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CHAPTER 1

INTRODUCTION

1.1 Introduction

A petrol filling station (PFS) poses potential halzato the site and environment.
Numerous hazards exist at petrol filling statiomwéver, those that would affect the
environment are the leakage of Underground Stordgek (UST) that will

contaminate groundwater [1], fire hazard evokedpgn flame [2], static electricity
[3], air pollution evoked by aromatic compound cemications [4], and the traffic

congestion due to vehicle queue to access the BJFS [

A study by the U.S. Geological Survey shows tha petrol additive MtBE
(Methyl-tertiary-butyl ether) has been detecteditneast 40 percent of public wells.
These samples were randomly taken from 225 wategplguvells in Rockingham
County in 2003. They also found a correlation betweMethyl-tertiary-butyl ether
concentration and the proximity to USTs [6]. USTe aised to store numerous
chemicals including gasoline which have life spanl18 years, and prolonged
exposure to the USTs elements will corrode the USTsOIil released from UST
facilities is not the only groundwater contaminadall spills of fuel that routinely

occur when fuel is being dispensed to vehiclesabs@ a cause for concern [8].

The petrol refuelling process can also be extrenh@zardous. Three probable
causes for the ignition of the gasoline vapouraaktfiller opening are (1) an open
flame such as a lit cigarette lighter or match,g2park from the engine compartment
when the motor is running, and (3) a static eleatischarge at the nozzle and filler
opening due to fuel flow [3]. The highly flammahbature of petrol gives petrol
station facilities the highest potential for fireebkouts to occur when compared with

other non-industrial facilities [2].



Additionally, the additive MtBE that is extensivelised to increase the octane
level replacing lead-based anti-knock gasoline taddi and reduces aromatic
hydrocarbon has a potential health risk on humahs.refuelling process has a strong
correlation with the concentration of MtBE in a domind zone. The high
concentrations of MTBE in the air is dangerous fmople of the residential

neighbourhoods [4].

The potential hazards that would occur from theqgbdiiling stations will affect
the economy, human resources and the environmdmdrefore, the suitability
analysis of petrol filling stations is highly reged. This research work moves
towards the development of a suitability analysisP&S sites in the Surabaya

metropolitan area.

1.2 Problem Statement

Nowadays, the growth of petrol filling stations Surabaya is very rapid. Surabaya
has 90 PFSs in the metropolitan area. The Viced¥lalySurabaya municipality, Arif

Affandi, said that the existing PFSs still could nater to the entire fleet of vehicles
traversing the roads of the metropolitan. The nundfemotorcycles increases at a
rate of 12% per year and the total number of vekiahcluding cars and motorcycles

is almost 1.6 million [9].

Presently, the Surabaya municipality does not hewe specific regulation for
PFS siting that addresses the hazards mentionbere@hat is why many PFSs are
situated close to each other without any thoughthenhazardous impact. They may
also situated not in the suitable area. Theretbexe should be suitable regulation for
PFS siting which should address issues such amaxenum number of PFSs within

a specified area, the proximity to emergency ses/and the road safety.



1.3Research Objectives

The main objective of this study is to assist th@ppr siting of PFSs by developing an
approach of GIS-based suitability analysis to idgrduitable sites for PFSs. More
specific research objectives of this study are:
1. To investigate the contributing factors for suitépianalysis of PFS based on
hazards and site requirements of PFS.
2. To assess the suitability of PFS sites using dpatidticriteria decision
analysis (GIS and AHP combination).
3. To validate the criteria ranking of suitable PF8a&rusing spatial sensitivity
analysis.
4. To assess the factual condition of PFS distributbmsed on suitability

analysis result.

1.4Research Questions

To achieve the objectives above, this study attergpanswer these questions:
1. To investigate the contributing factors for suitdéypianalysis of PFS based on
hazards and site requirements of PFS.
1.a What are the potential environmental hazard®~&s?
1.b What are the requirements for PFS sites?
2. To assess the suitability of PFS sites using dpatiaticriteria decision
analysis (GIS and AHP combination).
2.a Who are the stakeholders that MUST have alitityassess the
suitability analysis factors?
2.b What are the level importance of each suitgixliteria for PFSs
2.c How is the result of suitability analysis shovssed on
stakeholder’s priority ranking?
3. To validate the criteria ranking of suitable PF8aarusing sensitivity analysis.
3.a How is the recommended alternative (the outpiffgcted by
changes in the inputs (geographical data and thiside maker’'s

preference)?



4. To assess the factual condition of PFS distributimsed on suitability
analysis result.

4.a How many PFSs that are located not in highakle zone?

1.5Research Scope and Limitations

The scope of this research work is limited to emvinental concerns that focus on
hazards identification related to PFSs. PFS lonatiof Surabaya is taken as a case
study to obtain the real simulation of suitabilityalysis based on the perspectives of
the city’s stakeholders who are made up of the gi&ywners, environmentalists, and

government officers.

Although the research has reached its aims, thesee véome unavoidable
limitations. First, due to time and human resouwrgestraint, this research could not
include dwellers as part of targeted stakeholdeéw®n in stakeholder analysis has
mentioned that dwellers have low interest on det@ng PFS location, their opinion
somehow valuable for the betterment of the stu@go8d, the criteria used for PFS
suitability analysis is applicable only for urbama not for rural area since rural area
have different characteristic especially for roadfety criteria. Third, some area in
Surabaya is considered as confidential area soappeared as blank or no data for
data map layers. Forth, groundwater and privatel wata map layers are not
available, since Surabaya does not use this waseurces as drinking water so this

condition do not give any effect to the resultlogtresearch.

1.6 Structure of the Thesis

The first chapter of this thesis discusses thevieer and the introduction of the
research. Furthermore, a detailed explanation @eareh background, problem
statements, research objectives and questionscamckeptual framework has been

elaborated for this research.



Chapter two discusses literature review relateiviomain topics: (1) criteria for
suitability site selection and (2) previous studieftated to spatial multicriteria
decision analysis. In the first topic, constructafrthe PFS location criteria has been
described using the hazards of the PFS to thea@mient and the site requirement of
PFS. The second topic covers the comparison studiated to spatial multicriteria

decision as suitability analysis tools.

Chapter three explains the data collection and ouetlogy which is used to
determine suitable area for PFS. Several tasks &s1€blS data collection, AHP data
collection, and pre-processing data are includedi&a collection. The Methodology
section explains a combined approach ussepgraphic Information Syste(&IS)
and Analytic Hierarchy Proces¢AHP) as decision analysis tools that used as the
representation of spatial multicriteria decisiomlgsis. However, sensitivity analysis

is also conducted to get the robustness of spatidticriteria ranking.

Chapter four explains the result and the analylsteeresearch. At the beginning
of this chapter, the physical characteristics ofaBaya, review of the legislation
procedure of PFS siting, the development of PF8,existing problems with regards
to the proximity of PFSs have been explained toiadejme factual condition of
geographical area being studied. In the next stégkeholder analysis, weighted
analysis, and spatial analysis have been conductedtain the spatial multicriteria
decision analysis result. Once the spatial muiléda decision analysis is
accomplished, a sensitivity analysis is carried tmutassess the robustness of the

result.

Chapter five discusses the conclusions reachednasnawer to the research
guestions and recommendations to potential PFS aité possible further study.






CHAPTER 2

LITERATURE REVIEW

This chapter discusses the pertinent issues rglagipetrol and petrol filling stations.
The issues discussed include the characteristigeewdl, the general description of
PFSs, health and environmental hazards relatedetmlpand PFSs. To further
expound on the importance of PFS siting, mattdeging to the inherent safe risks of
PFSs and PFS site requirements are also elaboFatedly, for comparison purposes,
standards for PFS siting exercised in a two dewetppountries are highlighted.

2.1 Petrol

This research revolves around the PFS siting. Hewdhe core component of any
PFS is petrol. As such, this section will look la¢ {physical and chemical properties

of petrol as well as the hazards associated wittolpe

Petrol is a major hydrocarbon fuel. It is a mixtwansisting mainly of hexane,
octane and heptane which are extremely flammdi®le11]. Petrol is able to give off
vapour at temperatures as low as minu§C40This vapour can cause fire and
explosion when mixed with air [12]. Due to enginaokk effect, many petrol
companies add lead tetraethyl to slow the rateoaflustion. However, this additive
has been proven to give adverse impact to the’'satimosphere and human health
[13].

Petrol is particularly harmful to human health espy under these
circumstances: excessive skin contact, aspiratmgstion or vapour inhalation. As
such, exposure to the liquid or vapour should beimised. It has been reported that

several harmful risk factors should be taken intocoant during the planning and



design of a petrol filling station to account foetpotentially harmful situations [10].
These various risk factors that can cause heatihlggmms are described in following

sub-sections.
1. Inhalation

The respiratory tract in the human body can bectdte by the exposure to petrol
vapours that has a concentration range within 5@01800 ppm. If someone stays in
such an environment for a long period of time heAsiil experience a narcotic effect.
The symptoms of this effect can be seen as heaslaschasea, dizziness and mental

confusion [10].
2. Ingestion

Consumption of petrol may lead to the irritation tbé digestive system that will
further cause diarrhoea. This is because petroldvago moderate oral toxicity. For
adults, ingestion of petrol will only affect thegdistive system but it can lead to death

in children even if a small quantity is swallowexti@entally [10].
3. Aspiration

Breathing difficulties or even fatal chemical pneanitis are the consequences when
the aspiration of even small amounts of petrol leagp The ingestion of petrol
usually followed by the aspiration of petrol didgcinto the lungs runs the risk of

developing chemical pneumonitis [10].
4. Skin contact

Petrol is classified as Carcinogenic due to thesgmee of up to 5% benzene. At the
initial stage, skin contact with petrol can potatyi cause dermatitis effects. This is
why petrol is also classified as a skin irritanepRtitive skin contact with petrol will
cause skin to dry and crack on the surface. Intaaliit will also result in the skin to

be susceptible to irritation and consequently patien by other chemicals [10].



5. Eye contact

If liquid petrol comes into contact with the eydéscan cause moderate to severe
irritation and conjunctivitis. However, it only moally has a transient effect and

permanent injury is unlikely to occur [10].

2.2Petrol Filling Station

PFES is a facility that commercially dispenses peairmther fuels as well as providing
maintenance and minor automobile repair servicd$ RFSs are widely known by
terms such as fuel station, gas station, serviagost filling station, and traffic
station, and they typically include a wide rangdadilities [15]. A few years ago, the
design of PFS mainly focused on the islands wherd fvould be dispensed.
Nowadays, competition among owners has revolvediramradhe modernisation of
PFSs towards a store model that combines the idefast pay fuel islands
complemented by convenience stores, car washesmative services, and food
services [16]. This evolution has made PFSs moreptex and has also made the
provision of safe measures more critical due teeased risk of hazards. In general,
the description of a typical PFS design is as Wedldplease refer to Figure 2.1 for a
typical PFS design layout):

1. Dispensing area:where the dispensers are located. The dispensiagis
usually covered by steel or concrete canopy andgiizeeof the dispensing
area depends on the number of dispensers andzthefdhe site.

2. Underground storage tank area:a vacant area where the tanks are
located underground to store the fuel supply. Uguhis area is indicated
by manholes and venting pipes.

3. Service area:this area may contain a mini convenience stoneweahes,
automotive services, and/or food service which k@ated near the

dispensing area.
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Figure 2.1 Typical Design Layout of Petrol Filli&gation Facilities [2]

Improper design of PFS will lead to problems to dénea within its vicinity.
Hence, the development of PFS should be done whéh donsideration of the
following criteria [17].

1. The location, design, and building materials of BS.

2. The impact of the proposed PFS on road networKjdnamovement and road
safety.

3. The impact of the proposed PFS on surrounding eassd and

4. Measures to be taken to prevent pollution.

2.3Environmental Hazard Issue of Petrol Filling Statin

A PFES can be a major source of pollutants thatcoataminate the air, soil, and water
in the areas surrounding the PFS [15]. Petrol @ostacomplex mixture of

hydrocarbon that has varying degrees of toxicityals living organism [10]. Petrol

could be released into the environment by incidéms have occurred as a result of
damage or carelessness. The release of toxic mdatei PFS due to spillage or
leakage from underground storage tanks and pipkksesult in a serious degree of
soil and groundwater contamination [18]. In somsesa the pollutants can also

contaminate surface water when the petrol soakgttjrinto the ground or flows into

10



drains and culverts [10]. Because petrol floatstloe surface of water it can be
dispersed along the underlying water table. Thistvéinsport the hazard to quite far
away areas from the source of the leak or spilbsEhsubsequent dispersions and
movements are difficult to predict as petrol cargnaie through soil, sewers, and
water courses. These dispersions then can accuarualdélhe cellar or basement of a
property posing a potential hazard to the occupaintse property [12]. A number of
environmental crisis can occur as a result of huoaelessness due to the following
circumstances:

- petrol adsorbed onto soil particles or held ingb# pores

- petrol floating on the groundwater

- petrol constituents dissolved in the groundwater

- petrol floating on surface water (i.e. rivers aaklds)

- petrol at impervious ground layers such as clay

- petrol in drains or underground voids

- petrol vapours released from the above sources tinéo atmosphere or

underground voids, etc.

2.3.1 PFS and Air Pollution

Petrol vapour is difficult to be dispersed by aredo its weight which is heavier than
air. It tends to sink to the lowest level of itsreundings and may collect in tanks,
cavities, drains, and pits. The accumulations g@ouas in confined spaces and other
poorly ventilated areas can stay for a long tim@neut any visible sign of liquid [10].

Petrol vapour is released into the air during tsling of storage tanks by
tanker delivery personnel and customers refuellingir motor vehicles at their
selected PFSs [15]. A certain concentration ofgbetapour affects the ozone in the
lower atmosphere and can result in a phenomendadcghotochemical smog. This
photochemical smog affects respiratory systemaiofdns and animals. Sometimes it
can also interfere with plant growth and also dgenbuilding exteriors [10]. The
presence of organic additive compounds in petrgoua further promotes the
production of dangerous chemicals [19]. Mainlystadditive has to be used in order
to increase the octane, replace the use of leseldbanti-knock gasoline additive, and

reduce aromatic hydrocarbon [4]. A high usage @ tdditive has increased the
11



potential hazards at PFSs. In other words, PFSsarsiderably becoming emission
sources of Volatile Organic Compounds (VOCs). Ssidiave been done to improve
the design and evaluation of control systems iatéeampt to diminish emissions [20,
21], relate the effects of VOCs on workers [22, @88l evaluate associated air quality
surrounding PFSs [24-27]. These studies have shinah a significant benzene
concentration can have an influence in every PR8@rmment. Nevertheless, benzene
concentration depends on the activity of the pettation, the leaks of the fuel tanks
and the meteorological conditions [28]. In anotBeenario, oxygenated fuels also
could potentially have adverse health impacts tmdms and animals. Exposure to
these compounds can bring a variety of illnessel a8 asthma, headaches, mucosal
symptoms [29], and in some cases (e.g. benzengpwsn result in an increased risk
of cancer [30, 31].

2.3.2 PFS and Soil Pollution

PFS is one of the sources of soil polluting age8ts! pollution originating from
PFSs happens when petrol vapour is accumulatdueisdil. This accumulation will
bring a detrimental effect on the flora and fauntoiww the contaminated area due to
the toxicity of the petrol vapour. Some of the moginmon posibilities that might
cause the release of polluting agent to soil ab§ [1

- leakage of USTs and underground pipes

- broken or leaking fuel dispenser

- overfilling by staff when refilling USTs

- overfilling due to customers refilling their veresl

- the pavement of the dispensing area not oil-proof

- absence of drainage and oil separator at dispease®y

Petrol has a detrimental effect on living organigiithin the contaminated area
due to its toxic nature when mixed with water aivdlahas been reported that water
solubility of the hydrocarbons, biodegradation, aod absorption will influence the
petrol subsequent dispersion into drinking wategppses. It can migrate through
polyethylene water pipelines situated in heavilgteminated ground [10].

12



2.3.3 PFS and Water Pollution

As mentioned earlier, petrol floats on water beeaafsits lower density compared to
water. As such, petrol can be carried a long dcgtaaway by water thus potentially
posing hazards far away from the original pointhed spill. In such a case, fire or
explosion hazard can happen at a the place whigr svay from the original source

of occurrence [10].

The petrol spill dispersion mechanism into watesimilar to its dispersion
mechanism into the soil. The polluting agents asilg dispersed when rainwater
washes into the soil. Harmful compounds such as V@@d BTEX
(Benzene, Toluene, Ethylbenzene, And Xylenes) amneb in the water and may
spread over the long distance. VOC compounds peretdownwards into
groundwater due to capillary action, gravity andagtion. When the most harmful
chemicals, MTBE and TAME, dissolve in a major grdwater area, that water

containment area can be the source for the disimibof the fuel compounds [15].

Polluting agents not only contaminate ground wdiat they also contaminate
surface water such as rivers or lakes, especialihe areas where potable water is
extracted. Many of the components of petrol hawggaificant solubility in water.
Once they are dissolved in water, their biodegradatate will be reduced. Hence,
any contaminants in potable water will have to emaved by the relevant water
supply companies. Petrol is not only toxic towaadsatic life, but also causes health

problems to humans if ingested [10].

13



Figure 2.2, illustrates potential hazards that magtcur in PFS. It shows that
oil spill due to the leaking of underground storéayek or any human activity can lead

into groundwater contamination, surface water aoiriation, and soil contamination.
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Figure 2.2 Environmental risk hazards of PFS [32]

Petrol stations are not only indispensable parodélern technological society
but they also pose numerous risk and threats toeth@ronment. PFS presents

potential challenges to the health and safe of leespd their surroundings. The major

environmental risks involve release sources frotnopstations which will endanger

the air, soil, and water.
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Table 2.1 Major Environmental Risk and Release Gmiat Petrol Station (to air,

soil, and water) [33]

No. | Risk and/or release Consequence of risk Recommended action to limit
source environmental damage
1. Wall of UST’s broken  Fuel product gets into soil.1 2-wall storage tanks
and groundwate® 1.2 Factitious compaction
Contamination structure around tanks

1.3 Real time gauging system

1.4 Real time alarm system

1.5 Periodic inspections of

tanks and control
programme
2. Underground pipes  Fuel product enters soil 1.1 Sealed chamber
leak inside unsealed and groundwate® 1.2 Real time alarm system
chamber Contamination (Danger 1.3 Periodic inspections and
of explosion) monitoring programme for
pipes and chambers

1.4 Filling chambers; e.g with

sand or mineral wool
3. Underground pipes  Fuel product enters soil 1.1 Factitious compaction
leak beneath dispenseland groundwate® structure under the

contamination (Possible forecourt

danger of explosion if 1.2 Pipe installation on the

there are empty spaces membrane

beneath pump island or 1.3 Sealed sumps

dispenser). 1.4 Periodic inspections and
monitoring programme for
pipes, dispenser, and
sumps.

1.5 Filling empty spaces
and/or sump; e.g with sand
or mineral wool.

4, Dispenser leaks from Fuel product enters soil 1.1 Factitious compaction
hydraulic sections and groundwate® structure under forecourt
contamination 1.2 Sealed sumps

1.3 Oil-proof pavement to the
forecourt

1.4 Forecourt rainwater
drainage to oil separator

1.5 Periodic inspections and
monitoring programme for
the dispenser

5. Overflow when filling Fuel product enters soil 1.1 Overfill prevention

storage tank.

and groundwate® 1.2 Filling wells
contamination 1.3 Oil-proof pavement to the
fuel filling area
1.4 Filling area’s rainwater
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No. | Risk and/or release Consequence of risk Recommended action to limit
source environmental damage
drainage to oil separator
1.5 Factitious compaction
structure under fuel filling
area
6. Overflow when Fuel product enters soil 6.1 Oil-proof pavement to the
filling customers’ and groundwate® fuel filling area
vehicles contamination 6.2 Forecourt rainwater
drainage to oil separator
6.3 Factitious compaction
structure under forecourt
7. Absence for overflow Overflow when filling the 7.1 Installation of overflow
prevention storage tank® fuel prevention
product enters soil and 7.2 periodic inspections and
groundwater> monitoring programme for
contamination overflow prevention
equipment.
7.3 oil proof pavement to the
fuel filling area
7.4 factitious compaction
structure under the fuel
filling area.
8. Absence of filling Spillage when filling 8.1 Installation of filling sump
sump storage tank® Fuel 8.2 Periodic inspections and
product enters soil and monitoring programme for
groundwaterd> filling sump
combination 8.3 Oil-proof pavement to the
fuel filling area
8.4 Factitious compaction
structure under fuel filling
area.
9. Underground spaces Splashes when filling 9.1 Elimination of empty
beneath the filling areastorage tank® petrol space under filling area
vapour enters empty 9.2 filling all spaces; 3.g with
spaces® Danger of sand or mineral wool
explosion 9.3 Periodic inspections and
monitoring programme.
10. | Lack of vapour Vapour enters awd» 10.1 Installation of vapour
recovery stage 1- Pollution recovery stage 1-system
system (or totally non- Vapour enters 10.2 Periodic inspections and
existent) underground space® programme
Danger of explosion
11. | Non-functioning Petrol enters drainag® 11.1 Periodic inspections and

alarm system

Danger of explosion

monitoring programme
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As a conclusion, PFS sites are associated withmabau of risks and safe hazards
such as fire, oil/gas leakage, and combustibleesxi@hose risks will generate further
adverse consequences such as soil contaminatioondwater and surface water

contamination, as well as air contamination.

2.4 Safe Risk at PFS

The relative risks of pollution can be judged byiesing the type and
condition of the equipment on site and puttingnitai site specific context (both in
terms of surrounding neighbours and environmentpetrol filling station). As
mentioned in Table 2.2, several sources, pathvemgreceptors can be recognized as
pollutant linkages occurring in and around a PF8vefal sources of risks are
identified based on guidelines for soil, groundwatied surface water protection, and
vapour emission control at petrol filling statiohccording tolnstitute of Petroleum
if any of three components above is absent, theretis no pollutant linkage and the

site may not pose a risk to the environment.

Table 2.2 Pollutant linkage [34]

Source Pathway Receptor
Leaking UST'’s Permeable strata above Groundwater in
water table aquifer
Poorly maintained oil/water | Surface water sewer Surface watercourse
separator
Faulty pressure/vacuum vent Prevailing wind direction  Air quality in local
on tank vapour manifold residential area
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Additionally, other sources of discharge-sitesiafi@structure and equipment
options as outlined binstitute of Petroleunj34]. Examples of these other sources
are:

1. Dispensers and under dispenser trays
The most common form of containment failure at PE&surs due to the leakages on
the dispensers (pumps). The leakages may occheiait separators, dispenser valves
or flexible couplings. The installations of dispersare over open soil which further
increases the risk of underground leakage.

2. Pipe work
Based on the experience, a large number of leakagmsred in underground pipes,
particularly the ones linked to the storage tarnksterms of damage percentage,
leakages from these pipes are the principal sowfesoil and groundwater
contamination beneath petrol stations.

3. Storage tanks
Virtually all corrosion of buried steel are caussdelectrochemical mechanism. The
measurement of soil conditions such as moisturedwctivity, pH, sulphides,
chlorides, electrical activity, etc will assess thsk of external corrosion failure.

4. Offset/direct fill pipes
During delivery service, the underground offsedoect fill tank man-chambers are
prone to the accumulation of small amounts of tregpct. If no significant amount
of product accumulates but manchambers appearnilthe surface of the walls, it
means the walls may be leaking and require remediex.

5. Delivery procedures
Delivery procedures should include undergroundagfertank mandatory checks to
avoid the possibility of tank overfills. Overfillontingency plans should be based
upon product dispensing. This is to avoid the higtk of spill from manually

decanting delivery hoses after the tank overfills.

2.4.1 Fire/Explosion Risk

Vehicle fuels are highly flammable and inappromiatorage/handling may result in
dangerous fire or explosion that in turn may leadsévere injury, manpower loss,

economical loss and destruction of the site andbeading area. Therefore, experts
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highly recommend that in case of fire, action sddug taken to control the fire at the
early stage [2]. Furthermore, the site should ésighed, constructed and operated
according to relevant national and internation& standards. At the planning stage,
factors such as the separation from nearby buigdidgsign and quality of fuel tanks,
petrol pumps, underground pipe work and tankeroatfing points should be

thoroughly considered [35].

Several factors such as the presence of combugtisies and liquids, oxygen,
and ignition have been found to be the potentaineints that could contribute to fire
and explosion hazards at PFSs. This may occur glurioading and dispensing
activities where leaks and/or spills of flammableducts can happen. Possible
ignition sources include sparks associated with ib#dd up of static electricity,
lightning, and open flames. In addition, tank agtiactivities associated with
maintenance and decommissioning may also resuéxpiosions [36]. In order to
prevent the start of a fire, all sources of heaigaition in PFSs should be analyzed
and then reduced or eliminated. Furthermore, tehanism used to take such
explosive sources in direct contact with fuel skddag careful considered [2].

Several known sources of heat and ignition occgreh PFS are categorized as
follows [2] :

- Visible sources: such as cigarettes, welding insid®o close to the facility,
and fire in nearby buildings.

- Electrical sources: such as lights, electrical peaeles, electrical wiring, and
transformers.

- Mechanical sources: such as an engine of a car,tledperation of the
pumping system inside the dispensers

- Static electricity sources: such as from the foictof a person moving out of
the car. Static electricity can also be generaiethb road tanker, which can
become electrically ‘charged’ during the journeyhe filling station; the flow
of petrol through the delivery hose which goes ittbe USTs; and the
personnel involved in the delivery process who ddug¢ charged with static
electricity [11].
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2.4.2 Fuel Leaks and Spills

The United States has approximately 5-6 millionangdound storage tanks used to
store a variety of materials including petrol, fwdl and numerous chemicals. The
average life span of these tanks has been reptrted about 18 years. Beyond this
time range, exposure to the natural elements cailigesanks to corrode creating
cracks and holes on the walls and joints of th&ganwhich finally causes leakage. A
study conducted in 1990 reported around hundredtisonisands of tanks were leaking
[7]. The causes for the leakages can be dividea twb categories: accidental and
ordinary. Accidental leakages are due to a crasoofe part of the UST system. On
the other hand, ordinary leakages are due to thedfseauman activities that are

performed above the soil [37].

The most significant environmental issues from RE8s are the accidental
release of stored or handled fuel due to leaks WBn's, piping systems, and fittings
under fuel dispensers. The leaks from UST systeandead to serious environmental
problems. The most important of which is groundwatentamination. The main
causes of groundwater contamination are faultyaltsions, leaking underground
storage tanks and spillage from tank overfillingci& in 2007 has monitored USTs
for three years and results from that study shawsaurrence of leakages in USTs
[37].

As mentioned earlier, aging is the factor that eausorrosion of steel
components that may lead to the failure of tanksldi#onally, an improper
installation of tanks may cause structural strass, finally the failure [36]. Releases
may also result from surface spills or overfillsridg delivery and fuelling. Damage
to or misuse of dispensers and dispensing pettolunsuitable containers may also
cause spillage. Petrol is more likely to leak fraanks and pipework if equipment is
poorly installed, inadequately maintained, or oldl][ Table 2.3 shows several
sources of possible discharges due to leak andrspdents.
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Table 2.3 Source of discharges [34]

Possible discharges in runoff to surface water@surs

Leaks from: - under dispenser valves and flexible couplings
- pipe work

- tanks and offset fill pipes

- faulty oil/water separator operation

Possible discharges to soak ways

Spill during: - customer refueling, including leaking car fuel tank

- filling of petrol filling station underground staya tanks
directly or by below ground level offset fill post

- filling of petrol filling station underground staga tanks via
above ground level offset fill points.

- Overfilling of portable containers.

Fuel that was released due to the leakage in U3 Tenter the soil directly
beneath the site or around its perimeter. Thisesabse the liquid product can flow
downwards through soil towards the water table ®ans of floating or dissolving.
As petrol is lighter than water, it floats on theter surface and is transferred to
another place over long distances via drainager@iarand other watercourses [35].
In such a way, accumulation of petrol may persistvater tanks and other ground
water source. This contaminates a large percerdageinking water which comes
from underground. The impacts from such releasgemt on factors including the
amount of materials released and local geologicditimms. Another factor is
proximity to environmental receptors such as subsar utilities or building

structures or water resources (e.g. groundwategciwater) [36].

Therefore, proper planning on site selection andsgchation from the
Protection Environmental Agency (PEA) and other rappate bodies before
installation of USTs should be taken into consitiera During site selection, the
consideration that has to be taken into accounasifellows [18]

- The proximity of the installation to watercourses

- The site’s geology and hydrogeology

- Subsurface pipes and structures

- Historical site activities (including the presermdeexisting USTS)

- The corrosive nature of the soll

- Groundwater conditions such as high acidity, sukphaontent or saline

conditions.
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2.4.3 VOC Emissions

Volatile organic compounds (VOCs) belong to a vémterogeneous group of
chemicals characterized by their relatively higlparapressures. Exposure to these
compounds will lead to a variety of adverse heeftacts such as asthma, headaches,
mucosal symptoms [29] and may also lead to car®@r 31]. A concentration of
VOC has been found to show high variability ovendiand location. Occurrence of
VOC can be usually seen in specific microenvirontsench as sidewalks along busy

streets, within vehicles, parking garages, andopptrmps [38].

VOC is generated during fuel use and its evaparatio particular during
delivery and dispensing operations. VOCs may atsmioin the atmosphere during
the refueling of vehicles. This is why PFSs arevamdo be one of the major sources
of VOC emission [39]. Occurrence of VOCs can beimired by the use of special

fuel filter nozzles that provide the facility tocaver vapor [35].

2.4.4 Traffic

Access and egress activities to and from the ®txlrto be carefully considered in
order to avoid issues of queuing and congestior.ldtation of a PFS is an important
element in traffic obstructions. Locations that camise congestion are such that are
located near to an intersection, in a high trafibev road, or near to grade crossing.
Collision between vehicles using the PFS and padasat both the entrance and exit
points has also been known to occur due to theapggrlocation of PFSs. Therefore,
the layout of the site should be designed to pmwtear lines of sight wherever
possible. The other consideration is minimizing tresscrossing of vehicles and

pedestrians routes [35].
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2.5 Site Requirement

Several factors related to site requirements shdnddtaken into account while
selecting PFS location. Dispensing or refuelingvéests at PFSs pose a number of
risks. One of the major risks is called externaltlurd party risk that effects the
population of the surrounding area due to the exigo hazardous substance coming
from PFSs. In other modes, such risks also occuplamts, storage or transport
systems such as pipelines, trains or trailer trutk®wvever, the explosion of these
substances are more harmful when it originates feorRFS [40]. The following

sections describe some of the factors that incrieesthird party risks.

2.5.1 Distance to Public Facilities

Petrol stations are usually located within the eghbf urban neighbourhoods which
are near to public and residential properties. Halspand schools are sensitive
facilities that need a special attention with relgato safe distances to PFSs. A
distance guideline has been recommended for tlerelit types of transport fuels to

sensitive public facilities. In particular, safest@ince for gasoline, CNG, and LPG are
20-25 m, 10-15 m and 15-25m respectively with thme order of magnitude. In

case of LPG, safe distances for dispenser and gralerd buffer are 15m and 25m
respectively. Besides this, safe distance for ltfk trailer is 45-110m [41].

An incident of fire at a PFS must be controlledriediately to prevent the
likelihood of explosion. Safe distance also matteravoid static electricity. In this
case, the location of the PFS should be in a cedistance to high voltage overhead

line.

It has been reported that the special locationhefdmall and medium size
PFSs should have a distance of 100m from theirosadings such as school,
residential, and hospital because both of them sawdar impact. This states that a
certain distance from a heavily populated area RF& should be considered for the
safe. This can be helpful to establish a “beltatmid any mishap to nearby sensitive

places such as schools and hospitals [19].
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2.5.2 Distance to Water System

UST systems release gasoline constituents in tiva @ vapor leaks from ground
water piping system. Furthermore, these vapor |lealg be carried off to another
place that is far from the fueling area via watercé. This will affect the ground
water. The ground water should be highly protediedause it is one of drinking
water resources. Therefore, the location of PF8aldibe restricted to the area where

they cannot contaminate ground water [8].

Petroleum contamination in groundwater travel ntben of 75 feet from its
original source in more than 70% of PFS sites laate been studied. On the other
hand, contaminants from 24% of the PFS sites dutitaevelled approximately 300
feet. Studies have also argued that consideringoadbrange of hydrogeological
conditions and different product types, 76% PF8ssirovide a significant result for
the contaminants travelled distance up to 300 fHeit implies that the safe distance
between USTs and groundwater should be set ate800d offset any catastrophe in

case of UST leakage [42].

A study was conducted in 2002 for the petroleumtamimation travel
distances at discharge sites in a state of NewaadglMaine). Outcomes of this study
show that the average distance travelled by gasamd diesel/fuel oil constituents
was 295 feet and 140 feet respectively. Only fewstituents such as one-third of
MIBE contamination plumes, one-quarter of otherojas plumes, and one-sixth of
diesel/fuel oil plumes were found to travel morartt800 ft. As such, several rules
for protecting water system by siting of UST systéesh new locations should be the
following [8]:

- 500 feet between gasoline USTs and public wateplag(PWSs)

- 250 feet between gasoline USTs and private wells
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2.5.3 Proper land selection

The business profitability of PFS is influenced tye number of factors such as
property maintenance and management, size of tlee rseighbourhood business
potential, grade of street and topography, vigipilcompatibility of traffic flow,
transient business potential, ease of approachspecial features of location [43]. In
regards of topography, PFSs should be constructeébdeoland with a maximum 35%
steep. This is because PFSs have a number of wadedystorage tanks that are used
to store motor fuel. Since, USTs contain a hugeuwarnof flammable fuel. Sometimes
leakage in these tanks may cause fire to breakwhich will create great victims if it
is located in residential area. That is why PFSsulhbe in commercial and/or
industrial zones [5]. For compatibility of traffftow inside site reason, the minimum
land space used to place a PFS should be at @@@mf.

2.5.4 Accessibility

The accessibility of a PFS is the ease of entgnib exit from the particular site. The
PFS potential sales depend on the degree of abitigsio the site. As such, to
achieve a high sale, a PFS site must be visibleeasg to enter/exit for the motorist.
As mentioned earlier, sites that are located netrgections or grade crossings
definitely will cause traffic obstruction that witesult in less number of motorists
stopping to refuel their vehicles. Therefore, aatsigic location for petrol station

should avoid intersections and grade crossingsaxinmize accessibility.

According to PETRONAS criteria, the most suitabbedtion for a petrol
station is within a growth centre or an urban airaa few cases, PFSs can also be
situated in rural/ remote areas where the needseXsr the urban area, a minimum
distance from the residential building to petratisin should be around 100 feet for
the safe concerns. In a residential area, a lapdgoapen area of 10 feet wide shall be
provided along the rear boundary of the site antegbwide along the side. This will
offer a convenience to motorist, draw public aftamto the site, and permit handling

of a larger volume of business [43].
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2.5.5 Emergency Response Services

As discussed earlier, occurrence of fire at PF&ast dangerous and it is highly
possible to happen. In case of fire, emergencyoresp services such as city fire
brigade should take immediate action. In most gittbese stations are located at a
number of locations to respond to fire and otheemgencies. A fire station should
have full and quick access to potentially hazardoaations such as PFSs throughout
the area of its jurisdiction. As such, the geogregifactor, traffic patterns need to be
analyze to achieve maximum efficiency. Geographforimation System (GIS) has
the capability to visually observe the locationstiod fire stations and calculate the
drive times to respond to a particular site videddnt routes and different types of
emergency vehicles used to reach that location.

The emergency services must be able to provide m&ipnly to the PFS in
trouble but also to contain the situation from spieg to nearby areas. In this case,
emergency personnel must respond in the shortast iossible to provide effective
services. Studies have shown that fires go thr@aghe stages with respect to speed
of growth and length of burn time. Fire doubleglitevery second of free burning
that is allowed. Occurrence of this growth can eensexponentially from the time
and temperature curve. One particular stage ofidirdlashover” that occurs after
temperature reaches 600°C and after 4-10 minutes the onset. This flashover
marks a critical change in condition and shouldaken into consideration to prevent
fires. Flashover condition can be measured byuhetfon of time and temperature as
depicted in Figure 2.3 [44].

Figure 2.3 illustrates fire growth over time. Italso shown that flashover can
occur in less than 2 or more than 10 minutes depgndn the size of the site,
contents at site, and available oxygen. Most fratyeflashover occurs between 4
and 10 minutes [44].
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Based on National Fire Protection Agency (NFPA)@T45], fire response
time for fire department should be four minutes)(8éconds) or less for the arrival of
the first responders (480 seconds) or less fordgq@oyment of a full first alarm

assignment at a fire suppression incident.

2.6Standard Used in Some Countries

In this study, two standards have been used tdectba PFS siting criteria for this
research. The standards used are from Nationalrdmaental Protection Agency
(NEPA) of the Republic of Jamaica and the Bhavn#gaa Development Authority
of India.
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2.6.1 National Environment Protection Agency, Jamaica

The NEPA of Jamaica has a list of considered caitier petrol filling station siting

[46].

1.

Stations should be located within a growth centrarourban area except in
circumstances where it can be shown through apiatepstudies that the need
exists otherwise.

Land should be zoned for commercial/industrial use be designated
specifically for the purpose in a subdivision.

Stations should be located at a minimum of 50€dim any public institution
such as schools, churches, public libraries, auddites, hospitals, public
playgrounds, etc.

Area of land to be developed should be sufficienallow manoeuvring of
vehicles within its cartilage but should not besléisan 12.000 sqg. ft. with a
minimum frontage of 300 ft. on the primary street.

Filling Stations will not be allowed in any area evh the traffic situation is
such that it will cause obstructions in enterindeaving a station, or on tight
curves where visibility is not adequate.

Vehicular access/egress/crossover should be rdalgosafe with adequate
approach distances especially where main roads iatefsections are
involved.

Wherever possible, stations should be erected\ai tather than sloping site
to prevent rolling or discarded materials suchascdrums, etc.

When sited in shopping centres, stations shoulthteted in an isolated area
of the development as long as planning criterianaeg example, set back.
Environmental impact on streams, lakes, ponds,faquetc., will be taken
into consideration. An Environmental Impact Assesst may be required

from the applicant.

10.Buildings are to be located a minimum of 40 ftnfrooad property boundaries

to provide adequate area for manoeuvring of vehiciéhe service area.

11.Petrol pumps shall be located a minimum of 100frim any residential

building.
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12.Fuel should be stored in double walled containeminimize leakage and
prevent contamination of ground water.

13.Normally no access to nor egress from a fillindistashall be closer than 150
ft. to any road intersection or 250 ft. from th&ensection of two main roads.

2.6.2 Bhavnagar Area Development Authority, India

Bhavnagar Area Development Authority [47] has twBSPsiting consideration
aspects based on the space and traffic requirerS8eate requirements for PFS are
mentioned as follow.

1. The minimum size for the location of PFS shall BeD8 m x 36.50 m.

2. Except in hilly terrain, the plot should be on legsound.

Traffic requirements are mentioned as follow:

1. A PFS is a major generator of traffic and as sudsent a degree of traffic
hazard on the road on which it is sited. This piaétraffic hazard determines
the number of station that can be permitted in sestion of the road or the
highway or in a section of a city. The objectivenigeto keep the traffic hazard
to the minimum.

2. A PFS should not be located opposite a break oningan the central verge
on a dual carriage as this will encourage theitrdti cross the road while
entering a filling station or filling cum servic&ason.

3. A PFS preferably may not be sited too closed tanérsection to a traffic
island on the main road. To assure satisfactoryringadistances. The
minimum desirable distance between an access tatiars and the tangent
point of the traffic island or intersection shotiel 80.00 m.

4. In the case of main road provided along with aiservoad or a marginal
access road. The access to the station shouldobeled from the service the
marginal access road and not from the main road.

5. On road having heavy traffic it is desirable to\pde one station on either
side of the road so that vehicles are not requioecross the road. On roads

the traffic can not support two filling station apen either side one may be
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located on either sides provided the site is nméeclto a junction and confirm
to the requirements of the above.

6. Siting of the stations on road curves or bendsaasafe hazard and should be
avoided located adjacent to the residential houses.

7. The minimum distance of the property line of thiing station from the
central line of the road must not be less than @®0or half the proposed

right of way of the road.

Entrance and exit considerations

1. In all location of filling stations, the basic peciple governing location as well
as exit and entrance consideration is to minimige nauch as possible
interference with normal flow of traffic on the ha

2. For easy flow of the station a minimum frontage80f00 m. shall be provided
with wide and easy entrance and exit kerbs. Vehielgering and leaving the
station should be fully visible to the traffic dmetmain road and there should
not be any obstruction to view between the fillgtgtion pumps and the road.

3. The following minimum requirements for the ingres®uld be observed.
) Maximum width of the drive ways at the side wallo®m.
i) Minimum distance from any drive way to any extenoperty line: 6.00

m.

i) Minimum distance from any drive way to any intenmot line 3.00 m.

v) Minimum distance between kerbs sites : 9.00 m.
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2.7GIS Application in Suitability Analysis

Previous studies which are mentioned in Table Zavehused several tools to find
suitable location for facilities. It shows sevet@bls that can be used for spatial multi
criteria decision analysis that utilize the combimra of GIS and AHP. These tools are
used worldwide to conduct suitability analysis. Tdoenbination of GIS and AHP has
been found to be an ideal tool to determine swetdbtation for certain facilities
spatially while at the same time accommodating wihiengness of stakeholders to

state their opinions based on their expertise.

Those previous studies highlighted that GIS pravilligh efficiency in spatial
analysis. The GIS is found to be a technique thatdreater flexibility and accuracy
for handling digital spatial data especially intability analysis. Nevertheless, GIS
stand alone could not overcome the issue of instarsty of expert opinion in
decision making because it has limitation such rempable to process multiple
criteria and conflicting objectives. FurthermordSG&ould not integrate geographical
information with subjective values/priorities imgaisby the decision maker.

In regards of GIS limitations in decision making fuitability analysis, all
those previous studies utilized an additional tep This technique is multicriteria
decision technique which can accommodate expeniapifor giving judgement and
assigning relative importance to each of many ateonsidered in decision making.
This approach is highly dependent of the Expemrtéepences. However, the AHP as
one of multicriteria decision method is superiortimoel because it can deal with
inconsistent judgments and provides a measureeoinitonsistency of the judgment
of the respondents.

As result, the integration of GIS and AHP creatasilar output which is
showing a classification of study area into severalss of suitability analysis.
However, all the studies do not explain furthert tthee respondents’ inconsistency
judgement could give impact to spatial analysigaoutin the efforts to overcome this
problem, another additional technique should beratio check the sensitiveness of
final output. The technique is called as spatialsgerity analysis. This technique is
explained further on Chapter 3. The GIS application several suitability analysis

researches are summarized by Table 2.4.
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Table 2.4 GIS Application in Suitability AnalysiseBearch

Previous | Gl S-based Hierarchy Site Suitability GI S based GIS& AHP For Using Gl Sand AHP Conclusion
Study Processfor the Analysisfor Solid Multicriteria Siting Water Technique For
Suitability Analysis Waste Disposal [49] Approachesto Harvesting Reservoirs | Land-Use Suitability
of Nuclear Waste Housing [51] Analysis[52]
Disposal Site[48] Site Suitability

Discussion Assessment [50]

Objective Selecting potential Selecting sites, whiclh Determining thel Locating and ranking Integrating GIS and Several conclusion for
favourable sites for are suitable for the optimum land| suitable sites for water AHP in analyzing| those several study
nuclear waste disposal of solid suitability for | harvesting  reservoirs land-use suitability. | are:

wastes housing on the basis on the
overall suitability of 1. Many previous
each reservoir. researches  used
combination of

Methodology | AHP Decision Making The proposed The study involved the In this process, land-  AHP and GIS and
An Analytic | 1. Intelligence process includes fourdevelopment and use types are selected supplemented with
Hierarchy Process Phase steps: application of a threer based on local another method to
(AHP) is applied to] 2. Design Phase 1. Establishment of step Hydro-Spatial farming practices construct
quantify the relativg 3. Decision Rules suitability criteria | Analytical Hierarchy| opinions of farmers suitability
significance of each 4. Choice Phase 2. Site screening Process (HS AHP) scientists, and local analysis.
factor before| The prime objectives 3. Establishment of 1. ArcGIS district and province
determining the most of this the AHP| 2. Watershed leaders. 2. GIS software are
suitable site. research work the evaluation criteria Modelling vary but three

suitability of the siteg 4. Site evaluation 3. AHP AHP Technique among five
GIS were classified on the Using AHP research using
ArcGIS is used tq basis of different technique these  ArcGIS software
screen and analyzecriteria: judgments on to perform
different datasets for 1. Highly Suitable important of criteria suitability
generating suitability  Site are converted td analysis.

maps for each factg
based on the abov
criteria.

r2. Moderately
e Suitable Site
3. Less Suitable Site

criteria weights ().
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Previous | Gl S-based Hierarchy Site Suitability GI S based GIS & AHP For Siting Using GISand Conclusion
Study Processfor the Analysisfor Solid Multicriteria Water Harvesting AHP Technique
Suitability Analysis of Waste Disposal [49] Approachesto Reservoirs[51] For Land-Use
Nuclear Waste Housing Suitability Analysis
Disposal Site[48] Site Suitability [52]
Discussion Assessment [50]
The process of GIS 3. The output of the
integrated procedure: Each land-use research i
1. Locating requirement could suitability ~ map
2. Screening be organized in that shows the
3. Evaluating form of one map hierarchy of ared
potential sites layer in GIS. suitability
Tools 1. ArcGIS 1. GIS software 1. GIS Spatial| 1. ArcGIS AHP assessment.
2. Weighted linear 2. Multicriteria analysis and 3D 2. Watershed GIS
combination ranking techniques analysis using Modelling System
ArcView Model (WMS)
Builder (Arcview | 3. AHP
GIS 3.2)
2. AHP technique
Output The output of suitability Selection of Suitable| Suitability sites for]  The output of this | Land use suitability
map can vary greatly Sites There were sevenhousing with research are: map for coffee
based on the inputs ofsuitable sites identified different criteria: 1. Output maps
different factors and by the multi criteria] 1. Extremely showing the DEM
different weighting for| evaluation method| suitable for the study area
each factor. Each of these plotted 2. High suitable and the sub
points has satisfied all 3. Suitable watershed divisions.
the criteria adopted for 4. Less suitable 2. Suitability ranking
highly suitable sites for 5. Unsuitable map for the sub

solid waste disposal.

watersheds.




2.8 Summary of Criteria Use for PFS Siting

Many factors have to be considered for PFS sithgst of criteria for petrol filling
station consistent with environmental protectiondglines and site requirements as
what have been discussed in all section of liteeataview are summarized in Table
2.5.

To achieve the research objectives which put tvr@mmental issue as the main
concern, several decisive factors are consideregu@elines. The criteria are water
system protection from USTs leakages, vicinity goeatection from petrol filling
station's fire and explosion hazard, proper larldcsen, and access road selection
due to in-out activities. Each of these criteria &urther broken down into several
sub-criteria. Subsequently, all sub-criteria arsoabroken down into several
indicators. Those indicators are taken from sevsoalrces such as environmental
agency like what have been mentioned on sectionehdronmental city guideline
(Maine, New Hampshire, Surabaya), PERTAMINA, angrjals.

Table 2.5 shows the relationship between the @jtsub-criteria and indicators.
For the example of the water system protection fild®Ts leakages, Table 2.5
explains when a UST leaks, the petrol spilled thentaminates groundwater and
when it dissolves and migrates to private wells ewen worse, rivers and lakes,

drinking water sources of cities and towns willdmataminated.
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Criteria

Water system
protection from UST¢
leakages

Vicinity area
protection from PFS"
fire and explosion
hazards

Proper land selectior

Road safety due to ir
out activity

Emergency response
services

Table 2.5 Criteria for Site Selection

Sub-criteria
Groundwater
Seawater
Rivers

Public wells

Impact on the residentia
properties

Impact on nearby
hospitals and schools

Presence of electro stati
environment

Land availability

Proper HSE practises
during UST construction

Land use

Distance to Intersection

Distance to road

Distance to grade
crossing

Distance from Fire

Station
Distance from Hospital

35

I ndicator

At least 300 ft from
groundwater

At least 3.250 ft from saline
water

At least 500 ft from rivers
and lakes

At least 250 ft from artesis
well

At least 100 ft from
residential properties

A least 500 ft from hospitals
and schools

At least 150 ft from High
Voltage Areas

vacant land

Less than 35% steep

Located in
commercial/industrial zone

At least 250 ft from
intersection

At least 40 ft. from road
property boundaries

At least 820 ft from grade
crossing

Within 8 min. driving time

Within 8 min. driving time
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CHAPTER 3

METHODOLOGY

The underlying idea of this research is suitabitityalysis using GIS tools that are
supported with multi criteria decision analysis hoet. A brief overview of the
principles of the method and its requirements vaeseussed in this chapter.

3.1  GIS and Suitability Analysis

A Geographic Information System (GIS) is a compugigstem that has the ability to
capture, collect, store, retrieve, transform, amalyand display geospatial data from
the real world for a particular set of purposes, [58]. Several GIS softwares are
available in the market such as ArcGIS®, GeoMelliapinfo, ERDAS, IDRISI, and
AUTOCAD MAP. Among these, ArcGIS by Environmentalsgems Research
Institute (ESRI) [55] is the most popular. As susbyeral reasons ArcGIS is chosen
to be utilized in this research is its popularitydaalso much easier to be integrated
with AHP software Expertchoice 2000.

Land suitability analysis is the process of deteing the fithess of a given
tract of land for a defined use [56, 57]. In thbestwords, suitability analysis is the
process to determine whether the land resourceitesbée for some specific uses and
to determine its suitability level. Its developmemrtd capability to overlay digital
maps have made suitability mapping easier and quicBince suitability analysis
deals with the analysis of several data sets, @iSeffectively be used in looking at
the characteristics of land from a number of layBrs each location to solve
problems. GIS can process enormous data and havepdiverful functions of
displaying and outputting maps [58]. This capapilg the main reason GIS is the



preferred system for the suitability analysis instlstudy. In pursuance of these

objectives, a conceptual diagram of the methodasiged in Figure 3.1.

Figure 3.1 shows that four analysis has been etilin this research to obtain
the final result which is a single ranked map ofSPuitability analysis. At the
beginning starts with stakeholder analysis follovibgdAnalytical Hierarchy Process

(AHP) analysis, spatial analysis, and sensitivitglgsis subsequently.

el ——f
vy wamsveandus

Access Roa Emergency Service

=

* —l

_ Stndardzed Greion Mep

Spatial Multicriteria
Decision Analvsi:

Rating Map w

v

Figure 3.1 Flow-chart of Research Methodology
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3.2  Stakeholder Analysis

Stakeholders are those whose interest are affdoyethe issue or those whose
activities strongly affect the issue. Stakeholdealgsis is used to identify people,
groups and organisations that have significantr@sts in specific urban issues. This
is a basic tool for achieving the understandingatential roles and contributions of
the many different stakeholders. Even oppositiothefimplementation of the policy
or program can be detected. Therefore, using alstdéler analysis, complemented
by other key tools, as a guideline at the onsdtimdrease the chances of success for

any given policy or program [59].

Stakeholder analysis consists of three essentggsstl) Identifying the key
stakeholders and their interests (either positivenegative) in the project; 2)
Assessing the influence of, importance of, andllefémpact upon each stakeholder;
and 3) Identifying how best to engage stakehold@®$. Figure 3.2 shows that a
stakeholder who has high degrees of both importandeinfluence is the stakeholder
who stands to lose or gain significantly from thiejgct and whose actions can affect
the project’s ability to meet its objectives. Alstholder who has high importance but
low influence is the stakeholder who stands to los@ain significantly from the
project but whose actions cannot affect the prigeatility to meet its objectives. A
stakeholder who has low importance but high infaeers the stakeholder whose
actions can affect the project’s ability to mestadbjectives but who does not stand to
lose or gain much from the project. Finally, a staddder that has low importance and
low influence is the stakeholder widmes not stand to lose or gain much from the

project and whose actions cannot affect the prgjedtility to meet its objective.
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Figure 3.2 shows the mapping of stakeholder usiagetiolder analysis matrix

based on their importance and influence.

High Importance

A

Degree of
Importance

Low Importance

3.3

Degree of Infl

<

uence

<«

High Influence

Low Influence

Box A

Stakeholders who stand to lose or gain
significantly from the project AND whose
actions can affect the project's ability to
meet its objectives.

The project needs to ensure that their inter
are fully represented in the coalition. Over
impact of the project will require goo
relationships to be developed with the
stakeholders.

Box B

Stakeholders who stand to lose or gai
significantly from the project BUT whose
actions cannot affect the project’s ability to
meet its objectives.

esthie project needs to ensure that their inter
albre fully represented in the coalition.

of
se

pSts

Box C

Stakeholders whose actions can affect th
project’s ability to meet its objectives BUT
who do not stand to lose or gain much from|
the project.

They may be a source of risk; and you W
need to explore means of monitoring al

Box D

e Stakeholders who do not stand to lose o
gain much from the project AND whose
actions cannot affect the project’s ability to
meet its objectives.

illThey may require are of low priority. They a
ndinlikely to be the subject of activities

managing that risk.

involved in project management.

re

Figure 3.2 Stakeholder Analysis Matrix [61]

Spatial Multi-Criteria Decision Analysis

A Spatial Decision Support System (SDSS) is arraatere, computer-based system
designed to support a user or a group of usershredng a higher effectiveness of
decision making while solving a semi-structuredtigpalecision problem [62]. The

difference between SDSS and a traditional decisiopport system (DSS) is the
particular nature of the geographic data which aspspatial problems and the high

level of its complexity.

Spatial multi criteria analysis requires information criterion values as well as
the geographical locations of alternative sitesdifidnally, preferences of a set of
evaluation criteria chosen by the decision makeatksalgo aid in suitable analysis.
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This means, the analysis results not only dependb® geographical distribution of
attributes, but also on the value judgments inwblirethe decision making process.
Two available techniques that provide a significanhtribution in spatial multi-
criteria decision analysis are: (1) the GIS comporend (2) the Multi Criteria
Decision Making (MCDM) analysis component [63, 64].solving spatial decision
problems, GIS and MCDM techniques support the dmtisiakers to achieve greater

effectiveness and efficiency of decision making.

Figure 3.3 shows the framework of integrating G MCDM analysis consists
of several stages such as problem definition, ew@mn criteria, generating
alternatives, assessing criterion weighting, chugpsdecision rules, and testing

sensitivity analysis.
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Figure 3.3 Integrating GIS and MCDM Analysis [65]
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Overviews of those stages are explained as follows:
1. Problem Definition

The difference between desired and existing statassystem is perceived as
a decision problem. It is a “gap” between the dekiand existing states as
viewed by a decision maker. The GIS capabilities ftata storage,
management, manipulation, and analysis offer msjgport in the problem

definition stage.

2. Evaluation Criteria
The spatial multicriteria analysis focuses on tle¢ af evaluation criteria
(objectives and attributes) once the decision gmbhas been identified. This
step involves two specification processes: 1) $peg a comprehensive set
of objectives that reflects all concerning the dmei problem, and 2)
specifying measures (or attributes) for achievirigpsé objectives. A
measurement scale must be established for eadtusdtrThe degree to which
the objectives are met is the basis of comparitegradtives.

3. Alternatives
The process of generating alternatives should kedan the value structure
and be related to the set of evaluation criterechEzalternative is assigned a
decision variable. Variables are used by the datisnaker to measure the
performance of alternative decisions, which is alsibed attributes.

4. Criterion Weights

The purpose of criterion (objective or attributegight is to express the
importance of each criterion relative to other estd. The derivation of
weights is a central step eliciting the decisiorkenas preference. The input
data can be organized in the form of a decisionrigair table once

alternatives, attributes, and associated weigletsaeady built.
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5. Decision Rules

Eventually, the unidimensional measurements (ggigradata layers) and
judgements (preferences and uncertainty) must tegrated to provide an
overall assessment of the alternatives. An appatpridecision rule or
aggregation function will be accomplished for altdives’ assessment.
Decision rules dictate how best to rank alternative to decide which
alternatives are preferred to another.

6. Sensitivity Analysis

Sensitivity analyses should be performed to dete@miobustness after
obtaining a ranking of alternatives. It is defiresl procedure for determining
how the recommended course of action is affectednlayges in the inputs of
the analysis. It aims at identifying the effects dfanges in the inputs
(geographical data and the decision maker's prefee on the outputs
(ranking of alternatives). As a result, either afidéwo conditions will prevail.

Firstly, the ranking is considered to be robustthe changes do not
significantly affect the outputs. Alternately, imfoation about the output to
return to the problem formulation step may be ugetie current result is

found to be unsatisfactory.

3.3.1 Weighting Analysis using Pair-wise Comparison Methd

The purpose of criterion weighting is to express tmportance of each criterion
relative to other criteria. Weighting of criteriarc be done in several ways: ranking
method, rating method, pair-wise comparison methadle-off analysis method, and
comparing method. However, empirical applicationgygest that the pair-wise
comparison method is one of the most effective riegles for spatial decision

making including with G1S-based approaches [66].

The pair-wise comparison method was developed lagySa the context of the
Analytic Hierarchy Process (AHP) [67].The analytical hierarchy process (AHP)
method is based on three principles: decomposittmmparative judgment, and

synthetic of priorities [65]. This method involvesir-wise comparisons to create a
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ratio matrix. It takes as an input the pair-wisenparisons and produces the relative
weight as output. Specifically, the weights areedmined by normalizing the
eigenvector associated with the maximum eigen valuke (reciprocal) ratio matrix.
The AHP could be further divided into:

1. Development of the AHP Hierarchy

Decomposing the decision problem into a hierarchthe first step in AHP
procedure. The hierarchical structure consists air flevels: goal, objectives,
attributes, and alternatives. The alternativesrapgesented in GIS databases. Each
layer contains the attribute values. These atwibualues are assigned to the
alternatives, and each alternative is related @ohiljher-level elements. The attribute

concept links the AHP method to GIS-based procedure

2. Comparison of the Decision Elements on A Pair-wise
Pair-wise comparison method incorporates threesst&€pe first step is to
develop pair-wise comparison matrix by inputting wrderlying scale with values
from 1 to 9. This is to rate the relative prefeenor two criteria. Table 3.1 shows

the intensity of importance that has been useg@doxwise comparison matrix.

Table 3.1 Pairwise Comparison Matrix [67]

Intensity of importance Definition

Equal importance

Equal to moderate importance
Moderate importance

Moderate to strong importance
Strong importance

Strong to very strong importance
Very strong importance

Very to extremely strong importance
Extremely importance

O O|N|O|OAWIN|F-

Secondly, the criterion weight is computed by: ¢amming the values in each
column of the pair-wise comparison matrix; (b) dimg each element in the matrix
by its column total (the resulting matrix is refmrto as thenormalized pair-wise

comparison matrix and (c) computing the average of the elemené&ach row of the
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normalized matrix that can be achieved by dividimg sum of normalized scores for
each row by 3 (the number of criteria). Resultingrage values will provide an
estimate of the relative weights of the criteriangecompared. Table 3.2 shows the

calculation for each step to determine the retatnterion weight.

Table 3.2 Determining the Relative Criterion Weiff8]

Criterion Step | Step |l Step Il
P S V P S Y
Weight
Price (P) 1 4 7 0.718 0.769 0.538 (0.718 + 0.769 + 0.538)B675
Slope (S) 1/4 1 5 0.179 0.192 0.385 (0.179 +0.192 + 0.385)/3 = 0.252
View (V) 1/7 1/5 1 0.102 0.039 0.077 (0.102 + 0.039 + 0437¥)0.073
1.393 5.200 13.0 1.000 1.000 1.000 1.000

The third step is to determine the consistenciethéncomparison by estimating
the consistency ratio. This requires the followisigps [65]: (a) determine the
weighted sum vector by multiplying the weight ftwetfirst criterion times the first
column of the original pair-wise comparison mattixen multiply the second weight
times the second column, the third criterion tintles third column of the original
matrix, and finally, sum these values over the rcavsl (b) determine the consistency
vector by dividing the weighted sum vector by théecon weights determined
previously. Table 3.3 shows the two staged calmrdbr third step to determine the

consistency ratio.

Table 3.3 Determining the Consistency Ratio [65]

Criterion Step | Step |l
Price (P) (0.675)(1) + (0.252)(4) + (0.073)(7) = 2.1¢ 2.194/0.675 = 3.250
Slope (S) (0.675)(0.250) + (0.252)(1) + (0.073)(5) = 0.786 786/0.252 = 3.119
View (V) (0.675)(0.143) + (0.252)(0.2) + (0.073)(1) = 0.2 0.220/0.073 = 3.0149
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The last step is to determine the average valudseatonsistency vector that is so
called lambda X) and the consistency index (CI) which provides aasure of

departure from consistency.

The value for lambdal) is simply the average value of the consistenastore
Calculation of Cl will depend on the careful corsation thath is always greater
than or equal to the number of criteria under abersition ) for positive, reciprocal
matrixes. Should the pair-wise comparison matrixabeonsistent matrix, lambda is
simply equal to the number of criteria under coesation ¢ = n). Therefore, a
measure ofl. — nis believed to be a valuate of the degree of issbency. This

measure can be normalized as follows:

A-n
Cl =—— 1
o1 (1)

Further, we can calculate thensistency rati¢CR), which is defined as follows:

Cl

CR :ﬁ (2)

Where RI is the random index or so the consisteimckex of a randomly
generated pair-wise comparison matrix. Random indiegends on the number of
elements being compared. The ratio obtained froenntieasurement of consistency
ratio (CR) shows the performance of judgementsatforless than 0.10 (CR < 0.10)
indicates a reasonable level of consistency inpdiewise comparison. On the other
hand, a ratio of 0.10 or more (CRO0.10) indicates the inconsistent judgements. In
case of inconsistency, original values in the page comparison matrix should be

reconsidered and revised [65].
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3. Construction of an Overall Priority Rating

The final step in weighting analysis using paireviomparison method is to
aggregate the relative weights of the levels olethim the second step. This is done
by means of a sequence of multiplications of thérices of relative weights at each
level of the hierarchy. The composite weight oledim second step represents rating
of alternatives or decision alternative scores useghake a decision with respect to
the overall decision analysis. The overall scorefRheith alternative is the total sum

of its ratings at each of the levels and is thuspmated in the following way:
R = z « Wil 3)

Wherew is the vector of priorities associated with #th element of the criterion
hierarchical structureX wx = 1; andry is the vector of priorities derive from

comparing alternatives on each criterion. Maximwatug of R(i = 1, 2, ...., m) can
be identified as the most preferred alternative.

Overall rating of alternatives can be obtained bmbining the attribute weights
with the data. Since the attribute data can beesgmted as map layers, the AHP
method can be incorporated into a GIS. A GIS emvitent has the capability to
process the attributes (map layer) data and asgjdghe weights of AHP results to the
attributes would enable priority rating in GIS.
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Figure 3.4 shows the integration part between AHMB &1S-based rating of

alternatives.
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Figure 3.4 Analytic hierarchy process (AHP) meth@):AHP procedure; (b) GIS-
based rating of alternatives [65]

Fortunately, computer programs can perform all tleeessary calculations.
EXPERT CHOICE is one of the most popular softwaaekages for the pair-wise
comparison procedure [68]. It is also as advantagd¢bat the method can be easily
implemented in spreadsheet environment [69]. Furibee, the pair-wise comparison

method has been incorporated into GIS-based deamsaking procedures [64, 70].
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Table 3.4 shows that among the methods for asgesstarion weights, pair-wise

comparison supported by Expert Choice Softwareahas of advantages compare to

other weighting methods.

Table 3.4 Summary of Methods for Assessing Criteiéeights [71-73]

Feature

Number of
judgments

Response Scale
Hierarchical

Underlying
Theory

Ease of Use
Trustworthiness
Precision

Software
Availability

Usein GIS
environment

Method

Ranking Rating Pairwise Trade-off

Comparison Analysis
n n n(n-1)/2 <n
Ordinal Interval Ratio Interval
Possible Possible Yes Yes
None None Statistical/heuristic Axiomatic/deduct

ive

Very Easy Very Easy Easy Difficult
Low High High Medium
Approximation Not precise Quite precise Quite meci
Spreadsheets Spreadsheets  Expert Choice (EC) Logical

Weights can be
imported from a
spreadsheet

Weights can be
imported from
a spreadsheet

Component of
IDRISI

Decisions (LD)

Weights can be
imported from
LD

3.3.2 Spatial Analysis

Spatial analysis model is required to create theklii@ne of GIS operations for this

research [6]. The process for determining the blataarcel for PFS in this study is

performed by a GIS Spatial analysis using ArcGISd®oBuilder. In the model

builder, the process ‘to convert vector themes tiol ghemes using the vector

conversion process’ was carried out. Models araessmted as sets of spatial

processes, such as buffer, classification, re¢ieason and overlay techniques.
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Figure 3.5 show the steps for spatial analysis ltaio single ranked map using

weighted overlay analysis method.

Step 1
Landuse Elevation Recreation Schools

& A
%

I I
Step 2
Slope Distance Distance
AN ST ~
i | il | |
Step 3

Reclassify R_eclassil’y chlassil‘y Reclassify

. 5 ;‘

o Ay
Frc

5

T

Figure 3.5 Spatial analysis for Weighted Overlayahmris [74]

Four analysis tools that have been utilized fortigpaanalysis are rasterization,
eculicean distance, reclassification, and weigtedrlay. The explanation for each

analysis tools are mentioned as follows:
1. Rasterization

The conversion of vector data to raster data ikdalasterization and this
method uses different computer algorithms [75]. Titet step sets up a raster with a
specified cell size to cover the area extent ofubetor data and initially assigns all

cell values as zeros. The second step changeslie of those cells that correspond
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to points, lines, or polygon boundaries. The callue is set to 1 for a point, the line’s
value for a line, and the polygon’s value for aygoin boundary. The third step fills
the interior of the polygon outline with the polygoalue. Errors from rasterization
are usually related to the design of the compugarithm, the size of raster cell, and
boundary complexity [76, 77]. Figure 3.6 shows tbaversion from vector to raster

data.

Rasterization

Figure 3.6 Conversion from vector to raster da@j [5

In a raster representation, space is divided imcaaay of rectangular cells. All
geographic variation is then expressed by assigpiogerties or attributes to these

cells. The cells are sometimes called pixels (stoomicture elements).
2. Euclidean Distance Analysis

Distance may be expressed as physical distancessbrdistances in GIS
projects. The physical distance measures the btriinge or Euclidean distance.
Physical distance measure operations calculatglstiiine distances away from cells
designated as the source cells to a specified mawinlistance [53]. It is shown on
Figure 3.7 a buffers from source cells with wavelitontinuous distances over the

entire raster or to a specified maximum distance.
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Figure 3.7 Continuous distance measures from arstreetwork [53]

3. Reclassification Analysis

The purpose of reclassification is to assign nueneédlues to classes with
each map layer, so they have equal importance ferrdaing the most suitable
location. Reclassification is also referred to asoding, or transforming, through
lookup tables [78]. Two reclassification methodsyrba used. The first method is a
one-to-one change, meaning that a cell value inintpat raster is assigned a new
value in the output raster. The second method rssEighew value to a range of cell
values in the input raster [53]. By assigning numealues to classes for each map

layer, equal importance is given so it is easyet@iamine the most suitable location.

The reclassification by individual value functionanges one value to another
in a one-to-one change. For an example, on the daglerforming a deer habitat
analysis, the values on a land use raster need thidnged to a preference range 1 to
10 — to make each land use type meaningful to #exsd The types of land that is
preferred by deers are reclassified to higher waluile those less preferred to lower
values. For instance, the forest land use is reiflad to 10, the low-density
residential land use to 5, and the industrial tdHe following illustration depicted by
Figure 3.8 reclassifies the original values frons@&aster to new reclassified values.

The output range of values is from 1 to 20.
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Reclassification

Oid Mew
Values Values
1[3[19]1]6[86 i 7] 713] s [12]2
20| 3 [19[17]1 |5 = 3 14 7 13| 6 |5 |10
5-5 10
20({15/15| 6 11|14 33 19 14/ 4| 4 |12/19|9
12| 7 (15| B8 | 8 |10 ’ 7-7 3 ' 3|4 |20020|2
- a-8 20
13| 4 (1818 10 13-% 121 9|8 |14|14 2
16| 4 |18| 7 ] 1-11 19 13| 8 |14/ 3| |1
12-12 1
Base Raster 13-13 9 Dutput Raster
14-14 g
15-15 4
16-16 13
I:[ Value = NoData 17-17 [
18-18 14
19-18 13
20-20 14

Figure 3.8 Reclassification [74]

4. Weighted Overlay Analysis

Research has shown that index values can be codhpsteg the weighted
linear combination method. This method involves leaon at three levels as

described in the analytic hierarchy process prapbgeSaaty [67].

At the first level, the relative importance of eactiterion, or factor, is
evaluated against other criteria. Many studies hased expert-derived paired
comparison for evaluating criteria [67, 79-82]. §method involves performing ratio
estimates for each pair of criteria. The paired ganson method derives a weight for
each criterion using criterion matrix of ratio esdites and their reciprocals as the
input. Finally, the criterion weights are expressadpercentages, with the total
equalling 100 percent or 1.0

At the second level, data for each criterion halseéstandardized. A common
method used for data standardization is the litearsformation. For example, the
formula in equation 3 can convert interval data iatstandardize scale of 0.0 to 1.0:

xi B xmin

S =i Tmin 4
| xmax_xmin ( )
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where $is the standardized value for the original valueX%, is the lowest original

value, and X.axis the highest original value.

At the third level, the index value is calculated €ach unit area by summing
the weighted criteria values and dividing the suyntle total of the weights as
described in equation 4:

n

2 WX
== (5)

Dw

i=1

wherel is the index valua) is the number of criteriay, is the weight for criterion

i, andy; is the standardized value for criteriofs3].
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Figure 3.9 shows a flow diagram of a sample fodifig the best location for a
school. The input base layers are land use, etevatecreation sites, and existing
schools. The derived datasets are slope, distancecteation sites, and distance to
existing schools. Each raster is then reclassdied scale of 1 to 10. The reclassified
rasters are added together with distance from aéoresites and other schools having

higher weightage.

Stage 1: Selection Proximity to schools Property insurance Proximity to main roads
of criteria (minutes] (€ pal [m)

. |28 s 100 | 1000 1500 | 1000

12 10 500 | 750 1000 | 2000

Stage 2: % 1000 ¢ 100 2000 ¢ 1000
Standardization of e e br———t———|
criterion scores 0 ‘ 1 0 1 0 ; 1

{Scale reversed :
in all cases as the il 0:5 1 0 05 1
lower values in S
time, distance and
cost represent the
best situation]

08 1 8.5 | 625 1 0

X
Stage 3: Allocation of -
weights m
0 0.25 0.3 0 0.1 0.2
04 | 05 0.15 | 0.075 62 | o

Stage 4: Applying the st
MCE algorithm SEL

04 | 0.45

0.75..{ 0.575

Figure 3.9 Applying a simple linear weighted sumporaimodel in raster GIS [83]
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3.4  Spatial Sensitivity Analysis

In multi criteria decision analysisSensitivity Analysiss a process of
ascertaining use for evaluating how sensitive th&tial multicriteria model output
depends upon the small changes in the input vd&es84]. The analysis provides

insights into the robustness of the recommendadisal

Criterion weight and criterion (attribute) valuesathe two most important
elements to consider in sensitivity analysis. Betwéehe two of them, sensitivity
attribute weight is perhaps more important. Thehoeto do sensitivity analysis is by
imposing some perturbation on the weights of aatewe attempt to determine the
degree to which the output of the added weightimgce@dure will change.
Accordingly, a £ 0.1 perturbation to the weightsngosed and this is carried through
the added weighting procedure. If there is a bignge of priority ranking to the
alternative criteria results, it means that theultasts indicate sensitivity of some
areas to the weighting scheme. If the rankings mremaaffected as the weights are
varied, errors in the estimation of attribute wesgban be considered insignificant. If
the ranking of alternatives proves to be sensitivene or more weights, the accuracy
in estimating weights should be examined caref(dly]. Sensitivity analysis is
usually conducted via a series of test in whichrtfogleller use different input values
that vary around a central value within certain rmgito see how change in input

causes a change in the model output [84].

3.5 Summary of Methodology

In the previous sub-section, we have identifiedesav analysis tools including
Descriptive analysis, Expert Choice 2000 and Arc&I% In summary, there are five
analyses stakeholder analysis, AHP, spatial muterta decision analysis, sensitivity
analysis, and network analysis as described iniquevsection. To perform these
analyses, we require three analysis tools includdescriptive analysis, Expert
Choice 2000 and ArcGIS 9.3. A description of selvemmalyses, their

importance/purpose and the available tools are sanmed in Table 3.5.
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Table 3.5 Analysis Tools

Analysis Sub Analysis Purpose Tools

Stakeholder To find stakeholders that are affected bescriptive
Analysis the issue or whose activities stronglh@nalysis
affect the issue of PFS siting

AHP To rank the level of importance of eaclExpert
PFS siting criteria Choice 2000

Spatial Rasterization To transform CAD form into a matrix ArcGIS 9.3
Multicriteria cells (or pixels) where each cell contains
Decision Analysis a value representing information

Euclidean To measure distance from every cell tArcGIS 9.3

Distance the nearest source to get buffer result

Analysis

Reclassification To assign numeric values to classes withrcGIS 9.3
Analysis each map layer, so they have equal
importance in determining the most
suitable location

Weighted To create one single rank map byrcGIS 9.3
Overlay Analysis assigning a weight influence based on its
importance result from previous multi-
criteria decision analysis

Spatial Sensitivity To evaluate how sensitive the spatidxpert
Analysis multicriteria model output is to smallChoice 2000
changes in input values

3.6  Software Determination of Analysis Tools

This research has three main phases; design ofuitebility criteria, multicriteria
decision analysis, and GIS modelling in spatial astivork analysis with assistance
from several software such as AutoCAD 2007, Arc@I3, and Expert choice 2000
which will be used collaboratively.

Physically, there are four possible modes to irEgiGIS and multicriteria
analysis tools: (i) no integration, (ii) loose igtation, (iii) tight integration, (iv) full
integration. This study is implementing loose imgggpn strategy or loose coupling
strategy whereas the integration of GIS softward anstand-alone multicriteria
analysis software application is made possiblehleyuse of intermediate system. The

intermediate system permits the reformulation asiructuring of the data obtained
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from the overlapping analysis performed through,&Gi&d is converted into a form

that is convenient to the multicriteria analysifware interface [62].

The integration of ArcGIS 9.3 and Expert Choice @0¢as developed using
the loose coupling strategy. The integrated systa® three components: a GIS
module, MCDM module, and file exchange module. Expehoice 2000 is an
interactive computer program based on Analytic &gy Process — AHP [67].The
program uses the hierarchical structure of critand pair-wise comparisons among
the criteria to establish criterion weights. Thaliidnal transformation function of
the weighted summation approach is used to cakudatfinal score for each
alternative. The size of decision problem accepte&xpert Choice has no limit. The

DM’s preferences on criteria are represented bgical weights [64].

3.7 Data Processing

Two set of data are required to perform spatialticniteria decision analysis. First
data set is the compilation of spatial data calectand the second data set is
Analytical Hierarchy Process (AHP) data. The spataa collection has been done
through formal request to respective departmentadsal self observed from Google
Earth 2010. Meanwhile, the AHP data collection bagn done through primary

survey by distributing questionnaire form to thepective stakeholders.

The following are the list of spatial data whicke aequired to perform spatial
analysis:
1. Land use map
River map
High voltage electricity network map
Slope map
Road network map
Railway network map

Coastal area information

© N o g~ w D

Hospital, school, and fire station location map
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9. Groundwater map
10. Private well map
The data source is provided by Department of Hauaimd Urban Planning,

Surabaya Municipality 2005 through formal requesl. data are available on
AutoCAD maps (dwg files). In addition, the projextiused for this model simulation
is WGS 1984 UTM Zone 49S. Unfortunately, severahdaich as groundwater and
private well maps are unavailable due to no resedrave been done before.
Nevertheless, since Surabaya does not use this vesteurce as drinking water so
this condition does not give any effect to the lestithis research. The questionnaire

can be found at the appendix of this thesis.

Once the criteria for selecting PFS location arat#shed, questionnaires
utilized pairwise comparison method has been disteid to the city stakeholders. The
stakeholders are selected using stakeholders aatgthod and purposive sampling
method. Thirteen questionnaires were distributedeiected stakeholders and being
processed by Expertchoice 2000 software to obtaiaria suitability ranking. The

guestionnaire can be found at the attachment stii@sis.

After reclassification analysis the result of spbéinalysis data processing will
be integrated with the final result of AHP. Theuleof AHP is a list of weighting
coefficient for each criteria which subsequentlyl Wwe inputted into GIS weighted

overlay analysis work sheet so weighted standaddiziéerion map can be resulted.

The sensitiveness of weighted standardized criteriap further will be tested
using spatial sensitivity analysis method whichaiso utilizing Expertchoice 2000
software. By imposing some perturbation value loa Weight of criteria, spatial
changes might be occurred to the spatial moder@ioutput. If there is a big change
of priority ranking to the alternative criteria uls, it means that the resultants
indicate sensitivity of some areas to the weightiageme and should recheck the
pairwise comparison result. If there is no sigmifitchanges for spatial model output,
so the model can utilize further to evaluate thetual condition. The entire data
processing is illustrated by diagram on Figure 3.10
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Figure 3.10 Data Processing
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3.7.1 GIS Data Processing

As it has been mentioned above that, all datarseaaailable in CAD therefore raw

data needs to be converted into raster data sehe Sif the data are in format
compatible for importing to the GIS. However, sodaa map layers have to need
additional processing before they can be incorpdrafable 3.6 shows the pre-

processing data map layers to imported to ArcGIS.

Table 3.6 Pre-processing Data Map Layers

Thematic Data Map

Layers

Process (in biref)

Distance to coastal

Redigitized from Land use map, imported into Arc(Bjected, and

rasterised using 30m cell size.

Distance to Rivers

Ready vector-line data from River data map, jestchto be importeg

into ArcGIS, projected and rasterised.

Distance to residentials

Redigitized from Land use map, imported into Arc@i®jected, and

rasterised using 30m cell size.

Distance to hospitals and
schools

Redigitized from Land use map, imported into Arc@i®jected, and

rasterised using 30m cell size.

Distance to High voltage
overhead line network

Ready vector data from High voltage overhead tie®vork data

map, just need to be imported into ArcGIS, projecad rasterised.

Land availability

Ready vector-polygon data from Land availabiligtalmap, just

need to be imported into ArcGIS, projected anderésd.

Slope Ready vector-polygon data from Slope data map need to be
imported into ArcGIS, projected and rasterised.
Land use Ready vector-polygon data from Land use data fuapneed to be

imported into ArcGIS, projected and rasterised.

Distance to Intersection

Redigitized from Road network map, imported int@@IS,

projected, and rasterised using 30m cell size.
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Thematic Data Map Process (in biref)

Layers

Distance to road Ready vector-line data from road network data magi,need to be

imported into ArcGIS, projected and rasterised.

Distance to grade crossing| Ready vector-line data from road network data magt,need to be

imported into ArcGIS, projected and rasterised.

Obtained coordinate point of fire station locatfoom Google earth
Distance from Fire Station | ysing open source software “Zonum Solutions” themverted kml

file to shp file, imported the shape file to ArcGlt&n projected.

Obtained coordinate point of hospital location fr@mogle earth
Distance from Hospital using open source software “Zonum Solutions” themverted kml

file to shp file, imported the shape file to ArcGl&n projected.

The basic data pre-processing has been explaingdbtan 3.6. First, it needs
to create a new personal geodatabase by ArcCataltige ArcGIS 9.3 software.
Secondly, it imports the original CAD map to ge@diatse to generate shape file. All
CAD data should be converted into raster so thay ttan be incorporated with
another data set. All data sets should be rastenza specified cell size which, in the
case of this research, is 30m by 30m.This procedbirgetting all CAD data into
raster data set is called data pre-processing.

Once all data map layers are in shape file formias ready to be proceed
further in ArcGIS using analysis tools such asamasbols, Euclidean analysis tools,
reclassification tools, and weighted overlay to&ach data map layers have different
step of processing way like what have been expiaim& able 3.7.
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Table 3.7 Processing Data Map Layers in ArcGIS

Data Map Layers Feature Type Attribute Process in AcGIS
Rasterization® Euclidean Distance
Distance to coastal | | jne Length = Reclassification® Weighted
Overlay
Rasterization® Euclidean Distance
Distance to Rivers | | jne Length = Reclassification® Weighted
Overlay
] Rasterization® Euclidean Distance
Distance to ] o ]
residential Line Area => Reclassification® Weighted
Overlay
] ] Rasterization® Euclidean Distance
Distance to hospitalg o )
and schools Polygon Area => Reclassification® Weighted
Overlay
Distance to High Rasterization® Euclidean Distance
voltage overhead Line Length = Reclassification® Weighted
line network
Overlay
- Euclidean Distance>
Land availability Polygon Area
Reclassification® Weighted Overlay
Slope Euclidean Distance®
Polygon Area o ]
Reclassification® Weighted Overlay
Euclidean Distance
Land use Polygon Area o _
Reclassification® Weighted Overlay
) Rasterization® Euclidean Distance
Distance to ) - )
Intersection Point Name => Reclassification® Weighted
Overlay
Rasterization® Euclidean Distance
Distance to road Line Length = Reclassification® Weighted

Overlay
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Data Map Layers Feature Type Attribute Process in AcGIS

Distance to grade Rasterization® Euclidean Distance
crossing Line Length = Reclassification® Weighted
Overlay

) ) Rasterization® Euclidean Distance
Distance from Fire ) o )
Station Point Name => Reclassification® Weighted

Overlay

] Rasterization® Euclidean Distance
Distance from ) o )
Hospital Point Name => Reclassification® Weighted

Overlay

Figure 3.11 shows the data collection arrangenmeAtcCatalog and ArcMap
using ArcGIS 9.3

o | ArcCatalog - Arcinfo - F:\Research 2\cell size 30 m\ThesisAThesis.mxd

Fil= Edit Wiew Go Tools wWindow Help

| s = GlaasnDx e g
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Stylezheet: = Thesis - ArcMap - Arclnfo

= File Edit %iew Eookmarks Insert Selection Tools ‘Window Help
k1 cCatalog -~ 4
=i Fi\Research 2\cell size 30 mThesis L = + |1 Te4120 LI =
+ [Z3 CaD data map lavers Spatial analyst + | Laver |\w’e|ghtedfnverlay75A2 j f@ {1y Mebwork Analyst
+! D Rasterization
+ [ Result Editor = - | |
esis
H g Georeferencing v | Laver: [\weighted_overlay_SA2 B O I
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+-{E& GIS Servers + [ weighted_overlay_Sa e |3
+gz4 Inkeroperability Connections + O opt_filkerad_areas e _;
+-fE Search Results = O Dptfareas S E
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+ CAD Data = w
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Figure 3.11 Data Collection Arrangement in ArcCagehnd ArcMap
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3.7.2 AHP Data Processing

Once we collect back the questionnaire, we crdeseAHP hierarchy model which
contains goal, objective, and attribute. The AH&dnichy model is shown on Figure
3.12. This hierarchy model has been inputted toeBxpoice 2000 together along
with the nine degree scale comparison result oaiomse comparison worksheet.
There should be two value comparison resulted, isresomparison value between the
objective with respect to goal. Second, is comparigalue between attribute with

respect to objective.

GOAL
To get relative importance criteria for obtainingtable petrol filling station site

Figure 3.12 Analytical Hierarchy Process (AHP) ldiehy Model
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Figure 3.13 shows the nine degree scale pairwisepadson matrix. By
dragging the grey bar under the range of nine @egeale value, the respected value
according to stake holder preference could be teduto the pairwise comparison

matrix.

EE Expert Choice 2000 F:\Research 2AHP analysis\AHP for Thesis\with Emergency Response Services\without grpundwaterallin 1 with FD n hospital.ahp.  Mr.Effendi

Fle Edit Assessment Inconsistency Go Tools Help
DERS EEE P& Q' rucualadust
@ 31 ke = F vien (B |

Road Safety Proper land selection

98768 54321 234567889
A G
S

Compare the relative importance with respect to: Suitable Petrol Filling Station Criteria Preference ‘

Road Safel Proper lam Vicinity are Yater sysl Emergency
Road Safety 3.0 9.0 9.0 7.0
Proper land selection _— 7.0

Vicinity area protection

Waler system protection

Emergency response services

Figure 3.13 The Nine-degree Scale Pairwise Commanéatrix

Figure 3.14 shows the priorities preferences oéadije with respect to goal.
The road safety yielded 0.047 of total prefereticeneans that the road safety criteria
only have 4.6% preference value compare to totiéera value. This figure also
shows that the consistency ratio of this matriQ.39 which is less than equal to 0.1
(CR<0.1). It means that the ratio indicates a readenalel of consistency in the

pair-wise comparisons.

517 Expert Choice 2000  F:\Research 2\AHP analysis\AHP for Thesis\with Emergency Response Services\without grpundwateriall in 1 with FD n hospital.ahp  Mr.Effendi E"E‘E‘
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Figure 3.14 The Priorities Preferences of Objectwth Respect to Goal
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3.7.3 Spatial Sensitivity Data Processing

As it has been mentioned before that, the spatidtieriteria model output
should be evaluated by the spatial sensitivity y®iglto check its sensitivity to small
changes in input value. By imposing some pertuobatralue (a + 10% ) to the
weights of criteria, the priority ranking of altetnves might be changed. If there is a
big change of priority ranking to the alternativeteria results, it means that the
resultants indicate sensitivity of some areas &weighting scheme. If the rankings
remain unaffected as the weights are varied, errorthe estimation of attribute
weights can be considered insignificant. The chapgf criteria weight due to the
imposed of perturbation value will be used to datee the weight of alternative
using dynamic sensitivity analysis. Table 3.8 shdwsv the perturbation value as

much as + 10% to the weight of criteria can chahgealternative ranking.

Table 3.8 The Result of + 10% Perturbation to Theightt of Criteria

. MDTAR (a) PLU (b) PVA (c) PWS (d) ER (e)

No. Alternative @ @ ® ® © © d d © ©
% +10%) -10%) | +10%) | -10%) | +10%) | -10%) | +10%) | -10%) | +10%) | -10%)

Land use

1 | pattern @) (2) 1) (1) 1) (1) (1) 3) (1) (1) (1)
Distance to

2 | river (3) 3 4) (5) 3) 3 3 (1) (3) (3) 3)
Distance to

3 | residential (6) (7) (6) (6) (4 (6) (7) (6) (6) (6) (6)
Distance to

4 | school (5) (5) (5) (3) (5) (5) (5) (5) (5) (4) (5)

Distance to

high voltage

5 eLlre?; (1) (6) (1) (1) (1) (1) (6) (13) (1) (1) (1)
an

6 availability (4) (4) (3) (4) (6) (4) (4) (4) (4) (5) (4)
Distance to
7 | railway 9) 9 (10) ) 9) (10) 9) 9) (11) 9) (11)
Distance to

8 intersection (10) (10) (9 (10) (10) (9) (12) (10) (10) (10) (10)

Distance to

road

9 boundary (12) (12) (12) (12) (12) (12) (10) (12) (12) (12) (12)
10 | Slope (11) (11) (11) (11) (11) (11) (11) (11) (9) (11) (9)
Distance to
11 | coastal Line (13) (13) (13) (13) (13) (13) (13) (7) (13) (13) (13)
Distance to
12 | fire station (2) (1) (2) (2) (2) (2) (2) (2) (2) (2) (2)
Distance to
13 | hospital (8) (8) (8) (8) (8) (8) (8) (8) (8) (8) (8)
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Dynamic Sensitivity analysis is used to dynamicalhange the priorities of
the objectives to determine how these changestafiecpriorities of the alternative
choices. In Figure 3.15 by dragging the objectiy@isrities back and forth in the left
column, the priorities of the alternatives will cige in the right column. If a decision-
maker thinks an objective might be more or lessartgnt than originally indicated,
the decision-maker can drag that objective's bathéoright or left to increase or

decrease the objective’s priority and see the impaalternatives.

EF Dynamic Sensitivity for nodes below: Suitable Petrol Filling Station Criteria Preference Q@@
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]| | x| | o | @ K
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Figure 3.15 Dynamic Sensitivity Analysis

Any changes of alternative priorities in dynaménsitivity analysis should be
recorded on table of perturbation. Once it has besmsorded, the changing of
alternative ranking could be observed. Focus omlgxtreme changes of alternative
ranking, for example for at the first place A attative got first ranking then suddenly
drop to fifth ranking then spatial analysis is negdo evaluate further. By inputting
new alternative priorities into influence columnweighted overlay analysis work

sheet at ArcGIS 9.3 software, the new spatial modgdut resulted.
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If the new spatial model outcome indicates sigaiitcchanges compare to the
previous one, it means that spatial sensitivity ly@i® indicates that alternative
priorities ranking is not robust. In this case, Wwave to recheck the pairwise
comparison matrix. Figure 3.16 shows the weightegtlay work sheet to input new
alternative priorities resulted by dynamics sewmgitiinto influence column.
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Figure 3.16 Weighted Overlay Work Sheet to Inpetilew Alternative Priorities
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CHAPTER 4

CASE STUDY OF SURABAYA METROPOLITAN

4.1 Study Area: Surabaya Metropolitan

In geographic context, Surabaya is located betvtd@3i30 ' to 113° E longitude and
7°0" to 7°30’S latitude. It has quite vast area3@7.41 kni and is divided into 31
districts. Surabaya is a seaport city which is suiga by the existence of Madura

Straits lying in the west part of the city [85].

As the second largest city in Indonesia, Surabdggspan important role for
the development of the eastern part of Indonedi@ Main economic activities are
manufacturing and trading which utilize major aiwdaseaport facilities. The presence
of the seaport generates an economic chain whftreirces the economic growth in

the eastern part of Indonesia.

4.1.1 Physical Characteristic

In this section, the physical characteristics o& tBurabaya Metropolitan are
discussed. The Physical characteristics discuseedopography, land use and the

water system.

Topography
The topography of Surabaya is divided into two srehe lowland plain and the

rolling plain [85]. The southern, eastern, and Inem parts of the city have lowland
plain areas which have elevations up to 5m aboeditle level and prevailing slopes
are within 0-2%. The western part of the city isigidered as mostly rolling plain

area. The elevation in these rolling plain areaxmemore than 5m above low tide



level and the prevailing slope is within 2-15%. Daehis natural condition, the most

inundated areas in Surabaya are the Eastern artdexopart.

Land Use

The dominant land use in Surabaya is residentidl @mmercial areas [85]. The
remaining area is occupied by industrial, officaplc facilities, green open space,
and fish pond areas. Previously, the urban arescadtered in the southern and
northern parts of the city. Nowadays, the urbanettgpment is expanding to the
western and eastern parts of the city as well.0012 the city made up 63% of the
land area in Surabaya.

Water System

Rivers: The Wonokromo River and the Mas River aeettvo main rivers that divide
the city of Surabaya [85]. Mas River flows northdathrough downtown and ends at
the End of Ujung Perak (Madura Strait.) While Worosko River flows eastwards

but also ends into Madura Strait.

Ground Water: Surabaya does not have enough graatel reservoirs that
can be used as a clean water resource [85]. Thpes ©f ground water that can be
found are scattered productive aquifer area, thpgaguctive aquifer area, and scarce
ground water area. The scattered productive aqarea is in the northern, central,
south, east and west of Surabaya. The unproduatjuéfer area is in the west and
south of Surabaya. While the scarce ground waes easnges from the west to the
southern part of the city of Surabaya.

Coastal: Coastal area encompasses Northside ansideasf Surabaya. By
the ecological condition, the coastal area in Thst&ide is a preserved area which
includes areas of the coastline, river, and margyrav general, the thickness of the
mangrove vegetation in this area ranges betweef@ Bydters with the dominant

mangrove species being Avicennia, Sonneratia anmzbRhora [85].
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4.1.2 Review of the Legislation Procedure of Petrol Fillhg Station Site Permit

Only two regulations have been found to govern ermission for PFS
establishment. Based on the Minister of Energy Bigeral Resources regulation
1454 k/30/mem/200@overning technical guidelines for the applicateord approval

to build PFSs, only a general requirement mustubiéléd such as: company profile,
location map, data of storage capacity, data dfidigion estimation, inventory of
equipment and facilities used, and recommendatiosomf PERTAMINA.

PERTAMINA is an Indonesian government-owned corpora which extracts and
refines the country's oil and gas reserves. Noireouent is mentioned in detail

regarding environmental considerations.

Recommendation from PERTAMINA will be given once thpplicant fulfils
several requirements such as follows:

1. The minimum width for PFS site is 1,006.m

2. The minimum distance between building and péatrigary is 3 m.

3. The minimum distance between road and pump dslare based on
transportation impact assessment.

4. The distance between the PFS to another PF&asnained by the turnover of
20 or 30 Kilo Litre.

5. The minimum distance of the underground stotagk to the surface is 1 m.
The minimum distance between UST'’s location witbthaer is 1 m.

6. The minimum distance between UST with the maile s undetermined, as
long as the gravity flow of fuel remains smooth.

7. The distance between pump island and the bgilg)jron the PFS site is based
on vehicle manoeuvrability inside the site.

8. Shape and size of the pump island depend oputim model used.

10. The PFS site must be equipped with a fire guisher. Types used are fire
extinguishers with powder. In addition, managersstmprovide sand filling
stations in the area of the site.

11. The location of the site must have adequakeifig. Types of lighting used are
Highlight, Glamox, Mini 300, and T5 (80 Watt lamps)

12. All building materials of the PFS should bdi# resistant materials.
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4.1.3 The Petrol Filling Station Growth in Surabaya

The total numbers of PFSs that have been builumnal&ya are 104. From those total

numbers, 86.5% have been operational and 13.46%s RIS still waiting for

permission to begin operations. Most of these RE3ogated at East Surabaya. Table
4.1 shows that the number of PFS in Surabaya failts two categories they are

operational and yet to be operational.

Table 4.1 Recapitulation of The Number of PFSsuraBaya [86]

Number Per Site
No Region Operational Yet to be Total
operational
1 | East Surabaya 27 3 30
2 | West Surabaya 16 3 19
3 | Central Surabaya 14 2 16
4 | South Surabaya 16 3 19
5 | North Surabaya 17 3 20
Total 90 14 104
Percentage (%) 86.54 13.46 100.00

the coordinate location of those 90 PFSs can bectit. Figure 4.1 shows the

distribution of existing PFSs in Surabaya accordiogcoordinate points recorded

By the help of Google Earth 2010 and open sourftevae Zonum Solutions,

from Google Earth 2010.
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Existing PFSs Distribution in Surabaya

Legend
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Figure 4.1 Existing PFSs Distribution in Surabayty C

4.1.4 Problem in Vicinity of Petrol Filling Station

Since no technical regulations that consider enwrental safe are specified, many
PFSs are built adjacent to residential areas. Eurtbre, to capitalize on the
economic benefits, many owners built their PFSselto one another at the same
strategic sites. This has lead to a situation wiserenany PFSs are clustered in one
particular area. When PFSs are sited close to e#twdr it will generate several

problems such as congestions and domino effecsa fire accidents were to occur.

The following are problems existing in area beitgdged based on the initial
survey:
Location
Most PFSs are located near to residential areas.hHs led to many complaints from
communities that live around the PFSs. The mostncomproblems are noise, traffic

congestion, and fear of fire hazard in case ofdirexplosion.
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Traffic

The location of PFSs near to junctions or crossimgg/ lead to the collision of
vehicles on the access road and vehicles passiagdmut of PFS sites. PFSs that are
located near main roads are more likely to cawf@drcongestions as the access and
egress activities to and from PFSs are interfeyeplassing vehicles on the main road.
The location of PFS near grade crossings alsol&@alll to accidents for vehicles that

will access PFS.

Fire and explosion hazards

Residents living near PFSs are very concerned thighrisk of fire occurrences or
explosion hazard, whether caused by mishap in theage system and/or fuel
distribution. Furthermore, the existence of Highltdge Overhead Line is feared to

generate static electricity that can cause fires.

4.2 Stakeholder Analysis for AHP

Four stakeholders are identified as having impagaand influence in determining
PFS sites. The stakeholders are urban plannergpementalists, local government,
and local residents. Each of them has differenglfewf importance and influence
depending on how their interests and activities affected by or affect the issue.
Table 4.2 shows the identification of importancel anfluence for each stakeholder

for determining PFS location issue.

Table 4.2 Stakeholder Analysis Matrix

Stakeholders Importance Influence
Planner Planner as city consultan Planner can determine
will work with suitable site for PFS based on
government to design location criteria.

spatial plan for city

development.
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Stakeholders Importance Influence
Environmentalist ~ Environmentalist would  Environmentalist is just able
oversee the preservation to give recommendations to
of the city’s environment. the government about PFS
that might pose

environmental hazard.

Local Government Local government has  Local government is able to

Officer authority to give site push many parties to
permit for PFS. investigate the suitability of a
PFS location.

Local Residential Local resident can onl Residents do not aware about
voice out their opinion: PFS environmental issue and
about the conditions the do not have adequate
perceive from living nea knowledge to give
to PFS at the time of th justification for PFS location.
environmental

assessment.

421 Planner

Five urban planners were invited to the group dismn. This group provided the
most vivid discussion, mostly about the potentialogating PFS sites in safe areas
since it is one of city infrastructure when it isisplaced can lead to traffic
congestions and other hazards. Overall, the grouppsed that problems exist in the
PFS sitings because systematic planning is almmseristent and no environmental
consideration was taken as the basis of a suitab&dysis. Therefore, the urban
planners had the responsibility to solve theselprob by planning suitable locations
for PFSs. They later acknowledged that in previmers they had seen that land used
was unsuitable for PFS because it is located verr to the access road, some of
them located near to grade crossings, coastal, Imgls density residential areas and
other sensitive facilities such as schools and itelsp Planners as city consultants
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work with the local government to design spatianpfor the city’s development.

Hence, the planners can determine suitable sitd8F8 based on location criteria.

4.2.2 Environmentalist

The group of environmentalists interviewed comgtiséfour individuals. They were
mostly concerned about the hazards of PFS suchr@a:d and surface water
contamination, soil contamination, air pollutiomdadanger of explosion. As such, a
new suitable location analysis of PFSs should berdened by considering the
existence of surface and ground water, appropsiafge and land use. Concerns were
also expressed about the conflicts between econbemefits and ecological benefits.
This conflict will arise in a situation where thely strategic location for a PFS is also
the most environmentally fragile (e.g. close to aougd water source).
Environmentalists are obliged to keep their eyeshencity’s environment. However,
environmentalists are only able to give advice lte government about PFS that
might pose the environmental hazards of PFS lagsiti@Vithout any clear policy as

guidelines, the voices of the environmentalists$ anly fall on deaf ears.

4.2.3 Local Government Officer

This group is represented by four officers. Ovetak group admitted that there is no
detailed criterion for PFS site selection espegiahe that is specifically addresses
environmental safe. At the present time, the oelguirement the applicant has to
meet is the PFS cannot be built on green open spaes. The other requirements are
based on PERTAMINA’'s recommendations. Once the ieqpis complete the
requirement provided by PERTAMINA, the location mér can be processed. As
such, this group of officers are looking forward ttus research to outline the
requirements for a suitable location especially om& includes the criteria for
environmental safe since the hazard of PFS isamdinevitable. However, they were
also concerned that a healthy balanced betweenostgorbenefits and ecological
benefits will not be considered in future planscsi PFS not only poses a risk to the

environment but also plays an important role foy cevenue. Even though the local
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government has authority to give site permit foSRRey are also able to push many

parties to investigate the suitable place for PFS.

4.2.4 Local Resident

The group of residents generally said that PFS eplagn important role in

transportation aspect but some of the existing BE&ions possibly pose hazards to
the environment, especially for those located veegr to residential areas or any
other sensitive facilities such as hospitals arttbels. They are worried that in the
event of an explosion, for example, will damagedheironment and even worse will
cause the loss of lives. However, they felt it wastheir responsibility to talk to PFS
owners. In their opinion, that is the responsipitif the local government officials.

Local residents believe that their opinions sholdd considered during the

environmental assessment prior to the approvalRF & site.

Figure 4.2 clearly shows that local governmentceffs are the party that
strongly affect the issue. Government officers haugh influence and high

importance to determine where PFSs should be sited.

High

Low ortan High

Figure 4.2 Stakeholder Matrix
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4.3Weighted Comparison Analysis Result

As previously explained, several stakeholders avelved in the decision regarding
the criteria ranking. Those who are involved aresth who have significant
contribution for determining PFS sites. They arbanr planners, environmentalists,
and local government officers. As such, the origthateen stakeholders including
five urban planners, four environmentalists, anar flocal government officials were
invited to make the pair-wise comparison accordinga nine-degree comparison
scale. Residents were excluded in this invitati@iny because of their low influence
and low importance in the stakeholder matrix, whiahuld make it difficult for them

to use the nine-degree scale to make the pair-wasgarison between the suitability

factors.

The hierarchical structure consist of three levgtsl, objective, and attributes
[67]. In this research, the goal is the site sulitgtPFS criteria ranking preferences.
The considered objectives to reach the goal arervegstem protection, vicinity area
protection, proper land selection, access roadctsete and emergency response
services. Firstly, we create the pairwise comparisoatrix by each group of
stakeholders to examine the preference of eachpgr®acondly, we combine the
entire pairwise comparison matrix to obtain theaffipreference of PFS suitability

criteria based on all stakeholders perspective.

4.3.1 Urban Planner

Five urban planners were invited to the group dismn. Most of them deplored the
location of PFS that are located in residentialezand nearby sensitive facilities such
as schools and hospitals. The existing PFSs terzk tanevenly distributed and in
some cases too close to each other. One of the pthaners suggested that the scale
and area or the size of the petrol station shoelgdrbportionate to the size of the road
since traffic is one of main considerations in sghg a suitable site. On the other
hand, high voltage overhead line areas shoulddmeansidered as dangerous due to

the increased risk of static electricity accident.
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Referring to AHP model hierarchy, the comparisotu@abetween attribute
with respect to objective is called as Local (L)mgarison. Meanwhile, the
comparison value between attribute with respecgdal is called as Global (G)
comparison. For attribute, the L value is indicatieel comparison value of attributes
with respect to objective which have total valué.“Meanwhile the G value is
indicated the comparison value of attributes witbpect to goal which also have total

value “1” or same with the G value of objectives.

Figure 4.3 shows the pair-wise comparison of suitgleriteria based on the
urban planners’ perspectives. Based on pairwiseengal comparisons, proper land
selection is the most important criteria for suigaBFS location determination with a
weightage of 0.325. The other criteria such as gemay service response facility,
access road selection, vicinity area protectiord am@ter system protection have
weightages of 0.209, 0.188, 0.177, and 0.101 r¢ispéc
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Figure 4.3 Pairwise Comparison of PFS for Urbamiféas’ Perspective
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The consistency ratio (CR) is designed in such @ that if CR < 0.10, the
ratio indicates a reasonable level of consistenmtythie pairwise comparison; if,
however, CR> 0.10, the values of the ratio are indicative aoimsistent judgments
[4]. The urban planners’ pairwise numerical comgami for PFS suitability criteria
shows an consistency ratio of 0.03. This means thair judgment for criteria
weighting is consistent. Meanwhile, the prioritipgeference like what is seen in
Figure 4.4 shows that land use pattern, fire statiocation, and distance to
intersection are the top three most important matéhat have to be considered as
determined by the urban planners for the PFS locatelection.
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Figure 4.4 Priorities Preference of PFS for UrbmRers’ Perspective

4.3.2 Local Government Officer

The group of local government officers comprisedanir individuals. Most of them
are concerned about the possibility of USTs leakalgeh can contaminate soil and
water. Moreover, the existing condition that depittte close proximity of residential

areas to PFSs are the most obvious threat shoylcheshap happen.

Figure 4.5 shows the pair-wise comparison of siitglcriteria based on
local government officers’ perspectives. Based dre tpairwise numerical
comparisons, proper land selection is the most rapb criteria for suitable PFS
location determination with a weight of 0.311. Tdtler criteria such as emergency
response service facility, vicinity area protectiorater system protection, and access
road selection have weightages of 0.181, 0.17540.d4nd 0.159 respectively.
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Figure 4.5 Pairwise Comparison of PFS for Local &ament Officers’ Perspective

The local government officers’ pairwise numericamparison for PFS
suitability criteria shows consistency ratio of D.0"his means that their judgment for
criteria weighting is consistent. Meanwhile, theopties preference seen in Figure
4.6 describes that land use, distance to rivel fiae station location are the top three
most important criteria that have to be considéoedPFS location as determined by
local government officers.
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Figure 4.6 Priorities Preference of PFS for Local’/&nment Officers’ Perspective
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4.3.3 Environmentalist

This group comprised of four individuals. The eowimentalists strongly disagree
with PFSs that are situated very close to resideatieas. One of the main activities
within residential areas is cooking which involvie® use of fire. Therefore, this
brings fear for residents should in any case opamd happens and causes an
explosion to the next door PFS. On another hanel, etkistence of high voltage
overhead lines within close proximity to the PFSoatauses concern to the residents’

safe.

Figure 4.7 shows that the pair-wise comparisorudgébility criteria based on
the environmentalists’ perspectives. Based on #ievse numerical comparisons,
emergency service facility is the most importantecia for suitable PFS location
determination with a weight of 0.324. The othetesra such as proper land selection,
vicinity area protection, water system protecti@amd access road selection have
weights of 0.273, 0.183, 0.163, and 0.057 respelgtiv
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Figure 4.7 Pairwise Comparison of PFS for Environtaksts’ Perspective
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The pairwise numerical comparison for PFS suitgbiriteria based on the
perspective of the environmentalists shows consigteratio of 0.01. This means that
their judgment for criteria weighting is consisteritleanwhile, the priorities
preference, as shows in Figure 4.8, describesfitleastation location, land use, and
distance to river are the top three most importaieria that have to be considered

for determining PFS locations chosen by the enviremtalists.
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Figure 4.8 Priorities Preference of PFS for Envinentalists’ Perspective

4.3.4 Summary Overall

This study has shown that among all the stakehs|d@nd use is the most important
criteria compared to other criteria. PFS is onéhefcity’'s commercial infrastructures

that should be placed in commercial zones and kafedistances to residential areas
and other sensitive facilities. Moreover, fire hasaor even explosion is the most
obvious threat that should be taken into accourddmsidering the nearest emergency

response facility (such as fire department and iked$ghould accidents happen.

Figure 4.9 shows the pair-wise comparison of suitalcriteria based on
every stakeholder's perspective. Based on pairwig@erical comparisons, proper
land selection is the most important criteria faitable PFS location determination
with a weight of 0.312. The other criteria suchteasergency response service facility,
vicinity area protection, water system protectiamd access road selection have
weightings of 0.236, 0.183, 0.142, and 0.127 rebypay.
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Figure 4.9 Pairwise Comparison of PFS for Overatispective

Meanwhile, the priorities preference shown in Fegdr10 shows that land
use, fire station location, and distance to rivare the top three most important
criteria that have been chosen as consideratiotinéPFS location by all stakeholder.
Based on priority preference for PFS siting cridand use criteria yielded an 19.7%

influence to the priority preference of desiraldedtions. This is the highest influence
compared to other criteria.
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Figure 4.10 Priorities Preference of PFS Critesia@verall Perspective
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The pairwise numerical comparison for PFS suitgbdriteria on the perspective of
overall stakeholders shows consistency ratio (GRP.D1. This means that their

judgement for criteria weighting is consistent.

4 4PFS Site Candidates Selection and Result

The summary of chapter two outlined several catéhniat are used to determine or to
select suitable sites of PFSs. These criteria foouthe protection of the environment
from the hazards associated with PFSs such as sxpgtem protection, vicinity area

protection, road safety, and proper land selection.

4.4.1 The PFS Site Suitability Criteria Implementation

This sub chapter not only explains about eachrariiebut also the minimum

requirement of each of the criteria, such as themim requirement of safe distance.
a. Water system protection

Protecting the water system is one of the criténat aim to protect surface and
groundwater from the possibility of UST leakageeTdxamples of surface water are
rivers, lakes, and private/public wells. In sombeotcase, USTs near coastal areas
had been experiencing leakages as well due tosiorrdy the intrusion of sea water.
As such, coastal line is taken into considerati®me of criteria for protecting water
system. In this research, the availability of dataomehow limited because data for

groundwater and private/public well are unavailable

Figure 4.11 shows the rasterization figure fromvjanes coastal line CAD data
set. Once all data set had been rasterized, a mnmirequirement measurement is set
as the implementation of safe distance, which @iaded as straight lines from the
designated cells. These straight lines essentaltiers the source cells with wavelike

continuous distances over the entire raster or $pexified maximum distance [53].
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For protecting water system the minimum requirenfentcoastal line is 3,250 feet
and a minimum 500 feet from rivers.

Coastal Line and River Rasterization

p 3 i i h N
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- Coastal Line
- River - K
0 128 25 g 78 10

Figure 4.11 River and Coastal Line Rasterization

The safe distance from coastal line to depict attegisare prone to sea water intrusion
that can cause leakage to USTs is shown by Figur2. Meanwhile, Figure 4.13
shows the safe area for two big rivers in Surabdyas area is measured 500 feet
from the body of the rivers which means no PFS khbae sited in these areas.
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Safe Distance of Coastal Area
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Figure 4.12 Safe Distance of Coastal Area

Safe Distance of River Area
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Figure 4.13 Safe Distance of River Area
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b. Vicinity area protection

Protecting the vicinity area is one of criteriattham to protect sensitive facilities in
the vicinity of a PFS from the possibility of adibreak out. These sensitive facilities
are hospitals and schools. In the effort to proteet vicinity area, the minimum
requirement of safe distance for residential priperns 500 feet from a PFS and a
minimum 100 feet for schools or hospital facilitidsigure 4.14 shows the safe
distance area surrounding sensitive facilities gitats and schools). Meanwhile,

Figure 4.15 shows the safe distance area surrogmeandential area in Surabaya.

Safe Distance of School and Hospital Area
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Figure 4.14 Safe Distance of Sensitive Facility
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Safe Distance of Residential Area

Legend
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Figure 4.15 Safe Distance of Residential Parcel

Another facility considered as a sensitive facilgythe high voltage overhead
line area. In some cases, all areas located underose to this facility could
experience static electricity environment. The mimm requirement that is
considered as safe distance is 150 feet from hajtage overhead line areas, which
means, area in the 3D radius of 150 feet from kigtage overhead line area should
not be occupied by PFSs. Figure 4.16 shows safe ra@ar high voltage overhead

line.
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Safe Distance of High Voltage Network Area

Legend
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Figure 4.16 Safe Distance of High Voltage Network#

c. Road safety

Avoiding road obstruction is one of criteria thahao reduce the possibility of traffic

congestions or even accidents associated withottagibn of PFSs that might be close

to traffic intersections or even grade crossingstrd? stations have high traffic

attraction so they are able to cause obstructionsaaress roads due to vehicles

entering and/or leaving the stations. The road dgpalso determines the traffic

situation when most of high rise buildings areati¢dl in the periphery which means a

safe distance requirement from PFS site to theeseanad boundary should be

implemented to avoid traffic jam due to access agress activities. However, the

criteria used for road safety is applicable only ddoban area not for rural area since

road classification for rural area have differemamacteristic. According to the NEPA

guideline, the road safety criterion only coverganaoads.
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To avoid traffic congestions and accidents, sevaiaimum requirements of
safe distances should be set. A PFS should beelb@iminimum 40 feet from the
road boundary, a minimum 820 feet from grade cnogsand a minimum 250 feet
from road intersections. Figure 4.17 and Figure84show safe areas of road
intersections and road boundaries that should be awoupied by any PFS.

Meanwhile, Figure 4.19 depicts the safe area algraossings.

Safe Distance of Intersection Area
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Figure 4.17 Safe Distance of Intersection Area

93



Safe Distance of Periphery Area
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Figure 4.18 Safe Distance of Periphery Area

Safe Distance of Railway Area
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Figure 4.19 Safe Distance of Railway Area
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d. Proper Land Selection

Selecting proper type of land is one of criteriatthim to choose suitable

locate the PFS. Due to environmental safe, thegigminy, zoning, and availability of

vacant parcel of land that has the appropriate hwisthould be considered in

determining the location of a PFS.

The width of vacant land or land that is supposetd developed

should not be less than 1006.rRigure 4.20 shows the availability of vacant lamd
Surabaya. The figures show that vacant lands aadable in the western part of

Surabaya.

type of to

as a PFS
site should be sufficient to allow manoeuvring @hicles within its cartilage but

Vacant Land Rasterization

Legend
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Figure 4.20 Vacant Land Rasterization
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Figure 4.21 shows the coverage area of slopes iab8ya city. It clearly
shows that Surabaya is a low land area which doebkave a great difference of land
elevation. Most parts of Surabaya are in the stdpk-10% steep and in the slope of
1-15% steep which are considered safe for the ngigin of PFS USTs.

Slope Rasterization
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Figure 4.21 Slope Rasterization

On the other hand, PFSs should be located in coomah@rdustrial zones or be
designated specifically for the purpose in a subdin. Several requirements
indicate the suitability of land use. Fish pondd green open spaces are considered
as land use that is not suitable for PFS constmctny site constructions in these
areas are forbidden not only for PFSs. Figure 4it®vs the distribution of land use

in Surabaya. Most of the land used is occupiedebidential properties.
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Land Use Rasterization
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Figure 4.22 Land Use Rasterization

e. Emergency Response Services

Emergency response service is another importategrierito be considered when
deciding the location of a PFS in the advent of amighap happening. These
emergency response facilities are fire stations lavgpitals. Surabaya has eight fire
stations and twenty eight hospitals which are unveistributed throughout the city.

City fire stations are located throughout the t¢tyrespond to fires and other
emergencies that fall within its jurisdiction. THeetively serve the general public,
service areas need to be established to providerage and response times from the
stations to the emergency site(s) need to be asdlj44]. In this case, Geographic
Information System (GIS) is a means to visuallyeste the locations of the fire
stations in the city and calculate the drive timéshe variety emergency vehicles to
the PFSs in the event of fire hazards. Based onANERLO [87], fire response time
for fire departments should be four minutes (24tbeds) or less for the arrival on the
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scene of the first rescuers an eight minutes &&@nds) or less for the deployment

of a full first alarm assignment at a fire suppr@ssncident.

Eight fire stations are unevenly distributed in &aya. Five of those fire
stations are located in the northern part of the Gihe remaining is distributed in the
southern and western parts of the city. Figure 4l23ws that each fire station has
emergency response times of four minutes, six ragund eight minutes. Four fire
stations which are located in the northern partesktzeir four minutes coverage time
because they are located too close to each otherclbse distance between two fire
stations can be assumed due to the densely pop@ateounding areas. Compared to
the actual conditions, 65 PFSs are located compleféhin the 4-minute emergency
response service coverage time for each fire stalibis means that 72% of the PFSs

are covered by emergency response services irvémt ef any mishap.

Meanwhile, twenty eight hospitals are located c¢krgally within the radius
of the city centre. The medical service areas wieggned based on the fire station
response time to arrive quickly at an emergencwtion in any part of the city. In
addition, the expected maximum time for an ambwdatacreach an incident site is
within 8 minutes. Figure 4.24 shows 28 hospitatsated throughout the city. Based
on the distribution of the hospitals, it may obsetivat within 0-8 minutes range time
there 84 PFSs are within the ambulance servicesnrBite coverage time. This
means that another six (6) PFSs are not withindpgémum hospital emergency

response range.
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Fire Station Emergency Response Coverage Area
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Figure 4.23 Fire Stations Emergency Response Cgedrame

Hospital Emergency Response Coverage Area
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Figure 4.24 Hospitals Emergency Response Coverage T
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4.4.2 Reclassification Data Map Layers

To create a single ranked map of potential areastéoPFS we have to compare the
values of classes between layers by assigning namaiues to classes within each
map layer. This technique is called reclassificafiod]. Having all the measurements
on the same numeric scale gives them equal impmtam determining the most

suitable locations. Hence all data map layers hallreclassified into new numeric
value or scoring as ‘3’,’2’, ‘1’and ‘0’. These nunl scores are used to identify the
differences among highly suitable sites, moderaseiyjable sites, less suitable sites,
and non suitable. Table 4.3 shows the classifinatib criteria into three different

categories: no suitability, less suitability, maatersuitability, and high suitability.

Table 4.3 Classification of Criteria

Criteria Classification of Criteria
No Suitability  Less Suitability Moderate High
Suitability Suitability
0 1 2 3
Distance to Coastal - < 3.250 ft - > 3.250 ft
Line
Distance to River - < 500 ft - > 500 ft
Distance to - <500 ft - > 500 ft
Residential Properties
Distance to Hospital - <100 ft - > 100 ft
and School
Distance to High - < 150 ft - > 150 ft
Voltage Area
Distance to - < 250 ft - > 250 ft
Intersection
Distance to Road - < 40 ft - > 40 ft
Property Boundaries
Distance to Grade - <820 ft - > 820 ft
Crossing
Slope - 1-40% 1-15% 1- 10%
Land Use Green open Fish pond Residential Industrial
space School Commercial
Land availability - Non vacant land - Vacant land
Distance to Fire > 8 min. Within 8 min. Within 6 min. Within 4 min.
Station driving time driving time driving time driving time
Distance to Hospital > 8 min. Within 8 min. Within 6 min. Within 4 min.
driving time driving time driving time driving time
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Suitability class of each criterion is divided iritoee classifications which are
less suitability, moderate suitability, and highitaility. No suitability is assigned by
0, Less suitability criteria is assigned by 1, nratie suitability criteria is assigned by

2, and high suitability criteria is assigned by88][

From Table 4.3, we can see that this suitabilityP65 is primarily based on
the point of environmental benefit because thanate goal of this determination of
PFS is to minimize the possibility of contaminatimndanger to the site and vicinity
area. As such, the PFS should be best locatectiardas that are a minimum of 500
feet from the nearest surface water to preventiveatgtamination, a minimum of 500
feet from residential properties in case of exmgosiand occurrences of open flames,
on a slope with 1-10% gradient, and within 5 misutkiving time from nearest

emergency response services such as hospitalsrastations.
a. Water system protection

Two classification areas are identified for coastada and river area. Less suitable
area is depicted by the pink barrier colour andlyiguitable area is depicted by the
dark purple colour. The pink barrier area is & saka which is measured 3,250 feet
from the coastal line (see Figure 4.25). As for thver area, the pink barrier is

measured 500 feet from the river body (see FigLzé)4
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Coastal Area Suitability
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Figure 4.25 Coastal Area Reclassification

River Area Suitability

Legend

E Less suitable
I Highly suitable

0 125 245 ] 78 10

Figure 4.26 River Area Reclassification

102




b. Vicinity area protection

Areas within 500 feet from residential area, 10€ feom sensitive facilities, and 150
feet from high voltage overhead line areas aresiflad as less suitable areas for PFS
construction. Figure 4.27, Figure 4.28, and Figur€9 show the suitability
classification of residential area, sensitive féied area, and high voltage network
area, respectively.

Residential Area Suitability
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Figure 4.27 Residential Area Reclassification
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Hospital and School Area Suitability
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Figure 4.28 Sensitive Facility Area Reclassificatio

High Voltage Network Area Suitability
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Figure 4.29 High Voltage Network Area Reclassiiiaat
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c. Road safety

In the effort to prevent traffic congestions andidents, points of intersections, road
side boundaries, and grade crossing locations tabe considered when choosing
PFS sites. Figure 4.30 shows classification argmiat of intersections, within radius
of 250 ft from intersection is considered as lagtable for determining PFS location.
Meanwhile, area out of this radius is considerechighly suitable area for PFS

locations.

Point of Intersection Area Suitability
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Figure 4.30 Point of Intersection Area Reclassiiaa

Figure 4.31 shows the road side within radius 4@rdn its boundary is
considered as less suitable area for PFS locatienAyea out of this 40 ft radius is
considered as highly suitable. For the last figofreoad safety criteria, Figure 4.32
shows that area within radius 820ft from the graaessing line is considered as less

suitable area due to safe reason for vehiclestted to access PFS.
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Legend
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Figure 4.31 Periphery Area Reclassification
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Figure 4.32 Railway Area Reclassification
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d. Proper Land Selection

Highly suitable classification for selecting propand is represented by vacant land,
slope within 1-10%, and commercial and industraies. All of them are depicted by
the dark purple colour which as shown in Figure34RBgure 4.34, and Figure 4.35
respectively. Figure 3.33 shows that vacant aretartiost of them situated at the west
part of Surabaya are considered as highly suitatga for PFS. This area represented

by the dark purple colour.
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Figure 4.33 Vacant Area Reclassification

In regards of slope requirement, PFS should be buillevel ground rather
than on slopes to prevent rolling of discarded mmte such as cans, drums, etc.
Figure 4.34 shows three classification: areas Wit gradient is considered as low
suitable areas, areas with 1:15 gradient is cormidas medium suitable areas, and
areas with 1:10 gradient is considered as highakl@tareas for PFS construction
sites. Meanwhile, Figure 4.35 shows the classiboabf land use. Fish ponds and
green open space zone are categorized as lesblswtaa. Residential and school
zone are categorized as moderately suitable ameslyl industrial and commercial

zone are categorized as highly suitable area.
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Slope Suitability
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Figure 4.34 Slope Area Reclassification

Land Use Suitability
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Figure 4.35 Land Use Reclassification
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e. Emergency Response Services

Fire stations’ and hospitals’ emergency responsee tiare classified into three
suitability classes. Based on NEPA 1710 [87], amghin O minute until 4 minutes
coverage emergency response time from fire stasiamategorized as highly suitable
zone for PFS siting. Secondly, area within 4 misutetil 6 minutes coverage
emergency response time from fire station is categd as moderately suitable zone.
At last, area within 6 minutes until 8 minutes c@age emergency response time from
fire station is categorized as less suitable zdhes classification is briefly shown on

Figure 4.36.

Fire Station Coverage Area Suitability
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Figure 4.36 Fire Stations’ Emergency Response Rexdassification

Figure 4.37 shows reclassification for hospitallmeegency response time.
Mostly hospitals are located in the city centreas&l on the range of emergency
response time given, some area especially on trst Yestern part of the city is not
covered by hospital service. The most Easterngfatte city also not covered by fire

station service and categorized as non suitable.zon
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Hospital Coverage Area Suitability
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Figure 4.37 Hospitals’ Emergency Response Timedgsification
4.4.3 Implementation and Results of Exclusive Suitable Aalysis

Weighted overlay sum is a method that overlays regvaster multiplying each by
their given weight and summing them together. Orsgomdifference between the
weighted overlay tool and the weighted sum todhés weighted sum tool allows for
floating point values whereas the weighted ovetta} only accepts integer raster as
inputs [74]. The main purpose of utilizing weightadm method is to differentiate the
suitability result with the result of weighted olar method which includes

stakeholders’ preferences.

The final suitability map for locating petrol filg station sites is shown
briefly in Figure 4.39. Thirteen raster layers earked for development suitability on
a scale of 1 to 3. As for the weighted overlay sesult, all those raster layers with
same weightage are added to the weighted sum (sdxeFigure 4.38). The result is
one final output raster which each cell size ikeshon a scale of 20 to 39.
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Figure 4.38 Weighted Sum Simulation using ArcGIS 9.

Land Suitability Analysis using Weighted Sum Method
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Figure 4.39 Results of Land Suitability AnalysisngsWeighted Sum Method
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4.4.4 Implementation and Results of Preferable Suitable Aalysis

Weighted overlay is a technique for applying a camracale of values to diverse and
dissimilar inputs to create an integrated analyaisighted overlay is needed due to
the factors in analysis may not be equally impdrtdeferring to multi criteria
decision analysis that had been done before, ewetgrion has its own level of
importance. These levels of importance are assignedveighted overlay analysis as
percentage value followed after reclassifying. To@l influence for all raster must
equal 100 percent. Figure 4.40 shows the critenallof importance was assigned to
influence column at weighted overlay analysis wsliket.
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Figure 4.40 Weighted Overlay Simulation using Ar8®L3

Designing spatial analysis model is required toatrebackbone of GIS
operations for this research [74]. The processd&iermining the suitable parcel for
petrol filling station in this study is performeg b GIS Spatial analysis using ArcGIS
Model Builder. In model builder process to conwbdse themes to grid themes using

the vector conversion process was carried out. Modee represented as sets of
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spatial processes, such as buffer, classificataord reclassification and overlay
techniques. Each of the input themes is assigneetight influence based on its
importance, then the result successively multiglytme results by each of the
constraints. This process is often used in sit&bility studies where several factors
affect the suitability of a site [89]. Then the GtSerlay process can be used to
combine the factors and constraints in the forra wfeighting overlay process. Figure
4.41 shows that the model builder for constructirggghted overlay analysis consists

of three main system tools: Euclidean distanceéerastion, and weighted overlay.
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Figure 4.41 Model Builder Weighted Overlay Anaysi
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The result of weighted overlay analysis is showrkigure 4.42. The figure
below may explain that the area studied has beededi into two sub areas based on
the suitability analysis result. Areas that are kadrwith light purple colour have
medium suitability for PFS and finally areas inldaurple colour are highly suitable
sites for PFSs. Most of the highly suitable areasHFSs occupy the western and
northern part of Surabaya. Moderately suitable sageupy the city central and the
most eastern parts of Surabaya. In addition, sezeres in Surabaya are considered
as confidential areas so several spot will be fouttiout colour because have no

data availability.

Land Suitability Analysis using Weighted Overlay Method
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Figure 4.42 PFS Site Suitability Result based ooriy Preference

Figure 4.43shows the detailed breakdown in terms of theibisfion of the suitability
index where 44% of Surabaya is classified as moelgrauitable for PFS siting.
Secondly, highly suitable area makes up 30% oft&ya Thirdly, 26% of Surabaya

is found to be non suitable for PFS siting.
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Land Suitability Index for PFS
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Figure 4.43 Land Suitability Analysis Index for PiRSSurabaya

4.5 Spatial Sensitivity Analysis

Sensitivity analysis is an alternative method te timdirect incorporation of
uncertainties into the decision-making processshigity analysis is concerned with
the way in which errors in a set of input data etffthe error in the final output
(criterion outcomes). Broadly speaking, multicidespatial error analysis aims at
evaluating the effects of errors (uncertaintiesoamted with the criterion maps and

the decision maker’s preference (weights) on tloeste outcomes [65].

Depending on the way in which the errors in theutnglata are defined, two
approaches to the error analysis can be distingdisbensitivity analysis and error
propagation analysis [90-92]. Sensitivity analysis collection of method used for
evaluating how sensitive the spatial multicritenadel output is to small changes in
input values. The two most important elements tos@er in sensitivity analysis are
criterion weights and criterion (attribute) valug3f these, sensitivity to attribute
weights is perhaps more important. A sensitivitalgsis involving weights consists
of investigating the sensitivity of the alternasve® small changes in the value of
attribute weights. If the ranking remain unaffectexdthe weights are varied, errors in

the estimation of attribute weights can be considggnificant [65].
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Table 4.4 shows that the initial weight for eacitecia was increased or decreased by
10% to perform dynamic sensitivity analysis so that effects of even a little weight

change on priorities can be figured out.

Table 4.4 Results of Sensitivity Analysis PFS Cradreference

MDTAR

(12.7) PLU (31.2) PVA (18.3) PWS (14.2 ER (23.6
No. Alternative R -
10% -10% 10% -10% 10% -10% 10% 10% 10% | 10%
% | 13.97| 11.4| 3432 28.08 20.13 16.47 15|62 12.8 25.94.7
Land use 19.7 | 194 20 21.6 17.7 20.8 20.1 19.4 20 19.1 | 20.2
1 | pattern (1) 1) 1) 1) (2) 1) 1) 1) 1) (2 (1)
Distance to 11.7 | 115 | 11.9 11 12.2 | 106 | 119 | 129 | 104 | 113 12
2 | river (3) 3) 3) 3) (3) 3) 3) 3) 3) (3) (3)
Distance to 6.1 6.1 6.2 5.8 6.4 6.8 55 6 6.2 6 6.3
3 residential (6) (6) (6) (6) (6) (6) (7) (6) (6) 7) (6)
Distance to 6.4 6.4 6.6 6.1 6.7 7.1 5.8 6.3 6.6 6.3 6.6
4 | school (5) (5) (5) (5) (%) (5) (5) (5) (5) (5) (5)
Distance to high 5.7 5.6 5.8 5.4 6 6.3 5.1 5.6 5.8 5.5 5.8
5 | voltage area (7) (1) (1) (1) (7) (1) (8) (8) (1) (8) (7)
Land 7.9 7.8 8 8.7 7.1 8.3 8.1 7.8 8.1 7.7 8.1
6 availability (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4)

5 | 54 | 44 | 52 | 52 | 5 51 | 49 | 51 | 48 | 5.1
7 | Distancetoraiway | 9 | @ | @ | @ | @ | @ | © | © | 9 | @ | 9

Distance to 4.3 4.7 3.8 4.5 4.5 4.3 4.4 4.3 4.4 4.2 4.4

8 intersection (10) | (10) (10) (10) (10) (10) (10) (10) | (10) | (10) | (10)
Distance to road 3.4 3.7 3 3.5 35 3.4 3.4 3.3 3.4 3.3 35

9 boundary (12) | (11) (12) (12) (11) (11) (12) (12) | 12) | 12) | (12)
3.6 3.6 3.7 4 3.3 3.8 3.7 3.6 3.7 3.5 3.7

10 | Slope )| 12 | @y | 4y | @2 | 12 | a1y | v | @y | @ | 1y
Distance to coastal 2.5 25 2.6 2.4 2.6 2.3 2.6 2.8 2.3 2.5 2.6

11 | Line (13) | (13) (13) (13) (13) (13) (13) (13) | 13) | (@3) | (13)
Distance to fire 18 17.8 18.3 16.9 18.8 16.3 18.4 17.7 | 18.3 | 19.7 | 16.6

12 | station (2) (2) (2) (2) (1) (2) (2) (2) (2) (1) (2

56 | 55 | 57 | 53 | 59 | 51 | 57 | 55 | 57 | 6.2 | 52
13 | Distancetohospital | (8) | 8 | ® | ® | ® | ® | ® | @ | ® | ®) | ©®

By referring to Table 4.4 it could be seen thatlase priority attribute drops
slightly from 1 to 2 when imposing 10% less weithproper land selection criteria.
On the other hand, slope priority attribute deceeslgghtly from 11 to 12. Other
systems marks slightly changes only within a ortegaintensity of priority. This
means that small changes in this dynamic sensitasié not significant to the total

priority weighting preference.

By comparing Figure 4.44 and Figure 4.45 it couddskeen the slight change
of land use priority attribute weighting prefereneleen imposed 10% less weight to
proper land selection criteria by dynamic sengitianalysis. A decrease of 10% to
proper land selection criteria from 31.2% becom®4% creates slight change for

land use priority attribute which decreases fronvy¥®to 17.7%.
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ity for nodes below: Suitable Petrol Filling Station Criteria Preference
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Figure 4.44 Dynamic Sensitivity Analysis
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Figure 4.45 Dynamic Sensitivity Analysis with imjag 10% Less Value for Proper
Land Selection Criteria
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These slightly changes are also changed the disitib of suitability index
which is spatially depicted in Figure 4.46. It stsowhere 26% of Surabaya is
classified as non suitable for PFS siting. Secandiyderately suitable area makes up
40% of Surabaya. Thirdly, 34% of Surabaya is fotmdbe highly suitable for PFS

siting.

Spatial Sensitivity Result (1)

Legend
I:I Non suitable

- Moderately suitable
I Highly suitable 0 12525 5 75 10

Figure 4.46 The Result of Spatial Sensitivity Asagywith imposing 10% less for
Proper Land Selection Criteria

Table 4.4 may also explains that land use priaitsibute drops slightly from
1 to 2 when imposing 10% more weight to emergemeyise criteria. On the other
hand, distance to residential priority attributereases slightly from 6 to 7 when
imposed 10% more weight to vicinity area protectama emergency service facility
criteria. These slightly changes priority also fdufor distance to high voltage

attribute, slope attribute, and distance to hokpttabute.
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By comparing Figure 4.44 and Figure 4.47 it couddsleen the slight change
of land use priority attribute weighting preferevaeen imposed 10% more weight to
emergency service criteria by dynamic sensitivitalgsis. An increase of 10% to
emergency facility criteria from 23.6% becomes 26 &eates slight change for land
use priority attribute which decreases from 19.8%9.1%.

EF Dynamic Sensitivity for nodes below: Suitable Petrol Filling Station Criteria Preference

File Options  Window

Ul 1| x| E A alX|

12.3% Minimizing disturtbance to access road [L: .127 G: .127) [4.2% distance to intersection

13.3% distance to road boundary

30.3% Proper land use [L: 312 G: 312) 4.8% distance to railway

17.7% Protect vicinity area [L: 183 G: .183) 7.7 land availability

13.8% Protect water system [L: 142 G: .142)

125.9% Quick emergeny respons

19.1% land uze paltern
-'Z distance to residential
6.3% distance to school

EZ distance to high voltage area

ime (L: .236 G: .236)

2.5% distance to coastal line
11.3% distance to river
19.7% Fire station location
6.2% Hoszpital location

0 1 2 2 4 & & 7 8 9 1 0 1 2 3 4 L] b ¥ ] L]
distance lo intersection Distributive Mode

Figure 4.47 Dynamic Sensitivity Analysis with ingiog 10% More Value for
Emergency Service Facility Criteria

These slightly changes are also changed the distsib of suitability index which is
spatially depicted in Figure 4.48. It shows whe®&020f Surabaya is classified as non
suitable for PFS siting. Secondly, moderately $&létaarea makes up 44% of
Surabaya. Thirdly, 30% of Surabaya is found toigalig suitable for PFS siting.
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Spatial Sensitivity Result (2)

Legend

I:l Non suitable
- Moderately suitable

B Highly suitable 0 125 25 5 75 10

Figure 4.48 The Result of Spatial Sensitivity Asagywith imposing 10% More
Value for Emergency Service Facility Criteria

From both result of spatial sensitivity analysisciuld be concluded that the
sensitivity of priority preference, which is landeuattribute taken as example, do not
give significant influence to spatial changes. Highly suitable zone remains in the
range of 30%-34% of Surabaya. The medium suitatie z@re in the range of 40%-
44% and non suitable zone does not show any chgngiich is statically make up
26% of Surabaya.
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4.6 Comparison with Factual Condition

Surabaya currently has 90 PFS sites. This PFSikdison can be viewed from
Google earth. By converting kml file to shp fildhese existing PFS location

distributions can be transformed into ArcGIS ddmih order to be overlaid with the

result of suitability analysis so that the numbePBSs that are already sited in highly

suitable zone can be known. The result is showsgare 4.49.

Suitability Evaluation for Existing PFSs Location

Legend

|:| Highly suitable zone
L PFS
PFS in Highly Suitable Zone

km
0 12525 ] 7a 10

Figure 4.49 Existing PFS which are Located in Higlitable Sites.

Figure 4.49 shows over ninety PFSs already exiSuirabaya: sixteen of them

are sited completely within highly suitable zonesdxh on this suitability analysis

study. In conclusion, the integration of GIS andPAk this study has uncovered the

fact that 82.22 % of the total numbers of existigSs in Surabaya are not located in

highly suitable zone.
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CHAPTER 5

CONCLUSIONS

5.1 Conclusions

The findings of this research have provided vitdbimation about PFS siting in
the metropolitan area of Surabaya. The conclusodribis research have to answer
the objectives of the study. The site suitabilifyP¢-S Surabaya based on GIS-based
hierarchy process approach has been identified mghly suitable, moderately
suitable, and non suitable areas. The areas whielhregpresented by dark purple
colour is represented as highly suitable zone,t liglrple colour as moderately

suitable zone, and green purple colour as nonldaitar PFSs sitings.

Below are the answers for the main objectives if thsearch. Five criteria were
considered to determine the PFS location with gyéo the risks that might occur.
The criteria are avoiding access road obstructmoper land selection selection,

vicinity area protection, water system protectiand quick emergency response time.

1. Based on the hierarchy process, the highest rankindpe most influential
criteria for determining PFS location is properdaselection with a 0.312
weightage or 31.2% preference. This is followed daymergency service
response facility with 0.236 weightage or 23.6%fgnence, vicinity area
protection with 0.183 weightage or 18.3% preferemager system protection
with 0.142 weightage or 14.2% preference, and migech disturbance to
access road with 0.127 weightage or 12.7% prefetenc

2. The result of suitability analysis shows detailegaxdown in terms of the
distribution of the suitability index where 44% S8ftirabaya is classified as

moderately suitable for PFS siting. Second mostegas with highly suitable



which make up 30% of Surabaya. Only 26% of Surabsyfaund to be non
suitable for PFS siting.

3. Dynamic sensitivity analysis was utilized to asdbgsvalidity of those criteria
ranking. It shows that only small changes occumash as 4% of the spatial
output suitability index when imposing 10% influendy increasing or
decreasing the initial weightage for each criteridinis means that small
changes in this dynamic sensitivity are not sigaifit to bring changes for
spatial output model.

4. The comparison between actual conditions and #hdtref suitability analysis
shows over ninety PFSs already exist in Surabaytees of them are sited
completely within highly suitable zone based os thiitability analysis study.
In conclusion, the integration of GIS and AHP hasavered the fact that
82.22% of the total numbers of existing PFSs inaBaya are not located in

highly suitable zone.

5.2Recommendations

As can be seen from the finding of this study, ttuenvironmentally insensitive PFS
siting, presently about 82.22% or 74 PFS in Surabare not located in highly
suitable zone. It is strongly recommended the figdhf this research should be used
as a guideline for the siting of future PFS in ®anam as the other localities. Several
other parameters which were not included in thiggtsuch as groundwater and

public well should also be included.
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APPENDIX A

QUESTIONNAIRE

Appendix A consists of a questionnaire that hasnbdistributed to thirteen
respective stakeholders. Number of questionnaiez®ived is also thirteen, all

obtained via email or direct interview.



UNIVERSITI TEKNOLOGI PETRONAS
CIVIL ENGINEERING

Research Questionnaire of Sitinguitability Analysis of Petrol

Station Site Using GIS and AHP: EE&EDESQE
A Case Study of Surabaya Metropolitan PETRONAS

INTRODUCTION

Dear respondent,

For your kind information, The Department of Civihdineering of Universiti Teknologi PETRONAS (UTP) is
conducting a study on ‘Site Suitability Analysis fetrol Filling Station: A case Study of Surabdjetropolitan’
using Geographic Information System (GIS) and Atiedy Hierarchical Process (AHP) through one of its
Postgraduate Research Project.

Petrol Stations are amongst those that high pealeotifire hazard due to their dangerous storagecé their
placement should be carried out properly. Theirroppr placement could lead to disastrous consegsetharing
fire and causing pollution to surrounding soil amtlerground water should leakage occur to theieustbrage
tanks.

In Surabaya metropolitan, the growth of motor cyslaround 12% per year and the total number o&ndrmotor
cycle is up to 1.6 million, hence the need to disthimew petrol stations is always there to adth&®o90 stations
that have already existed. Therefore this studytha objectives of assisting the proper placerérihe new
stations and the suitability location assessmetti@existing petrol stations.

Amongst others to address the above issues, wedewged a questionnaire which we would like yoood) self
to complete and return to us before"3@ovember 2009 with the enclosed self-address argaj-postage
envelope. The survey will take no more than 15 teisdo complete, and for further clarification @eaontact
Ms. Belinda Ulfa Aulia. Response and time is greafipreciated. Thank you!

Yours sincerely,

Researcher:
Belinda Ulfa Aulia
MSc Student of Civil Engineering
University Technology PETRONAS
Tronoh, Perak, Malaysia
Ph: +60134830795
+628179612187
E-mail: b3ltown@gmail.com
b3l city@yahoo.co.id

Supervisor:

Dr. Abd. Nasir B Matori

Assoc. Prof of Geomatics/Geoinformatics,
Civil Engineering Department,

University Technology PETRONAS,
Tronoh, Perak, Malaysia.
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Criteria Hierarchy of Petrol Filling Station Suita bility Site

GOAL

To get relative importance criteria for obtainingtable petrol filling station site

A. B. C. D. E.
Water Vicinity Proper Road safety Emergency
System Area —]| Land Selection Response
Protection Protection Services
AL B1. CL. DL EL
Ground water Residential | Land Availability Intersection Fire station
location
C2.
A2. B2. D2. E2.
River Hospital & | | Land Use Pattern Road Bundary Hospital
Schoo location
A3, B3. C3. D3.
Coastal Area High Voltage — Slope Grade crossing

Ad4.
Public well

Over Head Line
Area
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INSTRUCTIONS

The purpose of this questionnaire is to rank tHative importance of evaluation factors as showrhia table
below by utilizing the AHP method. The question gsk to:

(1) rank evaluation factors (criteria),

(2) compare two factors of them as a pair, and

(3) repeat such pairwise comparison for all comtomz.

The question starts from level 1 for Criteria angele2 for Sub-Criteria.

Table Al. Analytical Hierarchical Process Scale ofudgments by Saaty 1990

Intensity of Definition Explanation
Importance
1 Equal importance Two elements contribute equallhe property.
2 Weak or slight
3 Moderate importance of one Experience and judgment slightly favour one elenoser
over another another.
4 Moderate plus
5 Essential or strong importar CI(Eﬁxpenence and judgment slightly strongly favoueon
element over another.
6 Strong plus
. An element is strongly favourable and its dominaisce
7 Very strong importance ; i
demonstrated in practice.
8 Very, very strong
9 Extreme importance The evidence of favouring one element over anathef
P the highest possible order of affirmation.

Referring to the ranking that you have above, gleasnpare two factors in each table below as a geliect one
that is more important than the other 8wd/Underline the coresponding box. If you think from two criggrA
is moderate important other than B, please leavedoxthe A row number labell€d@”.

Example:
If “Energy Efficiency” is moderate importance than “Indoor EQ”, then théntensity of Importance is 3,
afterward numbeB had to beBold/Underline in Energy Efficiency row number.

Energy Indoor
Efficiency = EQ

If “Energy Efficiency” isequal importancethan “Indoor EQ”, then thintensity of Importance is 1, afterward
numberl had to béBold/Underline.

Energy Indoor
Efficiency 9 8 7 6 5 4 3 2 2 3 4 5 6 7|1 8 EQ

©

I=

RESPONDENT PROFILE

Name e

Gender : Male/Female *

Age : (20-30) / (31-40) / (41-50) / (>50) years
Degree : Bachelor/Master/Doctorate//Other........... *
Profession e

Organisation/Institution/ L e ———
Company

Experience in Green Building : <2 /3-5/6-10 18/ >15 years *

Date e
*Bold/Underline



SECTION A: LEVEL 1 - CRITERIA

Referring to the instructions on page 3, please emenfwo Criteria/Sub-Criteria and judge the relatimportance
in each pair in the table below (i.e. how much morportant one of paired factors is than the othgrlising the
judgement scale of AHP methdlold/Underline the number in one box corresponding to your judggmn the
side of the more important criteria than the otlfexvo criteria are equally importartipld/underline the number
of “equally=1" in the centre of the scale.

Please rank the followong six criteria’s in ordéiraportance, and indicate an appropriate numbehénbracket
on the left of each factor. If you think two or radiactors are equally important, please assigisdinge number to

them.

A. Protect Water System:
UST's leaking is having great hazard for water exystlt can contaminate groundwater then possibly
flow towards private/public well, river, and lakien another case by intrusion of sea water, it can b
corode then leaking.

B. Protect Vincinity:
Fire break out potential hazard of petrol fillintatioon is giving threat to the vincinity speciaffgr
sensitive area such as residential, hospital, enddd.

C. Proper Land Use:
Due to environmental safety, petrol filling statishould be built in particular area that is consiug
about topography, zoning, and availability of wigrcell.

D. Minimizing Disturbance to Access Road:
Petrol station has high trafic attraction so iaide to cause obstructions for access road duetévirg
or leaving activities from station.

E. Quick Response to Fire Accident:

Due to fire breakout hazard that is potential oeduin petrol station so it is important to provide
coverage and analyze response times from the statithe emergency site.

Protect water A Protect
system 6] 5] 4 3 2 1 2 9 vincinity B
Protect water 6 5| 4| 3| 2 1 2 9 Proper land us¢ C
system
Minimizing
Protect water 6| 5| 4 3 2 1 2 9| disturbanceto D
system
access roagd
Protect water 6l 5| a 3 2 1 2 9 Qum_k Response E
system to fire accident
Protect
vincinity 6| 5| 4 32| 1| 2 9| Properland use C
Minimizing
a;octﬁtt 6| 5| 4 3|2| 1| 2 9| disturbance to] D
Y access road
Quick
a;octﬁtt 6| 5| 4 3|2| 1| 2 9 Responsetq E
Y fire accident
Minimizing
E;Zper land 6| 5| 4| 3| 21| 2 9| disturbance to| D
access road
Quick
Proper land 6| 5 4] 3| 21| 2 9| Response to firg E
use h
accident
Minimizing Quick Responss
i [¢
disturbance to 6| 5| 4/3|2| 1] 2 to fire accident E
access road
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SECTION B: LEVEL 2 — SUB CRITERIA

Please rank the following Sub Criteria in orderimaportance concerning Suitability Analysis of Pét&ation
Site, and indicate an appropriate number in thelataon the left of each factor. If you think tworoore factors
are equally important, please assign the same nutmitieem.

A. Sub-Criteria of Protect Water System
Please repeat ranking and pair wise comparisorntBeofollowing four sub criteria’s of protect water

system:
Al. Ground water : protect groundwater from contamaratiaused by UST’s leaking
A2. Sea water : protect sea water from to of UST'sazion because the brine leads to leakage
A3. Private well : protect private well from UST'’s lea§
A4. River & lake : protect river and lake as one of impot drinking resource from ground water
contamination or direct UST's leaking
A1 | Ground 9|8|7|6/5 4 3 2 1 2 3 4 5 B [7 8]0 Seawatar
water
Ground 4 Private
Al water 98| 7| 6|5 43 21 2 3 4 pb 6 |7 |89 well A3
Ground , River &
Al water 98| 7| 6|5 43 2 1 2 3 4 b 6 |7 |89 lake Ad
A2 |Seawater | 9 8 7 6 5 4 3 2 |1 |2(3|4a|5|6]|7]|8|9 P”V‘(Ztlf A3
A2 |Seawater | 9 8 1 6 5 4 B 2 (1 (2345|678 oFVE)ng
A3 | Privatewell| 9| 8 7 6 § 4 3 2 oL R [3 |4 |5 |6|7|8]09 R"’Ie;fé A4

B. Sub-Criteria of Protect Vincinity
Please repeat ranking and pair wise comparisotigedbllowing three sub criteria’s of protect vinity:

B1l. Residential : protect residential as sensitive fnedwelling facility
B2. Hospital & school : protect hospital and schoofaaslity that accomodate public service
B3. High voltage area . protect vincinity area fromo#le static environment that could be
occured by high voltage elctricity utility thatlmcated near to pump island of petrol filling stati
. . 4 L Hospital &
g 4
Bl | Residential | 9| 8 6 % 4 B R P |2 |13 |4|5|6|7 8|9 School B2
Bl | Residential| 9 8 7 6 % 4 B 2 [L [2 |3 |4 |5 |6 |7 |8 |fechostalc g
environment
Hospital & A lectro static
B2 School 98| 7| 6|5 4 3 2 1 2 3 4 b5 b |7 |8 ginvironment B3

C. Sub-Criteria of Proper Land Use
Please repeat ranking and pair wise comparisotieedbllowing three sub criteria’s of proper langku

C1. Land availability : area of land to be developeduti be sufficient to allow maneuvering of
vehicles within its cartilage but should not besldsan 12,000 sq.
C2. Topography : petrol filling stations should belbon level rather than sloping site to
prevent rolling or discarded materials such as,cdnsns, etc.
C3. Land use pattern . petrol filling station should Ibeated in commercial/industrial zone or
be designated specifically for the purpose in alstgion.
c1 | Land 9|8|7|6| 5 4 3 2 1 2 3 4 5 6 [7|8|9 Topographg2
availability T pogray
ci|t@d  lolg|l7|6l5 4 3 2412 3 4 5 6|7 |80 BANAUSE g
availability pattern
Land use
g 4
C2 | Topography| 9 8§ 747 6 %5 4 B R |1 (2 |3 |4 |5]|6|7|8]|9 pattern C3




D. Sub-Criteria of Minimizing Disturbance to Access Rad
Please repeat ranking and pair wise comparisortbeofollowing three sub criteria’s of minimizing
disturbance to access road:

D1. Traffic light junction  : avoiding traffic jam becsa petrol station that’s located near to traffic
light junction will create obstructions.

D2. Road width : road width at least 8 m will give goadcess for any type vehicle to
access petrol filling station.

D3. Grade crossing . vehicular access/egress/crossekieuld be reasonably safe with
adequate approach distances especially where rmais, intersections, and grade crossing are
involved.

Traffic light ; Road
D1 junction 9|87 6|5 4 3 2 1 2 3 4 b 6 [7 8 |9 width D2
Traffic light ; Grade
D1 junction 9|18(7| 6|5 4 3 2 1 2 3 4 b5 B [7 8 crossing D3
. Grade
=
D2 | Roadwidth | 9] 8 7 § 5 4 83 R L 2 |3 |4 (5|6 |7 |8 crossing D3

E. Sub-Criteria of Quick Response to Fire Accident:
Please repeat ranking and pair wise comparisottedbllowing three sub criteria’s of quick resperte
fire accident:

El. Fire station location : fire station location detére response times for emergency calls of fire
accident.

E2. Hospital location : hospital location determinepm@sse times for any victim of fire accident.

E3. River & lake location : river and lake is supportifige station to obtain water suply for

emergency condition.

Fire station River &

E1l - 98| 7| 6|5 4 3 22 1 2 8 4 b B (7 B8 |9 lake | E2
location .
location
Fire station ] Hospital

E1l location 9|8|7| 6|5 4 3 242 1 2 8 4 b p (7 8 location E3
River & Hospital

E2 | lake ol8| 7|6/ 5 4 3 24 1 2 3 & 5 6 |7 8 prtat| g4
. location

location

SECTION C: General Questions

[1] What is your opinion about petrol filling satiorchtion in Surabaya now days?

# Thank you for your cooperation and greatly appreciates for your time and early
response#
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