Application and Comparison of Analytical Hierarchy Process (AHP) and Network Methods in Routing of Pipeline Water Transmission System, from Taleghan Dam to Hashtgerd New City, Tehran, Iran

Saeid Gharehhassanloo, Mahdi Arabi
Student Master of Geographical information system, Shahid Rajaee Teacher Training University, Faculty of Civil Engineering, Tehran, Iran
Assistant Professor and PhD in urban- Regional planning and GIS, Faculty member of Shaid Rajaee Teacher Training University, Faculty of Civil Engineering, Tehran, Iran
Abstract :

Determine the optimal route of the water pipeline where technical and engineering considerations, economic, environmental and techniques that need to be applied to all parameters simultaneously consider in determining the route. In this study by first of influential factors in determining the route (the conditions topography (slope, altitude), vegetation, landuse, population density, length of pipeline, river and road, areas and important areas, residential, environmentally sensitive areas and centers (religious-culture) determined and using the base map and extract the locus of points of interest from Google Earth to take action field operations navigation and to harvest land navigation. Then the data layer related target parameters in GIS to load and then apply the specific weighting the cost of map production operations based on Analytical Hierarchy Process (AHP) rate, mix and ultimately the optimal route using the lowest cost algorithm is determined. Compare determine the optimal route using ArcGIS software and IDRISI shows the two routes coincide and compare the designed route in this study (from Taleghan Dam to Hashtgerd New City) with ABFA route indicates that the route is 5/6976 km shorter than the ABFA route, despite optimal route cost only apply to influence some of the layers of the ABFA route is more. Two routes are compared on the basis of total cost and compare the them indicates that the optimal route towards the ABFA route costs will be reduced by 14 percent. ABFA major additional cost route resulting intersection more with the river and the road, passing through unauthorized areas, passing through different users with higher costs and ultimately increase the pipeline.
Keywords: Weighting, water pipelines, Taleghan Dam, Hashtgerd New City, Analytical Hierarchy Process, optimal routing.

1. Introduction
The initial design of the track and phase zero, one of the most important steps in the construction of the pipelines is the initial design of the track or phase zero, is one of the most important steps in the construction of the pipelines through which the pipelines, before the start of the aspects examined the safest and most economical route and location of pipelines are recognized (Negahdari et al., 2012). Processing and analysis to determine the shortest route has always been one of the most practical way. So far, different algorithms for optimal routing, according to the parameters and characteristics are provided. Which method of assessment and analysis of geographical balance, spatial and temporal parameters has an effective basis, It is important and necessary to use special techniques and methods; Optimization is an important activity and determine the design. When designers will be able to better designs that manufacturers can optimize methods in the time and cost saving design. The goal of optimization is to find the best answer acceptable, given the constraints and needs of the problem. For one thing, there may be different solutions to compare them and choose the optimal solution,  the  objective  function  is  defined  function  name  and  the 
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selection of this function depends on the nature of the problem (Vahed Manshuri, 1993: 2). For example, reduce the time and cost of common objectives to optimize the routing of pipelines. In addition to observing the technical and economic design, should also pay attention to the environmental characteristics and construction cause minimum damage to the environment.
1-1. Overview of the theory of routing: Experts in the world fall into three categories; 1) economic views argue that they reduce the time, cost and track is very important. 2) the environmental point of view believe that the reduction of environmental hazards (1. Environmental Factors 2. Ecological Factors 3. Human Factors) 3. It is consolidated view that includes two perspectives, theories and new perspective on the world that it is used in this study and according to this view to some theories related to the routing of the research will be discussed, including the idea of: 
1- In the modern age growth of cities will likewise increase the demand for water pipelines. Pipelines are by far the most economical, practical and safe option of fluid transport. Pipelines are the most efficient, cost effective and environmentally friendly means of fluid transport. An important problem in pipeline is the routing assignment (Ghose et al., 2006). 2- Traditional methods of optimum routing in pipelines are mainly based on expensive and protracted methods. These methods are not precise and the role of all effective parameters in pipeline routings cannot be easily considered. Most technical, economical and environmental concerns are not observed in designed routes. Mean while remote sensing, GIS and intelligent methods are efficient tools for decision making and consultation for experts in pipeline design (Rudolph, 1994; Feldman et al., 1995). 3- The GIS, as a new technique for collection and analysis of spatial data, together with genetic algorithm as one of the most important evolutionary algorithms with features like flexibility, robustness and consistency in solving the complicated problems have important functions. So, combination of information from satellite images, object-oriented programming, available GIS techniques and genetic algorithm can lead to more accurate results in shorter time (Rudolph, 1994; Collischonn and Pilar, 2000). 4- Thus, selecting a suitable route to avoid existing obstacles not only reduces the risk of damaging existing utilities, but also minimizes the cost and duration required for construction. The GIS helps planners identify the spatial relationships between different data layers. In addition, GIS not only stores the spatial features and attributes, but can also be used as an analysis tool (Min-Yuan and Chang, 2001). 5- A GIS usually provides a number of tools for the analysis of spatial networks. It generally offers tools to find the shortest or minimum route (Derekenaris et al., 2001). 6- Various investigations have been performed for using genetic algorithm in routing problems optimization (Sheu and Chuang, 2006).  7- Careful planning of their route can save on cost, time and operating expenses, ensure longer operational life and help prevent environmental fallouts. So, it is clear that more efficient methods for route design are required (Hasan et al., 2007; Iqbal et al., 2006; Jun et al., 2002). 8- The routing technique used for calculating shortest routes, cost reductions reported by the companies was typically between 10 and 20% (Tarantilis et al., 2004).
2. Range and areas of research

Taleghan city, 100 kilometers north west of Tehran in the Alborz mountains and the grand valley and Hashtgerd geographically in west Tehran, at an altitude of 1310 to 1610 meters above sea level. The study area between 36° 12' to 50° 47' and 50° 25' to 50° 55' and 35° 45' to 36° 5'.              (Fig.1) (Statistical yearbook of Alborz, 2016).
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Fig.1: The study area

3. Methodology

It is applied analytical research that first through studies, documentary and meetings of experts to do the work, theoretical framework and literature and routing route, were studied and then with observations and surveys, complete the required information and maps of existing and collected information in software such as ArcGIS and IDRISI Selva, was to interpret them according to environmental conditions and the value of the model, the necessary tests and evaluation of results and validation of the optimal route was chosen and then based on the Research findings, recommendations were presented to the subject matter. Research advantages as compared with other studies that in addition to using the most effective parameters, optimal routing of water transmission pipelines determined with accuracy of 5 meters and was tested by IDRISI Selva.
4. Discussion
4-1. Effective measures in routing pipelines: The multi-criteria assessment to achieve a certain goal, you need to define and specify the measures or indicators on which to achieve a certain goal. This assessment measures or metrics is called (Karam, 2005: 95) Which is further classified into two categories: factors and constraints (Eastman, 2006: 124). In general, the standards and principles that have been considered in this study, socio-economic and ecological criteria are divided into two categories that the criteria were selected according to environmental laws and guidelines. Ecological criteria includes: tilt and height and socio-economic criteria include:                land use, urban and rural areas, access roads, infrastructure, respectively. Then, using layers             table 1, map of criteria and constraints were extracted.
Table.1: The layers used in the routing process
	Criterion
	Intelligence layers
	Describtion
	Reference

	Ecological criteria
	Map of rivers
	Includes major rivers and seasonal in the region
	National mapping agency

	
	Map digital elevation model
	Including elevation data for each pixel is the average of the topographic map was drawn.
	National mapping agency

	
	Map of slope
	Contains data that maps a digital elevation model produced.
	National mapping agency

	Economic and social indicators
	Map of road
	Including major and minor roads
	National mapping agency

	
	Map of land use
	Including farmland, orchards, vineyards and ...
	National mapping agency

	
	Map of urban and rural areas
	Represents spots settlement
	National mapping agency

	
	Infrastructure map
	Include the establishment of welfare centers                    (cultural-religious) and ...
	National mapping agency


4-2. Routing using the lowest cost algorithm in ArcGIS
Optimized routing algorithms pipelines using least cost algorithm in ArcGIS depend on the point of origin and destination, cost map and accumulated cost map. ArcGIS software to calculate the shortest route first by map cost, point of origin and tools cost distance, the cost surface in order to calculate the cost of moving from origin to destination acquires and the accumulated value of each cell, and after the accumulated cost of map production, the optimal route from point of origin to be determined (Esri. Spatial Analyst Tutorial).

4-2-1. The levels of determines the optimal route using the lowest cost algorithm in the Analytic Hierarchy Process (AHP) include (Esri. Spatial Analyst Tutorial):
1- The weighting factors: Weight and the relative importance of each factor must be determined in relation to the intended target. Since the role and importance of each criterion in determining the same direction and in other words, limit the factors in determining the route are not the same and some of the characteristics act as the key factor (Malczewski, 1999: 960), hence, these elements are weighted valuation. So at this stage must be weighted and combined datasets and according to          table 2, the influence of each of them, had been involved in the analysis. Thus, according to experts Alborz province water and wastewater for tilt has a significant impact in the region, considered to be the highest percentage. Next to valuation data collection questionnaire in the form of weighting coefficient parameters in determining the optimal route based on input from 40 experts and Alborz province to provide water and sanitation experts, that after these two ideas, data collection according to tables 3, 4 and 5 are evaluated on the basis of AHP. In tables 3, 4 and 5 factor of one has the lowest cost and highest cost factor of ten crossings of complications and for absolute obstacles (mosques, cemeteries, buildings, etc.) that allow crossings of them, a factor of 10 in opnions have been asked.
Table.2: Effect of factors in determining the optimal route
	The effect percent of factors
	Factors

	50
	Slope

	30
	Land use

	20
	Linear objects


Table.3: Weight of existing land uses in the study area
	          Land use                                     

	Object
	Weight ratio 
(1-10)
	The reason given factor

	Garden
	9
	Personal property + Damage destruction environmental damage garden + Cost of ownership

	Vineyard
	9
	Personal property+ Environmental damages+ Destruction of the vineyard+ Cost of ownership

	Bare land
	2
	Environmental degradation

	Agricultural 
	8
	Personal property+ Environmental damages+ Destruction of the agricultural+ Cost of ownership


Table.4: Weight linear objects effects in the study area
	Linear Objects

	Object
	Weight ratio 
(1-10)
	The reason given factor

	Road type one
	9
	The high costs and administrative problems in the municipality and urban planning+ High running costs              + Increased risk of fracture due to heavy traffic vehicles (pressure load)+ High cost of urban duties+ Generate traffic 


	Road type two
	8
	High cost effects of traffic + Urban + High pressure passage of vehicles

	Road type three
	7
	High cost effects of traffic + Urban + High pressure passage of vehicles

	Road type four
	5
	City fees

	Road type five
	4
	City fees

	River
	9
	The cost of the bridge due to+ Environmental degradation       + Diet natural river and surface water


Table.5: Weight slopes in the study area
	The reason given factor
	Weight ratio 
(1-10)
	Slope

	Need dip due to the low cost and low speed water+ Because of low or zero slope, there is a possibility and sediment in pipes+ Route sedimentation and low speed water (water speed pumping loss)+ Pump for pumping water+ Price construction of water pumping stations (external costs of electricity, etc.)
	4
	0.000247 – 7.959794

	Need dip due to the low cost+ Erosion of pipes
	3
	7.959794 – 15.919342

	Need dip due to the low cost+ Erosion of pipes
	4
	15.919342 – 23.878889

	Need dip due to the low cost+ erosion of pipes
	4
	23.878889 – 31.838436

	Erosion of pipes
	5
	31.838436 – 39.797983

	Erosion of pipes
	6
	39.797983 – 47.75753

	Erosion of pipes
	7
	47.75753 – 55.717077

	Erosion of pipes
	8
	55.717077 – 63.676624

	Impossible
	10
	63.676624 – 71.696171

	Impossible
	10
	71.696171 – 79.595718


2- Create the cost surface or friction: The purpose of this stage, produced a data layer in interlace format raster to all cells move and pass those costs can be attributed, and this layer is called surface or friction costs. Taken together, the opinions of experts and specialists Alborz province water and wastewater of weight factor in determining the optimal route took parameters, data collection is valued using weighted data map as shown in Fig 2 the cost of production.
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Fig.2: Friction map of the study area

3- Create the accumulated cost surface: To generate this level as seen in Fig 2 and 3 requires a level called the weight (or friction costs) and one or more points as the source or starting points. The weight or friction, the cost of moving from one cell to another by distance, time, cost and so on. In this study, the cost is based on the cost.
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Fig.3: Accumulated cost surface map of the study area

4- Integration of maps and producing the final map: One of the activities and important parts of the regional analysis, the combination of data and information to create maps, layers and new data shown in Fig 4. On this basis, the weighted raster maps generated and all of them are displayed in ArcGIS. These maps were then combined and the final map with the final weight of the composition of the existing maps are produced.
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Fig.4: The final map of the optimum route pipelines from Taleghan Dam to Hashtgerd New City 
4-3. Routing in the network GIS 

Routing algorithm in raster model, similar algorithms operating in the vector model. But modeling directions networks raster to vector network is not simply but is possible. To find the route of least cost must be on a level with the accumulated costs, to move on the cost values must combine a variety of different cells that is a bit complicated, but with algebraic mapping GIS network, computation itself becomes easier (Tomlin, 1999: 120). After the accumulated cost of production, the routing function of endpoints, the search has begun and using a window of 3 × 3, neighbors around each pixel is searching and pixel which has the lowest accumulated cost as selecting the move and so, for repeated routing process continues to be the route initial point (Stefanakis and Kavouras, 1995: 271).
4-3-1. Determine the optimal route in the network GIS (IDRISI Selva) include:

1- Create the cost surface or friction: How formed these levels depends on the criteria used in determining the route. This level cell units can cost, time, distance and so on. But the important thing, the resistance of each cell is determined by the value placed (Collischon and pilar, 2000: 493). The purpose of this stage, produced a data layer lattice format raster to all cells move and pass those costs have been attributed and this layer, called the cost or friction. In this layer, each pixel represents a resistance value or cost per pixel to pixel source in Fig 5 is much larger this value, represents friction or cost more to cross the cell's route.
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Fig.5: Cost map or final friction created in the GIS network
2- Create the accumulated cost surface: The acumulative cost of the function, rather than the actual distance between two points is calculated, Weighted distance between them can be considered and how they function is as follows that each cell on a primary network that the amount of the costs or the cells show resistance movement, as seen in Fig 5 and 6, it returns a point as a point source and a cost level as its input and the network creates an output that each cell of the network, indicating the cost of the unit cells and the cells of the network resource, not a single geometric, but its unit, move the unit cost (Douglas, 1994: 40). In this layer, each pixel value represents the sum of the cost or value of a given pixel between the primary and the higher the value the higher the pixels, this means that pixel is less credible to pass through.
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Fig.6: Accumulated cost surface map created in the GIS network
3- Determine the optimal route: The acumulative cost has been created in the previous step, on this stage to determine the optimal route to all parts of the surface charge. According to Fig 7.            At this point, the routing function of endpoints, the search has begun using a window of 3 × 3, the neighborhood around each pixel Search and select pixel which has the lowest cumulative cost of as the moving selected and by the same token, if repeated routing process continues to be the primary point (Stefanakis and Kavouras, 1995: 271) and finally the optimal route was determined as shown in Fig 8.
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Fig.7: The process of determining the optimal route in raster model
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Fig.8: Determination of the optimal route in GIS network
After determining the optimal route, the route has been designed to be more economical than in the Alborz Province water and wastewater were evaluated according to tables 6 and 7. As the aim of the study is to find the best route pipelines using network analysis GIS and spatial analysis. So in addition to the analysis that was done with GIS, a series of monetary items to compare two routes were added to the study to be compared with each other economically route. Finally, using the item price list field of water transmission lines and the year 2016, was considered for the cost, the total cost for pipelines of Alborz Province water and wastewater and optimum route to the 49,656,125,704.384 and 42,704,268,100 Rials and is.
Table.6: Economic analysis of pipelines of Alborz Province water and wastewater and optimum route
	
	Pipelines from land use

 (Square meters)
	Cost pipelines from land use 

(Rials)


	
	Garden
	Agricultural 
	Garden
	Agricultural 

	Optimal route

	50.862
	60,039.328
	152,586,000
	42,027,529,600

	Abfa route

	12,311.5,176

	34,596.8,208

	25,803,410,400

	23,123,453,040



Table.7: Economic analysis of pipelines of Alborz Province water and wastewater and optimum route
	
	Route length (Km)


	The total price of steel pipes (Rials)

	Price excavation to a depth of 4 m
(Rials)
	Cost destruction asphalt coating for pipelines
crossing the road
(Rials)

	Total costs

(Rials)



	
	
	
	
	
	

	Optimal route

	35
	110,915,000

	122,616,900

	290,620,600

	42,704,268,100


	Abfa route

	40.6,976
	128,970,694.4

	142,577,529.984

	457,714,040

	49,656,125,704.384



5. Conclusion
Construction of pipelines is one of the most important activities is the nation's water and wastewater industry That due to high costs on the one hand and the interaction effects of natural and environmental with the lines on the other hand has the routing of the lines of various parameters to be considered and because the routing process, these parameters are not independent in practice and interact together, it is necessary to multi-criteria analysis as a decision support methods used in GIS. So considering these parameters at the same time can be together better answer compared to the independent consideration of these parameters are obtained. The results of this study, the importance of using multi-criteria evaluation and weighting factors in network techniques and spatial analysis shows. So that regardless of influential factors, Costs and timing of the operation of lines also greatly increase proportionally and it is clear that the delay in the operation of the lines, ultimately became the costs. That is why the purpose of research to determine the optimal route pipelines from Taleghan Dam to Hashtgerd New City, tried using the analysis capabilities in GIS environment, IDRISI and Review actions of experts and technical experts ABFA determine the optimal route. Then, the track obtained in this study with the proposed route ABFA Alborz province in terms of technical, environmental and economic impacts were compared. Comparing the linear pattern shows that the cost of the optimal route in some layers of the ABFA route is more. two routes are compared on the basis of total cost and compare the them indicates that the optimal route towards the ABFA route costs will be reduced by 14 percent. ABFA major additional cost route resulting intersection more with the river and the road , passing through unauthorized areas, passing through different users with higher costs and ultimately increase the pipeline that as the main obstacles to the implementation route and not applicable, while the proposed route of this research is applicable. In this study, the delay time asnd the impact of conflict on the scientific method and mathematical expression, simplification and administrative arrangements that were provided.
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