25, 2006). 

The anonymous respondent emphasized the need to source data from credible sources and 

provided an example where planning information is best sourced from city planners, economic 

data from socio-economic department of universities as well as fieldwork. The respondent 

suggested that basic topographic data can be sourced from the Directorate of Surveys and 

Mapping; vegetation and sensitive areas data from the Biodiversity Institute, geological mapping 

from Council for Geoscience and data on water be sourced from DW AF. Credit was given to 

CCT in terms of detailed and accurate data, particularly on land use boundaries and ownership. 
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3.2.3 Methods used 

According to the respondent (personal communication, January 25, 2006), an internationally 

accepted method was used. Research on waste management was done to ascertain the use and 

acceptability of the method. The respondent and the technical team established that in recent 

years, pair-wise ranking method is regularly used to site landfill facilities. Research on recent 

papers (2 to 3 years ago) on International Waste Management Conferences was used to identify 

the most commonly used methods. The respondent quoted the International Landfill Symposium 

in Sardinia, Italy in October 2005 that demonstrated that pair-wise ranking method is a 

defensible method. 

According to the respondent, unsuitable areas were excluded on the basis of Primary Exclusion 

Criteria. In order to be defensible, a special ranking model was developed based on the state of 

the art internationally accepted methodology. Criteria were selected and weighted by a 

multidisciplinary team using pair-wise comparisons and averages. Weighting was done to 

determine relative importance of each criterion. For instance groundwater, social impacts 

distance from generation areas was given more weight. 

The sites were then scored on a similar basis for each criterion, using input from specialists. 

Scoring of criteria involved scoring of the sites in terms of each individual criterion by means of 

pairwise comparison. To ensure scientific correctness and promote objectivity, the respondent 

insinuated that it was decided to develop a ranking methodology based on the Analytic Hierarchy 

Process (AHP), a multi-criteria decision-making approach. Shortlisted sites were compared in 

terms of the weighted criteria and the AHP scores. 

3.2.4 Problems encountered 

One of the major problems encountered was availability of data. According to the anonymous 

respondent (personal communication, January 25, 2006) all the data required for the project was 

not adequate. The respondent added that the available data was "thin" (i.e., data was patchy, not 

comprehensive or was incomplete in terms or content and coverage). 
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This was further compounded by the fact that some data was on a scale of I :50000 while other 

was available on a scale of I :250000 especially data on geology and soils, which in the long run 

affected the quality of results during the initial stages where overlay technique was used. The 

data issue was further hampered by inadequacies resulting from obtaining data from third parties 

especially when original datasets were not available, and generally lack of metadata. 

The respondent insinuated that it was decided to develop a ranking methodology based on the 

Analytic Hierarchy Process (AHP) so as to ensure scientific correctness and promote objectivity. 

The respondent, however, lamented that the approach had its own problems. The scientific 

evaluation, comparison and ranking of short listed landfill sites in terms of a number of criteria 

are a very complex multi-dimensional problem. According to Anonymous (personal 

communication, January 25, 2006) the method could not be carried out single handedly thus 

raising issues such as who would be included in the ranking panel, do the weighting and ranking 

among other responsibilities. 

Another problem that was encountered was related to land. Most of the candidate sites that were 

identified were on privately owned land. This raised the question of land acquisition considering 

that some land owners were not ready to part with their land. According to the respondent, there 

was resistance experienced with the communities around the short-listed areas (personal 

communication, January 25, 2006). 

3.2.5 Remedial measures 

To address the question of inadequacy of data and methods, the respondent noted that a lot of 

data had to be generated, and available data reconciled through field validation. The respondent 

provided an example where a light aircraft was used to fly over the whole study area to check 

findings and confirm spatial relationships. To ensure better accuracy, negative mapping was 

done in parallel with field validation, which involved direct observation. Finally, the respondent 

retorted that in some cases making assumptions becomes inevitable. On sites that fell on 

privately owned land, expropriation was done. This was done by the CCT on the basis of willing 

buyer-willing seller (personal communication, January 25, 2006). 
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3.2.6 Application of GIS 

On the application of GIS, the respondent (personal communication, January 25, 2006) said that 

it was not extensively used. A negative mapping model using digitized GIS data was only used 

in the initial phase where overlay technology was done, together with field validation to 

eliminate unsuitable areas. 

Regarding non-application of GIS in the entire site studies, the respondent argued that among 

other setbacks, adequate reliable data for running GIS analysis was not available and that not all 

site selection criteria are compatible with GIS as the process also entails public participation, 

whose input are aspatial. 

The respondent did however cite several strengths of GIS. These include manipulation of data 

and presentation, modeling capability of GIS, availability of wide range of data today, translation 

of one data set to another among other advantages. Despite the aforementioned strengths, 

Anonymous emphasized that GIS was not used as there were other credible methods that have 

been in use for many years (personal communication, January 25, 2006). 

3.2.7 Suitable sites 

According to the respondent (personal communication, January 25, 2006) the initial phase 

identified a total of 70 sites that could be considered as prospective candidate sites. This was 

based on recommendations based on the characteristics of the areas, e.g. presence of an 

abandoned quarry and other land uses that are compatible with landfilling. 

After using primary elimination criteria most of the sites were disregarded leaving very few 

areas. This led the technical committee to search for possible candidate sites beyond the CCT. 

According to Jarrod Ball and Associates and Africon (as cited in CCA Environmental, May 

2006) a total of 29 sites were identified in the areas under consideration. After implementing 

other site selection criteria four sites were selected. 
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3.3 Summary 

This chapter presented techniques used in site studies as well as field study findings with regard 

to methods that were used to identify suitable sites, problems encountered and the extent of GIS 

application. A map showing the relative locations of the best sites that were identified was 

presented as well. One question emanating from information provided in this chapter is if GIS 

can be implemented in studies that involve site selection and if the technology can lead to 

improved EIA process and decision-making. This can be answered by exploring what GIS entails 

and examining the impact the technology can have on the various components that make up the 

EIA process. The next chapter discusses GIS and DSS, their potential in abetting decision 

making. 
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4 GIS as a Decision Support in Environmental Impact Assessment: 

a review 

The previous chapter presented an overview on various techniques used in site studies other than 

Geographical Information Systems (GIS) as well as suitable sites that were identified. As an 

orientation, this chapter introduces GIS and Decision Support (OS) technology as well as their 

application in environmental management before embarking on GIS application in site selection 

that will be presented in the proceeding chapters. 

This chapter is divided into two sections. The first section provides the definition and functions 

of GIS, Decision Support Systems (DSS) and Spatial Decision Support Systems (SDSS). The 

role and reasons for GIS implementation is also discussed in the first section. The second section 

dwells on GIS and DSS applications in the EIA process. A brief historical background of GIS 

application in environmental management and EIA is presented. Factors hindering GIS 

application in EIA will also be illuminated towards the end of the chapter. 

4.1 Decision making and decision Support 

According to Goel (2000) the process of decision making implies the selection of the best course 

of action(s) in order to achieve a set of pre-defined objectives within certain constraints. Such a 

choice of action(s) is made by a decision maker on the basis of logical analysis of facts coupled 

with his knowledge of the decision making context as well as his experience and intuition. The 

process involves repeated consideration of feasible alternatives with regard to action, their 

evaluation, comparison and ultimate selection of the best action. Goel concludes by asserting that 

decision making process is iterative, integrative and participative. 

Decision making issues in a spatial context could be more complex than usual. The process of 

formulating decision rules in spatial context can be ill structured that it may not be possible to 

define or model them adequately. A good example can be provided by one of the criteria put 

forth for siting a landfill site for CMA that the landfill should not be located in any area 

characterized by any factor that would prohibit the development of a landfill. 
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4.1.2 Phases of the decision-making process 

Simon (as cited in Malczewski, 1997) suggests that any decision-making process can be 

structured into three major phases: intelligence (a problem or an opportunity for change), design 

(decision alternatives) and choice (best alternative). 

• Intelligence 

The intelligence phase involves searching or scanning the environment for conditions calling for 

decisions; exploratory analysis of the decision situation. 

• Design 

The design phase involves inventing, developing, and analyzing a set of possible decision 

alternatives for the problem identified in the intelligence phase. A formal model is used to 

support a decision maker in generating a set of alternatives. 

• Choice 

The choice phase involves selecting a particular decision alternative from those available. Each 

alternative is evaluated and analyzed in relation to others in terms of a pre-specified decision rule 

which is used to rank the alternatives under consideration. Ranking depends upon the decision 

maker's preferences with respect to the importance of the evaluation criteria. 

4.1.3 The need for decision support 

Many scholars provide generalized functions of DSS. Beynon et al (2002) postulated three broad 

categories of tasks performed by an expert and provides constrains of non-application of DSS. 

The tasks include problem identification, developing alternative solutions and selecting 

solutions. 
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In problem identification Beynon et al (2002) argues that the problem will typically be presented 

in broad, imprecise terms pending exploration of the solution space, and the assessment from 

past experience of possible changes in the environment. In the second task of developing 

alternative solutions Beynon et al (2002) argue that the expert may have no abstract or 

systematic method of finding solutions. They further add that what is judged to be a satisfactory 

solution will depend highly upon the specific problem-solving situation, and upon how skilful, 

fortunate and conscientious the expert has been in their exploration of the situation. The 

problem-solving activity is typically guided by what is encountered, as it is encountered. Lastly, 

the expert may not have any explicit heuristic for evaluating and selecting solutions. The criteria 

applied in evaluation may be qualitative or impossible to preconceive. 

Carlsson and Turban (2002) identify three benefits of DSSs to decision-makers, which are 

summarized as follows. Firstly, decision-makers could, more effectively than before, deal with 

unstructured or semi-structured, difficult problems which up to that time required extensive 

experience and expert knowledge. Secondly, decision-makers could make better and more 

reasoned decisions without using optimization tools and without mastering advanced modeling 

and lastly decision-makers could start making systematic use of their knowledge and experience 

in interactive problem solving processes. 

4.1.4 Definitions of terminologies 

Terms such as Geographical Information Systems (GIS), Decision Support Systems (OSS) and 

Spatial Decision Support Systems (SDSS) have often been used by different scholars to imply 

more or less the same thing thus confusing readers. The following sections will provide the 

definition and characteristics that make them differ from each other. It is envisaged that the 

definitions will justify why some terms are more used in this paper than others. 

4.1.4.1 Geographical Information Systems (GIS) 

There are numerous descriptions and phrases put forth by different scholars to define the term 

Geographical Information Systems (GIS). 
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Maguire (as cited in Savitsky and Lacher, 1998) lists eleven different definitions some of which 

place emphasis on the computer processing or analytical procedures. On the other hand, 

Dickinson and Calkins (as cited in Savitsky and Lacher, 1998) noted that other definitions 

emphasize the institutional and project context in which the GIS hardware and software reside. 

Burrough (1986), defined GIS as a set of tools for collecting, storing, retrieving at will, 

transforming, and displaying spatial data from the real world for a particular set of purposes. A 

more comprehensive definition is provided by ESRI (2000), GIS is defined as "an organized 

collection of computer hardware, software, geographical data, and personnel designed to 

efficiently capture, store, update, manipulate, analyze, and display all forms of geographically 

referenced information". 

Birkin et al (1996) derives the definition of GIS by dissecting the main components of its title. 

According to Birkin, the term geographical implies data and attributes which have some spatial 

identity. What defines the term information is its usefulness in decision-making or planning. 

Lucas (as cited in Birkin et ai, 1996) view information system as "a set of organized procedures 

which, when executed, provides information to support decision-making". 

Going by the definition offered by Birkin et al (1996), it can be inferred that GIS can be a 

decision support system. This leads to other systems of decision support in the name of Decision 

Support Systems (DSS). 

4.1.4.2 Definition of Decision Support Systems (DSS) 

There are several definitions of DSS that have been advanced by different scholars. Carlsson and 

Turban (2002) noted that early definitions of DSS focused on four novelties: methods and 

instruments for dealing with unstructured or semi-structured problems; user-oriented systems, 

which formed a better platform for decision-making; and the separation of data and models in 

computer applications, which promised to form the basis for more effective modeling. 
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Scholars such as Shim et al (2002) argue that over the past three decades, DSS have taken a 

broader definition, while other systems have emerged to assist specific types of decision-makers 

faced with specific kinds of problems. Many changes have occurred in concepts related to DSS 

as words have been coined, that have more or less the same meaning as DSS. In his contribution 

Shim et al (2002) defined Decision Support Systems (DSS) as computer technology solutions 

that can be used to support complex decision-making and problem solving. 

Other scholars defined DSS differently. Mowrer (2000) defined DSS as computer-based systems 

that integrate data sources with modeling and analytical tools; facilitate development, analysis, 

and ranking of alternatives; assist in management of uncertainty; and enhance overall problem 

comprehension. Keen and Morton (as cited in Chenoweth, Dowling and Loius, 2004) defined 

DSS as computer-based systems designed to support decision makers and usually include a 

database and a model base. 

Alter (2004) avoids using the term DSS and defines Decision Support (OS) as the use of any 

plausible computerized or non-computerized means for improving sense making and/or decision 

making in a particular repetitive or non-repetitive business situation in a particular organization. 

Fedra and Feoli (\ 998) views DSS as a mathematical technique or a set of techniques for 

optimizing something under some constrains. In its broad meaning, DSS is considered as a 

system that can be used to support decisions. 

Going by the varied applications of DSS, the definition by Shim et al (2002) and that of Carlsson 

and Turban (2002) are preferred as they are not restrictive in purpose and by virtue of their 

comprehensiveness in scope. The definition concurs with earlier definition of GIS. For instance 

Cowen (as cited in Chenoweth, Dowling and Loius, 2004) defines GIS as decision support 

system that involves the integration of spatialIy referenced data in a problem-solving 

environment. The flexibility in the definition by Alter (2004) who views decision support as a 

mechanism for improving decision-making is also preferred. 
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4.1.4.3 Spat ial Decision SUP IJo rt Sys tems (SDSS) 

1 ntcgmtion in G lS doe.' not on I)' impl)' dam in tegration but \\. ith other systems as wdl. 

According to DUll<! (2001) th" int"gratioll of DSS and <:;IS gave birth 10 the concept. Spatial 

Decisioll Support Systems (SOSS) as shown ill l'igure 4.2. 

GIS 

Figure 4.2 Component, 01" SDSS 

1 
I 

Soun'e: Adapted from Dutta (2001 t 

Malcz~'\,"ski (I <197) defined SOSS is an interactive. computer-based, yst"m d"si gned to Sllpport 

a uscr or group or lISCr> ill ach ieving a higher dTecti"eness of de~ision making while solvillg a 

scmi-,tructured 'palial d""i,ion problem. 

·U.S functions untl ea pabi litie. .. r GIS lind nss 

He". RlIbin. and West (2004) pr"sent sweml techllological capabilities of GIS softwares 

irnplemenkd ;n most GIS packages. l'"irst l). GIS are capab~ of storing. manipulating. and 

displa)illg rich set of attribute ;nfonnat;on. One of the most obvious capabilitie , of GIS software 

is the ability to visually display the locations of geographic objects. Accordillg to Smeker and 

Carmel (a, cited ln He" ~I aI, 2(04) the abi lily to displa) computer system data graphicall) has 

b~ell shown to be an im)Xlrtant decis ion making aid in any information ,},tern alld GIS are 

part icu Tarl)' we II sui ted to th i s purpose when the <.lallt of interest has a geographic component. 
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Another powerful capability of GIS software is the ability to compare the locations of two 

objects and determine if: the two objects intersect in any way, one object completely contains or 

is completely contained by the other or if one object is within a specified distance of the other. 

Further, GIS can find the closest object in a theme to another specified location. Finally, GIS are 

able to perform powerful database operations such as aggregations and joins based on spatial 

proximity. (Hess et ai, 2004). 

The potential of GIS is best illustrated by what it can offer in terms of spatial analytical functions 

(Birkin et aI, 1996). Birkin et al (1996) provides the functions of GIS under five headings: 

• Data storage, retrieval and display 

One of the major advantages of GIS is the ability to store and integrate different datasets 

within a single system. One of the major ability of GIS is presentation mapping. 

• Data linkage 

Data linkage is one of the most fundamental methods of adding value to data. According 

to (Birkin et ai, 1996) this is achieved through various GIS capabilities such as polygon 

overlay and spatial buffering. 

• Geocoding and geosorting 

Birkin et al (1996) argues that once data has been geocoded (given spatial reference) then 

the GIS can perform a number of special queries (geosorting). 

• Network analysis 

This component of GIS is commonly used in utilities and transportation. Major 

application areas of network analysis include car navigation systems and global 

positioning systems (GPS). 

• Spatial analysis. 

According to ESRI (2000) spatial analysis is the study of the locations and shapes of 

geographic features and the relationships between them. It is the process of modeling 

spatial data and examining and interpreting the results. It is useful when making 

predictions, and for gaining a better understanding of how geographic features and 

phenomena are located and distributed. 
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With reference to the varIOUS definitions of DSS, the functions and advantages of DSS 

encompass those of computer-based information technology, which are numerous. Functions 

include those offered by GIS as outlined by early definitions by scholars.such as Burrough 

(\986). Going by the functional definitions offered by Burrough (1986) and other scholars, a 

DSS should exhibit similar functions. 

Fedra (as cited in Matthews et ai, 1999) suggests that a DSS should support four functionalities 

of GIS namely; selection and generation of background and thematic maps in various display 

styles; access to spatially distributed data including model input and saved model scenarios; 

display of model output as animations and to support comparative analysis of alternative 

scenarIOs. 

Shim et al (2002) adds that one of the critical functions of DSS is to provide system induced 

decision guidance for proper model formulation and solution. They further suggest that a DSS 

should make decisions, or at least recommendations, regarding what models should be executed 

to solve problems most effectively and this information should be generated inductively and used 

deductively. This information then becomes the meta-model to induce the user to make 

appropriate choices. Shim et al (2002) concludes by asserting that a DSS should execute 

different formulations of the problem that lead to satisfying solutions guiding DSS users in 

finding the best approach to solve complex problems. 

In his contribution to the discourse on functions ofDSS, Vahidov and Elrod (1999) suggests that 

DSS should watch user's actions and provide proactive feedback to the user, provide both 

negative and positive critique, substantiate the critique if necessary, be able to deal with violation 

of "soft" constraints, adapt critique to user's profile and be able to stress diverse processes. In 

support of Elrod's opinion, Alter (2004) suggests that DSS software be developed to improve 

planning, production, controlling operations, and identifying and responding to defects. 

Another important function of DSS is Data Warehousing (OW). Hess et al (2004) argues that 

data in the OW is not linked to the organization's production databases and users cannot make 

changes to the data though they can copy it to their personal computers and manipUlate it there. 
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Reformatting may include storing summarized data in addition to raw data. Data may also be 

stored in a format that makes sense to the expected users rather than in the fragmented formats 

that support operational efficiency in a transaction-oriented database. 

4.1.6 Reasons for implementing GIS 

Many scholars (e.g., Korte, 1997; Jankowski and Nyerges, 2001; Prastacos and Diamandakis, 

2000; Malczewski, 1997) provide numerous advantages of implementing a GIS. Korte (1997) 

noted six major benefits provided by GIS. These include: secure and organized data; easy update 

of information; different maps can be created depending on the need (thematic maps); easy 

analysis and display of analysis results; easy data sharing between and within organizations and 

increased productivity. 

Jankowski and Nyerges (2001) identify decision support capabilities as the main reasons for GIS 

implementation. These decision capabilities include: 

• Information management-GIS can handle large amount of data. Prastacos and 

Diamandakis (2000) view GIS as database management systems for spatial data as they 

contain analytical functions such as overlay, buffering and neighbourhood analysis. 

• Visual aid:-multimedia support is appearing in GIS packages, as indicated by photo and 

sound manipulation capabilities. Charts, diagrams and tables may be linked to those 

representations to enhance information presentations. 

• Group collaboration support: - techniques that support basic communication. The 

capabilities make use of hardware technology that includes using data and voice 

transmission, electronic voting, electronic whiteboards, computer conferencing, and large 

screen displays. Examples of GIS-support collaborative decision making software 

packages include INDEX, Smart-Places E and GoeChoice-Perspectives. 

• Options modelling:-options in spatial decision making are associated with locations. 

Location decision options are typically implemented in GIS by means of exclusionary 

screening procedures. These include selecting location criteria, generating individual 

suitability maps for each criterion, combining suitability maps through Boolean overlay 

or weighted linear combination. 

46 

Univ
ers

ity
 of

 C
ap

e T
ow

n



GIS as a Decision Support in Environmental Impact Assessment: a review 

With reference to the three phases of decision making presented earlier by Malczewski (1997) in 

Section 4.1.2 GIS can playa major role in decision making. In the intelligence stage of spatial 

decision-making, Malczewski (1997) argues that GIS can play a vital role by coordinating 

decision situation analysis through its ability to integrate and explore data and information from 

a wide range of sources. Besides, GIS can effectively present information in a comprehensive 

form to the decision makers. According to Malczewski (1997) the design capabilities of GIS for 

generating a set of alternative decisions are mainly based on the spatial relationship principles of 

connectivity, contiguity, proximity and the overlay methods. The use of GIS in the choice phase 

is the ability to incorporate decision maker's preferences in the decision-making process. 

4.2 GIS and Decision Support Systems application in EIA. 

Research by varIOUS scholars has indicated that application of GIS has not taken root in 

environmental management especially in developing countries. More recent studies have shown 

that the extent to which GIS is applied in environmental management continues to rise 

particularly in the last decade. In the 1990s GIS was widely used in environmental management 

as demonstrated by the acceptance of GIS as appropriate technology for handling environmental 

information by its reference and recognition in Agenda 21 of the UN (1992) in Rio de Janeiro (as 

cited in Vanderhaegen and Muro, 2005). 

4.2.1 GIS application in environmental management: a historical perspective 

Vanderhaegen and Muro (2005) underscore the work of McHarg (1969) who advanced the idea 

of environmentally sensitive planning using the overlay technique that later became one of the 

major analysis techniques. According to GIS World (as cited in Antunes et ai, 2001) a 

computerized format of analysis technique was developed in early 1970s. Munn (1975) asserts 

that the first GIS system evolved in the late 1960s and by the mid 1970s they were already being 

used for EIA. 

The overlay technique was adapted to a computerized environment by 1972 and used for siting 

power lines and roads. Griffith (1980) provides an example of early GIS application. 
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Griffith (1980) noted that one of the applications of the so called "First GIS" (Canada GIS) was 

in the preparation of EIA for a dam on river Thames in the late 1970s where it was used to obtain 

an understanding of the association between agricultural and recreational land utilization and the 

project. 

The transition to GIS centred modelling happened during the 1980s when GIS became the tool 

for environmental modelling (Haklay, 1998). In the 1990s, the acceptance of GIS as appropriate 

technology for handling environmental information is widely recognised as demonstrated by its 

reference in the Agenda 21 of the UN (Vanderhaegen and Muro, 2005). 

4.2.2 Why use GIS in the EIA process? 

The earliest methodologies for the preparation of environmental assessments relied on checklists 

and matrices to tabulate the environmental elements, project actions, dependencies between 

ecosystem components, or to rank and weight project alternatives. The major limitation of such 

data forms is the missing spatial dimension. 

Antunes et ai, (2001) asserts that given the spatial nature of many environmental impacts, GIS 

can have a wide application in all EIA stages. The applications range from generation, storage, 

and display of the thematic information to impact prediction and evaluation for decision support. 

In the EIA process, Antunes adds that GIS is used for managing data, making map overlays and 

analysis, sourcing data sets for mathematical impact models, habitat and aesthetic analysis, and 

public consultation. 

According to Joao and Fonseca (as cited in Antunes et ai, 200 I) the most frequent use is 

presentation of results, followed by modeling and data preparation. GIS have also been used for 

the presentation environmental baseline information and project description, through the 

preparation of thematic maps for the several environmental descriptors. Overlay of baseline 

information maps with project layouts is frequently used for impact identification. 
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The development of GIS has brought with it many advantages in EIA process. The advantages of 

GIS include the ability of these systems for storing and accessing of large data sets and 

performing multiple map overlays and a number of different scenarios can be investigated 

quickly and efficiently (Hugo,2004). Butcher (as cited in Vanderhaegen and Muro, 2005) argues 

that the EIA process involves the consideration of many different variables and phenomena 

presenting complex interrelationships, which vary in time and space. 

Butcher views GISs as ideal tools for the analysis of these environmental phenomena with spatial 

and temporal dimensions. Other scholars such as McConnachie concur with Butcher on the issue 

of ability and capabilities of GIS. McConnachie (as cited by Vanderhaegen and Muro, 2005) 

argue that GIS has the ability to store, integrate, analyse and display data, so it can be employed 

for data preparation, spatial analysis and presentation of results. The advantages of employing 

GIS include the power of managing and organising spatial data, the good visual capabilities and 

the ease of changing and updating the information. McConnachie further adds that the use of 

geo-spatial techniques in environmental studies offers other advantages when compared to 

conventional procedures, such as identification of spatial and temporal variability of the impacts. 

Petil et al (as cited in Vanderhaegen and Muro, 2005) adds that use of geo-spatial techniques in 

environmental studies offers other important advantages when compared to conventional 

procedures, such as identification of spatial and temporal variability of the impacts. While 

conventional methods can only assess impacts at a particular location and at a particular time, 

GIS allow detecting the extent of pollution across larger areas. 

GIS can integrate very well with other technologies. These include remote sensmg, 

photogrammetry and CAD, which can conveniently be used in collection, management and 

analysis of data, and visualize the results of assessment. Vanderhaegen and Muro (2005) note 

that because of their capacity for data integration and spatial analysis, GIS applications are very 

good tools to identify assess and present the environmental impacts of plans and projects. 
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4.2.3 Drawbacks of incorporating GIS into the EIA process 

The incorporation of GIS into the EIA process has been slow and can be attributed to various 

factors. Joao (1998) observed that while GIS was widely utilized in EIA, its use was largely 

limited to the basic GIS functions such as map production, classic overlay, or buffering. 

Scholars such as Joao and Fonseca (as cited in Haklay et ai, 1998) conducted a survey on why 

GIS is not widely used in practice and noted the following limiting factors: 

• The first is the substantial time and cost required for setting up a GIS, compiling the 

necessary data, and analyzing the system's output. In many cases EIAs are done by 

private consultants operating in a highly cost-competitive market where they tend to be 

relatively low-budget projects that may not create the necessary surplus to fund the fixed 

cost of GIS. 

• A second factor that raises the fixed cost of GIS is the need for specialized personnel. 

High-quality training and technical expertise are needed to operate a GIS and to maintain 

it. When using GIS for EIA, the personnel would need to be versed not only in the 

technical side of GIS operation and maintenance, but also in the environmental issues it 

would address. 

• A third feature of GIS that hinders its use for EIA is the lack of digital data, the cost of 

such data, and often its level of accuracy. This reduces the possibilities for using GIS for 

low-cost, small-scale projects such as local EIAs. On the other hand, many GISs are not 

accurate enough due to: limitations of the photogrammetric process; errors in the process 

of digitizing existing maps; inaccuracies inherent in the maps; the incorporation and use 

of maps of different scales; and different levels of cartographic representation and 

cartographic generalization. 

Vanderhaegen and Muro (2005) lament that despite the benefits of GIS use in the preparation of 

environmental studies: utilization of spatial data has not reached its full potential. They cited 

several barriers that limit the widespread use of spatial data among practitioners of 
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environmental assessments. These include the obstacles to access the existing spatial data, the 

unavailability of some data, the difficulties to integrate data from different sources and the time 

and costs needed to perform spatial analysis. These problems represent significant constraints for 

the analysis of impacts during the preparation of EIA reports. 

4.2.4 Sampling GIS implementation in EIA: an overview 

There are many areas where GIS has been implemented in the EIA process and in environmental 

management in general. For example, GIS have been used for the assessment of impacts in 

specific environmental components, namely for the evaluation of landscape impacts, where GIS 

are used to generate views from particular points of the scenery for the project alternatives, to 

perform visibility analysis for structures such as electricity poles, or to evaluate effects of 

alternative routes for high tension lines (Davidson, 1992). 

Rivas et af (1994) present a methodology for the evaluation of impacts of land-use plans, based 

on computation of impact indices obtained by the overlay of the proposed land-uses with 

thematic maps. Smit and Spaling (1995) refer to several studies where GIS have been applied for 

the evaluation of cumulative effects through time series analysis. Sankoh (1996) and Sankoh et 

af (1993) applied two EIA methods (ecological risks and utility values analysis) to generate 

space resistance maps, which allow the identification of route alternatives that present minimum 

conflict with the environment. 

On the other hand, DSS has been implemented in many domains. Maniezzo et af (1998) provide 

a classic example of Decision Support for siting problems. Haastrup et af (1998) presented the 

decision support system for urban waste management. More recent studies are by Murty et af 

(2005) who provide a DSS for operations in a container terminal. The goal of the decision 

support by Murty is to minimise the berthing time of vessels, resources needed for handling 

workload and waiting time of customer trucks. It was also aimed at decongesting the roads, 

storage blocks and docks inside the terminal; and making the best use of the storage space. Recio 

et af (2005) analysed the impact of water restriction policies using a DSS. The DSS was aimed at 

searching new software tools for managing water resources in the agricultural environment. 
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4.3 Summary 

Most conventional methodologies used in environmental assessments are cumbersome and time 

consuming as a consequence of missing spatial dimension. Due to their flexibility and 

compatibility, new computer based technologies such as GIS and DSS can be implemented to 

augment conventional EIA. Other reasons for GIS implementation as well as factors for non­

implementation have been highlighted. 

In concluding the chapter, support goes to the sentiments expressed by Keen and Mouton (as 

cited in Chenoweth et ai, 2004) who argues that Decision Support technology itself is not 

important but the support it provides. The usefulness of technology is attributed to its ability to 

contribute to the solution of problems of real life situations such as in identifying suitable sites 

for a landfill based on set out criteria. 
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5 Landfill site selection: GIS data assembly and preparation 

5.1 Introduction 

The minimum requirements for waste disposal by landfill by the Department of Water Affairs 

and Forestry (DWAF) and existing techniques that were used to identify the landfill to serve the 

City of Cape Town (CCT) have been discussed in chapter two and three respectively. Chapter 

four provided an overview of techniques used in site studies and use of Decision Support (OS) 

tools in Environmental Impact Assessment (EIA). An alternative approach for landfill site 

studies using GIS is proposed. Identifying suitable sites for the landfill using GIS involve various 

assignments. These include conducting GIS data needs assessment based on the criteria set out 

by DWAF, assembling, designing and creating project database and preparing data for analysis. 

This chapter details the assignments done in preparation for GIS implementation. 

5.2 GIS implementation: needs assessment and design of project database 

The first major assignment was to identify the spatial data needed for the analysis was identified, 

based on the minimum criteria for siting landfills as stipulated by DWAF and discussed in details 

in Section 2.2. The datasets that were identified are summarized in Table 5.1. It is worth noting 

that the four categories of requirements namely fatal flaws, environmental, economic and public 

acceptance criteria do overlap. On the same note, some datasets such as land use, and 

groundwater, among others are used to satisfy more than one criterion. 

The next step was to identify sources of GIS data. Going by the advice given during fieldwork 

(interview sessions), that it is a good idea to use data from credible sources. Two major sources 

were identified namely The Chief Directorate of Surveys and Mapping (CDSM) and 

Environmental Potential Atlas (ENPA T) (GIS Data miners who provide natural/environmental 

and socio-economic datasets). From the Meta data provided, the source of ENPAT datasets 

include the Department of Environmental Affairs and Tourism (DEA T), Chief Directorate: 

Surveys and Land Information (CDSLI), the Council for Geosciences, Cape Nature Conservation 

(CNC) and Institute for Soil, Water and Climate (ISWC). 
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The other source worth mentioning here is the GIS Research laboratories (University of Cape 

Town), who are university's custodians of GIS data from CDSM, ENPA T among other sources. 

Database design for the project was done by identifying dataset and any attributes required for 

each criterion, and to identify layers that meet project needs as shown in Table 5.1. An inventory 

of the available data to determine layers that correspond to the required datasets was created. 

Table 5.1 Layers assembled for the project database 

Adapted: From minimum requirements for waste disposal by landfill, 

DWAF (2005). 

CRITERIA DA T ASET REQUIRED SOURCE 

Fatal flaws 
3000m from any airport Airports CDSM 

Areas below one in 100 year Flood prone areas CDSM 
tloodline 
Proximity to significant surface Significant wetlands/ Rivers CDSM 
water bodies 
Unstable areas. Disaster/Risky areas CDSM 

Sensitive ecological areas ParkslN. Reserves/Protected Areas CDSM 

Steep gradients areas Contours/landscapes CDSM 

Areas with shallow or emergent Ground water/wetlands CDSM 
ground water 

Catchment areas Catchment/watercourses ENPAT 

Ground water recharges on account Soils/Sedimentary/Leached Soils CDSM 
of permeable soils 

Areas adjacent to aquifers. Groundwater CDSM 

Factor that would prohibit landfill N/A N/A 
development 
Contlict with local development Cadastre ENPAT 
strategies 
Areas servitudes are held - No Special facility CDSM 
landfilling 
Zoned areas with title deeds Cadastre ENPAT 

Areas upwind of a residential area N/A Unavailable 

Areas where buffer zones are not Land use ENPAT 
possible. 
Areas close to incompatible land- Land use/ mining/quarries/heritage ENPAT 
uses sites 

54 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Landfill site selection: GIS data assembly and preparation 

Shallow bedrock with little soil Geology/Soil depth ENPAT 
cover 

Economic criteria 
Possible incorporation into the Waste sites CDSM 
waste disposal system 
Displacement of local inhabitants Land use ENPAT 

Land availability/acquisition costs. Vacant land ENPAT 

Exposed or highly visible sites Elevation ENPAT 

The available of suitable soil on site Soils ENPAT 

The size of the operation (medium N/A N/A 
to long term) 

Access to the landfill site. Roads/railway ENPAT 

The quality of on-site soil. Soils ENPAT 

Distance from waste generation Towns (Athlone) CDSM 
areas 
Size. At least 100 hectares Cadastral CDSM 

Environmental criteria 
The distance to ground or surface Groundwater/Rivers CDSM 
water. 
Sensitivity of the receiving ParkslN. Reserves CDSM 
environment. 
Where temperature inversion could N/A Unavailable 
occur. 
The quality of on-site soil. Soils ENPAT 

The depth of the soil on the site. Geology/soils ENPAT 

The importance of ground or surface Ground water CDSM 
water 

Public acceptance criteria 
The displacement of local Land use/residential/areas of social ENPAT 
inhabitants significance 

Land-use compatible with Land use/mining/quarrying ENPAT 
landfilling. 
Prevailing wind directions N/A N/A 

Sensitivity of environment through Transport ENPAT 
which access roads passes. 

Exposed sites with high visibility. Elevation ENPAT 
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5.3 Preparing data for analysis 

ArcGIS supports both file-based feature models such as shapefiles l and coverages2
, as well as 

database Management Systems (DBMS). Shapefiles are useful in mapmaking as well as in 

analysis (ESRI, 2000). Datasets obtained from CDSM and EN PAT were in shapefile format and 

as such they were retained in that format. However the datasets differed in terms of scale, 

geographical extent and geographic coordinate systems. 

The study area being small in size as compared to the rest of the world, Transverse Mercator 

projection was preferred. According to ESRI (2000) one of the strong points of Mercator 

projection is that all local shapes are accurate and clearly defined. Since the projection uses a 

meridian as contact tangential, the projections of all datasets were projected to Transverse 

Mercator, the Central Meridian being that of Cape Town, 19° E. 

Datasets from CDSM were in I: 50 000 scale and were in tiles that covered the Western Cape 

Province as well as most of the southern part of South Africa. This required the tiles that cover 

the study area to be identified and merged3
. After merging the datasets had to be c1ipped4

• On the 

other hand, datasets from ENPAT covered the Western Cape geographical area and according to 

metadata that accompanied it, the scale was 1: 250 000 and the coordinate system was that of 

Albers Equal Area. The datasets had to be clipped and re-projected to the corresponding 

projection of the input dataset that covers the entire study area. Re-projecting the clipped datasets 

into Transverse Mercator was necessary so it could align with that from CDSM. 

Although some of the data was usable as is, most of it required additional proceSSIng and 

automation. In preparing data for analysis, converting data between formats such as from vector 

format to raster format was done with the aid of ArcGIS tools. This was aimed at making 

available data usable during analyses that use ArcGIS extensions such as 3D Analyst and Spatial 

Analyst. 

I A vector data storage format for storing the location, shape, and attributes of geographic features. 
: A coverage stores features as a set of thematically associated data considered to be a unit. 
3 Appending the features of two or more layers into a single layer. 
4 To extract input features {Southern Africa dataset} that overlay the clip features {CMA dataset}. 

--------------------------------------------------------------------------
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For instance the CDSM contour dataset was used to create a Digital Elevation Model (OEM), 

which was required in visibility analysis. ArcGIS analysis tool, 3D Analyst, was used to derive 

slope using the OEM that had been created. 

It is worth mentioning that the various processing and geoprocessing5 operations that were done 

on each dataset depended on the source and the nature of criteria that had to be met. For instance, 

from the economic criteria, sites that would fall on vacant land would be favoured. 

It is not logical to buffer dataset on vacant land as adjacent privately owned can not be said to be 

vacant. As mentioned in the introductory remarks in Section 5.2, it is worth acknowledging that 

one type of dataset can satisfy several criteria (e.g., land use and soils dataset) as indicated in 

Table 5.1. The nature of processing that was done on each dataset in preparation for the analysis 

is summarized in Table 5.2 on the next page. Other minor preparations include changing the 

symbology, editing attribute tables by deleting redundant fields as well as freezing important 

ones. Freezing is locking a field to the leftmost column in table view so as to always see the field 

when the table is scrolled. 

5 A GIS operation used to manipulate data stored in a GIS workplace e.g., overlay, feature selection and analysis, 
topology processing and data conversion. 
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Table 5.2 Dataset processing 

DATASET DATA PROCESSING 

Airports Buffer 3km 

Flood prone areas Buffer Ikm 
Significant wetlands/ Rivers Clip, projection change and buffer 1 km 

Disaster/Risky areas Buffer Ikm 

ParkslN. Reserves/Protected areas Clip, projection change and Buffer 1 km 

Contours/landscapes Clip, projection change and Buffer I km 
Ground water/wetlands Buffer I km 
Catchment areas/watercourses Clip, projection change and buffer I km 
Soils/Sedimentary/Leached soils Clip and projection change 
Groundwater Clip, projection change and buffer I km 
Cadastre Clip and projection change 
Special facility Merge,c1ip,projection change and buffer I km 
Size/polygon Buffering 
Landuse/ Mining/quarries None 
Geology/Soil depth Clip and projection change 
Waste sites Merge, Clip and change projection 
Land use None 
Vacant land Clip and projection change 
Soils Clip and projection change 
Roads/railway Merge, Clip and projection change 
Soils Clip and projection change 
Towns Clip and projection change 
Parcel/polygon None 
Groundwater/Rivers Clip, projection change and buffer I km 
ParkslN. Reserves Clip, projection change and buffer I km 
Soils Clip and projection change 
Geology/soils Clip and projection change 
Ground water Clip, projection change and buffer I km 
Land use /residential None 
Land use/mining/quarrying Clip and projection change 
Transport Merge, clip and projection change. 
Elevation Clip, projection change and buffer I km 
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Landfill site selection: GIS data assembly and preparation 

5.4 Project Catalog 

ArcCatalog is a tool for browsing, organizing distributing and documenting GIS data. It makes 

accessing and managing data easy (ESRI, 2000). The catalog was used in a number of ways: it 

was used to preview all the datasets shown in Table 5.1 that was gathered from various sources. 

It was then used to delete some of the datasets that were not required for the analysis. The 

catalog was also used to make connections and preview the required data that had been stored in 

project folder and subfolders. The Metadata tab of the ArcCatalog was used to establish the data 

type and geographic coordinate system and subsequently used its Toolbox to change coordinate 

systems of some of the datasets. 

The datasets had names that had little meaning for the analysis. The ArcCatalog was also used to 

edit the names. Once the data set were obtained they were categorized into three classes and then 

put into a single project folder which had subfolders to store datasets that would be required for 

each phase of the analysis as shown in Figure 5.1. A single project folder and subfolders to hold 

the datasets were created. The project folder was organized in a single branch of the catalog tree 

in order to make it easier to find the data needed during the GIS analysis. 

LANDFILL PROJECT FOLDERS 

1--- FATAL FLAW FOLDER 

1--- COMPATIBLE LAND USE FOLDER 

QUARRIES 

MINING AREAS 

CLAYEY SOILS 

VACANT LAND 

L...-_ OTHER CONSIDERATIONS 

Figure 5.1 

SLOPE AND GRADIENT 

VISIBILITY 

DISTANCE 

ACCESSIBILITY 

SIZE 

Project folders 

-----------------------------------------------------------------------
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Analysis and implementation of GIS in landfill site selection 

6 Analysis and implementation of GIS in landfill site selection 

6.1 Introduction 

Data for the GIS analysis was identified, assembled and prepared as discussed in the preceding 

chapter. Research has shown that the combinations of techniques that have been implemented to 

identify potential landfill sites are costly and time consuming. This chapter presents a more 

proactive GIS-based technique that will be implemented to identify suitable landfill sites. The 

GIS analysis will conform to the minimum requirements stipulated by the DWAF. It would be 

interesting to find out if the analysis results compares to what was achieved using conventional 

methods. The analysis will be in three phases as outlined in the analysis protocol. 

6.2 Analysis protocol 

The various criteria stipulated by DW AF are not of equal importance. The ranking methodology 

based on the Analytic Hierarchy Process (AHP) that was used in site selection had each criterion 

weighted in terms of their relative impacts on the environment. The approach that will be 

adopted in this GIS analysis is that all criteria are important. Fatal flaws and environmental 

criteria will be given priority and unlike the AHP technique, all the minimum requirements under 

this criterion will be accorded equal importance. Fatal flaws and environmental criteria comprise 

the first phase of the analysis. Minimum requirements in economic and public acceptance criteria 

will be sorted and grouped into two categories that comprise phases two and three. Datasets 

under each these categories will be accorded equal importance and used to identify good sites 

and subsequently the most suitable sites. The next paragraphs outline details of each phase. 

The first phase will entail use of inherent fatal flaws and environmental criteria to delineate areas 

that the landfill should be outside of (No Go Zone). Areas where the landfill site should be 

located (Go Zone) will be extracted so candidate sites can be identified. The second phase will 

use datasets that constitute regions where existing land use and other requirements are 

compatible with landfilling operations. The datasets in this phase will be joined to form one layer 

which will be referred to as compatible land use. Using this layer, good sites will be extracted 

from the candidate sites. 
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Analysis and implementation oiGtS in landfill site selection 

The last phase will use additional considerations that would make certain sites most favoured. 

The considerations stem from economic and public acceptance criteria in which most 

requirements are able to be mitigated as they have little environmental impacts or none. These 

requirements will be used to determine the best site(s) in phase three. 

An attempt will be made to run several scenarios in each phase. Notable ones will be "once-off' 

and "derivative". Once-off is the easiest as all layers that meet a particular criterion are rumped 

together and desired or undesired areas can be established at a glance. Environmental Impact 

Assessment (EIA) is a people driven process that provide opportunities for Interested and 

Affected Parties (I&APs) to question the procedures followed to arrive at certain decisions e.g., 

location for a landfill. It is on this basis that a derivative scenario will deliberately be presented 

to justify why some sites are eliminated while others will be considered as most suitable. It is 

worth mentioning the advantages that can be accrued from the use of the Modelbuilder in the 

derivative analysis. 

6.3 Use of ModelBuilder 

Wegener (2000) defined a model as a simplified representation of an object of investigation for 

purposes of description, explanation, forecasting or planning. According to ESRI (2000), a 

model is a representation of reality. A model represents only those factors that are important to 

current tasks and creates a simplified, manageable view of the real world. The ModelBuilder 

window is the interface used to create models in ArcGIS. The ModelBuilder was created from 

the ArcToolbox from the Tools menu. Creating a model helps manage and automate 

geoprocessing work flow. 

There are numerous criteria that have to be considered during the analysis for siting the landfill 

thus making the process complicated. According to ESRI (200), Building a model helps manage 

this complexity in a number of ways. The ModelBuilder makes processes and the relationships 

between processes explicit, and updates the changes created dynamically. A model helps set 

parameters of each tool and information recorded, making the model output easily reproducible. 
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Analysis and implementation of GIS in landfill site selection 

Another functional advantage is that the structure of the model can be edited by adding or 

deleting processes or changing the relationship between the processes. Using a ModelBuilder, 

parameter values can be edited and re-defined for tools to experiment with alternative outcomes 

particularly when performing complex analysis. 

Numerous approaches can be used to obtain suitable sites using GIS and the ModelBuilder. The 

GIS analysis that will be applied in this research is based on personal preference that accord 

priority to factors that have profound negative impact on the environment. To tie with that, the 

analysis will conform to the minimum requirements for waste disposal by landfill as stipulated 

by OW AF (2005). 

6.4 Phase one: delineating areas landfill should be outside of. 

There are several alternative methods that can be used to delineate unacceptable areas. Based on 

fatal flaws and environmental criteria as well as personal preference, areas that the landfill 

should be outside of will be eliminated in this first phase. Two approaches namely "Once-off 

method" and "Derivative modelling" will be implemented as discussed in the next sections. 

6.4.1 Once-off method 

This is done by imposing all layers that denote inherent fatal flaws onto a single view. It worth 

noting that layers that comprise fatal flaws had been merged as stated in Section 5.3. For 

instance, water sources layer is a merger between wetlands, rivers and ground water. All themes 

that denote areas where the landfill should not be located have identical symbology (red colour) 

as shown in Figure 6.1. 

Candidate sites are better visualized when the No Go Zone layers is overlaid on another layer 

(with a different colour) that covers the study area or by use of layer that denotes only the 

borders of the CCT. In this instance, the layer upon which the No Go Zone is overlaid is 

symbolized in green colour as shown in Figure 6.1. 
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Go artd No Go Zooes 

- '"_.'-'-' -" .. ,-~ - ~~'-~-> _ _ __ 0'_ 

-~--" - - "" _ ,_, •• M_~. 

" .. " " " " CO< ~-= 

Figure 6.1 Go and ,"0 (j,) Zones (a) 

rhis mcthod is !Iscfiil when a site has already heen identili~d or when 'Ialo..eholders would 

quickly like to know if their areas ar" delineated. I'he mdilod r~duc"s lh~ numher of scenario, 

lhal would have (() he n Ln to obtain the No Uo ZOIle. II als.o works best if th~ area under 

consideration is expansi\e and n!lmerous aiternali,,, sil~' ~an [x, ideill itied. 

One of the limitarions of this mdhod is thaI layer'> us~oJ are disc rde and can nlll [x, a)(Wegated 

into a single layer through the dissol~e process. rhis mak"s pr",entability of the map les, 

appmling. Another limitation of this method is that if the entire area under consideration is 

diminated. it "ould he tim" wn,umin~ lO fall back and sec which group of criteria wou ld be 

reconsidered. 
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,lna/pi.1 a"d ""f!I~m~tII"'irm OJ (ifS in land/iii ,ite ,<election 

6.-1.2 Ilcri" Iti.-c modelli ng 

I'his method eliminates lIndesired areas (No Go Zones) by running models based on aggregated 

grollp of criteria. A, mentioned in the preceding paragraphs, the ErA proces, being people 

driven, aggregating layers and modeling them provide a more convincing melhod ofdelinealing 

unde,ired are .... '. It is worth demonslraling the use of the Modelbuilder in derivative analysis. 

Advantages of modelling have been oUllinCil in Section 6.3. Over alid above. a model increase~ 

llie ~ ll1ci~n"y during anal)'sis as inptll data or other pnrameter values can be aherCil. or re­

executcU to pl1xluL>: difft'rent re~ull~. 

6.-1.2.1 \Vater sOu rCe,; 

Water ~()urce~ are Otl<' "ftne fatal Ilaw~ crileria that eliminate all areas "itli surface nnd ground 

\\'ater sources as potential sites. A Ith<.lUgh all ,i lCS 1all wilhi n a water catchment al1la, the ,iN and 

scnsitivily of the catchment is inlhis annlysis used to represent famillaw, All areas that represent 

W3\cr sourct>S "ere buftcred (lkm) ns mentioned in eilnpter one. ]"0 obtain \\akr sourct's layer. 

all layt'r~ tnat represent important water sources were unioncd I as slio\l·n in Figllre 6.2. 

Figure 6.2 \Vater \-(lur"es (a) 

1 Combin in g t<ootu"-,, of.., inrut 1,)1" with the polygon> from"" oyerl,y I'Y'e, [0 ",rulee "" u",pulla,er 
Ihal coolOin; Ibe ottrib,n., and full .,lent of borh loy.r< , 
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['he mood output layer, water source", ,,,IS d issolved" and symboliwd in hlue to denote 1\0 Go 

/on~ on account ol"waler 'OUIces a' shown 011 the map in Figure 6.3. 

Water SW'C OJ' 

" , • • ---,......, 

Figure 6.3 \V awr source, (b) 

MoS! ofth~ study area ha, importanl wakr sourees on th~ sou til ern and w~stern areas as depicted 

in Figur~ 0.3. 

6..1.2.2 Risky. nOOtl "rone ,md mOIlI:U".' arclIs 

Ri,ky. tlood~d and st~ep ,lopes regions are hereby us~d to denote ar~as that ar~ flood pnwlC and 

h~w risk)' lInslabl~ , I"p~~_ \jn~lab l e slopes include lau lt /()n~" seismic ~.orwS and karst areas 

"her~ sinkholes ~nJ subs idence are likdy, jus! lo menlion a lew_ Hill;; and mounl~ins d:Jtasd~ 

"el" un ioned to cr~ate mo ntane layer. Hill, ~nd mounl~ins slopes are <.'hal"aCleri~.ed h)' sh~lIow 

Ixdmck with lillie soil CmeL Ri~k}, Ilooded and sle~p slopes and monlane lay~rs were union~d 

lo C",alC risky Il(KldeJ m{Hll'lIle by~r as shown in Figure 6.4. 
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The union output layer "as di ssolved and symNlklgy chal1g~d to ma\..c it vi",aii) apfl'!~lin~ n~ 

,,/]own on tile m'lp 1111·il:l,rc b.S. 

P' ••• " pod!!d Mo"!;!'\!! 

, 
A 

-.~----

Figure 6.S Risky n",>dcd momane(b) 

Mo,t "I" th ... ",lut fl..·m part (li" II..:: CCT i. ~ limLlla t ... d on occoont or being tlood prone. III1~tab l t and 

du ... to prcS"IlCI.' or ~t '·~r m''''llulin ,lopes. 

---------------------------------- ~ 
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Ana/pi' anJ impienwnwliun 0101S if1 lumffill ,ile ,dedi"" 

6.-1.2.3 E~~,I"gicllI1J ""n~iti\" II rells 

r orests. parks, nature re>crves and protected area' compr;,,, ecological areaS. Apml from Ix'ing 

ecologically s.cnsilivc, they also form pari of land usc that can nOI b<e compatible with lantlli llin);. 

Fore,\> ,\cr~ lIni", .. ,:'" wi lh prolected areas (union I) to form protected forests layer. which was 

unioned with p~rks and nature reserves (union 2) to limn ecological areas layer (Figure 6.6), 

Figure 6.6 Eco log ica l areas (a) 

The model output laye r was di,so lved ~nd symbolj.-.ed in grL'om to denote areas the landfi ll should 

be nul,ide "r on account of ecologica l sensitivity . 'I his is ,hown in Figure tl.7. 
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Analysis and Imple".'nIl1lIO<! if GIS ;tI lancf/ill sile sel«('lion 

Ecological Aoyas 

" A 

• • • ....... 

Figure b.7 Ecological ar~a> (h) 

Lcological sensitivity criteria eliminated most of the nrcas to thc south-west, sOlllh-cast, tho: west 

cna,t and 10 sOme ~.~I~m cemral part nflhe stud} area. 

6.4.2.4 Land u,f 

Major iocompmible land liSe include agricultural. res idential. commerc i~l and iooLL>lriaL 

Informal sCllicmenb la~' er wa, also been included in Ihi , cntcgory a, part of res idential land use 

a, d~pi"t~d in union 4 (>e~ Figure 6.8). Lan<.l u~e, thai arc incnmp31ihl~ with landlilling wou ld 

allract r~sislarl<;~ Irom afl"ckd and inlereslt'd parti~,. Olh~r iarill use, ~uch a, 'luarr)'ing ~nd 

mining are compatihlc wilh landlilling and ha,e nOi lx"'Cn incllodcd in thi, categor}, Un ~on 

operal ion wa, pcrJilrrned on a II the la)'er, in thi, categor)' 10 lT~al~ in"ompalible land usc la}~r. 
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Figur,' (, ,11 Maj'" larld 1'0;,:, (a) 

The output laye!' on ill.:"mp:ll ible bl1d ' ''~ was di s,oivcd and s}mboi ization changed ti'> dcnctc 

areas climin~tcJ [l sii'll! thccri lcria as .h(l\\n on thc map in Figu re 0_9_ 

, 

, , . 
~ 

Mator ll!l.'iJ,1H. 

• 

• --, 
Major land u.e (b) 

--------
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Inc()mpatible major land U';eS ar~ mo,t ly l'Onlill~d t() thc southern part ofth~ study area. There 

ex ists a patch of incompatible land U5e in the form of industrial parks 3Iki residentiailinits IOtoc 

north of the l'CT. 

6.-1.2.~ Ilcritagc 

Ileritage sites sllch as monuments and museums form good tour; .<,t attraction centre.,. 

Monuments, museums and areas of social significance comprise latal flaw factors (incompatibic 

land lIses) . Er~ctin g a landfill n~m su<:h sites w()uld impact ""gativcly "n tOlLrism Rutl~red 

h~rit:lge and monuments ".~", unioned to lilrm history layer as depicted in union I. and then 

lIniun~d "ith other ar~as of so(: ial sign ificance (union 2) IU create heritage layer as <;/]o"n ill 

ligure6.lll. 

" 

Figure 6. 10 Heritage silcs (a) 

The union output, heritage layer, "as dissohed and wk)ur .. hanged using lhc Symhol Selector 

dialog box as shown in l' igure 6. I I next page. 

Wilh relCrcnct: 10 FiglLre 6. I I most he rilage sites are locatoo to IOC southern pan of thc CCI. 

Ra.<;ed un th is crilerion, these areas ar~ diS<j ua I i lied ii-om being c(Mlsidered ii" siting a land Ii I t. 
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An<ilysi,I' and ,mp/emen"'''''/1 0/ GIS m landfill .,i'e .Ie/eelW/1 

Heritage Sites 

Figu e 6.11 Heri1 age siles (b) 

6 .... 2.1:1 Ltt wor kable soils 

The yU31ity 01" on·site so il is mnsidere<l 3 wry imror\3nt fa<:lm in laruJfdl sile studics, Presence 

of s~ruJy soils pose.' hoth env imnrnen tal and ec()n()mic imrlic~tion.,. S~ndy soi ls are highly 

peITlleable thus m~king sub,'Urf»ee movemenl of rx,llut~nL' Jl<.lSsible. From economk point 01" 

vicw, rrcsenc~ of rcrmcable so ils imply incrcased C()sts accrued 1T0m imrxlrling suitable soils 

from othcr rcgions as \le ll as reinforcing conta inmcnt liners and leadatc control systems. 

Both peITll~abl~ aruJ '.Imllo" soiL, ~onsl itlLle unworbble soils which ~re nm f~\'olJred !,.,r 
landJiliing. Permeable sedime ntary and saruJy l~achcJ soils werC lIntoned 10 iorm permcablc 

sandy lay'er (union J). which "as lLn ion~d "ilh anolher lav~r oj" shallow soils to make 

unworJ...ablc soi I laya (sec' Figme 6.12). 
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.1nalyn'., and implem~nt"'inn of GIS in 1(JlIdft'li ,'ite .wlection 

Figure b.1.! Un"orkaille so;b (a) 

The un",orkabk soil I~ycr ,,~s dissolvcd ~Ild colour ch~llged from the Symllol Sd~dor dialog 

box to delillcatc areas tile landfill slxxlld be outside of as sllO"ll on the nlap in Figure 6.13. 

Unworkable S<>i l. 

\ , 
, 

C, 

, , , 
I 
" I 
, , 

, . 
~ r::-' , •• 

Figure 6.13 l:nworl<allie <.Oils (Ill 

The southern ~nJ "cstern part oflOC study area is ch~raderi/~d by unworkable snils as shown in 

Figure 6.13, This lcaves the north-eastern p~1t as heing the only area "h~re ~ landlill "~n be 

cOllstruded Ill' vi'tI/e of having inlperme~ble -'<oib. 
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~;nalysis and ,mp/em""'ulion ~r (ifS in lund/ill .!I/" .,dec,ifm 

6.4.2.7 Pu"li~ f,,~jlijics 

As a ~riterion for identirying suitable calldidate sites, public faciliti~s are lIsed here to includ~ 

n >ned areas that may not be rczoned to anOlher usc. Puhlic lacilitie, also comprise area, over 

which servitudcs arC hcld that would slop mnstruclion of a waste disjXl:.al facility, Good 

examplcs 01 SUch 3r""s are ESKOM or Rand lII.'al~r properties. Other public facilities in this 

calegor)' incl ude SpOltS sladium, and golf clu bs. 

Waste site, are known to attract huge number or scaveng~r hirds that can wreck ha~oc 10 aircraft 

a, shown in Figur~ 6.14. Such spec ial facilities a:. airports comprise tatal flaw arc incompatiblc 

with bndfilling and are therefore located tar away troln "as\c sitcs . 

. . 

Figure 6.1" Compacting of waste and :.pread 01 daily soi l cover 

at Vis-ershok landfill site 

Sour,"e' CCA Ellvironmcntal (2()06), 

Due to threat posed by birds as JtlClltion~d ill the precedi llg paragraph. a hull;,r of -,()OOm was 

dOIl~ for til e airports laycr as s1ipulated by DWAF. A union operation bctween airports wId 

,peeial faciliti es wa:. done so as to crc~tc public racilitics laycr as ,hown in ligurc 6.15. 
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Figun: (" I !{ " uhlie (:t<: i l ui~ (a) 

Tht: ",~"Itanl lu)tr. public Iltcilil ' ''''S "as d" >O!vcd. Another nnbulTCi"Cd laycr 00 airporti "alii 

adJ~d omn Ihe m~f' In ~mf' l ify Ih .. • f'Llhlic (a.;i !ily ail~,i"n as sl"", in Figure 10. 1 G. 

1 

, '" '" ......... . 2S ... ~ 

Figu ~ .. ' (" II, I'ul-lic faci l il ie~ (0) 

/ 
'. . / , . , . 

1: 

From 111<' map in FigLII'C 1\.11'1.;1 i, c~id"'11 1 that 11",,1 f'u"lic facilities sud a ~ airp<.>!1 ~ onlO ng 

(lllwrs are cnnlill eJ In \h ~ SL'I lth ,,( Ihe study ",...,u. 
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Ana(v,m and Imp/omental/on ,,/GIS in /tmdjill .1'11(' "dec/ion 

1t.4.3 Demarcating Ih" N .. Go Z .. nc 

[he last phase of delineating arcas excluded from fun:hc. allaly';' ~nlails joining all the lay~rs 

that have been cremed ill tllC previous stages into a sillgle model. Tfle ",mkl is then run in it, 

~ntire(y to create a single lajcr. No Go Lone. as shown in l'igurc 6. 17. 

Figurc 6.17 Thel\',,(f,,7.""'" 

The product of the model. ~o l'" 7.()I1C. delineates a",~ "here the landlill shoo ld not be sited. 

111c resulting la~'cr has scams and other lines cutting acmss making it not apl"'aling (the lines 

,00" oordcr> of datasds that had been added). This hJJ to be cnrr"cl"d by dissolve 

geoproccssing npcml;",n that created a contiguous polygon. The symbology of tile layer w", 
altered by changing the co lour 10 red. Red colour is delibera(ely uSc'd (0 warn of imminent 

danger (negative impacts) to the envirOllmCIl1 should the landlill be ,i(ed in the No Go Lone. 

Another layer covering the enlire s(ud~' area was added onlO the map in orela to soow the ~o Go 

7.one region in relalion In (he enlire sludy ar~a, The ,ymbology of the additional layer was 

changed (0 green so as to show only the boundaries "rthe study area a, sho\\n in Figure 6.1 S. 
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_~n"lpi" wJ<i implem""""i",, r1' (iIS ill land jill ,il.> " Ieawn 

The Go ond No Go Zot'Ie$ 

" , . = 
Figu rc Ii. I II Go ,md No Go Zones ( b) 

Figure 6.1 g ,how, lh"l" I,mdlill cannot be conslrucled in more lh,m 'Jfl% of lfie study area. 

6...1...1 E~I ruclion ur camhtlale sile" (Go Zones) 

The nexl I"sk aner ddinealing lioc areu excluded from funh er unalysis ('10 Go Zone) is 

eXlr"Clin~ Ihe Go 7olles. Fly h,,~ing" sing le layer, il can be easier 10 use oll-.er decision crileri" to 

idemil:, goo<.lsite' , IdentiJic,uion ol-"reas where a landlill should nol be loc,lled is discussed in 

thc prcccdi ng sections. Of concern is to obtain a sing le layer showing a II cand idate sites. 

1"0 obtain Go Zone la}'~r. a un ion operation \\a., done using anoliocr la:er covering the ent ire 

stud: "rca. In thi s case the No Go Zone single layer obtained through deri\atiye method (referto 

Figure 6. 17) was unioned with thut of the enlire study area . 
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,Jtwly., I., and tml" """,nlatton ",CIS in landfill ,lie , elecllon 

No and Go Zones Attributes 

, 
A 

- - , -- • 
"' • 
'". ' ..... ". , . ' .,. , ... • 
" '" , _. 
'" " .. ~ --. 

Figll re 1i.19 F,.,tract i<ln b)' attributes 

Thc flD field in the :1ltributc, tab le ",~s used in the extmction of Go Zones. According 10 FSRI 

2000, FID is a syslcm managed v31uc t h~t uniqudy identiflcs a record or a fe~ture in the 

allribules tabl ~. Th~ FlD val",,, a~ aUlo-gelltOr3t~d during the union operation betwecn the No 

(io Zone layer and that of CMA can be IIS~d to ~xlr.1n Go ZOllcS. In lh ~ altribut~s table Ihe rID 

field. the unioned layer has 1\\0 va lucs (0 ~nd -11. The value, - I in Ihe FID li~l d orlh~ un ion 

output denotes No Go Zones.lhis is shown in j'igure 6.18 Ihat indicate, more than 90°;', oflhe 

ClT region is No Go Zone. Thc few records that have 7ero ,alu~ (0) denote empty 'pal'~' (Go 

?Ones) as shown by the auributcs tahle in F i ~ure 6.19. 
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Ana/pi' and implementali(1n "l GIS in landfill "ite SRIRC!inn 

By u,e or the union ~llribul~ I~ble ~IXlV~, 0 value> thai detlOle (io 70ne were >el~ct~d by 

attributes fr(~n the FlD field. lI\' ith the 0 values still highlighted in the attributes lable. exporting 

Ih~ highlighted dat3 cr~3lcd 3 new lay~r showing the Go Zones only. A layer covering the study 

ar~a thai wa, symholu.cd in a light~, colour "as add~d 10 lh~ map 10 ,how ah,o luw location or 

th~ candidat~ sil~> within the CCT as >hown on Ihe map in Figur~ 6_~0_ 

'" " ~",~. 

Candidate Sites 

Figu Fl' 6.20 ('and id~le , iles 

On clicking a >ingie polygon using the Identify too l, all of the polygon> blink allhe sam~ lime, 

thus creating a generalization. 'I his was rectified by usc of Generali7ation Data management 

tools. "hich converted the polygon from multipart to singtepart. Th~ Go lone polygons become 

indep"nd~nl ~l1liti~s, each with individual values such as 1~l1gth, pt'rimder and ~"'~_ With 

candidale ,iles id~nlified. ,>I"", criteria wel'~ brought on board 10 idenlify g,xxi site,_ I h~ 

pmcedure to id~l1l ify good sites is discus>ed in the next section. 
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A~"ly,,, and imp/em<m'(!'ion of I.ilS in landfill ,i'" ,dedi"" 

6.5 Phase IWO: determination of good siles 

A landfill site can be collqrueted in any of the cmididate sites shown in Figure 6.20. However. 

not all ,iles are ~pp"aling. The presence or clayey soil,. ~acant Iwid and ~Iready distlLrbed lands 

(presence of mines and quarries) make candidate sites more appe~ling_ 

rhe presence of clayey soils. vacant land. mines and quarries comprise land use Ihat i; 

compmible with landfil ling [md arc in thi, study grouped together [md referred to [I, compatihle 

m"3'. To identiry lOp , ites (i.e .. most slLitall le 'ites), two scenarios namely onee-olT and 

derivali ve, were run lL'ing the modelhui Ider. The~e are di,cu," .. >J i n II~ l"ollowing "_,,,tions. 

6.5.] S"cnario Onc: oncc-off method 

The once-oil' principle u-;ed "ariier to ddin"ate the No Go Zone in seelion 6.4.1 was app lied. The 

only dilTerence is tnatthe ModclRuilder was u,ed s{' a, to cre~te a 'ingle l~yeL Aillaye,-,; under 

consideration (quarries. mining areas, vacant land and c layey 'oils) were unioned to prodlLc" a 

single layer named comp:ltible areas as ,ho\\n in Figure' 6.21. 

Fil!ure6.21 Compatible Imid uSC areas 

The union output (compatible areas) in Figme 6.21 was dissolved and overlaid on a CMA layer 

show areas thm are compmible with landfil ling [IS depicted on the map in Figure 6.22. 
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Compatible land Use 

, , 

, " " 
'b~ 

Fj~ure 6.22 Comp~lible land use 

The extraction orth" best sites can be achievcd in two wa~s. The IiTh\ mdlmd is by unioning the 

compatib le ~reas layer with a layer covering the enlire stlLd)' are~_ Tn., attribute table of the 

reSllhant union output can be used to cre3t" a new layer oflnp ,ites. I'h is is dolle by selecting th" 

output layer and e.~porting th" highlighted data 10 create a new layer ,howing good sites only. th" 

same wa} Go Zones w"re created in S«tiOll 6.4.4. The s~cond and 'llLi~kesL method is by 

interse<:1ing-' (io Zone layer with the compatible ar",,-, layer that had beell created by the 

Model blLil der in I' igure 6.2 J. rhe output or the intersect geoprll~es>i ng operation is good sites as 

sh<Jwn in I' igure 6.23, 

' tnter",-'c! "I'Oratioo 0<11< "" i"p,,1 la)'c' with [hc k.lurl'S fium an overlay layer to rr"'~jc, Oil 0"11,"1 taycr 
",ilh fOO(,orc' Ih'" M"C ""nootc data fmm hotl1 I,y.". 
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Figu rt' IUJ OC>o"ld ~il~ 

Th~ lOCaTion of good sil!;'s \, il llin (he Slud) "rca i~ ,1><""0 011 l~ map in I' i~lIrc 6.24. 

l O£j! !i!>f19fGwd Sites 

"I "-. ~ . 

'. 
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Analysis and implementation of GIS in landfill site selection 

6.5.2 Scenario Two: deriving candidate sites from the Go Zones 

In this scenario each layer that fall under compatible land use category is used to run independent 

analysis. Data sets that comprise compatible land use include quarries, mining, availability of 

clayey soils and vacant land as shown in Figure 5.1. The scenarios are run by intersecting each 

layer with Go Zones that were obtained in Section 6.4.4. In the analysis, sites that do not meet 

major compatible land use (availability of clayey soils and is vacant) requirements are excluded 

from further analysis. 

6.5.2.1 On account of clayey soils 

The availability of top quality soil, in this case clayey soils, satisfies both environmental and 

economic criteria and is therefore considered as one of the most important factors in siting 

landfills. From an environmental viewpoint, presence of low permeability soils such as clay 

reduces pollutant migration and is therefore highly favoured. For that reason, sandy soils which 

are highly permeable were considered earlier in the No Go Zone area analysis. From an 

economic perspective, on-site clay soils provide low cost cover material, thus reducing the cost 

of transporting soil from other areas as well as the cost to construct containment liners and 

leachate control systems. 

The clayey soil layer was extracted from the general soils layer provided by EN PAT. Selection 

by attribute (clay content) and export was done to obtain clayey soils layer. Using the layer for 

clayey soils and that of Go Zones, parcels that meet the criteria (clayey good sites) can be 

identified as shown on map in Figure 6.25. ArcMap allows modification of layers such as display 

and symbology through the Properties dialog box. Using the Display tab in the Properties dialog 

box, the transparency of Go Zone layer was increased from 0% to 30% to make the clayey soils 

layer underneath visible. 
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13ascd on this criterion. there exist quarries 10 the north western pan of site A and a millC to the 

south of site C. The qllarr) on Site A is also d~picleJ in the aerial pholOgraph in Figure 6.27. 

The allribute tabk uf both the quarr)' aml lile mining layers indicates lhal hOlh the qllarries and 

mines arc abamloncd. Although not much of the site, are <.ii'lul'bccL the presence of 

aforemcnti '~leJ a<:livilks mak~s landfi II illg f~asible. 

(,.{, Additional ~ ritcria : dui~ i ng 1"1' " ij~'S 

The previous analysis iwntificd IWO plausible sites: A and C. III this phase. additional criteria. 

which are part and pared of IlWAF's minimum requiremenl~ for wa'ie disposal by landlill, will 

be u.sed 10 estahlish [fit, 1110sl _\.Ui lable location between site A and site C. A, mentioned in the 

ana])'si~ prOlocoL the l'on~tJcration to derive top site, ~tem-, 1i-om economic and pllhlic 

acceptance criteria. The~e criteria have rew environmental impacl<; and which can be mitigated. 
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Analysis and implementation oIGlS in landfill site selection 

6.6.1 Slope and gradient 

Slope is the incline, or steepness of a surface. The lower the slope value the flatter the terrain 

(ESRI, 2000). Steep areas are characterised by shallow bedrock with little soil cover. This can be 

attributed to soil erosion as well as downward movement of loose soil under the influence of 

gravity (mass movement e.g., soil creep). Steep slopes pose the danger of interlayer slippage or 

shearing of compacted waste especially when lubricated by rain water. To tie with that, shallow 

bedrock and lack of adequate soil make steep areas unsuitable for landfilling. 

To make slope layer, 3D Analyst was used to derive slope using the CMA Digital Elevation 

Model (OEM) that was created from the CDSM contours layer during preparation of data in 

Section 5.3. In the slope layer Properties dialog box symbology was modified to reflect what was 

relevant for the study. A new colour ramp was chosen and the 9 default classes changed to 5. The 

clayey Go Zone layer had its symbol changed to Hollow so as to demarcate the two sites which 

were imposed onto the slope layer underneath as shown in Figure 6.30. 
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Figure 6.30 Hill Slope regions 

SloP<' v~hl e s rang~ bcrwttll 0 artd ')() degrees. "h",..., 0 indicates no gradient. TIJ<: slope angle for 

(ile location ofbolh si1e A and l' is less than 40 as depicted in rigurc 6.30 above. 

To expound on inciinal ion arid shape' 0 I" (he (ocITain, prollics oftoc 1\\0 sites '>'ere drawn using 3D 

Analys! (ools. Prolilcs show (he change in ,'Ination ora surrac~ along a line. Prot1ics ar~ lIS,'flil 

purlieu larly when lransport (01" waste) by rai Iway is under con sideru(ion (H- when a road has 10 he 

Lonslrucl~d along steep terruin. 1'0 ueri,,, proliics for 1m: two sitt:,. the CMA '] IN was used und 

interpolation done along lines A13 and CD fOfCach si te as shown in Figure 6.31(~) and 6.3l(b). 

1:sing th~ int~rpol~tio" li,,<,s gr~di ent c~n he c~lcul~t~d. Grudi~nt is h~r<,hy used to ",f~r to the 

property possessed hyaline or surface that departs from toc horizontal 
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Analysis and implementation a/GIS in landfill site selection 

Figure 6.31 (b) shows that the gradient of site C is approximately 1 :75 (10017500) when a profile 

is interpolated from point A to B. The figure also indicates that the gradient is approximately 

1 :32 (100/3200) when a profile is interpolated from point C to D. 

This implies that the locations of both sites are relatively flat, which makes both sites suitable for 

landfilling on account of slope and gradient. 

6.6.2 On account of visibility 

Landfills are not visually appealing and as such constitute visual pollution. From the public 

acceptance point of view, exposed sites with high visibility are less desirable than secluded or 

naturally screened sites. To determine visibility of the two sites 3D analyst's line of sight 

capabilities were employed. 

A lines of sight is a graphic line between two points on a surface that shows the parts of the 

surface along the line that are visible to or hidden from an observer. Visible segments are shown 

in green and the hidden segments are shown in red (ESRI, 2000). Several lines of sight for each 

site were drawn from the nearest incompatible land use and main roads as observation points as 

shown on the map in Figure 6.32. 
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A~"I)', i, arid "nplem"ntatin~ n{mS in hmdjill xi'~ xe/et:/inn 

Visibilty 

Fi!!u~ 6.32 Visib ility of ~i te s 

From itlCOmpalibk Imid lLSC and main roads. both sites arc n<~ ~i sibk a~ lhey arc natura ll) 

s~re~n~d by lh~ land,cap". 

6.6.3 I) is t"n~t' from wnste g~ llt'nltioll a~e"s 

Distall<."c Irom ,",· a't~ ~~neration a~ca, is a controversial nilerioll. From pllbli~ acceptance point 

of vic,"" th~ grcal~r Ihe diqan~c Irom re,idell1ial areas the more desirable the site is. [.'rom 

~conomi" vi~,",po inL. th~ d"_,,, r th~ site i~ Ii-om wa_,1e g~n~rati n g ar~as th~ I~ss lh~ transport 

cosK S in\:~ lh~ Sil ~S are OUlsid~ (lfb uff~red resid~nlia l area" the issue ()fpubli~ re,i'lan~~ to the 

devd"pm~nl of a landli II woukl "'" minim i/ed 
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Analysis and implementation of GIS in landfill site selection 

To determine distance from waste generation areas, Athlone waste transfer station4 was used as a 

centroid point (Athlone is centrally located in relation to waste generation areas). Waste transfer 

station is a place where all waste generated is sorted out before being taken to landfill sites. The 

importance of a waste transfer station in waste management is emphasized by Figure 6.33. 

1---- - - --: ~--,---~ 

• • · I 
I 
I 
I 
I 
I 
I 

~A_T_H_L_ON_E~~~I __ '_\~~'I_II<~ 

I ----

I 
I 
I 
I 
I 
I 
I 
I 

;<1,')\1:"1;·,, \1\1." 

Figure 6.33 waste management systems 

Source: DEA T (2005) 

From special facilities layer, the Find tool was used to establish the location of Athlone and the 

draw toolbar was used to draw a point to denote Athlone. To show the relative distance, straight 

lines were drawn from Athlone to the two sites, hereby referred to as The Yes Clay final (as they 

are in the Go-Zone {Yes area} and have clayey soil) as shown in Figure 6.34. The ruler in the 

Tools toolbar was used to measure the distances from Athlone. It is worth mentioning that the 

actual distance, by road or railway, is longer due to avoidance of relief and drainage features 

among other obstacles. 

4 "As land for further development close to generation areas is difficult to find, transfer stations are used from 
which waste is transferred to more distant landfills" OW AF (2005). 
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Distancq from WoO!" Tronsfyr Station 
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Figure 6.34 [)is.tancc from waste generation areas 

For instance the distan<:e of sit e A from Alhlon" b)' rai lway i, approximately 411krn and ,ite C is 

appro.,i rnatciy 35. Comparat ive ly'. the di~lan ce 01' sit~ A and C from Alhlone hy road" 

arproximatd} 38km and .JOkm respective l}. Ac'ccss to the Iwo sit~s by road and railway IS 

shown in Figurc 6.36, j he str"ight distaoce ofsitc II is approximately 3..\km from IIthlo))C and 

site C is approximately JOkm as dcpicted in I'igllrc 6,34, On account of distancc from waSlC 

generation areas both sites arc dcsirable. 

6.6.4 Acc~ssibility 

!Ieee" to a landlill ,ile is con,idcrcd a, an important liJ-l"tor rrom an economic vie"jX,inl as it 

ha, c,,,1 and olher i mpli~ati()ns. Hug~ coMS could be inmIT~d if a site is identified in inaccessible 

area wherc roOOs or rai lways have 10 be l'onslruded. Due to convenien~" and environmental 

implications such as lilkring while enroulc' to a landfill, use orraihvay i~ highly desired (,ee 

Figurc 6.35), 
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ri~lIr .. 6.35 \\ :I.le e!1!lIa in ~r~ ddi,-cry by rai l 

S" u ... ·e: ee,\ r.n~ironmcn1al (2006). 

I.ay~rs on main I\)nds 1!.IId rai l'~ay "-We ov~rlaiJ <>n the clayey Go ZOIle) to c,tahli,h 

accc"ib ility to the t" o sit..:s as shown On II..., lI1:1p in Figure 6.36. 

,., , " . , . •.•. - = ,,-, 

~· i~lIre 6.36 i\~cc ss ihility to the ;;i l~' 

-------------- " 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Analysis and implementation of GIS in landfill site selection 

On account of road haul, both sites are conveniently located. Site A is more desirable if rail haul 

is considered. This is because of the presence of the railway that passes through the site. On the 

other hand, a short rail extension siding to serve site C would have to be constructed. 

6.6.5 Size and buffer distance 

Butfer zones are areas of land separating the registered surveyed boundaries of disposal sites 

from the registered surveyed boundaries of identified sensitive land use (DW AF, 2005). Size and 

buffer distance can be considered as important from both environmental points of view as well as 

from an economic perspective. A site is environmentally viable if adequate buffer zones from 

incompatible land use and other factors that constitute fatal flaws are possible. 

It is economically sound to have a site that can cater for waste disposal over at least medium 

term to justify the capital expenditure. The aforementioned factors depend on size of the site; 

large areas are favoured. To establish the area, the attributes table of each site was used. To 

demonstrate the extent of buffer area, each site was buffered for a distance of 2000m as shown in 

Figure 6.37. 
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Sizg and Buffer pi"tIInce 

" A 

, , " ..,., 
, -

Figurc 6,37 Si7c ~nd huffer distance 

On account of SiLC" the unbllfTc'red ,ize of sit~ t\ is 1886ha "hile the size "rsite C i, 1324ha. 

From e"on"mi~s "f"sl",le point or vi~w, site A i, more allracli,~ due to its large si/-,,_ Rased "n 

pro>.imit), to in"ompalihl~ land use ,ite t\ h~, a large huffer areu than lhal of SilC C. As opposd 

t" site C. the buffer area "fsitc t\ can further b<: increased to 4000m, Lksides, most of the bufT~r 

area' of site A lics within arcus characterilcd by clayey soils us shown in FigllfC 6.25, and on 

vucant land us dcpicted in l'igurc 6.27 and I'igurc 6.28, Thi, makes ,ite t\ the mo,t ,uitahlc ,ite. 

'1 hc GIS analysis used the' Dcpartmc'nt "rWater Albirs and Forestr}' (DWA F) ("riteria 1,)[ wasle 

di sposul by landfill to identify areas wherc the landfill site , ooliid be olltside of (No Go Zone) '" 

wel l as suitahle urc~s for siting the landfill (Go Lones). I'awl flaw and cnvirOllmcnt~1 criteria 

were used to dcmarcate Go LoTlCS ~nd No Go Lones, 
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Analysis and implementation of GIS in landfill site selection 

Two scenarios, once-off and derivative, were used to identify candidate sites. The derivative 

method which is more public friendly was used hand in hand with the ModelBuilder to identify 

good sites using compatible land use criteria. Additional requirements within the economic and 

public acceptance criteria were used to identify top sites; A and C. Additional criteria can be 

weighted in order to identify the most suitable site. Bearing in mind that both sites are suitable 

(good), the most suitable (best) site is assigned more weight as shown in Table 6.1. 

Table 6.1 Best site decision table 

CRITERIA SITE A SITE C 

Slope and gradient 3 Rating 
Visibility 3 3 

Good = 

Distance from Athlone 2 3 

Accessi bi I ity 3 2 
Better = 2 

Size and buffer extent 3 2 Best - ,., 
- .) 

SCORE 14 11 

Based on the weights and final score, site A appears to be the best having scored 14 points while 

site C scored II points out of a possible 15. 

Due to the emphasis laid on consideration of alternatives in the EIA process site visits to the two 

sites becomes necessary as advocated by Birkin et al (1996) who argues that such visits do not 

diminish even when more sophiscated techniques of site selection are used. Site visits can not be 

done unless the physical location is known. Figure 6.38 shows the location of the two sites 

among other details. 
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Bcst Landrilt Sites 

Fi!!urc 6.38 [jest lalldl111 sile 
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I h" ''''''<''e' Ih~1 w....-e idemilktl ar~ Irl<; a!(v 10 Ihe nonhern rt:g ion oflhe eCl . ,i,e A IS ' " Ihe 

sou,h "f Allanti, ~ml ~il<" C 10 dIe Ilonh <If 1\(""l lo,III:;U a~ shown in Figure 6.J ~ 
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Conclusions, recommendations andfuture research 

7 Conclusions, recommendations and future research 

7.1 Conclusions 

Studies have shown that other methods of waste minimization and other methods of waste 

disposal have proven to be inadequate, thus making waste disposal by landfill the last option. 

Based on their design capacity, all the existing landfill sites within the City of Cape Town (CCT) 

will have reached maximum capacity by 2015 or earlier due to increased waste generation. This 

creates an urgent need to construct a landfill site. 

Technical consultants were appointed in April 200 I to identify potential sites within and around 

the CCT on which the landfill would be located. The search had to conform to the minimum 

requirements for waste disposal by landfill, as stipulated by the Department of Water affairs and 

Forestry (DWAF). Using DWAF's criteria, four sites were identified as indicated by the landfill 

site search report that was submitted in May 2004. 

This research was motivated by the curiosity to know why it took that long to identify the site, 

the methods that were used and the sites that were identified. The research attempted to find out 

if GIS can be implemented in landfill site studies and in the process aid decision making. A GIS 

analysis was conducted in conformity to the minimum requirements stipulated by DWAF, where 

the identification of a regional landfill to serve the City of Cape Town (CCT) was used as the 

case study. The rationale behind it is to establish if the results of GIS analysis are similar to the 

previous study that used other methods. The research has led to the following conclusions: 

• The minimum criteria for siting landfills showed that there is a geographic component to 

most requirements for waste disposal by landfill: - It is natural to expect that spatially 

oriented technologies such as GIS can help with decision making in such requirements. 

• The EIA process and site studies in particular can benefit from application of GIS: -

Conclusion of site studies does not imply beginning of construction of the development 

project. The selected site must still undergo screening phase in the EIA process. 
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Conclusions, recommendations andfuture research 

In-depth screening that involves specialist studies on selected sites can make use of GIS 

if updated and accurate datasets are available. To tie with that, the EIA process can 

benefit from the GIS ability to provide map-based presentations of data relationships for 

decision makers. 

• The techniques that were employed to identify the regional landfill site are time 

consuming: - A review of literature has shown that the technical committee took about 

four years to identify the four possible sites where the regional landfill can be located. 

Application of GIS that took the form of this master's thesis, that entail other procedures 

such as submission of proposal, literature review, data acquisition and analysis, lasted 

less than two years. It is however worth mentioning that the methods employed by the 

consultants included site visits as opposed to the desk-top-based GIS analysis. 

• The techniques that were used by the technical consultants to identify potential sites are 

subjective: - Information gathered during the interview indicates that the consultants 

considered known areas such as abandoned mines and used methods that have always 

been used in other countries for many years. In support of Steinemann (200 I) argument 

(Section 2.1.3.1) that agencies tend to prescribe alternatives and methods that they have 

used in the past with the premise that it offers them both the reduced effort of designing 

new ones and the comfort of familiarity. This limits the search for other potential sites as 

well as implementation of new technology such as GIS. Other sites and alternative 

technology may not receive favourable consideration making the site selection process 

subjective by limiting alternatives. 

• Existing landfill sites do not meet the minimum requirements for waste disposal set out 

by DWAF: - Going by the existing criteria and GIS analysis results, all landfills within 

CCT are sited in inappropriate locations. Incongruence can be noted if the existing 

landfill sites in Figure 1.1 is imposed or overlaid onto Figure 6.18 that shows the Go and 

No Go Zones. The sites may however had met landfill requirements by the time they 

were established, but development projects have encroached into the landfill buffer areas, 

thus making the sites unsuitable under the current criteria. 
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Conclusions, recommendations andfiilure research 

• GIS can provide results that are similar to those emanating from use of other site 

selection techniques: - The GIS implementation yielded consistent results with the 

recommendations from previous study that used other techniques. The technical 

committee identified four top sites namely Kalbaskraal (rank I), Atlantis (rank 2), 

Vissershok (rank 3) and Eendekuil (rank4). Of the four top sites, only Atlantis lies within 

the CCT, and which the GIS analysis recommends as one of the most suitable. 

According to CCA Final Environmental Impact Report (2006), the extent of one of top 

sites, Atlantis site is 176ha and lies to the east of the railway and to the south of the 

brickworks. The GIS study shows the area of the top site (A) is 1886ha and lies to the 

south of Atlantis town and south east of the brickworks, and the railway passes through 

the western portion of the site. It can be inferred that a portion or the entire site that was 

identified by the technical consultants who used other techniques falls within the site that 

was identified using GIS. The study has therefore demonstrated that GIS can be used as a 

stand-alone technique to identify potential landfill sites. 

7.2 Limitations in GIS implementation 

The implementation of GIS in siting landfills has its limitations. A boundary defines the 

precincts of an area. The 'virtual face' of GIS can not venture into areas beyond polygon 

boundary, implying the area beyond is a vacuum. For argument sake, it would be misleading to 

assume that suitable areas near a polygon boundary may not have effects on areas beyond the 

map boundary. On the other hand, suitable sites that lie within the boundary and are small in size 

were disregarded. Such sites may be most ideal in terms of size if the area beyond the boundary 

meets all the requirements including huge buffer area. However, the study area must be delimited 

and considerations confined to areas within the CCT since the boundary is valid. 

There have to be assumptions and generalizations when using GIS in site studies. For instance all 

vector datasets are represented by lines. It is assumed that all roads (access and national) or 

watercourses (seasonal streams and rivers) have the same width. 
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Conclusions, recommendations andfuture research 

Spatial analysis operations such as buffering do not consider width of such vector datasets. 

Impact study results of vector features such as road construction may not be accurate although 

buffering can be based on attribute. 

GIS data is not always available in usable format, may be outdated or inaccurate. Results derived 

from use of such data can be misleading. Most of the data used such as that from Chief 

Directorate: Surveys and Mapping (CDSM) had insufficient metadata. The purpose for which 

data was created and the level of detail may not be compatible with current projects. 

7.3 Recommendations 

Based on the research findings, the following can be recommended: 

• A contentious issue in the EIA process has always involved public input to proposed 

development projects. Projects that are located near residential areas will arouse public 

resistance. As a mitigation measure for minimizing public resistance, large buffer 

distances from the location of proposed projects are necessary. 

• In-depth specialist studies to determine impacts accruing from proposed projects can 

make use of GIS capabilities if detailed and accurate datasets are available. In-depth 

studies include ecological impacts and socio-economic impacts among others. Detailed, 

up-to-date and accurate data can be used in such studies, as well as in GIS analysis if data 

is sourced from credible sources. For instance ecological studies can make use of detailed 

data from Institute for Soil, Water and Climate (ISWC). It is worth noting that it would 

only be possible to use GIS for reviewing environmental reports if there is an agreed set 

of base data that appl ies to all projects of a certain type. 

• There are two centers of power in terms of EIA decision making. Approval is done by 

DEAT (formerly by DWAF), and authorization by delegated authority, DEA & DP. It 

would be expensive to have GIS facilities and staff in both departments examining the 

same project. A single or centralized EIA decision making body, which is well equipped 

with GIS facilities and personnel would expedite decision making. 
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Conclusions, recommendations andjuture research 

• Some of the criteria provided by DWAF are ambiguous. On the same note, most criteria 

brought forth by DWAF do not quantify or give specific distances to be considered when 

performing buffering operations, leaving quantification at the discretion of the analyst 

who may use short buffer distances to justify the objectives of the proponents. GIS 

implementation can be more objective if minimum requirements are clearly defined. An 

attempt to quantify the minimum requirements or provide optimum distances to act as 

guidelines should be made. Though prescriptive, such guidelines can lead to uniformity 

in terms of analysis results using different techniques. On the other hand, if all criteria are 

not met, leading to suitable sites being not identified, compromises can be made and 

mitigation measures implemented. 

• Prospective sites that are ideal may have been eliminated due to large buffer distances or 

included due to small buffer distance. It is prudent to do field validation through site 

visits to the shortlisted sites as well as the most suitable sites before embarking on the 

screening and other phases of the EIA process. Site visits are both costly and time 

consuming, especially if prospective sites are in far flung areas and many consultants are 

involved. GIS is advantageous as only a few sites that had been identified by virtue of 

satisfying DWAF's minimum requirements would be visited, thus saving time and 

money, as opposed to other methods where all candidate sites, some of which do not 

meet the criteria, would be visited. 

• One of the problems that GIS implementation faces is lack of updated and accurate data. 

The EIA regulating authorities should liaise with data miners so analysts who opt to use 

GIS can easily acquire the required data. It would also be easier to update data in one 

repository. On the same note, GIS vendors can be asked to tender supply of specific 

environmental data to be used in specific stages of the EIA process. 

• The regulatory authority recommends use of the matrix and ranking method to determine 

landfill suitable sites (Section 2.2.4). DWAF should amend the section to incorporate 

new technology such as GIS. Incorporating GIS into existing methods would offer great 

flexibility by allowing alternatives to be generated thus expedite decision making. 
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Conclusions, recommendations andfuture research 

• When performing analysis using GIS, the derivative method, though time consuming, is 

more convincing as each candidate site is weighted against each data set. The method can 

be hastened by use of tools such as the ModelBuilder. 

• In case GIS analysis eliminates an entire region it would be appropriate to weight criteria. 

Criteria with serious environmental impacts that can not be mitigated should be given 

more weight and their scenarios run before criteria that have little or no impact. 

• While this project was conducted using siting landfill to service the City of Cape Town as 

case study, the GIS data used and procedures followed are adaptable to other locations. It 

is recommended that GIS should be implemented in site selection for landfill sites and 

other site studies providing suitable search criteria is defined and has spatial component. 

• Future implementation of GIS in EIA lies with environmental consultants who are GIS 

literate. This research advocates that environmental consultants to be equipped with GIS 

knowledge through training. 

7.4 Future research 

A brief historical perspective of GIS application was outlined in Section 4.2.1. Although GIS has 

been used in EIA as well as landfill site studies for many years, research output to show the fact 

is rare. This implies that GIS application in landfill site studies comprise research areas worth 

exploring. 

The new National Environmental Management Act (NEMA) (Act No. 107 of 1998) EIA 

Regulations that took effect from 1st July 2006 laid emphasis on public involvement in proposed 

development projects. The Act provides guidelines on the public participation process and no 

project can be approved without carrying out a public participation process where Interested and 

Affected Parties (I&AP) can express their concerns and areas of perceived problems. 
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Conclusions, recommendations andfuture research 

GIS experts should explore ways of taking GIS to the people, where they can interact with I&AP 

to create spatial inventories of potential environmental impacts and public comments thus 

enhancing consensus building. This evokes the need for future studies to look at the under­

explored research area of Participatory GIS where the usefulness of the GIS technology can be 

appraised by the community. 

A ModelBuilder was used to run scenarios during GIS analysis as discussed in Section 6.3. This 

GIS study proposes the development of a Spatial Decision Support System (SDSS) to be 

implemented in landfill site selection or other EIA site studies. Exploring this route for the future 

research efforts would significantly contribute to environmental management and decision 

making. 
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Appendix A 

ltemativesl 
eSlgn 

Screening 

Scoping 

EIA Report 
Preparation 

Appendices 

Main phases of the ScopinglEIA process 

Proposal Initiated 

Specified Activity 

Pre-application and consultation 
with Relevant Authori 

Scoping Report Required 

Proponent prepares Plan of Study 
for Sco in 

Proponent prepares Scoping Report 

Relevant Authority reviews 
Sco in R ort 

Proponent prepares Plan of Study 
for EIA 

Review Relevant Authority review 
Environmental 1m act Re ort 

Appendices 

Other Proposal 

+ --------------------------------------.-----------------
Decision Relevant Authority makes decision 
Making and re ares Record of Decision 
-----------------------.--------------------------------­

r----------------------------------1 
, Monitoring , 

Monitoring: (Optional) : 
'- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Ada ted from Wood 1999 

Source: http://www.ruc.dk/upload/application/pdjl9c4d3J Oe/workingpaper JpdJ 
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Appendix B Minimum Requirements for site selection 
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Appendices 

Appendix C Interview Questionnaire 

Initial site selection 

1. Were there pre-determined areas for siting landfills? 

2. Who owns the land where candidate sites were selected? 

3. Did you encounter cases where the most ideal site fell in privately owned land? 

4. If so how did you address the problem? 

5. Are there cases of expropriation of land on which selected landfill sites fall? 

Project data and methods 

6. What kind of spatial data is needed for siting landfills? 

7. What baseline data was readily available for the project? 

8. Where did you get baseline data from? 

9. Was the available data adequate for the project? 

10. Ifnot, did you generate your own baseline data? 

11. What methods did you use to generate your own data? 

12. Did you encounter problems with data? 

13. If yes, what problems did you encounter? 

14. How did you address the problem associated with the data? 

19. Which method(s) did you use to select candidate sites lfinal site? 

20. Why did you prefer to use these methods for identifying a landfill site? 

Problems and application of GIS. 

21. Did you encounter problems with the methods you used to identify potential 

landfill sites? 

22. I f yes, what problems did you encounter with the method? 

23. Did you use GIS in identifying candidate sites? 

24. What reason can you provide for your answer? 
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Appendices 

25. What was the total number of prospective landfill sites? 

26. What was the number of candidate/shortlisted sites? 

27. What criteria did you use to eliminate shortlisted sites and subsequently got the 

best sites? 

28. Are the current criteria compatible with GIS? 

29. What are the strength and weaknesses of applying GIS? 

30. Do you have other site selection projects/experience other than the current one? 

31. Have you used GIS in other site selection projects? 

32. If yes how did you apply GIS? 
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Appendix D EIA Listing Notice 2 No. R387 

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM 

No. R. 387 21 April 2006 

LIST OF ACTIVITIES AND COMPETENT AUTHORITIES IDENTIFIED IN 

TERMS OF SECTIONS 24 AND 24D OF THE NATIONAL 

ENVIRONMENTAL MANAGEMENT ACT, 1998 

The Minister of Environmental Affairs and Tourism has in terms of sections 24 

and 240 of the National Environmental Management Act. 1998 (Act No 107 

of 1998). listed the activities in the Schedule. 

This Notice comes into effect on the date of commencement of the 

Environmental Impact Assessment Regulations. 2006. made under section 

24(5) of the Act and published in Government Notice No. R 385 of 

2006. 
SCHEDULE 

ACTIVITIES IDENTIFIED IN TERMS OF SECTION 24(2)(a) AND (d) OF THE 

ACT, WHICH MAY NOT COMMENCE WITHOUT ENVIRONMENTAL 

AUTHORISATION FROM THE COMPETENT AUTHORITY AND IN 

RESPECT OF WHICH THE INVESTIGATION, ASSESSMENT AND 

COMMUNICATION OF POTENTIAL IMPACT OF ACTIVITIES MUST 

FOLLOW THE PROCEDURE AS DESCRIBED IN REGULATIONS 27 TO 36 

OF THE ENVIRONMENTAL IMPACT ASSESSMENT REGULATIONS, 2006, 

PROMULGATED IN TERMS OF SECTION 24(5) OF THE ACT -

Activity Activity description Identification of 

number competent 

authority 

116 

Univ
ers

ity
 of

 C
ap

e T
ow

n



1 The competent 
The construction of facilities or infrastructure, 

authority In 
including associated structures or 

respect of the 
infrastructure for-

activities listed In 

(a) the generation of electricity where - this part of the 

(i) the electricity output IS 20 schedule IS the 

megawatts or more: or environmental 

(ii) the elements of the facility cover authority In the 

a combined area in excess of 1 province in which 

hectare. the activity is to be 

(b) nuclear reaction including the undertaken unless 

production. enrichment, processing it is an application 

reprocessing. storage or disposal of for an activity 

nuclear fuels. radioactive products and contemplated In 

waste section 24C(2) of 

(c) the above ground storage of a the Act, in which 

dangerous good, including petrol. diesel. case the 

liquid petroleum gas or paraffin, In competent 

containers with a combined capacity of authority IS the 

1 000 cubic metres or more at anyone Minister or an 

location or site including the storage of organ of state with 

one or more dangerous goods in a tank delegated powers 

farm in terms of section 

(d) the refining of gas. oil and petroleum 42(1) of the Act 

products: 

(e) any process or activity which requires 

a permit or license in terms of legislation 

governing the generation or release of 

emissions. pollution, effluent or waste and 

which IS not identified In Government 

Notice No. R. 386 of 2006: 

(f) the recycling. re-use. handling 

temporary storage or treatment of general 

as amended. 
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waste with a throughput capacity of 50 

tons or more daily average measured 

over a period of 30 days 

(g) the use. recycling. handling. 

treatment storage or final disposal of 

hazardous waste 

(h) the manufacturing. storage or testing 

of explosives including ammunition but 

excluding licensed retail outlets and the 

legal end use of such explosives: 

(I) the extraction or processing of natural 

gas including gas from landfill sites: 

U) the bulk transportation of dangerous 

goods uSing pipelines. funiculars or 

conveyors with a throughput capacity of 

50 tons or 50 cubic metres or more per 

day: 

(k) the landing. parking and maintenance 

of aircraft excluding unpaved landing 

strips shorter than 14 kilometres In 

length. but Including -

(il airports 

(ii) runways: 

(iii) waterways: or 

(iv) structures for engine testing: 

(I) the transmission and distribution of 

above ground electricity with a capacity of 

120 kilovolts or more: 

(m)marine telecommunications 

(n) the transfer of 20 000 cubic metres or 

more water between water catchments 

or impoundments per day: 

(0) the final disposal of general waste 
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covenng an area of 100 square metres 

or more or 200 cubic metres or more of 

airspace: 

(p) the treatment of effluent wastewater 

or sewage with an annual throughput 

capacity of 15 000 cubic metres or more: 

(q) the incineration. burning. evaporation 

thermal treatment roasting or heat 

sterilisation of waste or effluent. including 

the cremation of human or animal tissue 

(r) the microbial deactivation. chemical 

sterilisation or non-thermal treatment of 

waste or effluent 

(s) rail transportation. excluding railway 

lines and sidings In Industrial areas and 

underground railway lines in mines. but 

including -

(i) railway lines 

(ii) stations: or 

(iii) shunting yards; 

(t) any purpose where lawns plaYing 

fields or sports tracks covering an area of 

10 hectares or more will be established. 

2 Any development activity. including associated 

structures and infrastructure. where the total 

area of the developed area is. or is intended to 

be. 20 hectares or more. 

3 The construction of filling stations. including 

associated structures and infrastructure. or 

any other facility for the underground storage 

of a dangerous good including petrol. diesel 

liquid petroleum gas or paraffin. 

4 The extraction of peat. 
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5 The route determination of roads and design 

of associated physical infrastructure including 

roads that have not yet been built for which 

routes have been determined before the 

publication of this notice and which has not 

been authorised by a competent authority in 

terms of the Environmental Impact 

Assessment Regulations. 2006 made under 

section 24(5) of the Act and published In 

Government Notice No. R 385 of 2006. where 

(a) it is a national road as defined In section 

40 of the South African National Roads 

Agency Limited and National Roads 

Act. 1998 (Act No 7 of 1998): 

(b) it IS a road administered by a provincial 

authority 

(c) the road reserve IS wider than 30 

metres: or 

(d) the road will cater for more than one 

lane of traffic in both directions 

6 The construction of a dam where the highest 

part of the dam wall. as measured from the 

outside toe of the wall to the highest part of the 

wall. is 5 metres or higher or where the high­

water mark of the dam covers an area of 10 

hectares or more 

i Reconnaissance. exploration. production and 

mining as provided for in the Mineral and 

Petroleum Resources Development Act. 

2002 (Act No. 28 of 2002). as amended in 

respect of such permits and rights 

The competent 

authority for this 

part of the 

schedule is the 

Minister or an 
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8 In relation to permits and rights granted in Minister or an 

terms of 7 above. or any other right granted organ of state with 

in terms of previous mineral legislation. the delegated powers 

undertaking of any reconnaissance in terms of section 

exploration. production or mining related 42( 1) of the Act. 

activity or operation within a exploration. as amended. 

production or mining area, as defined in 

terms of section of 1 of the Mineral and 

Petroleum Resources Development Act. 

2002 (Act No. 28 of 2002). 

9 Construction or earth moving activities in the 

sea or within 100 metres inland of the high-

The competent 

authority In 

water mark of the sea. excluding an activity 

listed in item 2 of Government Notice No. R 

386 of 2006 but including construction or earth 

moving activities in respect of -

respect 

activities 

this part 

schedule 

of the 

listed In 

of the 

IS the 

(a) facilities associated with the arrival and environmental 

departure of vessels and the handling of authority In the 

cargo: 

(b) piers 

province in which 

the activity is to be 

(C) inter- and sub-tidal structures for undertaken unless 

entrapment of sand: it is an application 

(d) breakwater structures: for an activity 

(e) rock revetments and other stabilising contemplated In 

structures: section 24C(2) of 

(f) coastal marinas: the Act. In which 

(g) coastal harbours: 

(h) structures for draining parts of the sea: 

(i) 

U) 

tunnels: or 

underwater channels. 

case the 

competent 

authority IS the 

Minister or an 
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10 Any process or activity identified in terms of Minister or an 

section 53( 1) of the National Environmental organ of state with 

Management Biodiversity Act, 2004 (Act No delegated powers 

10 of 2004) in terms of section 

42( 1) of the Act. 

as amended. 

5,'ource: DEA & DP (2006) 
Available: http://www.capegateway.gov.za/eng/yourgovernment/£sc/406Iservices/l15371 1 0 199 
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