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to high costs or costs for regional water companies at runtime or line
operation.

Methods: In this research, to solve the problem of determining the
optimal route of water pipelines from Ardak to Mashhad, spatial
analysis techniques, a multi-criteria decision making, and raster-
based shortest path algorithm were used. For this purpose, firstly,
the effective parameters in determining the route, including slope,
geology, land use, residential areas, waterways, roads, faults, and
protected areas were detected and after weighting processes in AHP,
TOPSIS and Fuzzy Logic methods, overlaid in the form of criteria
maps in the GIS environment in order to generate cost map. Then,
using the least cost algorithm in raster, the optimal path was
determined. Finally, a comparison was made between the traditional
way provided by the consultant and the proposed route with the
lowest cost algorithm.

Findings: The final paths obtained from the least cost path algorithm
based on AND, GAMA, AHP, and TOPSIS were equal to 44.798, 46.755,
45.731, and 45.531 km, respectively. On the advised paths of the
consultant, Route 1 had a length of 72.306, Route 2 had a length of
63.108, and the third one was 48.690. Finally, the TOPSIS route
model was selected as the best route due to the consideration of the
forbidden areas and other technical consideration.
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Extended Abstract

Introduction

The most important and basic stages of
studies in routing are the subject of initial
route design, or phase zero studies. But
today it is clear that failure to pay attention
to the environmental consequences of
development plans leads to the waste of land
resources and environmental disasters,
which is completely contrary to the new
approach that has been proposed since 1791
as sustainable development among the
relevant communities. And has been a model
of action. For this reason, determining the
optimal route of linear tolls such as roads,
oil, gas, water and electricity transmission
lines as development infrastructures in each
country are of special importance. Common
and traditional methods of routing water
transmission lines based on the use of
methods They are relatively expensive and
time consuming to cross pipelines. These
methods are inaccurate because they cannot
be easily and simultaneously applied to the
effective parameters in determining the
optimal path. Therefore, the designed route
does not meet all the considerations, and this
increases the cost of constructing the
pipeline due to long distances, crossing
unauthorized areas, as well as damaging the
environment.  Geographic  Information
System (GIS) is an efficient system for
deciding and designing a pipeline route with
various criteria.

In this research, we seek to develop a water
transmission line routing method using new
methods with the help of GIS and various
multi-criteria decision making and routing
methods in the raster data structure. The
route under study is the water transfer route
from Ardak Dam. Ardak Dam is located in the
mountains of Hezar Masjed with the aim of
controlling, storing and regulating the
permanent and seasonal currents of Ardak
River at the confluence of the two main
waterways of Abgad and Mianmorgh called
Doabi. This dam is of terrain type with clay
core and the volume of the dam reservoir at
the natural level is 30 million cubic meters
and about 500 billion rials have been spent
for its construction. Therefore, proposing an
optimal route with new GIS methods can

help those in charge in the study phase to
better implement the transmission line.

Materials and Methods

For this purpose, first the data and
information layers required in the study
area, including digital elevation model
(DEM), geological map, land use, waterways,
roads, faults, protected areas, the route
designed by the consultant as well as all the
information used to design the route is
prepared in the study area. In the next step,
data processing including applying the
appropriate map  projection system,
performing GIS analysis and converting to
raster and buffer maps are performed. In the
next step, standardization and prioritization
of layers is done by AHP, Fuzzy and TOPSIS
methods. After that, the steps of overlaying
and preparing the cost map will be done. The
level of cumulative cost generated in this
step will be the basis of the next step to
analyze the shortest path in the output cost
raster and determine the optimal route.
Routing functions perform a directed search
step by step from the destination point to the
origin using a specific decision rule. This
search is repeated until needed. The output
of this process is the creation of one or more
paths from the starting point. The process
starts from the cell that shows the position
of the destination at the cumulative cost
raster, and proceeds to neighboring cells at
the lowest cost, and the process continues
until it reaches the reference point. Finally,
after finding the routes from different cost
maps of AHP, TOPSIS, and Fuzzy methods,
the evaluation and comparison of the results
is done based on the length of the paths,
regarding allowed areas, and other technical
considerations.

Findings

After preparing standard benchmark maps,
weights and cost maps were prepared in
different ways. In fuzzy logic method, two
operations, AND and GAMA, were applied to
standard criteria maps and cost maps were
obtained. In AHP method, by producing a
pairwise comparison matrix in Expert
Choice software, the weights of the criteria
relative to each other and the weights of the
options relative to each criterion were
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generated. Then, in order to control the
process, the consistency ratio was
generated. Due to the fact that this rate is
less than 0.1, the amount of weights was
confirmed. By applying Weighted Overlay
operations based on the obtained weights,
the cost map was prepared in AHP model.
For TOPSIS method, in order to increase the
quality, the weight which were calculated
based on AHP, were used. Then the
extraction of ideal positive and negative
points for each criterion was performed. And
then the distance between the options and
the positive and negative ideals was
calculated and the final closeness to ideal
solution map were yielded. The prepared
map will be in fact the same as the cost map.
In the next step, two layers were required to
determine the shortest path, which are Cost
Back Link and Cost Distance. The Cost
Distance function considers the cost in the
path from every pixel to the source, and the
Cost Back Link function represents the
direction of the costs in eight geographical
directions. The final optimal paths were
generated in ArcMAP software using these
layers as well as the shapefile of the
beginning and end point of the path.

Discussion

By examining the obtained paths, the lengths
of the analysis paths performed in AND,
GAMA, AHP and TOPSIS were 44.798,
46.755,45.731 and 45.531 km, respectively.
Although the main purpose of this study was
to consider many limitations, criteria, and
considerations in routing water
transmission lines, at the same time the
length of the routes was shorter than the
proposed routes in the traditional way.

In the proposed routes of the consultant,
route 1 had a length of 72.306, route 2 had a
length of 63.108 and route 3 had a length of
48.690. The results of the research indicate
the high capability of GIS in determining the
optimal route for the construction of water
transmission line. If we want to sort the
results of the methods by path length, Fuzzy
AND, TOPSIS, AHP, and Fuzzy Gamma had
the shortest to highest lengths, respectively.
Compared to the route suggested by the
consultant, the third route had the shortest
length. Meanwhile, Fuzzy AND and TOPSIS

results have the shortest length and least
twist. But the TOPSIS model route, in
addition to the appropriate length and low
maze, was finally selected as the best route
due to the observance of privacy and being
closer to the consultant's proposal.

Conclusion

Routing is one of the most critical parts of
water transmission line design. Any mistake
in the choice of route can lead to losses or
high costs for regional water companies
during the implementation or operation of
the line. The results of this study show that,
firstly, the accuracy of such studies depends
to a large extent on the accuracy of the
results extracted from GIS analysis. Second,
without the use of GIS and multi-criteria
decision making, many parts of a principled
study will not be possible or will not bring
acceptable and logical results.
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