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Front Cover Photo: Nord Stream AG, Zug,
Switzerland

Welding and sealing of Nord Stream pipes on
board of the pipelay vessel Castoro Sei

Construction of the Nord Stream Pipeline
continues on track. Over 1000 km of Line 1
have been laid in the Baltic Sea and pipe-
laying works have already been completed at
the landfalls for Line 2.

Gas deliveries from Line 1 will begin before
the end of 2011, and Line 2 will be launched
in 2012.

(see also page OG 2)
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NABUCCO Pipeline Route Selection

through Turkey

Comparison of a GIS-based Approach to a Traditional
Route Selection Approach

By V. YILDIRIM and T. YOMRALIOGLU*

Abstract

Pipelines are one of the most effective meth-
ods of transferring energy sources like pe-
troleum and gas. In pipeline projects, de-
creasing the cost, reducing environmental
issues and shortening the construction time
are related to determining the right route at
the beginning of the project. Route determi-
nation is usually carried out manually with
the help of traditional methods. However,
this technique is not effective in many situa-
tions because it does not evaluate the factors
that affect the route as a whole. In fact, tech-
nique, economy, environmental and socio-
logical issues should be examined as a
whole in the route determination process.
Evaluation of the factors affecting the route
is possible with the analysis of many spatial
datasets from the same system. Geograph-
ical Information Systems (GIS) have been
shown to be an effective way for analyzing
these types of intensive datasets. In this
study, a suggestion related to the NABUCCO
Natural Gas Transmission Pipeline project
has been made using the Analytic Hierarchy
Process (AHP), which is a technique using
GIS and multi-criteria decision making. The
effectiveness of this method was proven by
comparing part of the determined Optimal
Route with a length of 557 km with the Pro-
posed Route, which has currently been
planned.

1 Introduction

A pipeline is one of the most effective meth-
ods for transmitting energy sources like pe-
troleum and gas [1-4]. Thus, it is the most
preferred transmission method throughout
the world. Pipelines are constructed over a
long distance with a large budget. Decreas-
ing the cost of pipeline projects, reducing the
environmental impact and decreasing the
construction time are related to determining
the right route at the beginning of the pro-
ject. Route determination is a complex pro-
cess because many factors must be consid-
ered at the same time, and it is an important
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step for Natural Gas Transmission Pipeline
(NGTP) projects [5, 6]. This process affects
construction, maintenance, and repairs
throughout the project [1, 7].

Traditional methods are used to determine
routes for pipeline projects in Turkey. Tradi-
tional methods of optimal routing in pipe-
lines are mainly based on expensive and pro-
tracted methods. These methods are not pre-
cise, and the role of all effective parameters
in pipeline routings cannot be considered
easily. Most technical, economical and envi-
ronmental concerns are not accounted for in
design paths [1, 2]. The main step in tradi-
tional methods of route determination is to
place a sign on the topographic maps related
to the line that symbolizes the shortest route
between the source point and destination
point and is applied to the land. Drifts in a
particular corridor may occur because of
barriers in the route. Barriers that are not
identified in advance slow the project, cause
sharp turns or cause some of the project to be
removed and rerouted [2, 8]. Many streams,
roads and railways are encountered and in-
crease the construction cost, the construc-
tion time and the operation cost of the pro-
ject [2].

Route determination requires spatial data
from different organizations and state insti-
tutions, and it also needs carefully chosen,
saved, queried and analyzed spatial data. To-
day, this type of analysis and a quick result
are possible with the Geographical Informa-
tion System (GIS) [9,10]. GIS is an effective
engineering tool for systematically organiz-
ing factors affecting route determination.
When these factors are identified based on
the length of the project, a GIS should be
used to evaluate these factors simulta-
neously [1, 11, 12]. Additionally the GIS
based visualization technologies and carto-
graphic abilities are generally adequate to
determine the effective routes [3].

Route problems, including route selection,
route planning, finding the optimal route,
corridor analysis and side selection, can be
solved using network analysis based on GIS.
GIS technologies have significantly im-
proved recently. As one of the most impor-
tant current information technologies, it is
used as an effective tool in network analysis
[13].

Network analysis can be carried out on both
vector-based data, such as roads, streams or

pipelines, and raster-based data from
non-defined space [10, 14]. Nevertheless,
applications of network analysis for route
determination of linear engineering struc-
tures must be carried out with raster-based
data because they do not have a defined
space. Route determination with raster-
based data is advantageous because it is sim-
ple to perform cost calculation, design, and
modeling and to obtain Remote Sensing
(RS) data directly in raster format [15, 16].

2 Materials and Methods

2.1 GIS-Based routing procedure

GIS has many tools to analyze spatial net-
works [13]. The most important tool is re-
lated to the shortest or optimal route deter-
mination (Fig. 1). It has been proven that the
cost of pipeline projects using GIS-based
route determination decreased by ten to
twenty percent [1].

Feldman et al. [17] improved a system by us-
ing a GIS and RS to determine the pipeline
route. They applied it to a short part of the
Hazar Petroleum Pipeline. They found a new
route and compared it with the first route;
then, they examined the efficiency of the
model. They proved that the cost of the pro-
ject would decrease by fourteen percent if
the new route was applied, even though the
new route was longer than the first.
Yildirim et al. [18] proposed a new model
for route determination using the GIS tech-
nology and raster data models. They adapted
this model to a user-friendly interface with
GIS software. They carried out a route deter-
mination foraNGTP project with a length of
46 km on the interface. They proved that the
new route was shorter than the first and that
the cost of the project would have been de-
creased by twenty-three percent.

Callan [3] emphasizes that although the eas-
iest and cheapest way to connect supply and
source is obviously via a straight line, in re-
ality, though it is necessary to consider a
large number of other constraints before be-
ing able to define the optimum pipeline
route. He proves that the most common prac-
tice today is to evaluate all these issues using
GIS-based constraint maps. In these maps,
the different colors represent different types
of constraint, such as nature reserves or ar-
chaeological areas, land use planning areas
and geohazards.

0OG1
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and roads that affect the NGTP route
should be loaded into the system to
obtain more accurate results.

2.3.1 Determination of weights
(Analytic Hierarchy Process)

The Analytic Hierarchy Process (AHP)
is amethod that is widely applied in deci-

sion theory; it is a paradoxical measure-

Fig.1 GIS-based routing procedure

2.2 Study area and Nabucco project
The Nabucco Natural Gas Transmission
Line Project is a new natural gas pipeline
that will begin at the eastern border of Tur-
key and will connect the Caspian Region and
the Middle East via Turkey, Bulgaria, Roma-
nia, and Hungary with Austria and further
with Central and Western Europe gas mar-
kets. The pipeline will be approximately
3300 km long, stretching from the Geor-
gian/Turkish and Iranian/Turkish borders to
Baumgarten in Austria (Fig. 2). Additional
feeder pipelines are possible for Iraqi gas.
Based on technical market studies, the pipe-
line has been designed to transport a maxi-
mum amount of 31 bem/a[19]. The firstaim
of'the project is to supply gas to the countries
on the route, and then gas is to be transported
to Western Europe according to the wishes
of other countries in the following years.

2.3 Factors, weights, and data

Important points in the process of GIS-based
route determination are identifying the fac-
tors that affect the route, calculating the de-
gree to which the factors affect the route and
obtaining spatial data related to these fac-
tors. The input data for the NGTP route de-
termination are also used at different stages
of the pipeline project, such as cost, opera-
tion, maintenance, and management. Many
factors affect NGTP routes. Thus, obtaining
spatial datasets and managing and analyzing
them require sixty percent of the work ca-
pacity [9]. Information related to factors
such as land cover, slope, geology, streams

0G 2

ment method that includes measurable or

abstract criteria [17].
Normally, the relative value of two parame-
ters is based on the preference of the deci-
sion maker. In this study, Environmental Im-
pact Assessments (EIAs) were prepared and
examined for pipeline routing, existing ap-
plications, and scientific researchers to
compare factors and sub-factors. Moreover,
information was obtained from interviews
with masters in BOTAS (Petroleum Pipeline
Corporation), which is responsible for the
pipelines in Turkey, and conversations with
masters or experienced people in different
corporations. Furthermore, current NGTP
construction works were examined, and the
relative degree of importance of the factors
was determined at the end of the study.
First, determining relationships between ba-
sic factors affecting the route of NGTP is im-

The Nabucco Natural Gas Transmission Line Project and approximate lengths

portant. The matrix of pair wise compari-
sons between layers were generated to deter-
mine which layers are affected and to what
extent they are affected (Table 1). Weights
for each layer in the NGTP route were calcu-
lated. Moreover, Consistency Ratios (CRs)
related to the layers were calculated to deter-
mine the importance of these works.

The quality of the work is determined with
the help of evaluation of obtained results in
the AHP. Whether decisions support each
other or whether they are meaningful can be
determined. This work is carried out with
CR in the AHP. Acceptable high point’s
value for CR is 0.10. If CR is higher than
0.10 then the decision maker has to control
his comparisons again. When weights re-
lated to data layers in the NGTP route plan
are examined (Tab. 1), factors such as land
cover, slope, geology, soil and landslides af-
fect the route more than the other factors.
Sub-factor weights were calculated for each
factor with the matrix of pair wise compari-
sons (Tab. 2).

Whether the weights provide true results is
determined using spatial analysis, queries
and cost evaluations in existing applications
[18, 21]. Moreover, the optimal pipeline
route determined using traditional method

Table 1 The matrix of pair-wise comparisons to determine the weights of factors that affect NGTP
routing [20]
A B C D E F G H | K Weights
A 1 1 2 8 4 7 8 5 6 9 0.256
B 1 1 1 2 3 6 7 4 5 8 0.205
C 1/2 1 1 1 2 5 6 3 4 7 0.156
D 1/3 1/2 1 1 1 4 5 2 3 6 0.116
E 1/4 1/3 1/2 1 1 3 4 1 2 5 0.084
F 1/7 1/6 1/5 1/4 1/3 1 1 1/2 1 2 0.033
G 1/8 1/7 1/6 1/5 1/4 1 1 1/3 1/2 1 0.025
H 1/5 1/4 1/3 1/2 1 2 3 1 1 4 0.061
| 1/6 1/5 1/4 1/3 1/2 1 2 1 1 3 0.044
K 1/9 1/8 1/7 1/6 1/5 1/2 1 1/4 1/3 1 0.020
CR: 0.0136 < 0.10
A: Land Cover, B: Slope, C: Geology, D: Soil, E: Landslide, F: Stream, G: Road, H: Flora/Fauna,
I: Protected Area, K: Recreation

OIL GAS European Magazine X/2011
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Table 2 Factor and Sub-Factor weights affecting the NGTP route [20]

Factors / Sub-Factors Weights  CR Factors / Sub-Factors Weights  CR
Land Cover 0.263 0.0247 Slope 0.211 0.0108
Forest 0.096 <10° 0.031
Cultiv. Areas (Seasonal Agriculture)  0.043 10-20° 0.060
Agricultural Areas 0.063 20-30° 0.081
Wetland (absolute barrier) 0.134 oo 30-40° 0.124
Rocky Areas 0.226 40-50° 0.152
Pasture Areas 0.028 50-60° 0.185
Settlement Areas (absolute barrier) 0.411 oo >60° 0.367
Geology 0.162 0.0443 Stream 0.040 0.0063
Acid-Intermediate Intrusives 0.473 River 0.444
Basic-Ultrabasic Rocks 0.288 Stream 0.053
Metamorphic Rocks 0.149 Canal 0.262
Volcanic Rocks 0.054 Brook 0.153
Sedimentary Rocks 0.036 Creek 0.089
Protected Area 0.049 0.0290 Recreation 0.023 0.0167
Level | 0.407 Upland 0.039
Level Il 0.129 Tourism Center 0.262
Level III 0.079 Historical Monument 0.492
Urban Protected Areas 0.052 Picnic Areas 0.069
Historical Protected Areas 0.333 Promenade Areas 0.138
Soil 0.130 0.0278 Road 0.030 0.0238
I. Class soils — Excellent Agriculture 0.269 Highway 0.486
II. Class soils 0.251 Three Lane Road 0.222
1. Class soils 0.193 Two Lane Road 0.121
IV. Class soils 0.104 Stabilized Road (two lane) 0.090
V. Class soils 0.081 Stabilized Road (one lane) 0.044
VI. Class soils 0.045 Seasonal Road 0.037
VII. Class soils 0.037 Landslide 0.092 0.0334
VIII. Class soils — Non Agriculture  0.020 Active Landsl. Areas (abs. barrier) 0.633 oo
Fault Line (absolute barrier) oo Potential Landslide Areas 0.260

0Old Landslide Areas 0.106

Table 3  The data used in route determination of the NGTP Project

Data Data Type Data Source Date Scale
Elevation Line General Command of Mapping 2008 1/100.000
Geology Polygon General Directorate of Mineral Research 2008 1/500.000
Fault Line General Directorate of Mineral Research 2008 1/500.000
River Line General Directorate of Mineral Research 2008 1/100.000
Road Line General Directorate of Highway 2008 1/100.000
Railway Line Turkish State Railways 2008 1/100.000
Administrative Boundary Point General Directorate of Rural Services 2008 1/100.000
Lake Polygon General Command of Mapping 2008 1/100.000
Forest Polygon General Command of Forestry 2008 1/100.000

with a raster-based model and weight values
were tested with real data [18]. Results and
statistical proofs showed that weight values
determined with the method proposed in this
work were in agreement with real land data.

2.3.2 Data

As for all GIS applications, the strength of
the results is directly proportional to the
quality of the data in the route determination
studies. Because the problem of route deter-
mination requires location detection, it may
be perceived as a spatial problem. Thus, ev-
ery factor affecting routes corresponds to a
set of spatial data in these types of problems.
The first process of the GIS-based route de-
termination is to obtain the needed spatial

OIL GAS European Magazine X/2011

data by considering factors that affect the
route. In this process, the majority of the
data are the spatial data that are used to study
the route determination of the NGTP Pro-
ject, which are shown in Table 3.

2.4 Nabucco pipeline routing

2.4.1 Weighted cost surface

The weighted cost surface is generated by
using pixel-based arithmetic processes on
raster data layers formed for each surface
separately. Weights needed for each layer are
shown in Table 2. The value of pixels on this
cost surface describes the total transition
cost that belongs to the area on the surface
(Fig. 3).

Pw: Pix Wi

Pw: weighted layer

Pi: i" data layer

Wi: i" data layer weight

In this implementation, the pixel size was
chosen to be 250 m based on the scale of the
data.

2.4.2 Routing

The accumulated weighted cost surface is
formed by identifying the starting point and
size of the pixel of the route according to the
working principles of the raster-based net-
work analysis algorithm. Thus, surface cost
values for each pixel are determined.
According to the working principles of the
route determination algorithm, direction
data is formed on this surface before deter-
mining the route. Direction data shows the
stream direction from the starting point to
the final point. The resulting route is formed
according to that data depending on the cost
values for the pixels.

Beginning with the starting point, and iden-
tifying the direction information and the ac-
cumulated values of the passages of the pix-
els, the final point is reached and the route is
determined.

The Proposed Route (PR), starts in Kars City
on the east side of Turkey and ends in Canak-
kale City on the west side of Turkey; is
known as the Anatolian Passage and is 1558
km long (Fig. 4). Canakkale Bosphorus Pas-
sage of the route requires an offshore
scheme, which is why it was not evaluated.
To demonstrate effectiveness of the route
planning model developed in this study, the
route must be compared with another current
route, and the results must be analyzed. Thus,
the PR between Ankara and Canakkale cities
(603 km long) is the first part of Turkey Pas-
sage of the NGTP project and is currently
ready to be constructed; it is included in the
system by making minor modifications. By
cutting the 557 km, section between Ankara
and Canakkale in the route from the model,
the two routes can be compared. In this study,
the route found using GIS techniques is
called the Optimal Route, and the route that
was found by the interested institution is
called the Proposed Route (Fig. 4).

3 Results

To demonstrate the effectiveness of the de-
veloped model, some analyses and queries
have been conducted among Ankara, Ahi-
boz Village, and Canakkale, Degirmencik
Village, where both PR and OR pass through
(Tab. 4).

3.1 Fault line passages

According to the “Turkey Earthquake Re-
gion’s Map” published by the Prime Minis-
try of Disaster and the Emergency Manage-
ment Presidency, approximately 40% of the
proposed NNGTP is located in the first de-
gree earthquake region [22]. In addition, ac-
cording to that report, it is clear that the PR
crosses the Edincik fault line (30 km) and
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Examination Criteria

Proposed Road (PR) Optimal Route (OR)

Pipeline Length

Study Area (18 m. either line
Road Passages

Stream Passages

Railway Passages

Forest Passages

Fault Line Passages

Hard Rocky Areas Passages
Average Slope (%)

603 km
2170 hectares
169
111
3
134 km
7
2 km
25

of side)

Difference (PR-OR)
557 km 46 km
2006 hectares 164 hectares

151 18
69 42
3 0

96 km 38 km
0 7

5 km -3 km

4,0 -1,5
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Saroz-Gazikoy fault line (45 km in the sea
and 45 km on land, which is 90 km total). In
this route determination model, fault line
passages are assessed as absolute barrier,
and passages over these lines are prohibited
within certain proximity. It is clear that the
OR does not cut the fault line; on the con-
trary, the PR cuts the present fault line in
seven different parts (Fig. 5).

3.2 Road and stream passages

The OR has atotal of 151 road passages: 115
are seasonal roads, 1 is a stabilized road, 25
are two-lane roads and 10 are three-lane
roads. On the other hand, the PR has 169
road passages: 114 are seasonal roads, 3 are
stabilized roads, 34 are two-lane roads and
18 are three-lane roads (Fig. 6). Also, the OR
crosses 69 streams: 67 are brooks, 1 isariver
and 1 is a stream. In addition, the PR crosses
111 streams: 102 are brooks, 2 are rivers and
77 are streams.

3.3 The analysis of lithology
Lithological unit differences very much de-
pend on the working area. In this study, rocks
are placed in four categories. The OR
crosses soft areas over 1040 pixels, which is
approximately 240 km The OR crosses 19
pixels of hard rock, which is approximately
5 km The PR crosses 1509 pixels of soft ar-
eas, which is approximately 302 km The PR
crosses 6 pixels of hard rock, which is ap-
proximately 2 km.

3.4 The analysis of slope

For the OR, the slope is at least 1%, a maxi-
mum of 25% and an average of 4%. While
the minimum height of the pipeline is 50 m,
the height value can reach 1800 m in some
circumstances. The average height value of
the pipeline is 760 m. For the PR, the slope is
at least 1%, a maximum of 21% and an aver-
age of 2,5%. While the minimum height of
the pipeline is 14 m, the height can reach
1400 m in some circumstances. The average
height of the pipeline is 620 m.

According to the analysis results, it is real-
ized that the PR passes over approximately
140 m higher than the OR does and the aver-
age slope of the PR is 1,5% higher than OR’s
average slope. These height and slope differ-
ences may have negative effects on pipeline
construction cost. These criteria should
carefully be examined with all other criteria
used in route selection method and thus total
cost should be re-calculated to have a better
estimation of costs. However, it is obvious
that as the route length, stream passages,
road passages, forest passages and fault line
passages, most important factors effecting
construction costs, are considered, the slope
and height differences would not make
much difference to the construction cost.

4 Conclusions
The NGTP route identification is complex
and requires the analysis of an enormously

OIL GAS European Magazine X/2011
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large quantity of data and many parameters
depending on the length of the project. A
GIS is one of the tools to perform this analy-
sis effectively. A GIS provides a large num-
ber of various analytical functions that are
capable of replacing manual and traditional
methods of natural gas pipeline route plan-
ning. It is a powerful tool to integrate the-
matic layers in an automated environment to
compute the shortest possible route with as-
sociated costs, which eventually reduces the
cost and time of project execution and thus
the operating expenses. The integration of
GIS and the AHP provides a baseline for
complex decision making in which the
variant nature of criteria and stakeholders
can be accounted for successfully.
Raster-based data models and raster-based
network analysis are necessary to determine
the surface resistance and to model the
NGTP route determination appropriately.
One of'the basic steps of route determination
is to determine the factors that affect the
route and their weights. In this stage, AHP
presents effective solutions.

The accuracy of the results for this model is
directly proportional to the quality of the in-
formation used. Especially in Turkey spatial
data should be generalized with the use of a
satellite image of appropriate resolution. In
this study a cost surfaces map that is 250 x
250 m pixels in size was generated based on
available data and the data quality for Tur-
key. For any NGTP project, the most appro-
priate corridor of 250 m width can be deter-
mined easily with this map.

This model can easily be adapted to deter-
mine the necessary factors and calculate the
weights for linear engineering structures,
such as pipelines, waterlines, roads, chan-
nels, railways, and energy transfer lines.
This model is designed for NABUCCO’s
Turkey crossing, but the model can be ap-
plied universally. In this model surface pas-
sage criteria factor weight can be changed
and alternative routes can be created. In ad-
dition the same factor weights can be used
on the same surface characteristics in devel-
oped and developing countries.
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