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ABSTRACT

Solid waste management system is the most difficult task that many countries, both

developing and developed, are facing. Site selection method is one of the easy and cheap

management systems which are always needed for sustainable management of solid

waste. The main objective of the study was to select waste disposal site for the town that

is environmentally sound, socially acceptable and economically feasible in Ambo town.

To achieve the objectives, the present study was conducted by Analytical Hierarchical

Process and Multi-criteria Approach for selecting suitable waste disposal sites. The data

used for the study include digital elevation model (DEM), Ground control point (GCP)

collected by Global position system (GPS),Soil, Geology, Topography map, and Structural

plan as well as interviews and field observations. All the factor maps were reclassified and

standardized in GIS environment followed by preparation of their suitability map.

Analytical Hierarchy Processes pair-wise comparison  module  was  used  to  derive

weights  for  all  factor  parameters.  Accordingly, 34.49km2(45%) of the study area is

unsuitable, 26.93km2(34%) less suitable, 12.18 km2 (15%) is suitable and 3.95km2(6%) is

more suitable for waste disposal. The proposed more suitable areas for solid waste

dumping sites fall on south, south-west and east part of the town where there are least

environmental and health risks. The study revealed that Geographic Information System

(GIS) techniques are helpful tools for solid waste disposal site selection. The finding of the

study shows that 6 candidate dumping sites in relation to those evaluating criteria. Waste

disposal site 1, 2 and 3 have beenchosen as the most suitable site. Therefore, waste disposal

sites 4, 5 and 6 are ranked from 1 to 3 based on their area and distance from the center

and nearby settlements due to their minimum environmental and social negative effects

compared to the other sites. In general, waste disposal site selection has been required

appropriate consideration from stakeholders and other concerned bodies.

Key Word: AHP, Multi-criteria approach, Geographic Information System



xi



1

1. INTRODUCTION
1.1. BackgroundSolid wastes could be defined as non-liquid and non-gaseous products of humanactivities, regarded as being useless. Its origin is mainly from households, municipal andconstruction (Munier, 2005). The generation and management of solid wastes are theproblems facing both developing and developed countries. Generation of solid waste hasbecome an increasing environmental and public health problem everywhere in theworld, particularly i n developing countries. Fast expansion of urban, agricultural andindustrial activities spurred by rapid population growth has produced vast amounts ofsolid waste disposal. In many countries with increase in population and the risingdemand for food and other essentials, there has been a rise in the amount of solid wastebeing generated making its management and disposal problematic. Solid wastemanagement has long been a worldwide environmental problem. This is because of therapid growth of population and urbanization that decreases the non- renewableresources and disposal of waste and toxic waste arbitrarily, as a result of this majorenvironmental issues posing stress to the arrival of human being (Munier, 2005).Themanagement of solid waste in Africa is often weak due to lack of appropriateplanning, inadequate governance, poor technology, weak enforcement of existinglegislation and the absence of economic and fiscal incentives to promoteenvironmentally sound development. The current practice of solid waste managementsystem in Africa is open dumps without leachate and gas management over ecologicallyor hydro-logically sensitive areas (UNEP, 2005).The most common problems associated with inappropriate management of solid wasteinclude transmission diseases, fire hazards, foul odour, atmospheric and waterpollution, aesthetic pain and economic victims. Urban solid waste management isconsidered as one of the most urgent and serious environmental problems facingmunicipality authorities in developing countries particularly in Africa. According toBjerkli (2005), the insufficient handling of solid waste represents a source of water, landand air pollution affecting the urban environment and the health of the people livingin the cities and towns is one of the most critical environmental problems that facingtoday in Africa.
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Therefore, solid waste management is becoming a major public health andenvironmental concern in urban areas of many African countries like in Ethiopia,especially in Ambo town. General awareness of our environmental  problems has ledto the development of pollution control technologies, more rigorous legislation,strategies on waste handling and disposal to minimize the environmental impactassociated with solid waste. Waste disposal is an important part of waste managementsystem, which requires much attention to avoid environmental pollution. Based on thisit is convincing that waste management will be effective if a suitable site is identified andproperly utilized. There are various techniques that are currently being used for solidwaste management; these include thermal treatment, biological treatment, land fillingand recycling However, in today’s society, finding a suitable site is becoming a significantproblem(UNEP, 2005).A suitable disposal site must have environmental safety criteria and attributes that willenable the waste to be isolated, so that there is no unacceptable risk to people or theenvironment while it is operating. Criteria for site selection will include natural physicalcharacteristics as well as socio- economic, ecological and land-use factors. Preferableselection of suitable site for waste disposal has been normally carried by traditionalapproaches i.e. throwing it at all types of free land in or around the city (Md.Mujibor, et.al., 2008). The uncontrolled and improper solid waste management in the city ispolluting the environment and affecting public health. As indicated by UNEP (2005),improper solid waste management leads to substantial negative environmental impactssuch as air, soil and water pollution, flooding due to the blockage of drainage systemand generation of greenhouse gases .Furthermore, it will result in health and safety problems like diseases spread by vectorssuch as insects and rodents attracted by garbage heaps, and diseases associated withdifferent forms of pollution. Therefore, for sustainable environmental and public healthprotection, solid waste should be disposed in environmentally sound and sociallyacceptable sites. Hence, environmental protection and public health considerationsshould be the principal concerns in site selection. This is because selection of  anappropriate site will minimize potential environmental impacts and provide a soundbasis for effective management (Zain, 2009).
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Sound practice in siting of solid waste disposal can highly reduce the risk ofenvironmental pollution and public health imposed by improper system which iscommon in developing countries. However, selecting safe site for solid waste disposal isnot an easy task. It is tedious and costly requiring multiple criteria that are difficult tohandle. Moreover, Biotto et.al (2009) describes identification of waste disposal sitesas a complex spatial problem, involving multiple criteria and objectives which requirethe use of spatial analysis models for its solution. Nevertheless, integrating GeographicInformation System (GIS) and Remote Sensing is the best tool in selectingenvironmentally sound and socially acceptable disposal sites with accurate precision,cost and time effectively.The development of GIS coupled with availability of  digital data from RemoteSensing technology made solid waste disposal site selection easy. Because it’s uniquecapabilities. The distinguishing feature of GIS capability to perform an integratedanalysis of spatial and attributes data and it can be used not only for automaticallyproducing maps, but it is unique in its capacity for integration and spatial analysis ofmultisource datasets (Malczewski, 2004).Moreover, GIS is used to perform a screening process that led to identification of acouple of suitable candidate sites based on given criteria. The suitability criteria aredefined with the focus to minimize any potential health risk from direct or indirectcontamination due to the proximity of a disposal site with respect to key geographicfeatures. Thus, the first-stage analysis using GIS is essential for the initial identificationof a couple of suitable solid waste disposal sites prior to undertaking further analyses orfield investigations (Chang et al., 2007). This screening will minimize the cost and timeof site selection processes.The general workflow of this study includes four major steps. The first was identifyingfactors to be used for identify best location for waste disposal and producing maps foreach.  Secondly, assigning weight for the selected factors. The third was overlaying andgenerating waste disposal suitability map and finally, determining suitable areas.
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1.2. Statement of the problem and JustificationWaste management is a major issue of the global environmental agenda. As populationand consumption grow result in increasing quantities of waste. In developing countries,the population of towns is increasing due to both natural increase and migration fromrural areas. This high population growth and the activities of development result in thegeneration of large amount of solid waste which faces problem of their disposal and havepotential effect to pollute the environment like water, soil and air. The pollution of theseand other resources of the environment affects public health. In Ethiopia, most of thediseases are related to environmental sanitation and water contamination and Ambotown affected by this problems (Malczewski, 2004).As the town is becoming an increasing population, the municipality did not give medalattention to sustainable solid waste disposal and management system. Solid wastemanagement is currently receiving wide attention in many towns of Ethiopia, especiallyin the study area where solid wastes are from abattoir, from settlement, hospital andhotels; because solid waste disposal that are generated in most towns of Ethiopia are notappropriately handled and managed. However, it is possible to minimize and solve theseproblems through planning and implementing different municipal solid wastemanagement components.   Unsuitable   and   not   manageable   site   of waste disposallead   to   serious contamination to the environment, for instance surface water and airpollution, which have negative effect and considered as threat to residents in the studyarea (Soto, 2001).Identifying solid waste disposal site selection and management is considered as one ofthe most serious environmental and social problem challenging task to municipalauthorities in Ambo town. One of this impacts raise from location of dumping site inunsuitable areas. The existing site for Ambo town is not sufficient in its capacity and it isdamaging the environment due to its location and the type of waste dumped, while thesurrounding area is being river, residential and public services area. Due to the swiftexpansion and urbanization development in ambo town, it badly needs to developcontrolled solid waste dumping site to prevent several contamination problems. Thesolid waste disposal system should be in an environmentally sound and sociallyacceptable way so as to protect the environment and safe-guard public health.
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However, the manual method used to select suitable solid waste disposal site selection is,tedious, time consuming and costly. Because they don’t fully utilize GIS and remotesensing technology and were unable to consider many of these factors.   As a result,update geographic data such as land use /land cover, and urbanization were not includedin their existing sites. Furthermore, the current waste disposal system of the town is opendump. It causing social and environmental problems. When the site was selected, therewere no evaluation of the underlying soil structure, topography, surface water andgeological condition of the area. The study focused on integrating GIS and remote sensingtechniques to provide appropriate information about geographic data to assist inselecting potential solid waste disposal site using different constraints and factors.Moreover, GIS is capable of integrating geospatial data from different sources and thushelp decision makers in environmental and public health protection (Soto, 2001).Hence, the present study employs GIS and remote sensing techniques for appropriatesolid waste disposal site selection for ambo town.
1.3. Objective of the study

1.3.1. GeneralThe general objective of this study is to select suitable solid waste disposal site for Ambotown using Geographic Information System (GIS) and Multi- criteria approach.
1.3.2. SpecificHaving the above general objective, the study was geared to attain the following specific.To identify factors for solid waste disposal site selectionTo evaluate existing solid waste disposal site in terms of selected factorsTo identify potential sites suitable for solid waste disposalTo verify and prioritize potential site
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1.4. Research questionSo as to achieve the intended objectives stated above, the following questions wereformulated.What are factors influence solid waste disposal site selection?What is the level of suitability of existing solid waste disposal site in ambo town?What are the factors that are necessary in waste disposal suitable site selection?How does potential sites suitable for solid waste disposal can be identified?How does best suitable site can be determined from identified potential sites?
1.5. Significance of the studyThis study is expected to select and map suitable solid waste disposal sites to protect theenvironmental safety of Ambo town. Since unsuitable solid waste disposal sites affect thesocial and economic activities of communities as well as the health of resources of thestudy area, like water, the final result of this project will help the town to solve theproblems.This study may have two main significances. First it may give some guide line informationto policy makers, solid waste managers and environmental protection agencies aboutexisting situation municipal solid waste management problem of ambo town.Secondly the study may also be important in putting base line information to the nextwork of those who would like to conduct detailed and comprehensive studies either inambo or other areas. In addition, the study is also expected to give an insight about theapplication of GIS and Remote Sensing technologies for the selection of suitable solidwaste disposal sites.
1.6. Scope of the studyThe scope of the study is confined to suitable solid waste disposal site selection in ambotown. It focuses on technical aspects of solid waste disposal site selection. The issues underconsideration in the study are only solid wastes. Sanitary wastes area, engineering anddesign part of the construction are not included.
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1.7. Limitations of the StudyIn addition to financial limitation, the study is constrained by the following limitations:Lack of organized secondary data due to the absence of documentation andorganized database system in the study area.The data collected at national levels are in collected as small sample in a verywide range of area, so that the data lack well representation of the area.The resolution of the recent satellite imagery data were the major problem todeal the current land use condition of the town; So that, the writer was usedmaster plan of the town to obtain the current land use condition.Therefore, the study relies on a combination of different primary data collectionmechanisms with special emphasis and secondary data prepared well in GIS environmentto carry out the study well. So that, utmost effort was made to minimize the negativeimpact of such constraints on the result of the study.
1.8. Organization of the ThesisThis thesis is divided into five chapters. The first chapter provides the introduction to thestudy including background, statement of the problem, objectives of the study, Researchquestions, scope, significance and limitation of the study. The second chapter presentsreview of related literatures, mainly including, the concept and types of solid wastemanagement systems, the concept and process of waste disposal sitting, applications ofGIS and RS in different criteria for waste disposal sitting. The third chapter deals withthe description of the study area as well as the materials and methods employed in thestudy. The fourth chapter presents the analysis and the final suitable site selected for thestudy area. Chapter five presents conclusions and recommendations.
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2. LITERATURE REVIEW
2.1. Municipal Solid Waste Management SystemWaste is generated universally and it is a direct consequence of all human activities.Wastes are generally classified into solid, liquid and gaseous. The subject of this study,are mainly waste disposal of site selection using analytical hierarchical process andmulti-criteria approach, because it is the simplest, cheapest and most cost -effectivemethod of disposing of waste. These wastes can be generated by the full extent of humanactivities that range from relatively innocuous substances such as food and paper wasteto toxic substances such as paint, batteries, asbestos, healthcare waste, sewage sludgederived from wastewater treatment and as an extreme example, high-level (radioactive)waste in the form of spent nuclear fuel rods. Numerous classifications of solid wasteshave been proposed and the following represents a simple classification of waste intobroad categories according to its origin and risk to human and environmental health(Malczewski, 2004). These includes: household waste, municipal waste, commercial andnon- hazardous industrial wastes, hazardous (toxic) industrial wastes, construction anddemolition waste, health care wastes generated in health care facilities e.g. hospitals,medical research facilities), human and animal wastes and Incinerator wastes.Household waste represents waste generated at home and collected by municipal wastecollection services. It includes this plus shop and office waste, food waste fromrestaurants, etc., also collected by municipal waste collection systems, plus waste derivedfrom street cleaning, and green (organic) waste generated in parks and gardens.Municipal solid waste management (MSWM) encompasses the functions of collection,transfer, resource recovery, recycling and treatment. The primary target of MSWM is toprotect the health of the population, promote environmental quality, developsustainability and provide support to economic productivity. Waste management is aproblem for most countries around the world because of the increasing volume of wastematerial and the paucity of places to deposit. It has been a threat to environment andpublic health. However, proper waste management helps protect human health and theenvironment, as well preserve natural resources (Soto, 2001).Solid waste should  be  managed  through  a  number  of  activities  such  as  wasteprevention,  recycling, composting,  controlled  burning in  the order  of preference.
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Combination of these activities in a way that best protect the community and the localenvironments is referred to as integrated solid waste management (ISWM). A sustainablewaste management philosophy should encompass the following basic principles of solidwaste management hierarchy which includes reduction in the generation of waste, wastestreaming at source, recycling and reuse, pre-treatment of waste to minimize quantityand volume of residual waste. The hierarchy ranks those waste management operationsaccording to their environmental or energy benefit and the purpose is to make wastemanagement practices as environmentally sound as possible (UNEP, 2005).
2.1.1. Solid Waste Management System in Low Income CountriesThe open dump approach is the primitive stage of development and remains thepredominant waste disposal option in most of Africa countries including Ethiopia. It is astrategy for municipal solid waste management which involve indiscriminate disposal ofwaste and limited measures to control operations, including those related to theenvironmental effects of surroundings. An operated or semi-controlled dump is often thefirst stage in a country’s efforts to upgrade use modeling (Soto, 2001).Controlled dumps operate with some form of inspection and recording of incomingwastes, practice extensive compaction of waste, and control the tipping front and theapplication of soil cover. Operated dumps, however, implement only limited measures tomitigate other environmental impacts. Operated dumps still practice unmanagedcontaminant release and do not take into account environmental cautionary measuressuch as leachate and gas management (Soto, 2001). But as cities grow and produce  morewaste  and  their  solid  waste  collection  systems  become  more efficient,  theenvironmental impact from open dumps becomes increasingly intolerable.Generally, in most countries of Ethiopia, particular Ambo town the environmentalimpacts and economic damages of poor solid waste management practices ongroundwater and receiving surface waters are becoming a serious issue. This study isalso because of the environmental impacts of surface waters and other resources likecrops of the study area. Municipal solid waste management system is either not efficientor as such solid waste generated has become a threat to the environment. The growth inpopulation, urbanization, industrialization and waste generation in Ethiopia calls forproper solid waste management as it has become a necessity for environmentalconservation and sustainability.
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For a sustainable solid waste management system policies and techniques such as wasterecycling, reuse, waste reduction, thermal treatment, and biological treatment must be inplace. The waste disposal site selection method has been widely recognized as the mostused of all waste management techniques. However, the communities of small towns andvillages in Ethiopia usually cannot afford disposal design, construction and operationstandards equal to those applied in large cities, and in many cases, large cities cannotafford to apply standards equal to those of high-income countries. Perhaps the firstquestion to be addressed when sitting a disposal is: What constitutes an appropriate levelof environmental protection for the community? This will differ from community tocommunity and will depend on the climate in the area as well as the available resourcesfor construction and operation of the disposal. Often, construction and operationresources are limited and this must be reflected in the sitting process. In line with theinternationally recognized waste management hierarchy, the first priority should begiven to waste minimization (reduction at source). It should be followed by recycling,treatment and land disposal in this order (WHO, 1996).
2.2. The role of GIS and Remote Sensing for waste disposal Site Selection

2.2.1. Application of Remote Sensing in Site SelectionRemote sensing is defined as the science or art of obtaining information about an object,area or phenomenon through the analysis of the data acquired by a device that is not incontact with the object, area or phenomenon under investigation. Remote sensing servesas a tool for environmental resources assessment and monitoring. Nishanth et al. (2010)also states remote sensing as one of the excellent tools for inventory and analysis ofenvironment and its resources, owing to its unique ability of providing the synoptic viewof a large area of the earth surface and its capacity of repetitive coverage. With theavailability of remotely sensed data  from  different  sensors  of  various  platforms  witha  wide  range  of  spatio temporal, radiometric and spectral resolutions has made remotesensing as one of the best source of data for  large  scale  applications  and study. The useof remote sensing is becoming increasingly frequent in environmental studies. In therecent years, no serious research of the environment performed without advanced imageprocessing and analysis.
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One of the most important applications of remote sensing can be found in the case of solidwaste disposal site selection where remote sensing data (satellite images) are used forextracting most of the site selection criteria used for siting disposal (Oštir et al.,2003)(example, mapping land use/land cover,  geology and  surface water), time and  costeffectively.  Moreover remote sensing can provide digital data as an input for GIS.
2.2.2. Application of GIS for waste disposal Site SelectionTechnological development in computer science has introduced Geographic InformationSystem (GIS) as an innovative tool in disposal process (Oštir et al., 2003). GIS   combinesspatial data (maps, GPS data, aerial photographs, satellite images) with the otherquantitative, qualitative and descriptive information databases. This technology offers ananalytical frame work for data synthesis  that  combines  a  system capable  of  datacapture,  storage,  management,  retrieval, analysis and display. When remotely senseddata are combined with other landscape variables organized with in a GIS environmentprovide an excellent frame work for data capture, storage, synthesis, measurement andanalysis. For assessing a site as a possible location for solid waste disposal, severalenvironmental and political factors and legislations should be considered. The GIS aidedmethodology presented here utilizes to create the digital geo-database as a spatialclustering process and easily understood way for site selection process. Moreover, wastedisposal siting is a complicated process requiring a detailed assessment over a vast areato identify suitable location for constructing a subject to many different criteria (Changet al., 2007). GIS application can help in determining the disposal location in accordancewith the technical requirements, with weight overlay the thematic map to get anappropriate (Akbari et al, 2008).GIS is a tool that not only reduces time and cost of the site selection but also providesdigital data bank for future monitoring program of the site. The procedure followedunder the GIS framework rejects the unacceptable sites considering environmentalfactors exclusively, other than economic and political issues, contained in the form ofmultiple layers of attribute  information  to  select  the  candidate  sites  for  disposalwaste  through  an weight overlay analysis performed by GIS software. Therefore, theGIS offers the spatial analytical capabilities to quickly eliminate parcel of land unsuitablefor disposal site (Chang et al.2007) and hence reduce cost and time of siting processes.
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2.3.   Criteria used for waste disposal site selectionThe criteria used in site selection include environmental, economic and socio-political,some of which may contradict to each other. With increase environmental awareness,new rules and criteria developments are emerged over time. The waste disposal siteselection process has become  much  more  complicated,  as  new  procedures  and  toolshave  been  created.  By considering this and other factors I would like to review wastedisposal site selection criteria used by different researchers in different countries.
2.3.1. Waste disposal site selection criteria used case of UgandaSeveral countries like Australia, Malaysia, Niger, North Dakota, Philippines, Uganda, andUnited States among others have put in place rules and regulations to follow whenselecting suitable sites for sanitary design. These guidelines are used the primarymechanism used to protect the host community and the environment at large.The   following   are   the   factors   that   several   researchers   have   used   to   determinethe appropriateness of a site to be used for waste disposal (North Dakota Department ofHealth, 2002; and Yaw et al, 2006).I. Site capacity: a site should be capable of providing at least ten years of use in order tominimize costs for site establishment and operation.II. Land cover: buffer zones should be provided between the waste disposal andsensitive areas or other land uses. For example at least 100 meters from public roads,at least 200 meters from industrial developments, at least 500 meters from urbanresidential or economic area, at least 1000 meter from rural residential areas.III. Airports: the distance between an airport and a waste disposal should be a minimumof three kilometres, there is a clear demonstration of bird control measures.IV. Surface water: the distance between the waste disposal and the nearest surface watershould be a minimum of 100 meters, or 200 meter to minimize the risk of pollutingwater with leachate.  However, North Dakota Department of Health (2002) uses aminimum distance of 60 meter to the nearest surface water.V. Ground water: an extremely deep water table region is suitable so that undergroundwater is not contaminated by the leachate of the waste.According to North Dakota Department of Health (2002) and Yaw et al, 2006), thebottom of disposal drain should be at least four feet above the water table.
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VI. Local topography: land forms located in flat or undulating land, in an empty extractsare suitable for waste disposal. Must not be sited in hill areas, those with groundslopes nominally greater than ten percent. However, North Dakota Department ofHealth (2002) recommends that 15 % slope or less.VII. Soils: soil should be of sufficiently of low permeability to significantly slow thepassage of leachate from the site. Thus, sites in clay-rich environments are preferable.VIII. Climate: areas with heavy rainfalls need extra care to avoid side effects of drainageand erosion; sites with prevailing winds require extra efforts to control litter anddust.IX. Unstable Areas: Must not be located within 100 meter of unstable area.X. Infrastructure: Should have suitable transport accesses, with power and wateravailable, they should not be located within 100 meter of any major highways, citystreets or other transportation routes. Yaw et al, (2006) recommended that 300meter.XI. Local Flora and Fauna: sites that contain protected or endangered fauna and flora, orsensitive ecosystems are unsuitable for waste disposal facilities.XII. Distance from environmentally protected areas: Must not be located in close proximityto sensitive areas such as fish sanctuaries, mangrove areas and areas for specialprotection would be excluded. Therefore a 3,000 meter buffer is necessary tosurround an environmentally sensitive area.XIII. Distance from urban areas: Should not be placed too close to high-density urban areasin order to mitigate conflicts. Development of landfills should be prohibited within3000 meter from village or rural settlements Yaw et al. 2006, and a distance of 4000meter from a town.XIV. Population: Yaw et al, (2006), recommend that areas with a population density lessthan 200 persons were regarded as suitable.
2.3.2. Criteria used in West Bandug RegencyI. Geology: bedrock in areas of potential disposal is very significant in minimizing thespread of leachate naturally, both at the time of moving into ground water or whenmoving laterally along the ground water. Therefore, required selection demands that donot have bedrock with the formation of sandstone, limestone or hollow rock.
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The other geological areas which are important to be evaluated are the potential forearthquakes, the active volcanic zones and land slide areas. The area around the volcanoand areas for potential earthquake is geological-prone areas that are not encouraged tobecome candidate sites. High soil movement is not considered suitable candidates(Akbari, 2008).II.Hydrogeology: Hydro-geological information is needed to determine the presence ofground water, soil impermeability detection, the location of rivers or reservoirs orsurface water and drinking water sources used by the residents around. Soil with rapidpermeability assessed to have a low value to a potential site because it provides smallprotection against ground water and require special additional technology. Soil type alsoaffects the permeability of water into the ground. Site cannot be selected on the type ofsandy soil because it has a high porosity so that the graduation rate in the ground waterwill be relatively high so that it can interfere with ground water quality. The ability ofpermeability of soil to absorb water is fast, good, medium and slow. Rapid permeable soil(coarse sand), is classified the rate and permeability which is 3.6-36 cm per hour;permeability of the medium, i.e. 2.0-3.6 cm per hour; whereas the slow permeabilitybelow 2.0 cm per hour (Akbari, 2008).
III.Topography: Should not be located on a hill with an unstable slope. An area ispreferable if located on the sloping area with high topography. The best slope should bemodest slopes, which enable easier storm water control, leachate control and sitestability measures, as well as facilitating the operation of the site. Different researchersset different slope criteria for site selection. For example, Hasan et al. (2009) set areaswith slope <15-20% as the best site, while Change et al. (2007) describe slope <12% asthe best site and slope >12% unsuitable.

2.4.   Multi-Criteria Decision Analysis (MCDA) for waste disposal Site SelectionMulti-criteria analysis is a set of mathematical tools and methods allowing thecomparison of different alternatives according to many criteria, often conflicting, to guidethe decision maker towards a judicious choice (Chakhar and Mousseau, 2008).
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MCDA consists of a series of techniques such as weighted summation or concordanceanalysis that permit a range of criteria relating to a particular issue to be scored, weightedand then ranked by, for example, experts, interest groups and/or stakeholders accordingto their degree of suitability or importance for locating/sitting a particularfacility/service (Malczewski, 2004) .Analytic Hierarchy Process (AHP) is one of the most commonly used MCDA tools. Thistool is applied in site selection processes as it assists the decision making process byallowing decision-makers to organize the criteria and alternative solutions of a decisionproblem in a hierarchical decision model (Eldrandaly et al., 2005). Hence, multi-criteriatechniques could be particularly useful in situations where there are a large number ofalternative sites for a development, where there are large number of potential criteria tobe taken into consideration or where subjective judgments by different stakeholders ofthe different alternatives is needed to try to reach an objective consensus in the finaldecision- making process or to make these processes more open and accountable (Higgs,2006).A solid waste management program often involves conflicting economical, environmental, andsocio-ecological impacts. For example, locating a new site for development at minimal cost isfeasible, but the tradeoff could be the likelihood of groundwater pollution. Moreover, siteselection by GIS is a multi-criteria evaluation (MCE) and generally has four steps criterionestablishment, standardization of factors, establishment of factors weight and weighted linearcombination. With a weighted linear combination, factors are combined by applying a weight toeach followed by a summation of results to yield a suitability map (Hasan et al., 2009).
2.4.1. Multi-criteria Decision Making (MCDM)GIS-based multi-criteria decision analysis involves the utilization of geographical data,the decision maker’s preferences and the combination of the data and preferencesaccording to specified decision rules (Malczewski, 2006. MCDM is a set of mathematicaltools and methods, like weighing, to compare different alternatives according to thecriteria. The main components for MCDM are human value judgment and assessment ofcriteria, to rank potential disposal sites using different criteria. Multi-criteria approacheshave the potential to reduce the costs and time involved in siting disposal by narrowingdown the potential choices based on predefined criteria and weights.
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Weighted Linear Combination (WLC) and Analytic Hierarchy Processes (AHP) are thetwo most known Multi-Criteria Analysis methods that were used for this study.
2.4.2. Analytical Hierarchy Process (AHP)The Analytic Hierarchy Process (AHP) is a multi-criteria decision-making approach andwas introduced by (Saaty, 2008). The Analytic Hierarchy Process is a decision makingmethod for prioritizing alternatives when multiple criteria must be considered. It offersa methodology to rank alternative courses of actions based on the decision maker’sjudgments concerning the importance of the criteria and the extent to which they are metby each of the alternatives (Nydick and Hill, 1992). AHP is a powerful and flexibledecision-making process to help people set priorities and make the best decision whenboth qualitative and quantitative aspects of a decision need to be considered.  It providesa hierarchical structure by reducing multiple variable decisions into a series of pairwisecomparisons and develops subjective priorities based upon user judgment.  AHP is adecision support tool which can be used to solve complex decision problems.It uses a multi-level hierarchical structure of objectives, criteria, sub-criteria, andalternatives among which the best decision is to be made.  AHP was used in this study toderive weights for each criterion internally and externally. It was also used to breakdowndecision problems and aggregates them in structured way so as to facilitate and selectwaste disposal siting processes. AHP generates a weight for each evaluation criterionaccording to the decision maker’s pair wise comparisons of the criteria. The comparisonis about whether the row criterion is equal, greater or lower importance that the columncriterion and the higher the weight, the more important the corresponding criterion. Thereciprocal values (1/3, 1/5, 1/7, 1/9) have been used when the row criterion is lessimportant than the column criterion. AHP also provides measure to determineinconsistency of judgments, in which the CR should be less than one.

2.4.3. Weighted Linear Combination (WLC)WLC is a type of multi-criteria evaluation method in GIS environment used to evaluatethe suitability of a region for waste disposal. The WLC procedure is characterized by fulltradeoff among all factors, average risk and offers much flexibility than the Booleanapproaches in the decision making process. The approach allows the decision maker toassign weights according to the relative importance of each suitability map and combinesthe reclassified maps to obtain an overall suitability score (Malczewski, 2004).
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In this particular research, GIS-based Multi-Criteria Evaluation methodology wasfollowed. This methodology is best suited for siting disposal accurately in time and costeffective manner, hence used by many researchers. Because the technique can effectivelybe used for suitability analysis in GIS environment via criteria establishment,standardization of factors, establishment of factor weights and finally weighted linearcombination. Waste disposal site selection methodology is a two-step processes. The firststep employs GIS to screen out unsuitable areas based on standards and criteria set bynational and international environmental acts and rules and identify potential candidatesites. In the second step MCDM, is used for ranking the candidate sites and identify thebest site/s based on the weights assigned to each criterion. AHP is a powerful MCDM toolto assign weights and rank the candidate sites for selecting the best site among thecandidates. Generally, after finding out where the unacceptable areas are, the remainingareas should be classified into classes of high and low priority for being used as wastedisposal areas (Soto, 2001).This is done through two steps of weighting process. In the first step, each layer wasinternally weighted based on the minimum and maximum distances and/orrequirements. Finally, the layers were standardized and thematic map of eachcriterion/layer was produced.  In the second step, each layer is externally weighted basedon the fact that how critical and important the data layer is to the waste disposal problem.After external weight was assigned to each layers, WLC techniques were apply tocombine all the factors and prepare map. After creating a final suitability map using GIS,the AHP process was applied again for comparing alternative  sites to each other againstother criteria (size, distance from the center of the town and from nearby settlements) inorder to choose the most suitable  site among candidate sites.
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3. MATERIALS AND METHODS
3.1. Description of the study area

3.1.1. Geographic locationAmbo area is known for its different natural resources including the abundant resourcesand attractive scenery. Its perennial rivers including huluka (which is originated in dandidestrict at a place called danbal), taltale, boji,burka-tiko (chopho) etc. are of crucialimportance. The geographical location of ambo town is between8036’30’’ N-8059’30’’ Nlatitude and between 37047’30’’E-37055’15’’E longitude and an elevation of 2101 meters.. It is located in the western shoa zone of the oromiya regional state. Relatively ambo townis located 114kms faraway west of Ethiopian capital city (addis abeba), 60kms north westof weliso town and 12kms east of guder town.

Fig 3.1: Location map of the study area, 2017
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3.1.2. ClimateThe study area is mainly arid and semi-arid with hot temperature for most of the year.The climate of Ambo town is characterized by four distinct seasons. The main wet seasonextends from June to August, short rainy season locally known as tsedey extends fromSeptember to November, Dry season locally known as bega extends from December toFebruary and a little rainy season locally known as belg extends from March to May.Generally, according to the traditional climate zone classification Ambo town is groupedunder Woina dega climatic zone. According to the meteorological data, the mean monthlytemperature of the town for the last 30 years (1981-2010) is about 18.640c and the meanmonthly rain fall is about 968.9mm. As the data shows December and January are driestmonths while July, August and September are the wettest months. The highestconcentration occurs from June to September.
3.1.3. TopographyTopography shows the patterns of land features of the area. Most of the existing built upareas of the town are almost gentle slope and undulated while some hill slope andmountain are also seen in the town. For example, along the course of the rivers andstreams, steep slope and gullies are also observed. Most of the proposed expansion areasare characterized by flat, gentle slopes  and  undulated  plains  towards  Awaro  and lamuMuja in the eastern direction, Odo Liban Kisose in the Northern and Gosu Kora in thesouthern. But some of the slopes in the Sankale Farisi in Western direction have higherslopes and also has human induced barriers such as Ambo Mineral Water Factory,Sankale Police Training Centre and Sankale GypsumFactory (Ambo Town AdministrationOffice, 2013). The topography of Ambo town is characterized by plain surface with anelevation ranging from 1872 m to 2362m amsl. Ambo town has an elongated shape thatextends from west to east. Elevation is the criteria that show topography of the area. Theelevation of Ambo town in this study was generated from DEM of the town, using SpatialAnalyst tool of Surface extension.

3.1.4. Socio-economic characteristics

I. Population: Over the past few years the human population of Ambo town has beengrowing rapidly. According to CSA, 2007, the total population of the town was 50,267with the growth rate of 2.5%.
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The current population size of Ambo town is expected to reach more than 100,000 by2020 with an average growth rate of 5%. The poor quality of housing and inability of theadministration to increase supply could be taken as key indicators that a wide reform isnecessary for Ambo town.
II. Economic Characteristics: Economically most of the residents in Ambo town areengaged in trade activities and as employees of industries and government office.Agriculture and handcrafting are also economic sources for some residents. Ambo townis accessible with different infrastructures like road, water and electricity supply,education, bank, health services and telephone services. Transportation service in thetown is highly accessible for neighboring towns. The major road networks connect towith Addis Ababa city and the eastern wollega zone passing through it and in North Westdirection road connect to weliso town.

3.2. Sources of DataThis study used both primary and secondary data types.  Accordingly, necessary datawere collected from primary and secondary data sources.
3.2.1. Primary DataGround control points were used in this study. During field survey points to identifypublic facilities like schools and health centers as well as protected areas like churchesand mosques were collected using GPS. In addition some sample points from differentland use/ cover types were also collected to update the current land use/ cover type ofthe study area. Field observations were also used to show the existing waste disposalsite. The primary data types are used to show the character of study area. Interviews withexperts of environmental protection officers and residents who are near to the existingwere waste disposal made to get more information. The results from interviews wereused to identify the problem of existing waste disposal in the study area.
3.2.2. Secondary DataDifferent factor and constraint maps that help to select suitable waste disposal site wereused. These includes: road network, soil, settlement and DEM also helped to derive theslope, elevation ,stream, and  geology of the study area which are very important forfurther analysis to select suitable site.
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Table 3.1. Summary of data and Data Source
Data types Description Data source

Boundary town Structural plan of Ambo2010 Ambo municipality
Land use land cover
types

Landsat OLI imagery 2016,pixel 30mx30m Resolution Ethiopia mapping agency
Geology layer Geology map, scale1:250,000 Ethiopia geologic survey
Soil layer Soil map, scale 1:250,000 Ministry of agriculture
Slope, stream andelevation Aster DEM 30mx30mresolution Ethiopia mapping agency
Road network andsettlement Topographic map, scale1:250,000 Ethiopia mapping agency
Bore hole andprotected area Collected by GPS Ambo municipality

3.3 .MethodsThere are different methods of GIS operation for suitability analysis; such as digitizing,spatial analysis, buffering, weight overlay and AHP were the major ones used in this studyto select suitable waste disposal sites.
3.3.1. DigitizingThis function of GIS converts the base map of the area into digital map to use in GISenvironment. This is done by using on- screen digitizing by encoding the spatialcoordinates of the features on the map. It was used to digitize boundaries town,Roadnetwork, and settlement that exist in the study area from the structural plan.
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3.3.2. BufferingBuffering operation refers the creation of a zone of a specified width around a point, aline or a polygon area. It is also referred to as a zone of specified distance around coveragefeatures. Buffering is one method of spatial analysis called proximity analysis. It is usedto produce areas of a given distance around specific criteria that used to select suitablesolid waste disposal site. The features that were buffering in this project include: road,protected area, settlement, well point and stream.
3.3.3. Weight OverlayWeight Overlay analysis often requires the analysis of many different factors that arenecessary for waste disposal sitting. It is desirable to establish the relationship of all theinput factors together to identify the desirable locations for selected sites. For this study,all the weighted factor maps were overlaid using weighted overlay extension of spatialanalyst tool. In this combination approach, it is assumed that the more favourable thefactors, the more desirable the location will be. Thus, the higher the value on the resultingoutput raster, the more desirable the location will be.

3.3.4. Assigning Criteria WeightsOne of the components of GIS-Based MCE methodology is assigning criteria weights foreach factor maps. The purpose of weighting in waste disposal site selection processis to express the importance or preference of each factor relative to other factor effecton dumping siting. A number of criterion-weighting procedures based on the judgmentsof decision makers have been proposed in the multi-criteria decision literature. Theprocedures include ranking, rating, pair-wise comparison, and trade-off analysis.They differ in terms of their accuracy, degree of easiness to use and understanding onthe part of the decision makers, and in the theoretical foundation (Hasan et al.2009).Accordingly, one of the most promising is pair-wise comparison developed in context ofa decision making process is known as the AHP. In MCE using a weighted linearcombination, it is necessary that the weights sum to 1. Accordingly, in IDRISI, theweight module utilizes the pair-wise comparison technique to help develop a set offactor weights that will sum to 1.0 (Table 4-11). In AHP, weight can be derived by takingthe principal eigenvector of a square reciprocal matrix of pair-wise comparisonsbetween the criteria.
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The comparisons concern the relative importance of the two criteria involved at atime, in determining suitability for the stated objective. Accordingly, all possiblecombinations of two factors were compared based on expert judgment to prepare apair-wise comparison matrix from which the module calculates a set of weights andconsistency ratio. This ratio is very import as it shows any inconsistencies that mayhave arisen during the pair-wise comparison process.
3.3.5. Aggregating the Criteria Weights and Standardized Factor MapsThe distinguishing feature of GIS is its  capacity for integration and spatialanalysis of multisource datasets. The data are manipulated and analyzed to obtaininformation useful for a particular application such as suitability analysis. Wastedisposal site selection by GIS is a MCE, which involves aggregation of factors in asystematic way. Once the factor maps are prepared, the last step in suitabilityanalysis is to evaluate the criterion so as to combine the information from thevarious factors. The present study employs, MCE method to combine all the factmaps considered for site selection. Among MCE procedures WLC is flexible, easy touse and frequently for factors aggregation (Malczewski, 2006).

3.4. Material used (hardware and software)

The materials used in this study for data analysis include computer hardware and

software. The hardware used in this study includes PC, color printer, scanner, Sony

trace digital camera and GPS. The software for preparing and analysis of the data

include MS word 2013 for editing purpose, MS excel 2013 to store attribute information

collected during field survey, Arc GIS 10.3 for digitizing, buffering, overlaying,

intersect, data analysis including spatial analysis and suitability model, ERDAS imagine

2014 was used for georeferencing and to weigh each class of criteria were derived

in IDRISI3.2 software using AHP methods.
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Fig 3.2: Technological Scheme of solid waste disposal site selection
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4. DATA ANALYSIS, RESULT AND DISCUSSIONThis part discusses the analysis and presentation of different data sets that were used toselect suitable solid waste disposal sites. In this study, suitable sites were determined byusing the GIS capability and weighting product of AHP method. Waste disposal must besituated and designed so as to meet the necessary conditions for preventing pollution ofthe groundwater and other resources. Similarly, site should be kept as far away aspossible from population density, for reducing impact on public health. On the otherhand, the site should be placed not much far from existing roads for saving roaddevelopment, transportation, and collection costs. Furthermore, difficult or steepterrains are not appropriate for hosting waste disposal.For this study ten (10) suitability criteria includes: distance from settlement, protectedareas, roads network, Groundwater well, stream/river, soil type, geology, elevation,urban land use type and slope were used based on the relevant Ethiopian EnvironmentalProtection Regulations, in addition to international practices that account forenvironmental, economic and social factors. Maps were created for each suitabilitycriterion and the final composite map was finally produced by simple overlaying of theindividual maps. The layers, buffering zones used, rankings and weights weresummarized using tables. The weights were assessed by taking into account thepossibility of modifying the natural conditions of the sites so as to increase theirsuitability.

4.1. Solid Waste Management System in Ambo TownThe first objective of the thesis was to assess the present waste management strategiesin Ambo town. This objective was achieved through field observation and interview withexperts of Environmental Protection department of Ambo town. The result showed thatthe municipal of the town together with the land administration office selected andprepared the existing open dumping site not based on the criteria of distance from river,well point, road, settlement and protected area of the town. According to the observationand interview, the existing solid waste disposal system is not satisfactory, because theexisting site does not consider major environmental and health factors, like distance fromwater bodies, agricultural fields and settlement.
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The residents near to the existing open dump site are suffering from air pollution and dueto pollution of the river they cannot use for animal feeding and irrigation too. In manytowns of Ethiopia, there are temporary waste disposal at different distances, serving toput solid wastes after collecting from different sources. Since many of these are near tothe settlement and public institution, this is a serious problem on human health areshown below the figures.

a) Illegal Solid Waste Disposals along road, house and fence from field survey
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4.2. Suitable site screening and identification of each criterionThe first step waste disposal sitting process is identifying site requirements or criteria.Since the main objective of this study is selecting suitable site, criteria used shouldminimize surrounding environmental, economic and social impacts.
4.2.1. Slope FactorSlope refers to the slants of downward or upward of ground. In other words, the slopeclassification of Ambo town is largely dominated by terrain with flat to undulating andsteep slopes. Slope is an important factor in suitability site selection process because itgoverns the amount of surface runoff produced the precipitation rate and displacementvelocity of water to the potential site in addition to the construction cost. It means thatwhen the slope is gentle it decrease the construction cost as compared to the sharp slopearea (Tsegaye, 2006).As described in the above section, slope is one of the key criteria to be considered inwaste disposal site selection. This is because site topography can reduce or increaseadverse effects on the environment (Centre for Advanced Engineering, 2000). Moreover,steep slope is either not best option for solid disposal because of the difficulty  posedin construction or leveling, which incur additional cost. Moreover, high topographyareas reduces the stability of the side slopes (increased risk of landslides) and increaseleachate movement. Therefore, the best slope for solid waste disposal should be modestslopes, which enable easier storm water control, leachate control and site stabilitymeasures, as well as facilitating the operation of the site. Different researchers setdifferent slope criteria for waste disposal site selection.For example, Hasan et al. (2009) set areas with slope <15-20% as the best site for wastedisposal, while Change et al. (2007) describe slope <12% as the best site and slope >12%unsuitable for landfill. Moreover, Ersoy and Bulul (2009) state that areas withslope<20% is optimum site for waste disposal. According to Tirusew et al., (2013); the typeof slope for waste disposal site should be gently, less than 10%.In this study, slope of the study area was generated from DEM using Arc-GIS spatialanalyst extension of surface tool. This study considered the lower slope more highlysuitable than the land with higher slope.  As the slope becomes steeper the area shouldbe considered as least suitable. Areas with high slopes will have high risk of pollution andpotentially not a good site for disposal.
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Table 4.1: weight assignment for different range of slope in Suitability level

Fig 4.1: Reclassified Slope layer generated new pixel value estimated relative weightThe reclassified slope was ranked from 1 to 4, as 4 is highly suitable and 1 is forunsuitable for site selection. The majority of the study area falls under the slope class of0‐10%, covering 78.36% of the total study area, which is more suitable for solid wastedisposal.

Slope Class Level of

Suitability

Relative

weight

Area (km2) %  of total area

of total area
<10% More suitable 4 61.91 7810-13% Suitable 3 10.23 1313- 16% Less Suitable 2 5.67 6>16% Unsuitable 1 2 3Total 79.29 100
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Whereas 12.69%, 6.42% and 2.53% of the study area was covered by slope classes 10-13, 13-16 and >16% respectively. This means that the town is more or less flat in itstopography.

Fig 4.2: Spatial coverage of relative slope range computed from reclassified slope layer
4.2.2. Proximity from roadProximity from roads is one of the criteria that should be considered from economic andsocial Point of views during solid waste disposal site selection processes. Because sitingwaste disposal very close to roads may have public health problem as disposal posehazardous effect to health. Moreover, waste disposal site very far from road network isalso not recommended due to high transportation cost. Therefore, to minimize suchproblems, it must not be sited very close to and far from roads. Minimum and maximumdistance from road network of the study area was set after summarizing differentliteratures. MUDC,2012 set 400m buffer, Chang et al. (2007) set 100m buffer while Hasanet al. (2009) uses 100-300m buffer from road as a minimum distance within whichlandfill should not be located. However, 300m buffer distance is mentioned as the safestdistance (Map Asia, 2004;Zain, 2009; Yahaya, 2010; Ersoy and Bulut, 2009; EPA, 1995).According to the ministry of urban development and construction 2012, the wastedisposal shall not be located within 400 meter of any major highways, city streets or othertransportation routes. For this work, areas within 400-2000m away from roads wereanalyzed as best site for waste disposal.
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Therefore, Multiple Ring Buffer tools were used to create  buffer classes around the roadswith 0-400m, 400-1000m, 1000-1500m,1500-2000m and >2000m distance ranges. Solidwaste dumping site must be located at suitable distance from roads network in order tofacilitate transportation In this study existing roads were digitized from structural plan2010, of the town, which was accessed from Ambo Municipality.Table 4.2: Weight assignment for proximity road of Suitability class
Distance from
Road(m)

Level of
Suitability

Relative
weight

Area (ha) % of total area

>1500 More suitable 4 8.23 11800- 1500 Suitable 3 13.84 19400-800 Less suitable 2 27.15 370-400 Unsuitable 1 25.01 33Total 74.19 100
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Fig 4.3: Reclassified Road Suitability layer of the study area

Fig 4.4: Spatial coverage of relative road range computed from reclassified road layer
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4.2.3. Surface WaterMost of the surface waters in the study area are streams. The waste disposal site mustnot be close to surface water bodies like streams, rivers and lakes. Because as the distancebetween the waste disposal and water bodies narrows, the probability of polluting thewater becomes high. The pollution in water resources causes several problems inenvironment, public health as well as economy. In this study the streams/ rivers weregenerated from DEM of the Ambo, using spatial analyst hydrology extension.  Then it wasbuffered using the standards of MUDC, 2012, to locate suitable sites for waste disposal.Accordingly, four different zones were specified: in which far buffering from streams aremore suitable while near to streams are less suitable for waste disposal sitting.Table 4.3: Weight assign proximity of Stream/river suitability class
Distance from
Stream(m)

Level of
Suitability

Relative
weight

Area (km2) % of total area

>1500 More suitable 4 5.04 61000m- 1500 Suitable 3 12.48 15500m- 1000 Less suitable 2 25.05 31<500 Unsuitable 1 39.69 48Total 82.17 100
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Fig 4.5: Reclassified Steam layer of the study area

Fig 4.6: Spatial coverage of relative range computed from reclassified stream layer
4.2.4. Soil criterion characteristicsThe five soil forming factors namely climate (temperature and rainfall), topography,parent material, biological activities (flora and fauna) and time determine the typesof soil that are formed at a particular area. As a result, soil can vary from place to place.
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The difference in the nature of soil results in the difference in water infiltration andholding capacity. The permeability and porosity of a given soil control the vertical as wellas horizontal movement of contamination (Tsegaye, 2006). According to soilclassification of MOA, three type of soil that exists in Ambo town is eutric Fluvisols, Pellicvertisols and haplic Leptosols. Pellic vertisols the dominant exists of major soil in Ambotown. Soil formation of the study area is directly related with weathering of theparent materials or rocks that exist in the area. The nature of the soil is varying fromarea to area in depth and content. The permeability and infiltration of each soil dependson its textural composition. The soil classes in the study area with differentcharacteristics as follow.
1 . Eutric FluvisolsThe reference soil group of the Fluvisols accommodates genetically young, a zonalsoils in alluvial deposits. The name Fluvisols is a misleading in the sense that these soilsare not confined to river sediments (Fluvius means ' river') but occur also in lacustrineand marine deposits. It is a soil having a thickness of 25cm or more and fluvic soilmaterial starting with in 50cm from the soil surface. It contains sand and clay with highporosity in nature. The permeability of eutric Fluvisols is moderate as its texture isgenerally characterized as moderately fine size textured as and with relatively less claycontent than Vertisols (GSE, 2011).

2. Pellic VertisolsThey are important agricultural soils. They have high clay content and consequently ahigh moisture storage capacity. The PH is slightly acidic to neutral. These soils have highyield potential, but require proper fertility management. Vertisols are naturally fertilesoils, but poor drainage and difficult workability because of limited nutrient availability.The most important characteristic of Vertisols is their high water holding capacity, aconsequence of the deep profile and high content of clay. Because of its low porosity innature it is very important to located waste disposal with a thickness of more than 109cm and it is characterized by fine textured soil with >60% clay in composition. As aresult, the porosity of such soil is very fine making the movement of material difficultwithin the soil (GSE, 2011).
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3. Haplic LeptosolsHaplic Leptosols in the FAO world reference base for soil resources is a very shallow soilover hard rock or highly calcareous materials or a deeper soil that is extremely gravellyor stony. It is very shallow, less than 10 cm deep (GSE, 2011). This type of soil is foundin the western part of the study area. From its characteristics, this type of soil is notsuitable for location of waste disposal due to its shallow depth underlined by hard rockand with less developed soil.Soil characteristics of the study area like texture and depth should also be consideredfor waste disposal site selection within the study area.This is due to availability of lining material and permeability depends on depth andtexture soil, respectively. Clay textured soil is more preferred for dumping site as it isimpermeable to leachate and also used for lining the base of sanitary design. Moreover,area with deep soil is preferred as it provides soil for covering solid waste after eachdisposal to minimize air pollution from the site.  In this study, Pellic Vertisols identifiedas highly suitable soil for waste disposal due to its clay dominated (60%) and very deepsoil (Gizachew, 2011). Haplic Leptosols were identified as unsuitable soil types due tocoarser texture and shallow soil depth (Gizachew, 2011). The other soil type of the studyarea fall in between these extremities due to moderate depth and fine texture (GSE,2011).
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Fig 4.7: Reclassified Soil types layer of the study area

Fig 4.8: Spatial coverage of relative soil range computed from reclassified soil layer
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As shown in Fig 4.7, most part of the study area is safe for waste disposal sitting due tolow permeability. But for high permeability area, lining the base of waste disposal will berequired to protect ground water from leachate contamination. From the above soil mapof the study area the next map is produced based on the criteria given by the municipalitythat states the site must be on a suitable soil with 104 cm depth and cannot be easilypenetrate by water. Accordingly, about 73 % of the total area is more suitable, 16%suitable and 11 % Unsuitable for dumping site.Table 4.4: Weight assign for Soil criterion of suitability class
Soil Type Suitability

class

Area cover(km2) %of total

area

Relative

weightPellic Vertisols More Suitable 61.93 73 4Eutric Fluvisols Suitable 13.51 16 3Haplic Leptosols Unsuitable 8.36 11 1total 83.80 100

4.2.5. Distance from Protected AreaThe protected area in this study includes the Ambo churches, mosques, schools, industry,administrational zone and health centers. The waste disposal should not be located inclose proximity to sensitive areas listed above to a minimum limit of 1,000 meterbuffering surrounding. When the distance increases from these areas suitability alsoincreases. In this study the X, Y coordinates for the above listed protected areas weregathered using GPS during the field survey and buffering using the standards of MUDC,2012, to locate suitable site. Accordingly, four different zones were specified; in which farbuffering from protected areas are more suitable while near are less suitable for wastedisposal sitting. The study considered the reclassified distance as unsuitable from 0 -1000meter, less suitable from 1000-1500m, suitable from 1500-2000m and highlysuitable above 2000meter.
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Table 4.5: Weight assignment of distance from Protected Area in Suitability Class
Distance from

protected

area(m)

Level of

Suitability

Relative

weight

Area (km2) % of total area

>2000 More suitable 4 4.37 61500- 2000 Suitable 3 11.63 141000m- 1500 Less suitable 2 18.77 23<1000 Unsuitable 1 47.66 57Total 82.42 100

Fig 4.9: Reclassified layer of Protected Area
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Fig 4.10: Spatial coverage of relative range computed from reclassified protected area layer
4.2.6. Distance from SettlementThe waste disposal sites should not be sited or located near to populated areas. Theextent of the residential areas were derived by digitization from structural plan of thetown, and distance of 2500 m and above are considered as suitable while 1000m andbelow were considered unsuitable. Hence the land suitability for waste disposalincreases with the increase in distance from the residential areas (MUDC, 2012).Table 4.6: Weight assign for proximity of Settlement

Distance from
Settlement(m)

Level of Suitability Relative
weight

Area

(km2)

% of total area

>2000 More suitable 4 7.66 91500- 2000 Suitable 3 10.94 141000m- 1500 Less suitable 2 19.42 25<1000 Unsuitable 1 40.68 52Total 78.68 100
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Fig 4-11: Reclassified layer of Settlement

Fig 4.12: Spatial coverage of relative range computed from reclassified settlement layer
4.2.7. Geological CharacteristicsIt is essential to have an accurate understanding of the local geological setting inorder to evaluate suitable waste disposal site and to control the site from contamination.
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This will include the type of rocks existing, details of the structure and characteristics ofthe rocks, composition and distribution of the subsoil, distribution and characteristics ofthe geology (Basak, 2004).The rationale to study about the geology is to know the solidstrata of the study area, which includes the type of rock, the state of weathering, theextent and distribution of structural features such as faults, joints, and bedding planes,the effect of leaches and the permeability of the strata. In addition to the geologicalinformation, it is important to know about the subsoil of the strata like its composition,the lateral and vertical continuity of the strata, the permeability, resistance to erosionand the stress of deformation behavior (Gizachew, 2011).When we talk the geology of agiven area, it is important to know geologically unstable or unsuitable areas of a givensite. Geologically unstable areas are defined as locations where natural or manmadefeatures create a considerable risk to the reliability of the waste disposal located(Tsegaye, 2006).Generally, geological faults are areas most dangerous site; even though it is difficultto avoid being on or close geological faults. Because as majority of the faults increasethe permeability of the bedrocks in the fault zone it would normally not be appropriateto roll out or down grade a site because of the presence of an absolute assurance that asite is geologically suitable. Because  fault  zones  in  permeable  rocks  are  usually  moresignificant  than  in  low permeability rocks (Tsegaye, 2006).Geology affects the locatedwaste disposal activity and how it can be suitable. Let’s us see the geological condition ofthe study area and examine how it can be suitable for this project site. The geology ofAmbo town and its surroundings has been studied by researchers at the regional scale.In 1970, Levitte studied the geology of Ambo (western part of Ethiopia) and he dividedthe rocks in the area into three major units: Mesozoic Sedimentary sequence, Nazretpyroclastic and Tarmaber-Megezez Formation of the Ethiopian.
1. Nazreth pyroclastic rocksIt is widespread over all of the study area covering most extensive regional exposure ofthe northern and western parts of the study area. The upper part of it is characterizedby clayish sediment and black soil this corresponds to its low resistivity nature. Thethickness of this sediment is more than 700 meters (Geological Survey of Ethiopia,2011).
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It is light to dark-grey in fresh sample and reddish yellow to pink up on weathering. Theweathering activity changes the light to dark-grey color to reddish yellow to pink(Geological Survey of Ethiopia, 2011).
2. Mesozoic Sedimentary sequenceIt is exposed in the form of unevenly distributed small dome and gently circular toelliptical hills. It has a characteristic color light grey to pink in fresh ample (Efrem, 2010)identified  an intercalation of ash and tuff locally.
3. Tarmaber-Megezez formationThis lithological unit crops out in the central, west to east and southern part of the studyarea. It forms most flat and extensive geomorphology. The constituents of these rockstype are predominantly sand, clay and gravel. Gravel formations are shown in to lowerparts of the cross section, the upper part is clay, and sandy predominate. The thicknessof the sediments in the region varies from 0-25 meters and their thickness is high in thewestern part of the town (Geological Survey of Ethiopia, 2011).The geology map of thetown was obtained from Geologic Survey of Ethiopia (GSE) in soft copy. The map was geo-referenced and then digitalized in GIS environment to utilize the raw data as information.Accordingly, three (3) different geologic units of the study area were digitized and theirthematic map was prepared.  The geology type of the town as stated above Nazarethpyroclastic rocks, Mesozoic Sedimentary sequence and Tarmaber-Megezez Formationwith the area coverage of 65.73%, 16.16% and 18.11% respectively.
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Fig 4.13: Reclassified of Geological layer of the study areaGeology is one of the important environmental factors that should be considered duringwaste disposal site selection processes. Impermeable strata and consolidated materialare suitable for site as they do not allow movement of leachate and hence to minimize therisk of groundwater contamination from disposal leachate (Centre for AdvancedEngineering, 2000). For this study, the degree of porosity, thickness of the rocks and thepresence of fracture are the factors or criteria to select the suitable rock type. The moreweathered and fracture, the more permeable and instable the rocks will be (Tameru etal., 2003). Hence, such formations are not suitable for solid waste disposal sitting;because of the high probability of the underground water to be contaminated.  To selectthe rock type that fulfill this criteria spatial analysis operation of GIS with extractionspecifically selection is used. Nazret pyroclastic rock is very suitable for waste disposalsite; because it has no porosity in addition to its thickness greater than 700 meters withless transitivity (Geological Survey of Ethiopia, 2011).
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Table 4.7: Weight assign for geology type of suitability class
Geology

Type

Suitability

class

Area

cover(ha)

Area

Cover (%)

Relative

WeightNazreth pyroclasticrock More suitable 62.18 74 4Mesozoicsedimentary Suitable 12.08 14 3Tarmaber-megezez Unsuitable 9.55 12 1
total 83.80 100

Fig.4.14: Spatial coverage of relative geology range computed from reclassified geology layer
4.2.8. Proximity from Groundwater wellProximity of waste disposal to a groundwater well is an important environmentalcriterion in the site selection; so that wells may be protected from the runoff and leachingof the site. Hence, solid waste disposal should be placed away from water wells.Otherwise, it can have irretrievable human and environmental effects. As a result,proximity from groundwater well was considered as an important criterion for thisresearch. Accordingly, 4 ground water well points that are currently functional and othernot functional were obtained from Ambo Water and Sewerage Authority (AWSA) andMultiple Ring Buffer tools were used to prepare buffering zones around each well.
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Waste disposal should not be sited within 500m buffer distance from water wells.However, Hasan et al. (2009) used 500- 1000m and use700m as a minimum distancewhich can be safely sited. For this work, 1000m buffer distance was used. Moreover,additional buffering was performed around the wells in order to identify the best site forwaste disposal. Buffer distance of 0-1000m, 1000-1500m, 1500-2000, and >2000m wereprepared around each and every well points (Fig. 4-15).Different buffering was used to identify and rank according to their preference. Wastedisposal very far from water well will have minimum effect and the vice versa. Generally,the more closely, the more probable for ground water to be contaminated. Areas with>2000m buffer distance were very highly suitable and areas with 0-1000m is the least.Weights were calculated for each class based on the suitability level. More weight wasassigned to more suitable areas, and vice versa (Table 4.8).Table 4.8: Weight assign of proximity of groundwater well
Distance from

Well (m)

Level of

Suitability

Relative

weight

Area (km2) % of total area

>2000 More suitable 4 11.83 271500- 2000 Suitable 3 12.06 281000-1500 Less suitable 2 15.13 23<1000 Unsuitable 1 14.02 22Total 53.03 100
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Fig 4.15: Reclassified for groundwater well layer suitability class

Fig 4.16: Spatial coverage of relative range computed from reclassified groundwaterWell layer
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4.2.9 Land Use/land cover typesThe land cover types of the town was analyzed from Landsat OLI acquired in 2016. Theimage was georeferenced to a projection of Universal Transverse Mercator, Grid of UTMZ 37N and datum with Adindan. Master plan of Ambo town was also used as auxiliaryinformation during image classification. The image was undertaken under supervisedclassification with the help of 50ground control points that were collected during the fieldsurvey, to update the information. Classified pixels were clustered into six generalcategories as: built up area, urban agriculture, water bodies, open forest, cover forest andbare/open land (fig. 4.17). Accordingly, the land use types were ranked based on theirimportance to evaluate suitable site to locate landfills.  These  are;  bare/open land  areranked  as  highly  suitable,  urban  agriculture  as moderately suitable, open/cover forestas less suitable and areas near to water bodies and urban infrastructures(built up) asunsuitable were identified (Table 4.9).Accordingly, master plan of the study area was used as a guidance to identifyrepresentative land cover classes. This was used for solving the problems of identifyingfeatures of similar reflectance like green area with forest, open land and agricultural,open land with agricultural land. Finally, supervised classification has been carried outusing ERDAS Imagine software from the images of Landsat 2016. Large  parts  of  thestudy  area  are  covered  by  built  up  area and Water bodies and least area cover openforest Land use/land cover of the study area is shown below.Table 4.9: Weight assign for Land Use in Suitability Classes
Land Use
Categories

Level of
Suitability

Relative
weight

Area (km2) % of total

areaBare/open land More suitable 4 41.62 48Agricultural land Suitable 3 18.07 21Open/cover forest Less suitable 2 10.83 13Built up ,Waterbodies Unsuitable 1 13.58 18
Total 84.10 100
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Fig 4.17: Reclassified Land Use types Categories layer of the study area

Fig 4.18: Spatial coverage of relative range computed from reclassified land use layer
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4.2.10. Elevation factorWaste disposal site selection tends to at lower topography rather than the highertopography. Higher the elevation less waste disposal site and vice versa (Gedebo, 2005),for the present study elevation data having 30x30 meter spatial resolution has beencreated based on the ASTER DEM. The study area’s elevation ranges between 1872meters to 2352 meters from the mean sea level, this values have been classified equallyinto four classes and high weight is assigned for lower elevation areas as compared tohigher elevations. Weightage for each class have been assigned (Table 4.10 and Fig 4.19).
Table 4.10:  Weight assignment for different range elevation class
Elevation
Class(m)

Level of
Suitability

Relative
weight

Area

(km2)

% of total area

<500 More suitable 4 8.82 11500-1000 Suitable 3 19.51 241000-2000 Less suitable 2 46.93 55>2000 Unsuitable 1 8.62 10Total 83.88 100
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Fig 4.19: Reclassified elevation layer of different range class

Fig 4.20: Spatial coverage of Elevation range computed from reclassified elevation layer
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Based on this AHP weight derivation module, the following eigenvectors ofweights for all factors considered for waste disposal site selection are generated.Table 4-11 shows that proximity from streams/rivers, and proximity fromground water well are more important than other factors for waste disposal siteselection. The main reason for this is to protect groundwater from leachatecontamination from dumping site.

Fig 4.21: AHP weight derivation method considering all factors for waste disposal siteselection.Table 4-11: weight derivation for each candidate dumping sites with each of criteria

Consistency Ratio = 0.02<<0.1 == acceptable(Note: ST= Soil Type, SE= Settlement, LUC= Land use/Land cover, E=Elevation,PR=Proximity from Roads, S=Slope, PS= Proximity from Streams/Rivers, PPA=Proximity from Protected Area, PW= Proximity from Well and G=Geology).

ST SE LUC E PR S PS PPA PW G Weight Weight(%)ST 1 0.0195 3SE 5 1 0.0916 9LUC 3 1/3 1 0.0438 5E 6 3 3 1 0.1318 13PR 2 1/3 ½ 1/4 1 0.0315 4S 4 1/2 2 1/2 2 1 0.0610 6PS 7 2 4 2 5 3 1 0.1771 17PPA 7 2 4 2 5 3 1 1 0.1771 17PW 7 2 4 2 5 3 1 1 1 0.1771 17G 5 1 2 1/2 3 2 1/2 1/2 1/2 1 0.0895 9
Total 1.00 100.0



52

4.3. Waste disposal Suitability Analysis ResultsThe importance’s of environmental factors like geology and soil permeability,hydrological factors such as proximity from groundwater well and streams/rivers andtopographic factors such as slope and land uses, for determining waste disposal sites arenot the same. The analysis of the weight assignment shows that ground and surface waterrelated factors like soil permeability, proximity from wells and streams/rivers are moreinfluential than the other factors, as they are very important to protect water pollutionfrom dumping leachate. Weighted Linear Combination result showed four classes ofsuitability levels. These are unsuitable, less suitable, suitable and more suitable. As theoverall suitability result shows; there is no area that fulfills the more suitable criteria.This indicates that there is no very highly suitable in all the ten (10) criteria considered.The unsuitable area includes built up and vegetation cover, steep slope (>16%), areaclose to road, groundwater well and rivers/streams. The main purpose is to protecthuman health and environment from potential effects of dumping site, to minimize thelocation sites and waste transportation. However, 3.95km2 (6%) of the area satisfies theenvironmental, social and economical criteria set in the previous section and henceidentified as more suitable. These areas are preferable for dumping site cover because oftheir minimum effect on environment, public health and cost effective than other parts ofthe area. 12.18km2 (15%) of the study area is suitable, 26.93km2 (34%) less suitable and34.49km2(45%) Unsuitable area coverage. The suitable areas can be used with somecareful management system such as lining the base of waste disposal so as to minimizetheir negative effects on the environment and public health. Most of the suitable wastedisposal sites were identified in the south, south-west and eastern part of the study areaof the town (Fig.4.22).  Moreover, the central and northern part of the town is believed tobe the potential source of ground water for the town and the surrounding, hence notallowed for waste disposal site. Therefore, the northern and central parts of the town areexcluded to protect water pollution.
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Table 4.12: Spatial coverage of Suitability level in the percent of total area
Level of

Suitability

Relative weight Area (km2) % of total area

More suitable 4 ( Black) 3.95 6Suitable 3 (Green) 12.18 15Less suitable 2 (Blue) 26.93 34Unsuitable 1 (Red) 34.49 45Total 77.55 100

Fig 4.22: overall suitability map derived from each weightage criteria
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Fig 4.23: Spatial coverage of final value computed from suitability criteria layerWith a weighted linear combination, factors were combined by applying a weight to eachfollowed by a summation and waste disposal suitability map that shows suitable siteswithin the region. Suitable sites were evaluated against other criteria like size of the siteand distance from the center to select the best suitable sites for waste disposal.Therefore, area, distance from center and distance from nearby settlements weredetermined for each candidate sites in GIS environment.
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Fig 4.24: waste disposal site suitability map
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5. CONCLUSION AND RECOMMENDATION
5.1. ConclusionSolid waste disposal system in Ambo is open dumping. As a result there areenvironmental and social problems resulted from the dumping site. All types of solidwastes from hospitals, industries, domestic, market and commercial are dumped, whichmay contain leachable toxic compounds that are harmful to the environment andhuman health, at the site without any treatment and separation. Moreover, thedisposal site is very close to the main road and surrounded by residential houses andinstitutions hence resulted in societal problems like nuisance, hazard health anddisturbances  due to large number of waste pickers continuously working each dayat the site. Furthermore, suitability map shows that, the dumping site is located atenvironmentally and socially unsuitable area that does not satisfy the unacceptable.The findings have shown the ability of GIS and remote sensing as a veritable tool foranalyzing the criteria for decision making. The analysis has taken important factors tominimize the negative impacts of waste disposal. These are land use type, slope, watersources, protected areas, settlement, type of soil, elevation, road, ground water andgeology as determining factor in order to find appropriate site for solid waste dumpingsite. Integrating AHP with GIS for spatial decision making process is a worthwhiletechnique to handle large and conflicting criteria in waste disposal site selectionprocesses. Accordingly, suitability map for each of the factors were prepared in GISenvironment. Determine the weight derivation of AHP by pair wise comparison in idiris32 software. The factor maps were combined according to their importance. The resultsof the final suitability sites have shown that 1, 2 and 3) of the study area were proposedas more suitable; 4, 5 and site 6 of the total area is suitable area. This sites are easy toaccess and   manage. These places are based on the criterion of the study area and othervariables put into analysis. They are located in south, south-west and east peripheries ofthe town with the selection area of green spaces and urban agricultural land with lessthan 10% slope.
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5.2. RecommendationsThe selected sites by this study are only for non-hazardous solid wastes. Since the criteriafor hazardous wastes are different from non-hazardous wastes, separate dumping siteshould be selected; because chemical, soil and toxic chemical test should be needed.To protect downstream surface water pollution, runoff must not flow into and out of thesanitary dumping site. Hence, the municipality should not construct drainage systempasses into the waste disposal.Detailed hydrological and geological studies for the selected site should be furtherinvestigated.Further studies are necessary for the design and construction of dumping site.However, the negative impacts from waste disposal can be minimized through selectingan appropriate site, which minimize potential environmental impact; GIS and RStechniques are effective for the purpose.
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