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ABSTRACT

AN INTEGRATED DECISION-SUPPORT SYSTEM FOR INDUSTRIAL

ACCIDENTS

Girgin, Serkan

Ph.D., Department of Environmental Engineering

Supervisor: Prof. Dr. •Ulk•u Yeti�s

March 2008, 274 pages

Availability of data on accidents and chemical inventories, together with assessment and

analysis tools is a prerequisite for integrated control of industrial accidents. Although

Turkey has a developing industry, legislative measures forcontrol of industrial accidents

are lacking, past accidents are not systematically enlisted and industrial facilities and

hazardous substances thereof are not properly registered.While some accident data is

available in international databases, they are incompleteand erroneous.

In the present study, a decision support system has been developed for collection

and analysis of past accident information, assessment of current accident potentials of

industrial establishments and modeling of probable accidents to reveal risks possessed

thereby. The system supports web based multilingual and multi-user environment,

and aims contribution of all interested parties in a collaborative manner. Information

on technological accidents can be systematically archivedtogether with reference data

and visual materials. Initial data covering a time period of 30 years has been provided.

The system is capable of storing hazard classi�cations and physico-chemical properties

of substances, and providing standardized data for calculations. It can determine

major-accident potential of industrial facilities as dict ated by the 96/82/EC Directive
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of the EU and update relevant information automatically as required. An easy to use

accident model for rapid assessment of o�-site consequences of industrial accidents is

also featured.

Developed system allows integrated management of data on industrial accidents

and provides decision support tools for assessing current and future accident potential,

which can be used for national as well as the EU needs.

Keywords: Industrial Accident, Decision Support System, 96/82/EC Directive, Chem-

ical Database, Accident Model
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•OZ

END •USTR_IYEL KAZALAR _IC� _IN ENTEGRE B _IR KARAR DESTEK S _ISTEM _I

Girgin, Serkan

Doktora, C�evre M•uhendisli�gi B•ol•um•u

Tez Y•oneticisi: Prof. Dr. •Ulk•u Yeti�s

Mart 2008, 274 sayfa

Kaza bilgileri ve kimyasal envanterleri ile birlikte de�ge rlendirme ve analiz ara�clar�n�n

mevcudiyeti, end•ustriyel kazalar�n entegre kontrol•u i�cin bir erekliliktir. End•ustrisi

geli�smekte olan T•urkiye'de end•ustriyel kazalar�n kont rol•une y•onelik yasal d•uzenlemeler

eksik olup, ya�sanm��s kazalar sistematik olarak derlenmemekte, end•ustriyel tesisler ile

tesislerdeki tehlikeli maddeler de uygun �sekilde kay�t alt�na al�nmamaktad�r. Ulus-

lararas� veritabanlar�nda baz� kazalara ili�skin bulunan bilgiler eksik ve hatal�d�r.

Bu �cal��smada, ge�cmi�s kaza bilgilerinin derlenmesi ve analizi, end•ustriyel tesislerin

mevcut kaza potansiyellerinin de�gerlendirilmesi ve olas� kazalar�n modellenerek risk-

lerin belirlenmesi i�cin bir karar destek sistemi geli�sti rilmi�stir. Web tabanl�, �cok dilli

ve �cok kullan�c�l� olan sistem, ilgili b•ut•un tara
ar�n k at�l�mc� bir �sekilde katk�da bu-

lunabilmesini ama�clamaktad�r. Teknolojik kazalar ile il gili bilgiler, referans veriler

ve g•orsel materyaller ile birlikte sistematik olarak ar�s ivlenebilmektedir. 30 y�ll� kap-

sayan ba�slang��c verisi sistem ile birlikte sunulmu�stur . Sistem, kimyasal maddelere ait

tehlike s�n�
and�rmalar� ile �ziko-kimyasal •ozellikler i bar�nd�rabilmekte ve hesaplamalar

i�cin standardize veri sa�glayabilmektedir. AB'nin 96/82 /EC direkti� do�grultusunda

end•ustriyel tesislerin kaza potansiyeli belirlenebilmekte ve gerek g•or•uld•u�g•u durum-

larda otomatik olarak g•uncellenebilmektedir. Ayr�ca, end•ustriyel kazalar�n saha d��s�
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etkilerinin h�zl� bir bi�cimde de�gerlendirilmesi i�cin k ullan�m� kolay bir kaza modeli de

sunulmu�stur.

Geli�stirilen sistem, end•ustriyel kaza verilerinin ente gre y•onetimini sa�glamakta ve

gerek ulusal, gerekse AB ihtiya�clar� i�cin mevcut ve gelecekteki kaza potansiyellerinin

de�gerlendirilmesi i�cin karar destek ara�clar� sa�glama ktad�r.

Anahtar Kelimeler: End•ustriyel Kaza, Karar Destek Sistem i, 96/82/EC Direkti�,

Kimyasal Veritaban�, Kaza Modeli
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lost their lifes or su�ered deeply

during man-made disasters
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CHAPTER 1

INTRODUCTION

Seveso, Italy, 1976

Bhopal, India, 1984

Basel, Switzerland, 1986

Baia Mare, Romenia, 2000

Kocaeli, Turkey, ?

Installations, where hazardous substances are processed,produced, and stored, are

essential components of industrial development. Growth ofprocess industries according

to the needs of national and international markets results in a proportional increase in

kinds and quantities of hazardous substances in process, storage or transport. Although

hazardous properties of substances are under control in engineered systems and storage

units, there is always an inherent potential of hazard in case something unexpected

happens and things go wrong. Indeed, serious accidents had occurred throughout the

world in the past and will de�nitely occur in the future as wel l, despite all precautionary

measures [1].

The major hazards of industrial accidents are �re, explosion and release of toxic

substances to the environment, generally to the atmosphere. Besides on-site conse-

quences, the accidents may also a�ect people, property, andthe environment in the

vicinity of the installations. Although �re is the most comm on hazard, explosion and

toxic release are more important in terms of their damage potentials [2]. Explosions

may result in signi�cant number of fatalities, damage to property, and domino e�ects,

whereas releases may cause large areas to be polluted, even for long time periods,

leading to major environmental problems.

1



Since they are almost random events, it is not possible to predict with absolute con-

�dence either where, when or how the accidents will occur. However, understanding

the mechanisms of past incidents may provide useful information to develop accident

prevention and control strategies, which may reduce the risk [3]. In order to lessen the

adverse consequences of an accident, multi-stakeholder involvement is required at var-

ious levels. Operators and employees of the installations,local authorities, competent

national authorities, and the public should be prepared to such emergency situations

before their occurrence. This can only be achieved by means of an integrated man-

agement and control, which should not only include a solid accident prevention policy,

but also deal with other aspects such as land-use planning, plant design and operation,

accident reporting, inspection, and information to the public.

Especially major accidents like Seveso in 1976 [4] and Bhopal in 1984 [5], had

risen serious concerns about hazards of industrial accidents and led to speci�c reg-

ulations and agreements, which are mainly based on lessons learned, to come into

force. Currently, many developed countries have comprehensive legislation on control

of industrial accidents involving hazardous substances. There are also multinational

agreements, which had been put into practice by international organizations, such as

ILO and UN/ECE [6,7].

Although implementation details di�er from country to coun try, basic principles of

prevention and control of major industrial accident hazards are quite common through-

out the world. The following principles are emphasized in many national and interna-

tional regulations, agreements, and guidelines [8{12]:

� Proper land-use planningto ensure presence of appropriate distance between haz-

ard installations and settlements, public places, environmentally sensitive areas,

and other installations, with special emphasis on potential domino e�ects, process

modi�cations, and illegal settlements such as shanty towns.

� Good plant design and construction, proper operation, and regular maintenance

to minimize possibilities of human and technological failures, which may evolve

into major hazards.

� Presence of practical and completeaccident prevention policy to guarantee a high

level of protection for man and the environment by appropriate means, such as:
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{ Establishment of safety management systems, which include not only using

appropriate technology and processes but also set up of an e�ective organi-

zational structure for reduction of hazards and risks.

{ Being prepared to emergencies by adoption and implementation of proce-

dures to identify probable incidents, and preparation, testing and review

of internal emergency plans, which cover emergency provisions that should

reduce the e�ects of such incidents.

{ Considering possible o�-site consequences, preparation of external emer-

gency plans, which covers arrangements for informing the public, for coor-

dinating resources necessary for emergency response, and for o�-site miti-

gatory actions.

� Systematic noti�cation and reporting of accidents and near-misses to learn from

past experiences by determining root causes and �nding out measures to prevent

repetition of incidents.

� Su�cient information to the public living in the vicinity of hazard installations

about accident risks and what to do in case of an incident to mitigate possible

adverse consequences on health, property and the environment.

� E�ective public participation and consultation in decision making process related

to hazardous installations, such as planning of new installations, modi�cations

to existing establishments, and preparation of external emergency plans.

� Regular inspection to ensure that safety reports and emergency plans are cor-

rectly prepared, the public has been properly informed, andthe installations are

operated according to the appropriate level of safety for the aim of prevention of

major accidents and limitation of their consequences.

As it can be easily realized from the basic principles listedabove, prevention and

control of industrial accidents is a multidimensional and multidisciplinary process. In

order to yield successful results, strong communication and cooperation are required

among the interested parties at all stages of the process [9]. Availability of information

on hazard characteristics of substances, activities and processes of industrial instal-

lations, quantities and storage conditions of hazardous substances, probable accident

scenarios, mitigation measures and resources available for emergency response, is a key
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factor for proper communication and cooperation. It is alsocrucial for good decision-

making. Therefore, presence of provisions on and means of systematic data collection

and analysis are important.

Noting this importance, noti�cation and reporting systems had been put into prac-

tice both in national and international contexts world-wid e. The purpose of reporting

is mainly twofold. The �rst aim is to collect information on p ast accidents and near-

misses in order to keep track of causes and consequences of the incidents. Besides

allowing lessons learned to be shared and prevention measures to be developed or im-

proved, this kind of data also lets statistics to be calculated, which can be used to

follow the trends in accidents and to measure level of success of provisions that had

been already put into practice. The second aim is to collect information on hazards

possessed by industrial installations in order to know existing risks and to take required

precautionary measures to prevent accidents.

In the United States, under the authority of section 112(r) of the Clean Air Act,

the Chemical Accident Prevention Provisions require facilities that produce, handle,

process, distribute, or store certain chemicals to developa Risk Management Program,

prepare a Risk Management Plan (RMP), and submit the RMP to U.S. EPA, which

is the competent authority. There is also Emergency Planning and Community Right-

to-Know Act (EPCRA) of 1986, which has major provisions on community-wide emer-

gency planning, emergency release noti�cation, hazardouschemical storage reporting,

and toxic chemical release reporting [12]. A wide variety oftools and databases were

developed by the U.S. EPA and other related agencies to support regulatory applica-

tions [13]. For the development of RMPs, both simple (RMP*Comp) and advanced

(ALOHA) modelling tools are available. In order to visualize modeling results mapping

application (Marplot) and nation-wide detailed maps (Land view) exist. For prepara-

tion of reports to be submitted to the U.S. EPA, electronic reporting tools are o�ered

(Tier2Submit, RMP*Submit). In order to provide informatio n on chemicals and their

hazards, detailed chemical libraries are provided (CAMEO). There are even on-line

tools that allow individuals from the public quickly �nd out if they live at a place

that could be a�ected by a chemical accident, just by entering their home addresses

(VZIS). Therefore, both legislative measures to control industrial accidents and tools

to support their application are available in the United States.

As details will be given in Chapter 2, Council Directive of 9 December 1996 on the
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control of major-accident hazards involving dangerous substances (96/82/EC) forms

the legislative basis concerning major industrial accidents in the European Union (EU).

The Directive contains provisions for a wide variety of topics related to control of ma-

jor industrial accidents, such as noti�cation, major accident prevention policy, safety

reports, safety management systems, consultation to the public, inspections, and land-

use planning. Establishments that are within the scope of the Directive are determined

according to their chemical inventories by using a two-tierapproach. Lower and upper

qualifying quantities are designated by the Directive for speci�c dangerous substances

and generic hazard categories. Establishments holding speci�ed dangerous substances

more than the lower but less than the upper threshold are covered by \lower tier"

requirements, whereas establishments holding dangerous substances above the upper

threshold are covered by all requirements of the Directive.The establishments covered

by the Directive should notify the competent authority abou t the quantity, hazard char-

acteristics and storage conditions of dangerous substances found in the establishments.

Accidents should also have to be noti�ed. For the purposes ofthe application of the

directive, EU operates two databases (MARS for accidents, and SPIRS for industrial

facilities) and a chemical database (CLASSLAB). But unlike United States, tools to

facilitate application of the Directive at facility level, such as one for determination of

lower/upper tier status, do not exist. Therefore, legislative measures are available in

the EU, but supporting tools are not su�cient.

Although Turkey has a developing industry, legislative measures for control of major

industrial accidents are lacking [14]. As details will be given in Chapter 2, there exist

a few regulations, which include some provisions for land-use planning and reporting.

However, none of these regulations are speci�cally targeted on industrial accidents and

can only partially cover the requirements. Many important aspects of the management

and control process, such as noti�cation, emergency planning, and information to the

public, are lacking. Although starting from the second half of 1990s several ministries,

scienti�c organizations, and public authorities had conducted studies to overcome de-

�ciencies in this respect, satisfactory results could not have been obtained. Recently,

studies on adoption of the 96/82/Directive to the Turkish le gislation have been per-

formed under the supervision of the Ministry of Environment and Forestry (MoEF) in

order to ful�ll the requirements in this topic for the member ship to the EU [15]. A

draft regulation and communications thereof have been ready as of 2006, however they
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could not be brought into force ever since.

Mainly due to lack of a legislative provisions, information regarding past industrial

accidents are mostly unknown in Turkey. A national listing or database containing sys-

tematically collected information on date, place and nature of industrial accidents that

had happened, together with their causes and consequences,does not exists. Although

relevant information can be found in several international databases, extent of avail-

able data is very limited and signi�cant data quality proble ms exist due to erroneous

or misclassi�ed entries as it will be shown in Chapter 3. Since databases (or publicly

accessible parts thereof) only contain summary data and original references are not

explicitly indicated, it is not possible to determine the reasons of invalid or erroneous

entries. Since they are proprietary and closed systems, means of data editing are not

available and corrections can not be done or denoted in-place. Although doubts about

such data quality and completeness problems are known [16],these databases are widely

used for statistical studies due to ease of accessibility and lack of alternatives. As a

natural result, errors are transferred to the referring studies, sometimes even become

exaggerated as it will be shown in Chapter 3 for the case of Turkey.

In addition to above mentioned reasons,

If the candidacy of Turkey to be a member of the EU and the obligation of the EU

member states to prepare reports on major accidents are considered together with the

above mentioned reasons, the need for a national database ofindustrial accidents can

be listed as follows:

� Keeping track of industrial accidents, for the analysis of causes and consequences

to develop preventive measures (learn lessons),

� Establishing a reliable data source on industrial accidents that had taken place

in Turkey, which may be used to correct invalid information i n the literature,

� Ful�lling multilateral or international reporting obliga tions.

Similar to the case of past industrial accidents, current status of the industrial facil-

ities with respect to major accident potential are also mostly unknown. Although large

industrial establishments having considerable accident potential, such as petroleum re-

�neries, are well known, quantitative information on accid ent potentials and probable

hazards are not available for the majority of the industrial installations. Locations of
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such facilities can only be stated regionally, e.g. Gulf of_Izmit-Kocaeli, Alia�ga- _Izmir,

Ambarl�- _Istanbul. Due to lack of relevant regulations, substances in inventories of the

facilities are not registered and can not be tracked centrally. Therefore, nature and

quantities of hazardous substances that are found in the facilities are largely unknown

to the authorities. The inhabitants are also not very well, in fact very little, informed

about the hazards and risks that they face by the mere fact of living near a certain

industrial facility. Therefore, lack of information on ind ustrial accident hazards is

signi�cant at all levels.

As mentioned before, although the 96/82/EC Directive, which will be sooner or later

put into practive in Turkey, has provisions for collection of information on industrial

facilities, including detailed description on chemicals in inventories, major accidents

risks, and possible consequences, tools to support application of the Directive are not

readily available. Taking the fact that several thousands of industrial facilities exists

only in chemical manufacturing industry [17], need for analytical tools to support the

application of the 96/82/EC Directive is evident. Requirements in this respect can be

listed as follows:

� Keeping track of industrial facilities and chemicals in inventories thereof, includ-

ing information on hazardous characteristics, quantitiesand storage conditions,

� Calculating status of industrial facilities with respect t o application of the Di-

rective, i.e. determining whether the facilities as lower tier, upper tier, or out of

scope.

In addition to needs for a national accident database and tools for the application of

the 96/82/EC Directive, modeling tools for assessment of the extent and severity of the

consequences of possible accidents are also required for preparation of safety reports and

emergency plans. A wide variety of models and software packages are available both

publicly and commercially for assessing accidental hazards [18, 19]. Hence, based on

the scope and requirements of the modeling, di�erent modelscan be selected. However,

especially for regulatory works, having a standard model, which is su�cient to ful�ll the

requirements with minimum data input, can be both e�ective a nd useful. RMP*Comp

model of the U.S. EPA can be given as a solid example of this. Therefore, requirements

in this respect can be listed as follows:
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� Assessing extent and severity of possible accidents with minimum data require-

ment,

� Presenting the results of the assessments in an apparent manner

1.1 Objectives of the Study

Taking the requirements mentioned in the previous section,the objectives of the study

are designated as follows:

1. Development of an information system to collect and shareinformation on indus-

trial as well as other technological accidents:

� Allowing accident type speci�c, structured data to be stored systematically,

� Gathering documents and visual materials related to accidents,

� Featuring complete referencing of data sources,

� Facilitating participation and collaboration of interest ed parties,

� Providing compatibility with international databases,

� Providing initial data.

2. Development of analytical tools to support application of the 96/82/EC Directive

of the EU:

� Containing chemical substance and hazard classi�cation data,

� Allowing information on industrial facilities and chemica ls in inventories

thereof to be stored,

� Calculating the 96/82/EC Directive statuses (lower tier, u pper tier, and out

of scope) of industrial facilities based on rules set by the Directive,

� Updating 96/82/EC Directive statuses according to changesin substance

quantities and hazard classi�cations.

3. Development of an accident modeling framework to supportrapid consequence

analysis of industrial accidents:

� Providing user friendly interface,

� Minimizing data requirements.
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1.2 Dissertation Outline

Studies performed to ful�ll the objectives of the study are presented as separate chap-

ters of this dissertation. Outline of the chapters is as follows:

In Chapter 2, selected international legislations are reviewed to determine provisions

and control mechanisms put into practice for control of industrial accidents involving

hazardous substances. Details of USA and EU regulations aregiven. In order to de-

scribe provisions that are currently addressed in nationalregulations of Turkey, related

regulations are summarized. Existing gaps and recent studies performed to lessen the

gaps are discussed.

In Chapter 3, selected international databases are reviewed in terms of data avail-

ability on industrial accidents that had taken place in Turk ey. Insu�ciencies of databases

in properly expressing past industrial accidents are pointed out. Need for a national

database is discussed.

In Chapter 4, detailed information is given on the web-based, collaborative deci-

sion support system developed in the study. Architecture and subcomponents of the

system are explained. General features, such as multilingual support, change history,

fuzzy statistics, and mapping are described. Working principles and capabilities of

accident, document, chemical, and facility subsystems aregiven in detail. Algorithms

developed for determination of 96/82/EC Directive statuses of the industrial facilities,

and mechanisms of automated status update are presented. Studies performed for data

collection are summarized.

In Chapter 6, general description and technical backgroundinformation are given

for the o�-site consequence model developed as part of the study. Applied methods

and equations are described for source term and atmosphericdispersion calculations.

Relations of the modeling framework with other system components and details of the

user interface are also explained.

The dissertation ends with conclusions and recommendations for further studies in

Chapters 7 and 8, respectively.
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CHAPTER 2

INTERNATIONAL AND NATIONAL

LEGISLATION

In order to determine provisions and preventive measures those are currently addressed

in Turkish legislation and to �nd out gaps compared to the EU d irectives, both Turkish

and EU regulations and directives were reviewed.

In this chapter, �rst, a short history of the 96/82/EC Direct ive of the EU on the

control of major-accident hazards involving dangerous substances is given. Details

of calculations required to determine the scope of industrial facilities with respect to

the Directive are explained. Following the 96/82/EC Direct ive, national regulations,

which have provisions related to control of industrial accidents, are described in detail.

Studies performed so far for putting a regulation similar to the 96/82/EC Directive

into practice are reviewed.

2.1 96/82/EC Directive

Because of rising concern following incidents such as Flixborough in 1974 and Seveso

in 1976, the EEC issued in 1982 a Council Directive on the major-accident hazards

of certain industrial activities (82/501/EEC), which is ge nerally called as the Seveso

Directive [20]. This modern legislation includes measuresdesigned to increase the safety

of chemical installations and the security of the public, aswell as making it obligatory

to inform the local population of the risks that they face by t he mere fact of living

near a certain industrial facility. In the light of severe accidents at the Union Carbide
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factory at Bhopal, India in 1984 and at the Sandoz warehouse in Basel, Switzerland

in 1986, the Seveso Directive was amended twice, in 1987 by Directive 87/216/EEC

of 19 March 1987 and in 1988 by Directive 88/610/EEC of 24 November 1988. Both

amendments aimed at broadening the scope of the Directive, in particular to include

the storage of dangerous substances [21].

After gaining experience with the implementation of the 82/501/EEC Directive,

the Council Directive on the control of major-accident hazards involving dangerous

substances (96/82/EC) was issued in 1996 [11]. The Directive, which is also known as

Seveso II Directive, forms the current legislative framework in the EU for the control

of major accident hazards in industrial facilities. Similar to the case of amendments of

the previous 82/501/EEC Directive, the 96/82/EC Directive was amended in 2003 by

Directive 2003/105/EEC of 16 December 2003 in the light of recent major accidents

at Baia Mare, Romania in 2000, at Enschede, Netherlands in 2000 and at Toulouse,

France in 2001. Its scope is broadened to cover risks arisingfrom mining activities,

pyrotechnic and explosive substances, and ammonium and potassium nitrate based

fertilizers.

Major aims of the 96/82/EC Directive are prevention of major accident hazards

involving dangerous substances, and in case of their occurrence, reducing adverse con-

sequences both for man and the environment. The Directive isspeci�cally targeting

�xed industrial facilities, and the following activities a re exempted from its coverage:

� Military establishments, installations or storage facilities,

� Hazards created by ionizing radiation,

� Transport of dangerous substances and intermediate temporary storage by road,

rail, internal waterways, sea or air,

� Transport of dangerous substances in pipelines,

� Exploitation of minerals in mines, quarries, or by means of boreholes, except

chemical and thermal processing operations and storage involving dangerous sub-

stances,

� O�shore exploration and exploitation of minerals, includi ng hydrocarbons,

� Waste land�ll sites, except tailings containing dangeroussubstances.
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Member States have the obligation to report major accidents, ful�lling the conse-

quence criteria designated by the Directive, to the Commission. In order to facilitate

noti�cation and reporting of accidents by the Member States, the Commission has

established a Major-Accident Reporting System (MARS) and the Community Docu-

mentation Centre on Industrial Risks (CDCIR) at the Major-A ccident Hazards Bureau

established within its Joint Research Centre (JRC) in Ispra, Italy.

The establishments that are falling within the scope of the Directive are determined

solely according to type and amount of hazardous substancesfound at the establish-

ments. The Directive lists lower and upper qualifying quantities of hazardous sub-

stances, as to which the obligations and responsibilities of the operators are designated.

Two di�erent qualifying quantity lists exist. In the �rst li st, hazardous substances are

listed by name and qualifying quantities are given for each substance or group of sub-

stances separately (Table 2.1). In the second list, categories of hazardous substances

are listed according to the nature of their hazard and qualifying quantity limits are

given for these categories (Table 2.3).

The operators of establishments holding quantities of dangerous substances above

the lower threshold levels (lower tier establishments) should notify the competent au-

thority about the location and activity of the establishmen t, and dangerous substances

present. Noti�cation on dangerous substances should include quantity and physical

form information and should be su�cient to identify the dang erous substances and

hazard categories thereof. The operator of the establishment should also setup a major-

accident prevention policy and should ensure that the policy is properly implemented.

Establishments holding dangerous substances even larger quantities above the upper

thresholds (upper tier establishments) are required to prepare detailed safety reports

and emergency response plans for major-accidents. They should also implement fully-

functional safety management systems. A comprehensive description of the related

articles of the Directive can be found in Wetting et al. [21].

Although qualifying quantity limits speci�ed by the Direct ive appear to be simple

at �rst sight, their application is not simple due to special conditions and rules required

by the Directive.

As it can been seen in Table 2.1, majority of the speci�cally named substances are

pure chemicals. But for some substances, minimum concentrations are also indicated,

below which the substances are assumed to have no major-accident potential (e.g.

12



Table 2.1: Named substances of the 96/82/EC Directive [22]

Dangerous substance Qualifying quantity
(tonnes)

Lower Upper

Ammonium nitrate (fertilizers capable of self-sustaining decomposition)1 5 000 10 000
Ammonium nitrate (fertilizer grade) 1 1 250 5 000
Ammonium nitrate (technical grade) 1 350 2 500
Ammonium nitrate (o�-specs material and fertilizers not fu l�lling the deto-
nation test) 1

10 50

Potassium nitrate (composite fertilizers, in prilled/gra nular form) 1 5 000 10 000
Potassium nitrate (composite fertilizers, in crystalline form) 1 1 250 5 000
Bromine 20 100
Chlorine 10 25
Nickel compounds in inhalable powder form (nickel monoxide , nickel dioxide,
nickel sulphide, trinickel disulphide, dinickel trioxide )

1

Ethyleneimine 10 20
Fluorine 10 20
Formaldehyde (concentration � 90%) 5 50
Hydrogen 5 50
Hydrogen chloride (lique�ed gas) 25 250
Lead alkyls 5 50
Lique�ed extremely 
ammable gases (including LPG) and natu ral gas 50 200
Acetylene 5 50
Ethylene oxide 5 50
Propylene oxide 5 50
Methanol 500 5 000
4,4-Methylenebis (2-chloraniline) and/or salts, in powde r form 0.01
Methylisocyanate 0.15
Oxygen 200 2 000
Toluene diisocyanate 10 100
Carbonyl dichloride (phosgene) 0.3 0.75
Arsenic trihydride (arsine) 0.2 1
Phosphorus trihydride (phosphine) 0.2 1
Sulphur dichloride 1
Sulphur trioxide 15 75
Polychlorodibenzofurans and polychlorodibenzodioxins ( including TCDD),
calculated in TCDD equivalent 2

0.001

The following CARCINOGENS at concentrations above 5% by wei ght: 0.5 2
4-Aminobiphenyl and/or its salts, Benzotrichloride, Benz idine and/or salts,
Bis (chloromethyl) ether, Chloromethyl methyl ether, 1,2- Dibromoethane,
Diethylsulphate, Dimethyl sulphate, Dimethylcarbamoyl c hloride,
1,2-Dibromo-2-chloropropane, 1,2-Dimethylhydrazine, D imethylnitrosamine,
Hexamethylphosphoric triamide, Hydrazine, 2-Naphthylam ine and/or salts,
4-Nitrodiphenyl, and 1,3 Propanesultone

Petroleum products: 2 500 25 000
(a) gasolines and naphthas,
(b) kerosenes (including jet fuels)
(c) gas oils (including diesel fuels, home heating oild, and gas oil blending streams)

1 See consolidated text [22] for the complete description.
2 See Table 2.2 for equivalence factors.
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Table 2.2: International Toxic Equivalent Factors for the congeners of concern [22]

Substance Factor Substance Factor

2,3,7,8-TCDD 1 2,3,7,8-TCDF 0.1
1,2,3,7,8,-PeDD 0.5 2,3,4,7,8-PeCDF 0.5

1,2,3,7,8-PeCDF 0.05
1,2,3,4,7,8-HxCDD 0.1 1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDD 1,2,3,7,8,9-HxCDF
1,2,3,7,8,9-HxCDD 1,2,3,6,7,8-HxCDF

2,3,4,6,7,8-HxCDF
1,2,3,4,5,7,8-HpCDD 0.01 1,2,3,4,5,7,8-HpCDF 0.01

1,2,3,4,7,8,9-HpCDF
OCDD 0.001 OCDF 0.001

Table 2.3: Categories of dangerous substances of the 96/82/EC Directive [22]

Category Qualifying quantity
(tonnes)

Lower Upper

1. Very toxic 5 20
2. Toxic 50 200
3. Oxidizing 50 200
4. Explosive 50 200

where the substance, preparation or articles falls under UN /ADR Division
1.4

5. Explosive 10 50
where the substance, preparation or articles falls under an y of: UN/ADR
Divisions 1.1,1.2,1.3,1.5,1.6 or risk phrase R2 or R3

6. Flammable 5 000 5 0000
where the substance or preparation falls under risk phrase R 10

7a. Highly Flammable 50 200
where the substance or preparation falls under risk phrase R 17;
where the substance or preparation have a 
ash point lower th an 55� C and
remain liquid under pressure, where particular processing conditions, such as
high pressure or high temperature, may create major-accide nt hazards

7b. Highly Flammable 5 000 50 000
where the substance or preparation falls under risk phrase R 11 second indent

8. Extremely Flammable 10 50
where the substance or preparation falls under risk phrase R 12 �rst and sec-
ond indents;
where the substance or preparation is 
ammable and highly 
a mmable liquid
maintained at a temperature above its boiling point

9. Dangerous for Environment risk phrases
i) R50: Very toxic to aquatic organisms (including R50/53) 1 00 200
ii) R51/53: Toxic to aquatic organisms; may cause long term a dverse

e�ects in the aquatic environment
200 500

10. Any classi�cation not covered by those given above in combination with
risk phrases:

i) R14: Reacts violently with water (including R14/15) 100 5 00
ii) R29: In contact with water liberates toxic gas 50 200
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formaldehyde, C� 90%). Therefore in addition to quantity information, concentration

information is also required for calculation of lower/upper tier status.

With latest amendments by the 2003/105/EC Directive, more t han one qualifying

quantity limits has been speci�ed for selected substances,which are ammonium nitrate

and potassium nitrate. These substances are generally usedas fertilizers and detailed

classi�cations are given according to percentage by weightcomposition and nature of

the substances as fertilizer. Up to 4 classes exists, each having a di�erent lower and

upper qualifying quantity limits.

Some substances are not listed individually, but in groups (e.g. nickel compounds,

lique�ed extremely 
ammable gases). For these substances,qualifying quantities are

also given for the groups. Therefore, quantities of substances are not directly compared.

Sum of quantities of all substances in a group is used for comparison instead. Minimum

concentration limit may also present, which should be checked for all substances in a

group separately (e.g. carcinogens, C� 5%). The case for polychlorodibenzofurans

and polychlorodibenzodioxins is even more complicated. Inaddition being groups of

substances, each substance in these groups have an equivalence factor according to

its level of toxicity. Physical quantities of the substances should be multiplied with

equivalence factors during summation and resulting overall quantity should be used for

comparison to the given qualifying quantity limits.

For substances, which are not speci�cally named, but still having dangerous char-

acteristics which may result in adverse consequences in case of accidents, qualifying

quantities are given according to hazard categories given in Table 2.3. In order to

determine hazard categories of substances, the Directive refers to 67/548/EEC Direc-

tive on approximation of the laws, regulations and administrative provisions relating

to the classi�cation, packaging and labeling of dangerous substances [23]. 67/548/EEC

Directive lists harmonised classi�cation and labelling information for approximately 3

300 substances, an example of which is given in Table 2.4. Therefore, total number

of substances covered by the 96/82/EC Directive is not several, but about 3 500. In

case of substances with properties giving rise to more than one classi�cation, which

is generally the case, a natural question arises on which classi�cation should be used

for determination of the qualifying quantity limits. The an swer is given in the Di-

rective as the classi�cation category having lowest qualifying quantities. Therefore all

classi�cations of a substance should be examined for deciding which category to choose.
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Table 2.4: Example hazard classi�cation from the 67/548/EC Directive

Cyclopentyl chloroformate

R10 Flammable
T: R23 Toxic by inhalation
Xi: R41 Risk of serious damage to eyes
R43 May cause sensitization by skin contact
Xn: R22-48/22 Harmful if swallowed

Danger of serious damage to health by prolonged explosure

In case of diluted solutions or preparations of substances,concentration speci�c

hazard classi�cations given in the 67/548/EEC Directive should be used. However,

concentration limits are available only for about 500 substances (~15%) that are listed

in the 67/548/EEC Directive. For the remaining substances, corresponding hazard

classi�cations should be calculated according to the provisions of the 1999/45/EC Di-

rective concerning the approximation of laws, regulationsand administrative provisions

of the Member States relating to the classi�cation, packaging and labelling of dangerous

preparations [24]. The 1999/45/EC Directive contains tables of hazard classi�cations

and speci�c concentration limits, which determine the classi�cation of the preparation

in relation to the individual classi�cation of the substanc e and its concentration. An

example table is given in Table 2.5.

Table 2.5: Example hazard classi�cation table from the 1999/45/EC Directive

Classi�cation of the Classi�cation of the preparation

substance T+ T Xn

T+ with R26, R27, R28 C � 7%w 1%w � C < 7%w 0:1%w � C < 1%w
T with R23, R24, R25 C � 25%w 3%w � C < 25%w
Xn with R20, R21, R22 C � 25%w

Hence, starting from the hazard classi�cation of the pure substance and by using

the concentration value, hazard classi�cation of the preparation or diluted substance

can be found by refering to the hazard classi�cation tables of the 1999/45/EC. If

the substance has multiple hazard classi�cations, each hazard classi�cation should be

separately assessed and gathered at the end to obtain the �nal classi�cation. The

16



1999/45/EC Directive has two sets of tables, one for gaseoussubstances which is based

on percentage by volume concentrations and another for non-gaseous substances which

is based on percentage by weight concentrations. Appropriate table should be used

according to the phase of the substance. Therefore, phase information is also required

for selected substances for the designation of the 96/82/ECstatus.

If no individual substance or preparation is present in a quantity above or equal to

the relevant qualifying quantities, the establishment is not simply regarded as out of

scope. Instead, overall hazards associated with toxicity,
ammability and eco-toxicity

are evaluated for all substances and preparations by using the summation rule de�ned

by the Directive. The following equations are used for the summarion rule:

q1

QL 1
+

q2

QL 2
+

q3

QL 3
+ � � � +

qn

QLn
� 1 (2.1)

q1

QU1
+

q2

QU2
+

q3

QU3
+ � � � +

qn

QUn
� 1 (2.2)

where:

qx = the quantity of dangerous substance

QLx = the relevant lower qualifying quantity for substance or category

QUx = the relevant upper qualifying quantity for substance or category

If a substance has more than one overall hazard (e.g. toxicity and 
ammability), it

is added to all corresponding summation rule incides. Aftersummation of all substances

in the same overall hazard, if any of the lower or upper indices is found to be greater

than one, then the facility is designated to be covered by theDirective.

In addition to these rules related to hazard classi�cation of substances, the Directive

also has special provisions for:

� Explosive substances, preparations and articles covered by the European Agree-

ment concerning the International Carriage of Dangerous Goods by Road (UN/ADR),

� Substances and preparations, which are not classi�ed as dangerous by the 67/548/EEC

and 1999/45/EC Directives, but still possess or likely to possess major-accident

potential (e.g. waste),

� Dangerous substances which are present in very small quantities and cannot act

as an initiator of a major-accident.
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As described so far, the 96/82/EC Directive is closely linked to other EU di-

rectives and international agreements. In addition to amendments to the Directive,

which directly a�ect list of chemicals of concern and methodology of status calcula-

tions, amendments and adaptation to technical progress (ATP) of related directives

and agreements also in
uence application of the Directive signi�cantly. They can be

even more signi�cant then the own amendments of the Directive. For example, Annex

I of the 67/548/EEC Directive, has been updated 9 times sincethe publication of the

96/82/EC Directive as listed in Table 2.6.

Table 2.6: ATPs of the 67/548/EEC Directive amending Annex I

OJ Date OJ No Directive Description Number of classi�cations1

30.09.1996 L248 96/54/EC 22nd ATP 304
13.12.1997 L343 97/69/EC 23rd ATP 2
16.11.1998 L305 98/73/EC 24th ATP 106
30.12.1998 L355 98/98/EC 25th ATP 387
08.06.2000 L136 2000/32/EC 26th ATP 135
21.08.2001 L225 2001/59/EC 28th ATP 472
30.04.2004 L152 2004/73/EC 29th ATP 886

1 Source: ECB CLASSLAB [25]

Each time, new substances have been added to the list or existing classi�cations

or concentration limits have been modi�ed. If number of classi�cations originating

from the latest ATPs given in Table 2.6 are examined, it is seen although 96/82/EC

Directive did not changed in time, hundredths of chemical substances added to the list

of chemicals of concern to the Directive. Therefore, not only the Directive it self, but

all related Directives should be taken into consideration during the application of the

Directive, especially at the administration level.

2.2 Turkish Legislative Framework

In Turkey, the �rst comprehensive legislative approach to disaster management dates

back to the Disaster Law, which was published in 1959 [26]. Although updated in time,

especially as regards the economic burdens of disaster damages and the compensation
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thereof, the skeleton of the legislation remained the same.Although it is prepared to

cover all kinds of natural disasters, the primary focus is, on earthquakes. Two major

weaknesses of the legislation are lack of measures for industrial and technological haz-

ards and lack of consideration of environmental aspects of disasters, e.g. environmental

damage and pollution. No precautions or arrangements are described in the legislation

to deal with environmental problems that may occur as a result of the disasters.

Currently, there is no comprehensive Turkish legislation on the control of major

industrial accidents. A recent MEDA funded project conducted by Carl Bro Global

Environment Consortium, which aimed to analyze environmental legislation of Turkey

for the compliance with the EU legislation, concludes that no Turkish legislation trans-

poses any of the requirements of the 96/82/EC Directive [14]. However, there are a

number of environmental regulations which are tightly related to the control of major

industrial accidents. These regulations can be listed as follows:

� Regulation on Environmental Inspection

� Regulation on Non-hygienic Establishments

� Regulation on Environmental Impact Assessment

� Regulation on Hazardous Chemicals

2.2.1 Regulation on Environmental Inspection

Regulation on Environmental Inspection (RoEI), which was published in 2002, speci-

�es the principles and the methods for inspection of industrial establishments for the

compliance to the environmental rules and regulations [27]. According to RoEI, es-

tablishments that are covered by selected environmental regulations (Regulations on

Environmental Impact Assessment, Control of Air Quality, C ontrol of Water Pollution,

Control of Medical Wastes, Control of Solid Wastes, Controlof Hazardous Wastes, and

Hazardous Chemicals) should �ll-in a set of information forms and send them to the

MoEF for reporting purposes. The forms include detailed information on the envi-

ronmental protection measures adapted, air and water emissions, hazardous chemical

inventories, solid and hazardous waste management practices, and treatment plants.

The MoEF evaluates these forms and prepares yearly on-site inspection programs to

validate reported information and to investigate environmental compliance of the es-
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tablishments to the regulations. The establishments also have to carry out regular

internal inspections.

Although none of the rules and regulations referred in RoEI aims to control in-

dustrial accidents, RoEI, in fact, includes a detailed section on accidents. In general

information part, the number of accidents occurred in the facility within the last 5

years and also existence of accident reports are asked. Presence of an emergency re-

sponse plan for the facility is also questioned. More detailed information is requested

in the Annex 1B of the Regulation, which is entitled \Industr ial Accidents Noti�ca-

tion/Reporting Form". Main sections of the form that should be completed for each

accident separately are as follows:

� Date, type and extent of the accident,

� State of the installation and the environment,

� Hazardous chemicals involved in the accident,

� Factors causing and in
uencing the accident,

� Emergency response activities,

� Consequences (fatalities, injuries, damage to property and environment, material

loses, interruption to public services),

� Experience gained from the accident (technical and management aspects).

RoEI also aims to collect information on hazardous chemicals found at the estab-

lishments in the context of Regulation on Hazardous Chemicals. Annex 1A of the

regulation includes noti�cation forms for produced, consumed, re�lled, and stored sub-

stances and preparations. Information on by-products originating from the principal

production is also requested. Although the noti�cation forms are di�erent for each

category, name of the substance, CAS number, concentration, quantity, physical form,

and storage conditions are the �elds which are common.

If had been properly implemented, RoEI could provide valuable information not

only on the past industrial accidents, but also for the classi�cation of industrial estab-

lishments, for example as lower and upper tier installations according to the 96/82/EC

Directive. However, amendments to the original regulationhave hindered e�ective data

collection by limiting information forms, which should be submitted to the MoEF, to
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general information form only. Although forms are still prepared by the establish-

ments, they are stored in-situ to be presented on request during inspections. In the

original version of the Regulation, submission of all information forms to the MoEF

was mandatory.

2.2.2 Regulation on Non-hygienic Establishments

In Turkey, Articles 268-275 of the Law on Public Hygiene are related to control of estab-

lishments causing health and environmental problems (non-hygienic establishments).

According to the Law, such establishments are classi�ed into three classes:

� Class 1 installations should be located de�nitely far away from the settlements,

� Class 2 installations should be located at a speci�ed distance awayfrom the

settlements,

� Class 3 installations can be located close to the settlements, but they will be

inspected regularly by the competent authorities.

The Ministry of Health (MoH) is the national competent autho rity for the application

of the Law.

In order to determine the criteria for the above mentioned classi�cation, the MoH

published the Regulation on Non-hygienic Establishments (RoNHE) in 1995 [28]. An-

nex 5 of the Regulation includes lists of industrial activities for each non-hygienic class

respectively. For Class 1 and 2 establishments, an inspection committee formed by the

representatives of relevant authorities and organizations designates the minimum dis-

tance that should be leaved as non-settled around the establishment (health protection

zones). The committee takes the possible adverse e�ects of the establishment on the

environment and human health into consideration while determining the width of the

health protection zones. Hence, this regulation directs land-use practices around the

industrial establishments. Since establishments dealingwith dangerous substances are

listed as Class 1 and 2 installations, it can be deduced that RoNHE also determines

land-use practices around the establishments which shouldbe covered by the 96/82/EC

Directive. Land-use planning is an important component of the 96/82/EC Directive,

thus RoNHE is important for the control of industrial accide nts.
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2.2.3 Regulation on Environmental Impact Assessment

Preparation of an Environmental Impact Assessment (EIA) report before the estab-

lishment of an industrial facility is required by the Law to p revent possible adverse

impacts on human health and environment during the construction, operation, and

post-operation phases. Regulation on Environmental Impact Assessment (RoEIA) lists

the industries for which an EIA report is mandatory and for wh ich a preliminary re-

porting study is required for the competent authority to decide on if an EIA report is

required or not. The regulation also determines the format of the EIA report.

Preparation of an EIA report is obligatory for the industrie s that are listed in

Annex 1 of the regulation, whereas for those listed in Annex 2, a preliminary report

should be prepared. According to the format given in the regulation, this preliminary

report should include information on possible accident risks. Hence, a risk assessment

study on industrial accidents should be done for each new establishment that is listed

in Annex 2 of the regulation. Moreover, if the EIA report prepared for an industrial

establishment contains suggestions for the dimensions of health protection zones, then

these dimensions are used for the application of the RoNHE without further consulta-

tion to the inspection committee. Therefore, although not as much as RoNHE, RoEIA

also has some e�ect in land-use planning regarding control of industrial accidents. Risk

assessment part of the EIA and Preliminary EIA can also be used as a reference for

emergency response plans.

2.2.4 Regulation on Hazardous Chemicals

Regulation on Hazardous Chemicals (RoHC) published by the MoEF in 1993 and last

amended in 2001, is an adoption of the 67/548/EEC Directive of the EU in Turkey. Sim-

ilar to 67/548/EEC Directive, the RoHC contains provisions for classi�cation, labeling,

and packaging of dangerous substances, and lists hazard classi�cations for dangerous

substances. Number of substances listed by the Regulation is about 900. Compared to

3 500 substances in the current ATP of the 67/548/EEC Directive, this number is sig-

ni�cantly low but not unexpected becase the list have not been updated since the �rst

publication of the Regulation. Many ATPs were published for the 67/548/EEC Direc-

tive meanwhile. Although it is not up-to-date, the RoHC is st ill important because it

forms the basis for hazard classi�cation of dangerous substances in Turkey.
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2.2.5 Recent Studies on Control of Industrial Accidents

In 1996, MoEF published a circular on emergency planning formajor industrial acci-

dents [29]. Inspired by the 82/501/EEC Directive and UNEP AP ELL (Awareness and

Preparedness for Emergencies at Local Level) Programme, this circular aims at prepa-

ration of local emergency plans. Besides how local emergency response plans should be

prepared, this draft also speci�es which industrial facilities should be evaluated accord-

ing to the plan and the tasks of so called \Emergency Committee". Since the circular

is not as legally binding as regulations and do not have the force of sanction, it could

not be e�ectively put into practice. However, it is referred in the RoEI and in the

reports of Emergency Center project prepared in 2001 by the MoEF to build an emer-

gency response center for the control and management of environmental emergencies.

It should be noted that the center could not be realized so far.

A draft regulation entitled \Regulation on Prevention of Ma jor Industrial Acci-

dents" was prepared by a commission including the representatives of the MoH and

Ministry of Labor and Social Security (MoLSS) in 1999 [30]. This draft legisla-

tion, which is based on 74th clause of Labor Law, was in fact anadaptation of the

82/501/EEC Directive of the EU to local conditions. MoLSS was speci�ed as the ad-

ministrative authority. The draft suggests that emergency response plans for accidents

be prepared by the industrial facilities, but it does not mention about external emer-

gency plans that should be applied by the local authorities if the e�ects of the accident

goes beyond the boundaries of the facility. The draft legislation could not be put into

practice since the required approval could not be taken fromthe Committee of the

Ministries.

\Environmental Emergency Response Plan for Marmara Region" is another project,

which is related to industrial accidents [31]. The project is mainly developed for the

management of industrial accidents that are triggered by the natural disasters. How-

ever, together with a comprehensive local emergency response plan, it also includes

principles for facility-wide emergency plans based on the 96/82/EC Directive and U.S.

National Response Team's Integrated Contingency Plan. Prepared regional plan is

compatible with the current national legislation related t o emergency response of nat-

ural disasters and instead of building a new emergency response structure, it proposes

modi�cations to the current structure for covering industr ial accidents. The project
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is distinguished from the other studies by the inclusion of environmental aspects to

the management cycle and development of a regional information system. The infor-

mation system, which is based on desktop GIS, features a user-friendly interface to

store information on industrial facilities and natural dis asters [32]. The system al-

lows facility-wide emergency response plans, hazardous substances in inventories, and

meteorological data to be stored together with general information on the establish-

ments. By using capabilities of the GIS, natural disasters risk maps, such as earthquake

risk zones, 
ood regions, forest �re regions; settlements;transportation network; and

environmental resources, such as rivers, lakes, groundwater aquifers, and monitoring

stations are provided as interactive maps, which can be easily accessed from establish-

ment information forms (Figure 2.1). Although both the regi onal emergency plan and

the information system were useful for control of industrial accidents, the results of the

project were not put into practice by the MoEF.

By far, the most comprehensive study on approximation of theEU legislation on

control of major industrial accidents to the Turkish legislation is the \Approxima-

tion of Seveso-II Directive in Turkey" project, which is supported by EU LIFE Pro-

gramme [15]. The aims of the project were development of the strategy for implemen-

tation of 96/82/EC Directive in Turkey, preparation of corr esponding implementation

plan, preparation of a draft regulation and communiqu�es thereof, and establishment of

an information system to support the application of the proposed regulation. At the

end of the project, which was completed in the beginning of 2006, Directive Speci�c

Implementation Plan for the 96/82/EC Directive, draft By-L aw on Control of Major

Industrial Accident Hazards, Communiqu�e on Safety Report and Emergency Plans,

Communiqu�e on Public Information, and Communiqu�e on Insp ection have been pre-

pared, which are concordant with the 96/82/EC Directive and take local conditions of

Turkey into consideration. A web-based information systemalso has been developed,

which can be used to collected data from industrial establishments on dangerous sub-

stances listed in the 96/82/EC Directive. A simple establishment classi�cation tool is

also provided. During the project period, about 500 establishments have made prelimi-

nary reporting on chemicals in inventories by using the information system [33]. Since,

extent of chemical information that can be collected by the information system was

limited to the 96/82/EC Annex 1 Part 1 substances and Part 2 categories by design,

status calculations could not be performed as required. Butdata collection was suc-
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Figure 2.1: Structure of information system developed for the Marmara Region [32]
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cessful and promising for real-life applications. Although considerable time has passed

since the completion of the project, neither the draft regulation and its communiqu�es,

not the information system could have been put into practiceby the MoEF. Detailed

information on the outcomes of the project and the information system can be found

on the project webpage [34].

2.3 Discussion

Review of current environmental legislation shows that legislative measures for control

of major industrial accidents are lacking in Turkey. Althou gh there are a few regula-

tions, which are partially related to the topic and include some provisions for land-use

planning and reporting, many aspects such as establishmentof safety management

systems and information to the public are not covered by any of the regulations.

Although several studies had been performed in the past, covering wide range of

topics such as approximation of EU Directives on control of major industrial accidents,

preparation and implementation of local emergency plans for industrial accidents, de-

velopment of regional emergency response plans considering industrial accident origi-

nated from natural hazards (natechs), outcomes of the studies could not be put into

practice. Especially, the most recent approximation project is a comprehensive study

and prepared draft regulation and communiqu�es thereof canbe a solution to the lack

of national legislation on control of industrial accidents for Turkey. However, capabil-

ities of the competent authority (MoEF) seems to be limited, which results in a slow

progress towards the goal.

Despite these problems, candidacy of Turkey to the EU is still a strong driving force

behind the environmental studies. Hence, it is evident thatsooner or later a regulation

similar to the 96/82/EC Directive will come into force. As de scribe in detail in the

96/82/EC Directive part, provisions of the Directive is not simple even for the deter-

mination of industrial facilities that will be within the sc ope of the Directive. Taking

the capabilities of the MoEF into consideration and considering past experience with

related studies, it is clear that there is a serious need for analytical tools (databases,

information systems and calculation tools), which will support the application of the

Directive. If such tools can be ready before the awaited Regulation put into force,

administration and application of the Regulation could be signi�cantly facilitated.
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CHAPTER 3

INTERNATIONAL DATABASES

In this chapter, international databases were reviewed in terms of the records which

are available on industrial accidents that had taken place in Turkey. The primary aims

of the review are to determine the extent of available data and to assess their quality

and completeness. For this purpose, the following databases have been reviewed:

� EU Major Accident Reporting System (MARS),

� EM-DAT Emergency Disasters Database, and

� UNEP APELL Technological Disaster Database.

Selection of these databases for review is due to their widespread use in the litera-

ture. EM-DAT and UNEP APELL databases have been utilizing many other national

and international data sources for data collection purposes, hence they have a broad

coverage as well.

3.1 EU Major Accident Reporting System

MARS is an information system which was established to handle the information on ma-

jor industrial accidents submitted by the Member States to the European Commission

in accordance with the provisions of the Seveso Directives,which are the directives of

82/501/EEC and 96/82/EC [35]. The system is being administrated by the Major Ac-

cident Hazards Bureau (MAHB), which is a�liated with the EU J oint Research Center

and located in Ispra, Italy. In addition to the EU member stat es, the database is also

used by OECD countries within the scope of the Chemical Accidents Programme and
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by the signatory countries of the UN/ECE Convention on the Tr ansboundary E�ects of

Industrial Accidents (TEIA), in order to report the industr ial accidents in the MARS

standard format and to exchange information on this basis. The system includes both

accident pro�les, which are short reports intended for use for immediate noti�cation of

an accident, and full reports, which are comprehensive reports prepared when the acci-

dent has been investigated and contain detailed information on the causes, occurrence

and consequences [36]. Accident reports are �rst submittedto a local database by the

competent authorities of each country, then they are transferred to the central system.

The noti�cation criteria de�ning which accidents are to be s ubmitted to the system are

listed in the 96/82/EC Directive [11]. Short accident pro�l es can be accessed publicly

thorugh the Internet, whereas detailed reports are open to authorized users only.

Currently, MARS holds data on more than 450 major accident events. However,

no records exist for Turkey [37]. Among the reasons for this,delay in adopting the

96/82/EC Directive to the national legislation as a candidate to the EU and being not

a signatorty of TEIA can be listed for Turkey.

3.2 EM-DAT Emergency Disasters Database

Since 1988, Center for Research on the Epidemiology of Disasters (CRED) in the

Catholique de Louvain University, Belgium, has been maintaining an Emergency Events

Database (EM-DAT) [38]. EM-DAT, which is one of the most extensive information

sources on technological disasters, was created with the initial support of the WHO

and the Belgian Government and also has been supported by theO�ce of U.S. Foreign

Disaster Assistance (OFDA). The main objective of the database is to serve the pur-

poses of humanitarian action at national and international levels. EM-DAT contains

essential core data on the occurrence and e�ects of over 16 250 mass disasters in the

world from 1900 to present, and is being updated regularly.

In the database there are many types of disasters and a broad geographical scope.

The accessible information is being classi�ed by: country;date; disasters type; number

of died, injured, homeless, a�ected (in need of emergeny aid, evacuation, etc.) persons

and the amount of damage in USD. EM-DAT database classi�es disasters into natural

and technological disasters. Technological disasters arefurther divided into three sub-

classes: accidents of industrial origin or involving industrial installations (industrial
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accidents), accidents involving mechanized modes of transport (transport accidents),

and technological accidents of a non-industrial or transport nature (miscellaneous ac-

cidents).

For a disaster to be entered into the database at least one of the following four

criteria has to be ful�lled [39]:

� � 10 people reported killed,

� � 100 people reported a�ected,

� Call for international assistance,

� Declaration of a state of emergency.

Based on these criteria, summary of available data in the EM-DAT database on

the technological disasters that had taken place in Turkey for the period of 1922{2006

is given in Table 3.1.

Table 3.1: Technological disasters listed in EM-DAT for Turkey (1922-2006) [40]

Industrial Transportation Miscellaneous

Number of Events 17 76 12
Fatalities 809 2 043 2 458
Injured 296 1 533 1 196
Homeless 3 0 0
A�ected 175 11 0
Total A�ected 474 1 544 1 196
Damage (� 1000 USD) 0 0 278 000

Among the technological disasters listed in Table 3.1, industrial accidents have been

taken into consideration and examined in detail in this study. Complete listing of the 17

industrial accidents mentioned in the EM-DAT is given in Tab le 3.2. Table 3.2 include

all information available in the EM-DAT database on the accidents. Since available

information is limited and does not give insight to some accidents, detailed informa-

tion is also collected from articles published in national newspapers and presented as

explanatory notes in the table for each accident.
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Table 3.2: Industrial accidents listed in EM-DAT for Turkey [41] 1

Date Location Installation Type of Accident Damage

10.15.1979 Istanbul - Oil Spill, Fire 50 fatalities, 3 homeless
Romanian oil tanker Independenta and Greek cargo ship Evryali crashed in Bosporus near
Haydarpa�sa Pier. 51 sailors were killed and about 95 000 tons of crude oil spilled to the
sea. Resulting �re lasted almost one month.

10.24.1980 Ankara{Danac�obas� - Explosion 97 fatalities
A gas cylinder exploded during an engagement ceremony in a house at Danac�obas� village,
Keskin{Ankara. 97 people, with the majority of women and children, were killed in the
�re after the explosion.

03.07.1983 Armut�cuk Mine Explosion 98 fatalities, 86 injuries
Firedamp explosion in Armut�cuk Mine at Kandilli, Zongulda k. 102 workers killed, 86
injured.

03.03.1989 _Istanbul Paint Factory Explosion 11 fatalities, 34 injurie s
3 buildings were collapsed after the explosion and �re in a paint factory at 4. Levent in
Istanbul. 14 people were killed and 44 were injured.

02.07.1990 Amasya{Merzifon Coal Mine Explosion 68 fatalities
Firedamp explosion in Yeni�celtek Mine at Merzifon, Amasya. 68 workers were killed. It
took months to reach 58 of the bodies, which lie 340 meters deep underground.

10.20.1990 - - Food Poisoning 23 fatalities
25 people died after eating poisonous mushrooms within two weeks in Istanbul.

03.03.1992 Zonguldak Coal Mine Explosion 272 fatalities
Firedamp explosion in _Incirharman� Mine at Kozlu, Zonguldak. 263 workers were killed,
52 were injured. 147 of the casualties located underground could not be reached because
of the �re after the explosion.

08.08.1992 Tekirda�g{C� orlu Textile Factory Explosion 32 fatalities, 27 injuries
32 were killed and 84 were injured in the explosion at Konyal�lar textile factory in C�orlu.
Explosion was to due methane accumulated in the water storage tank located under the
factory and caused by a cigarette �re.

09.15.1993 Gaziantep Cleaning Factory Explosion 10 fatalities
Methane explosion at Hekimba�s� dumping site in •Umraniye, _Istanbul. Tons of garbage
crumbled over 11 houses. 39 people were killed under the debris.

04.28.1993 Istanbul - Explosion 40 fatalities, 3 injuries
Paint thinner boxes exploded in the �re at a carpet washing factory at S�ehrek•ust•u,
Gaziantep. The explosion resulted in partial collapse of the carpet washing factory and
the neighboring lentil factory. 10 were killed and 25 were injured.

10.18.1994 - - Food Poisoning 18 fatalities, 175 a�ected
29 people were poisoned, 2 died after eating poisonous mushrooms at Beykoz, Sultanbeyli
and •Umraniye in _Istanbul.

03.26.1994 Sorgun Coal Mine Explosion 37 fatalities, 11 injuries
Firedamp explosion in a mine at Sorgun, Yozgat. 40 were killed and 9 were injured.

07.09.1998 Istanbul Egyptian Bazaar Explosion 7 fatalities, 118 injuries
Gas cylinder exploded in Egyptian Bazaar, Istanbul. 10 people died, including 2 children
and 1 tourist. 7 tourists and 120 people were injured.

12.29.1999 Istanbul Marmara Sea Chemical Spill
Russian oil tanker Volganeft-248 teared apart because of heavy storm near Bak�rk•oy. The
front part was drifted to Menek�se coast. Almost 1 200 tons of fuel-oil spilled to the
Marmara Sea.

11.22.2003 Ermenek Mine Explosion 10 fatalities
Firedamp explosion in a private coal mine at Ermenek, Karaman. 10 of the 13 workers
who were buried under dent were killed.

08.09.2004 K•ure Copper Mine Fire 19 fatalities, 17 injuries
Fire started during a welding operation in the Eti Copper Min e at K•ure, Kastamonu. 19
workers were killed and 19 were injured.

01.06.2006 Odak•oy{Bal�kesir Coal Mine Explosion 17 fatalities
Firedamp explosion in a mine at Odak•oy Village of Dursunbey, Bal�kesir. 18 workers were
killed, 7 were injured.

1 Descriptions of the accidents were collected from newspaper articles.
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3.3 UNEP APELL Technological Disasters Database

Awareness and Preparedness for Emergencies at a Local Level(APELL) is a programme

developed by the United Nations Environment Programme (UNEP) in conjunction with

governments and industry, which aims minimizing the occurrence and harmful e�ects

of technological accidents and environmental emergencies[10]. Within the scope of the

programme, a database of technological disasters involving dangerous chemicals has

been prepared [42]. The origin of the database is a list compiled by the OECD, which

includes technological disasters for the years 1970-1989 [43]. By utilizing several data

sources, UNEP has corrected the mistakes in the initial listand extended it to cover

the years 1990{1998. Latest version of the list includes information for 316 accidents

that had taken place world-wide.

All types of technological accidents, except oil spills from ships, mining accidents,

voluntary destruction of ships or airplanes and accidents caused by defective products,

were included to the list. Inclusion criteria are as follows[42]:

� � 25 death,

� � 125 injured,

� � 10000 evacuated,

� � 10000 deprived of water.

Similar to the EM-DAT database, the APELL database also includes very brief

data on accidents. But information on type of the accident (e.g. BLEVE, �reball,

runaway reaction), type of the industry (e.g. general chemical manufacture, �reworks)

and name of the chemical substance involved to the accident are also available.

There are only 5 technological disasters in the APELL database, which are listed

for Turkey. Available information on the accidents is given in Table 3.3. Similar to

Table 3.2, explanatory notes that are based on articles published in national newspapers

are also given in Table 3.3.

3.4 Results of Data Analysis

It has been noticed that there are discrepancies in terms of numbers of a�ected people

between the national data sources (newspaper articles) andinternational databases.
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Table 3.3: Technological disasters listed in APELL database for Turkey [44] 1

Date Location Substance Type of Accident Damage

11.15.1979 Istanbul Crude oil Explosion 52 fatalities,
(marine transport) 2 injuries

Independenta-Evryali collusion. See Table 3.2.

05.07.1983 Istanbul - Explosion 42 fatalities,
(use/application) 50 injuries

Fire in Hotel Washington at Laleli, Istanbul. Mostly touris t 37 were killed and 65
were injured.

11.24.1980 Ankara Butane Use/application 107 fatalities
Gas cylinder explosion during an engagement ceremony. See Table 3.2.

08.08.1992 C� orlu Methane Explosion 32 fatalities,
64 injuries

Explosion at Konyal�lar textile factory. See Table 3.2.

07.03.1997 K�r�kkale Ammunitions Explosion 1 fatalities,
�reworks (Ammunitions) 1 injuries,

< 200000 evacuated
Explosion in the ammunition repository of Mechanical and Ch emical Industry Corp.
at K�r�kkale. 2 were killed, many were injured. Most of the ci ty was evacuated.

1 Descriptions of the accidents were collected from newspaper articles.

But the di�erences are not critical in range. The reasons of the di�erences may be

subsequent fatalities or the variety of the reference information sources. It is speci�cally

mentioned in the databases that there may be some uncertainties in the available

information. Similarly, newspaper articles based local information may have a level of

dubiety as well. Therefore, these discrepancies are acceptable.

When the industrial accidents listed in the EM-DAT database are examined, it is

seen that most of them are actually not within the scope of thede�nition of industrial

accidents (Table 3.2). The accidents which had taken place at November 15th, 1979

and December 29th, 1999 are Romanian oil tanker Independenta and Russian oil tanker

Volganeft-248 accidents, respectively. They are marine accidents in the course of oil

transportation. Although both of them are considered as serious marine accidents, they

should be listed as transportation accidents instead of industrial accidents. Similarly,

the accidents dated November 24th, 1980 at Danac�obas� Village of Ankara and July

9th, 1988 at Egyptian Bazaar in Istanbul are gas cylinder explosions, both of which had

occurred within settlements. Hence, they may not be considered as industry related.

The methane explosion at Hekimba�s� dumping site in •Umraniye, Istanbul on April

28th, 1993, after which tons of garbage mass crumbled over the houses located nearby,
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may not be de�ned as an industrial accident as well. Incidents that had happened on

November 20th, 1990 and October 18th, 1994 are also not industrial accidents, but

food poisonings.

As a conclusion, it can be stated that, a signi�cant amount of the 17 accidents which

are listed in EM-DAT database as industrial accidents, are actually not industrial in

origin. Only 10 accidents of the list are related with an industrial activity. Most of

these 10 accidents are �redamp explosions at mines. The number of the accidents that

happened at the industrial installations are only three Figure 3.1.

Figure 3.1: Actual distribution of accidents reported as industrial accidents in EM-DAT

As it can be seen in Table 3.1, material losses due to industrial accidents is reported

as none, which is not realistic even for three incidents. This indicates lack of informa-

tion. Although accidents in transportation and miscellaneous categories has not been

examined in detail, summarized values reveal that similar problems are also present

in these categories. Cost of transportation accidents, number of a�ected and homeless

people, all of which were stated as none, are indicators of the problems.

When compared to the EM-DAT database, the APELL database hashigher thresh-

old values for the number of fatalities and injured. The criteria of being e�ected by

the inevitable evacuation and being deprived of water are listed as separate criteria in

APELL. Whereas, in EM-DAT those criteria are covered by the category \a�ected",

which has a lower threshold value. Higher threshold values are re
ected to the number
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of accidents and only a limited number (�ve) of accidents arelisted in APELL. Exam-

ining those accidents shows that three of them are the same with the accidents, which

are listed in EM-DAT, and one of the other two (�re at Washingt on Hotel) is in the

category of \miscellaneous" within the technological accidents. The ammunition explo-

sion at Mechanical and Chemical Industry Corporation is included only in the APELL

list. Only two of the �ve accidents may be classi�ed as industrial accidents, whereas

others are incidents that happened in urban settlements andduring transportation.

The erroneous information on these on-line databases eventually is re
ected to the

studies in which they are referred. The \Europe's environment: the third assessment"

report, which was released in 2003 by the European Environment Agency (EEA), may

be given as an example. In addition to the EU member states, the report also covers

all continental European countries and Turkey. In the chapter, entitled \Technological

and natural disasters" of the report, the APELL database wasused as one of the main

sources [45]. In consequence of this, the �res at the Washington Hotel in Istanbul and

Danac�obas� village in Ankara have been listed as industrial accidents in the report.

Similar records are listed in a report, which EEA released in2003, covering the 1998-

2002 �ve year period and entitled, \Mapping the impacts of recent natural disasters and

technological accidents in Europe". The report referred tothe EM-DAT and MARS

as data sources [46]. As it has been mentioned before, the MARS database currently

does not cover any information on Turkey, and on the other hand the information on

Turkey in the EM-DAT database does not re
ect the actual situ ation for the stated

period. Eventually, it is seen that there is no relevant information on Turkey in the

report. However, the big �re at the T •UPRAS� oil re�nery in _Izmit on August 17th, 1999

should be de�ned as a large scale industrial accident, especially when the size of the

a�ected people, the state of emergency declaration and the scope of the international

aid call are considered.

This study aims neither to list all the major industrial acci dents that had taken

place in Turkey nor to de�ne which accidents should be listed in the EM-DAT and

APELL databases. However the present situation already exhibits the insu�ciency of

the international databases without additional proof, since existence of incomplete and

misclassi�ed information is obvious.
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3.5 Discussion

Evaluation of data availability in selected international databases on industrial acci-

dents that had happened in Turkey shows that available data is erroneous and incom-

plete. Hence, these databases do not re
ect the actual situation well.

The insu�ciency of the international sources should not be considered as the result

of the de�ciency and mistakes in the listing processes only. The inventory studies,

which cover long time periods and broad geographical scopes, work with various types

of sources which have di�erent structures and characteristics. The inventories should

endeavor to consolidate all these various kinds of information with certain limits and

certain criteria. Data collection e�orts, with no doubt, wo uld end up with a certain

amount of uncertainty and de�ciency, which are reasonably acceptable in every sense.

Many studies state this situation clearly at the beginning and warns that available

data should be used with care. However, the information gap caused by the lack of

the information sources, should be assessed separately apart from these de�ciencies.

Without available information sources, inventories and databases may not be complete.

The only way to eliminate the data gap is to develop new and enriched information

sources. It is assumed that the insu�ciency of the internati onal databases stemmed

from the information gaps, and this should be considered as astrong hypothesis.

When Turkey is concerned, there are no easily accessible, systematically collected

and updated inventories or databases which contain information on causes, formation

mechanisms and consequences of industrial accidents. If present, such a database would

constitute a fundamental information source for industrial accident related studies,

and would enable sharing and transfer of experience gained from past accidents. In

addition to national uses, the database can also be used to update related international

databases and listings. Especially in accordance with the EU membership and the

96/82/EC Seveso directive, Turkey's engagement of regulardeclaration and reporting

of the industrial accidents will begin in the near future. It is equally important to be

able to report past accidents besides the ones that will occur in the future for learning

lessons to control of industrial accidents. The database tobe formed would be bene�cial

to this purpose as well.
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CHAPTER 4

DECISION-SUPPORT SYSTEM

\Simply because open content leads

to better knowledge"
Wikipedia

The decision-support system is an integrated, collaborative, open-access and open-

content application with a web based client-server architecture. It is speci�cally de-

veloped to serve multiple aspects of industrial as well as technological accidents. The

server side includes a database component for data storage and retrieval, and a rich

set of tools for numerical calculation, statistical analysis and modeling. The client side

has data entry forms with advanced user interface components, reporting tools, and a

mapping component for spatial data display.

The following objectives were considered during the designand implementation of

the decision-support system:

� User-friendliness: During the development of the system, special emphasis was

given to user-friendliness. Visual elements are used wherever possible, compre-

hensive data entry and update interfaces are made available, and number of data

�elds is minimized to avoid duplicate or redundant data inpu t. Client side data

validation is applied before submission of data to the server to prevent unneces-

sary data transfer.

� Accessibility: It is aimed that the system to be accessible by a wide range of

users, including industrial facility operators, civil servants, and the public. For

this purpose a web based design has been applied that is capable of multiuser
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authentication and authorization. Following open-accessand open-content phi-

losophy all content of the information system is made available to the public and

means of data entry and update are provided for the users to share information

in a collaborative manner.

� Integration: The system provides an integrated framework, which gathersmulti-

ple aspects of industrial accidents under a single roof. Accidents that occurred

in the past and adverse consequences thereof on human healthand environment,

current status of the industrial facilities with respect to major- accident poten-

tial, and risks arising from probable accidents in the future according to accident

scenarios and modelling results can be assessed and analysed by using the system.

� Multilingual support: An important feature of the decision-support system is its

support of multiple languages. Not only the user interface could be displayed

in di�erent languages, but also the database has the capability to support mul-

tiple languages concurrently, i.e. data can be stored in di�erent languages. An

important outcome of multi language support is the ability t o create reports in

di�erent languages without confusion and addition work requirement.

� Decision support: The information system includes several automation, analysis

and decision-support tools in order to help the users in industrial accident related

studies. Selected features of the system can be listed as follows:

{ Automatic labeling and classi�cation of substances according to risk phrases

in compliance with the 67/548/EEC Directive.

{ Automatic labeling and classi�cation of preparations according to concen-

tration limits in compliance with the 1999/45/EC Directive .

{ Calculation of overall hazard indices associated with toxicity, 
ammability,

and eco-toxicity of substances stored in the industrial facilities according to

the Summation Rule of the 96/82/EC Directive.

{ Calculation of major-accident status of industrial facili ties as lower or upper

tier according to the 96/82/EC Directive.

{ Automatic update of the 96/82/EC status of industrial facil ities according

to changes in quantities, hazard classi�cations and qualifying quantity limits

of substances.
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{ Detailed reporting of 96/82/EC status calculations, with s pecial emphasis

on status changes.

{ Support of fuzzy numbers in accident statistics, allowing partial and un-

certain quantitative information on accident consequences to be analysed

statistically.

{ Comprehensive chemical property data analysis framework with the ability

to provide standardized property data for desired reference conditions by

analysing all available chemical property datasets, property equations and

property estimation methods.

{ Integrated o�-site consequence model, capable of modelingand mapping

spill, evaporation and atmospheric dispersion of hazardous substances, for

rapid assessment of industrial accident hazards

4.1 System Components

The information system is composed of four major components, which are called sub-

systems. The subsystems are as follows:

� Accident subsystem

� Document subsystem

� Chemical subsystem

� Facility subsystem

The subsystems are actually self-competent information systems on speci�c topics,

which are closely linked to each other. Each subsystem covers several record types and

includes all data entry interfaces, database queries, analysis methods and reporting

tools regarding those record types. Simpli�ed structure of the information system

showing subsystems and records thereof is given in Figure 4.1.

Accident subsystem stores information on technological accidents and covers tasks

related thereto. Types of technological accidents supported by the information system

are industrial, military, marine transportation, land tra nsportation, pipeline trans-

portation, mining accidents, and urban disasters.
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Figure 4.1: System components
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For all accident types, except marine and urban, location information is stored as

separate records such as mines, pipelines and military �elds, allowing location based

classi�cation and statistics. Special emphasis is given toindustrial accidents. Detailed

information on events of occurrence, consequences on humanhealth, environment and

property, and hazardous substance involved can be stored for industrial accidents.

Details on the accident subsystem are given in Section 4.4.

Document subsystem covers bibliographic references, information sources and mul-

timedia documents. Newspaper articles, yearbook entries,webpages, video recordings,

photographs and bibliographic references such as journal articles, books, technical re-

ports and manuals can be stored in this subsystem. Records can be labelled for rapid

classi�cation or can be grouped under topics. Files can be linked to records to store orig-

inal papers, articles or photographs. Notes can be added to compile personal thoughts.

Document records can be made related to other documents, accidents, accident lo-

cations and chemical records resulting a network of relations revealing conceptional

connections between the records. They may also be used for referencing purposes. De-

tails on the document subsystem, which is the library of the information system, are

given in Section 4.5.

Chemical subsystem stores information on chemicals and explosive substances. It is

one of the most developed subsystems of the information system, supplying information

on hazard classi�cation of chemicals according to the 67/548/EEC and 1999/45/EC

Directives, and qualifying quantities of named substancesand groups of substances

according to the 96/82/EC Directive. Information on explos ive substances listed in

international UN/ADR agreement is also available. Data on chemical properties and

chemical speci�c property equations can be archived in the system and analysed statis-

tically. Material safety data sheets (MSDS) of the hazardous chemicals can be stored

as well. The subsystem features tools for automatic hazard classi�cation based on risk

phrases, chemical property data estimation, and seamless unit conversion. Both acci-

dent and facility subsystems use chemical subsystem for retrieval of chemical speci�c

data. Details on the chemical subsystem are given in Section4.6.

Facility subsystem covers information on industrial installations. Detailed haz-

ardous substance inventories of the facilities can be created and stored in the database.

Comprehensive tools are provided for calculation of the 96/82/EC Directive status of

the facilities. Facility subsystem also includes information on meteorological stations
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and archives weather data from online resources. Weather data is used by the accident

modeling framework developed as part of the study. Details on the facility subsystem

are given in Section 4.7.

4.2 System Architecture

The information system has been developed with a web-based,client-server architec-

ture. It is publicly accessible on the Internet, at http://www.teknolojikkazalar.

info . All data storage and processing are done on the server side,while data input

and display are done on the client side. Server application works on a web server and

supported by a relational database management system (DBMS) and the native �le

system for data storage and retrieval. Client application works on web browsers and

communicates with the server application synchronously and asynchronously through

the Internet. For mapping purposes an external Internet Map Server is used. Simpli�ed

architecture of the information system is given in Figure 4.2.

Figure 4.2: System Architecture
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Server application of the information system works on Apache Web Server and has

been developed using PHP programming language, which is widely used for develop-

ment of web based applications [47]. Advanced features of Apache Web Server are not

used by the information system, therefore it can also work onother web servers cur-

rently available on the market. Client side application (user interface) of the system has

been prepared using XHTML markup language and supported by DOM (Document

Object Model) Level 1 based, interactive scripts in JavaScript programming language.

XHTML codes describing the user interface elements and behaviour are generated dy-

namically by the server application. Similarly, graphical elements, such as line plots,

histograms and icons are either generated by the system or loaded from �les stored

in the native �le system. In order to provide asynchronous data 
ow between client

and server, AJAX technology has been utilized [48]. Client side application is fully

XHTML 1.0 Transitional compliant [49] and works on all major web browsers, inde-

pendent of the operating system and hardware con�guration. Compatibility tests have

been made with Mozilla Firefox, Microsoft Internet Explorer and Opera web browsers

on Microsoft Windows operating system.

The information system uses MySQL Database Management System for data stor-

age and retrieval [50]. Being the most popular Open Source SQL database manage-

ment system worldwide, MySQL has been selected primarily due to ease of use and

widespread support. Among the data storage engines provided by MySQL, InnoDB

storage engine, which supports relational database tableswith transaction-safe (ACID

compliant) queries, has been used that. Owing to relationaldatabase structure with

foreign key constraints, all actions on records have been controlled at the database

level and overall data integrity has been protected. Textual data is stored in univer-

sal Unicode UTF-8 encoding, which supports mathematical operators, Greek symbols

and Turkish characters besides all other major alphabets used worldwide. Collations

implemented in MySQL allow comparisons of characters in character sets to be done

according to the rules of selected collation language, including Turkish. Hence, textual

information can be queried and sorted property.

In order to display geographic information, the information system utilizes Google

Maps, which is a widely used, free online mapping service provided by Google [51].

Owing to Google Maps integration over the Internet, detailed base maps and satellite

images for many city centers and industrial regions of Turkey are made available to
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the users of the system. A custom dynamic map window gadget has been developed,

which allows maps displayed on the user interface to be movedand resized freely for

better navigation. The system also supports data entry in multiple coordinate formats.

Details on mapping sub-component are given in Section 4.3.7.

During the development of the system no automatic code generation or templating

systems has been used and all code has been written manually in 3 years. The system

includes over 55 000 lines of PHP and JavaScript code, excluding external programming

libraries. Programming libraries are mainly used to perform data visualization (e.g.

mapping, chart plotting, video playback) and enhancement of user interface elements

(e.g. sortable tables, richtext editing). None of the programming libraries used for

development are commercial, i.e. all libraries have licenses that are of free of use.

Complete listing of programming libraries utilized in the i nformation system is given

in Table 4.1. In order to follow the progress of development and create code history,

Subversion versioning system has been used [52]. For project management and bug-

tracking purposes, web based Trac software has been utilized, which allow hyperlinking

of information between bug database and revision control [53].

The database of the information system includes 107 data tables, which are or-

ganized in a relational structure. 67 tables store data entered to the system through

data entry forms. Hence, they are dynamic in size and number of records in the tables

are growing within the life time of the information system. Remaining 40 tables con-

tain supplementary data, which do not change frequently, such as provinces, districts,

chemical risk and safety phrases. Data entry forms are not provided for these tables,

but contents thereof can be updated using common database query tools if needed.

Complete listing of database tables with detailed information on data �elds and pri-

mary key-foreign key relations is given in Appendix A. Database model diagram with

table-to-table relations is given in Figure A.1. A more simpli�ed representation of the

table relations is also illustrated in Figure 4.3 by using a schemaball.

4.3 General Features

4.3.1 Multiuser Support

The basic design objective of the information system is to facilitate data sharing on

technological accidents by creating a collaborative, open-content environment. For this
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Table 4.1: Software packages and libraries used for the development

Name Description Version License Author URL

Software packages

PHP Programming language 5.2.0 PHP PHP Group http://php.net
MySQL Database management system 4.1.21 GNU GPL MYSQL AB http://mysql.com
CacTVS Chemoinformatics toolkit 3.352 Academic W.D. Ihlen feldt et al. http://xemistry.com/academic

Programming libraries

Google Maps API Web mapping library 2.71 Google Google http://code.google.com/apis/maps
Clusterer Marker clustering library for Google Maps 2 ACME J ef Poskanzer http://acme.com/javascript
Whatever:hover Hover support for Internet Explorer 1.42 GN U LGPL Peter Nederlof http://xs4all.nl/ ~peterned
FlowPlayer Adobe Flash video player 1.15 GNU GPL Anssi Piira inen http://flowplayer.sourceforge.net
GWindow Docking window library 0.2 GNU LGPL Serkan Girgin http://cografiveri.com/gwindow
JPGraph Graph generation library 1.20.4 QPL 1.0 Aditus Cons ulting http://aditus.nu/jpgraph
JSCalendar DHTML calendar library 1.0 GNU LGPL Mihai Bazon http://dynarch.com/projects/calendar
Nanotree DHTML tree library 1.4 GNU LGPL Martin Mouritzen http://nanotree.sourceforge.net
PHPMailer E-mail Transfer Class for PHP 1.73 GNU LGPL Brent R . Matzelle http://phpmailer.sourceforge.net
PNGFix Transparent PNG support for IE - - Bob Osola http://homepage.ntlworld.com/bobosola
Sorttable Sortable table library 2 X11 Stuart Langridge http://kryogenix.org/code/browser/sorttable
TabContent Tabular content library 29/06/06 Dyn. Drive Dyn amic Drive http://dynamicdrive.com
TextDi� Text-based di�erence engine 1.17 LGPL C. Hagenbuch et al. http://pear.php.net/package/Text_Diff
TinyMCE Richtext editor library 2.0.6.1 LGPL Moxiecode Sys . AB http://tinymce.moxiecode.com

Development environment

PSPad Unicode programmers editor 4.5.4 Jan Fiala Jan Fiala http://pspad.com
Subversion Version control system 1.3 Apache CollabNet http://subversion.tigris.org
Trac Project management tool 0.10.4 Mod. BSD Edgewall Softw are http://trac.edgewall.org
FireFox Web browser 2.0.0.12 MPL 1.1 Mozilla Foundation http://firefox.com
FireBug HTML,DOM,CSS,JavaScript debugger 1.05 MPL 1.1 Joe Hewitt http://getfirebug.com
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Figure 4.3: Schemaball representation of the database relations
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purpose, the system has been developed to support multiple users concurrently. There

are four di�erent user types with di�erent levels of user rig hts and privileges:

� Administrators

� Editors

� Registered users

� Anonymous users

Administrators are responsible from the management of the information system and

have complete control over the system components. They can add, update and delete

all kinds of records regardless of record speci�c user privileges and locking mechanism

applied by the system. There are also particular record types and tasks that can only

be edited and performed by the administrators, respectively.

Main duties of the administrators can be listed as follows:

� Updating the list of UN/ADR explosive substances according to changes and

amendments to the UN/ADR agreement,

� Updating the list of chemicals and qualifying quantity limi ts thereof, which are

speci�cally named in Annex I Part 1 of the 96/82/EC Directive , according to

amendments to the Directive.

� Managing the property estimators supported by the system,

� Managing the registered users by setting editor privilegesand assigning users as

responsible persons of facilities,

� Managing the generic and industry speci�c parameters that are used for calcula-

tion of 96/82/EC status of facilities,

� Keeping track of records entered or updated by the editors and correction of

improper entries,

� Following up weather data collection process and veri�cation of data integrity,

Regular users of the information system may register to the system by providing

basic personal information. Registration allows users to enter data in the system and
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customize system settings. Personal name and a valid e-mailaddress are required

for registration. Optionally, title and company/organiza tion information may also be

speci�ed to guide administrators for assigning appropriate user privileges, which restrict

the extent of data entry by the user.

Registered users without editor privileges are not allowedto enter or update records

except personal notes. But they can comment on existing records including techno-

logical accidents, chemicals and hazard classi�cations, and document archive entries.

Details on comments and personal notes are given in Sections4.5.7 and 4.5.8, respec-

tively.

Registered users can customize system settings according to their preferences. For

example, mapping component can be disabled to speed-up system performance, or

display formats of date and coordinate values can be changed. User settings are stored

in the database and maintained between sessions. General system settings, which

overwrite user preferences, can be speci�ed by the administrators.

Registration allows the system to collect usage and performance statistics, which

can be used for �ne-tuning of the system.

Editors are a special class of registered users who have dataentry and update

rights, hence can contribute to the contents of the information system. The information

system includes more than 60 record types for which data can be entered by the users.

Following the basic principle of open-content systems, most of these record types are

allowed to be added and updated by the editors as listed in Table 4.2. Restricted

record types are those that result from legally binding documents, such as directives

or international agreements, and can be created or updated only by administrators to

protect compliance with the regulations. Editors are designated by the administrators

from the registered users. Following open-content philosophy, majority of the users

are allowed to have editor privileges. Users having e-mail addresses ending with \.tr"

su�x (country code of Turkey) are automatically made editor s by the system.

To maintain the system integrity, records can only be deleted by the users who

created the records, i.e. the owners. But, majority of the records are open for editing

by the other editors. For example, a chemical added by EditorA can be edited by Editor

B and incomplete information on the chemical, such as missing CAS No, SMILES or

InChI values, can be completed. Similarly, mistakes in an entry by Editor B can

be corrected by Editor C. This results in a collaborative framework for information
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Table 4.2: User privileges

Record type List Show Add Update Delete

Industrial Accident All All Editor Editor ? Owner
Accident Consequences - - Editor Editor ? Owner
Accident Occurrence - - Editor Editor ? Owner
Accident Substance - All Editor Editor ? Owner
Marine Accident All All Editor Editor ? Owner
Military Accident All All Editor Editor ? Owner
Military Field All All Editor Editor ? Owner
Mine All All Editor Editor ? Owner
Mine Accident All All Editor Editor ? Owner
Pipeline All All Editor Editor ? Owner
Pipeline Accident All All Editor Editor ? Owner
Pipeline Segment - All Editor Editor ? Owner
Road All All Editor Editor ? Owner
Road Accident All All Editor Editor ? Owner
Urban Accident All All Editor Editor ? Owner

UN/ADR Explosive All All Admin Admin Admin
Chemical All All Editor Editor ? Owner
Chemical Database All All Editor Editor ? Owner
Classi�cation - All Editor Editor ? Owner
Common Unit All All Editor Owner Owner
Concentration Limit - - Editor Editor ? Owner
Constant All All Editor Owner Owner
Equation All All Editor Owner Owner
MSDS All All Editor Editor ? Owner
Named Group All All Admin Admin Admin
Named Group Chemical - - Admin Admin Admin
Property All All Editor Owner Owner
Property Data All All Editor Editor ? Owner
Property Equation All All Editor Owner Owner
Property Estimator All All Admin Admin Admin
Qualifying Quantity - - Admin Admin Admin
Unit All All Editor Owner Owner

Comment Admin Admin User Owner Owner
File Admin Admin Editor Editor ? Owner
Label All All Editor Owner Owner
Newspaper All All Editor Editor ? Owner
Newspaper Article All All Editor Editor ? Owner
Note Owner Owner Editor Owner Owner
Photo All All Editor Editor ? Owner
Reference All All Editor Editor ? Owner
Relation - - Editor - Owner
Topic All All Editor Editor ? Owner
User Admin Owner All Owner Admin
Video All All Editor Editor ? Owner
Webpage All All Editor Editor ? Owner
Yearbook Entry All All Editor Editor ? Owner

Facility All All Editor Editor y Owner
Facility Substance - All Editor y Editor y Owner
Facility User - - Admin Admin Admin
Seveso Settings - Admin Admin Admin Admin
Weather Station All All Editor Editor ? Owner
? Only if not locked by the owner (see Section 4.3.2)
y Only if no responsible user is assigned to the facility (see S ection 4.7.3)
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sharing and facilitates accumulation of validated data. Primitive record types, such

as constants, equations, units and labels, generally do notrequire further editing once

created. Therefore, such record types are allowed to be edited only by their owners.

Anonymous users are users who are not registered to the system. Until they login

to the system, registered users are also treated as anonymous users. Anonymous users

are neither allowed to enter any data, including comments and personal notes, nor

customize the system settings. Following open-access philosophy, no additional restric-

tions have been put on extent of information that can be accessed by the anonymous

users. Therefore, users are not obliged to register to the system to access information.

Major problems of open content, collaborative systems are their susceptibility to

addition of inconsistent, spurious or unveri�ed informati on, and vandalism, such as

insertion of dummy text into articles or wipe-out of existin g information [54]. Multi

level user privileges is one of the measures provided by the information system to

minimize such problems. Other measures are locking support, referencing and change

history.

4.3.2 Locking Support

The information system normally lets existing records to be edited or updated by

registered users with editor privileges. This allow missing information to be completed

or existing information to be corrected in a collaborative way. However, this freedom

may also be misused to erase record contents or enter junk information into the system.

In order to prevent these situations records can be locked for editing by the owners

or administrators. Locked records can only be updated by their owners. In addition

to textual content of the records, linked �les and photographs can also be locked for

modi�cation. Locked �les and photographs may not be replaced. Besides preventing

vandalism, locking may also be used to indicate that the content of a record is reached

the �nal state. Locked records are indicated with a padlock at the top of information

pages.

4.3.3 Referencing

The information system includes a wide variety of record types ranging from simple

notes to comprehensive newspaper articles with photographs and chemical property

sets with many data values. In order to increase the reliability of the data and provide
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means of quality checking, data sources from which information in the records originate

should be speci�ed. Otherwise it would be impossible to turn back to the original

documents once data is entered to the system.

For this purpose, means of referencing are provided for every record type that may

have a reference. Several record types, such as newspaper articles, include reference in-

formation internally. For other record types, such as chemical property data, reference

information can be speci�ed by selecting a bibliographical reference record from the

document subsystem or entering textual reference data. Foronline documents, URL

address and access date can be speci�ed. Whenever available, reference information is

displayed together with the record information. Links to or iginal locations are provided

for online documents.

In addition to referencing original data sources, the information system also sup-

ports auto-referencing of records created in the database.While displaying a record

information, creation date and name of the user who created the record is indicated.

If record is updated, latest update date and name of the user who updated the record

is also shown (Figure 4.12). Hence, summary of the record history can be easily fol-

lowed. This information is shown in record listings as well. For this purpose, special

information icons are put to the last column of the listing tables (Figure 4.12). Record

history summary can be obtained as tooltips by hovering the mouse cursor over the

information icons. The information system also provides reporting tools for following

changes in records in detail as explained in Section 4.3.4.

4.3.4 Change History

An important feature of the information system is its integr ated change history. Before

processing data update requests on a record, including deletion, �rst a snapshot of the

record data is taken from the database with all related entities. Then, update requests

are evaluated and �nal data is compared with the snapshot data to determine whether

any changes had occurred or not. If changes are found, snapshot data is compressed

and stored in the database together with information on type, date and user of the

request.

Data display functions of the information system, which retrieve data from the

database and generate output for presentation, are developed in a way that they can

work on both current and historical data. In other words, they can process historial
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data and create outputs as if they are processing current data in the database. The

system is capable of comparing outputs generated by these functions and can auto-

matically determine and mark di�erences in between. These capabilities are used to

create change reports, which highlight sections of a recordthat are added, changed or

simply removed between two time instants. An example of change report is given in

Figure 4.4.

Figure 4.4: An example change report

Change reports allow administrators to follow actions of editors and evolvement of

the data stored in the database. In case improper actions arenoticed, such as deletion

of valuable information or insertion of dummy data, they can be rolled-back using

historical data in the database. Date and type of action (insert, update and delete)

and name of the user are indicated in each report. Inserted ordeleted sections can be

toggled on and o� to display only the initial and �nal states o f the record.

Change reports are also used to display changes in the 96/82/EC status of the

substances and facilities. For example, change of hazard classi�cation of a chemical may

a�ect 96/82/EC status of all facilities storing the chemica l. Therefore, if a classi�cation

is changed the system is obliged to renew related calculations and report latest status

to the user. A special type of change report is used by the system for this purpose.

Details on 96/82/EC status reports are given in Section 4.7.7.
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4.3.5 Data Validation

All data entry to the information system is done through data forms working on web

browsers. Data forms include standard user interface elements, such as text inputs,

selection lists, radio and check boxes, and also enhanced elements such as rich text

editors and calendars. Some of the form elements are dynamicin nature and their

contents change according to selections of the user. Text inputs are made limited to

entry of speci�c type of data, such as integer, decimal, scienti�c or fuzzy numbers,

based on their purposes and the user is not allowed to enter other type of data. Input

�elds that should not be leaved empty are indicated with asterisks. Fuzzy �elds are

marked with a special f symbol (Figure 4.5). Form data is validated on the client

side before submission of information to the server. If missing or invalid entries are

determined, they are indicated by exclamation marks next to related input elements

as shown in Figure 4.5 and the user is warned to correct those problems.

Figure 4.5: Validation of form data

Form data are also validated on the server side for possible mistakes or invalid

entries that can not be determined on client side. Server side validation of data prevents

possible data-intrusion attacks, to which online information systems are susceptible, as

well. Found errors are indicated at the top of the page (Figure 4.5).
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4.3.6 Multilingual Support

Another important feature of the information system is its multilingual support. Al-

though the components of the information system have been designed taking the local

conditions of Turkey into consideration, best e�ort has been made to make it univer-

sal as well. The information system, with all its subsystems, can be used for other

countries, even for international organizations, with lit tle modi�cations. Multilingual

support is one of the features allowing this 
exibility.

There are two levels of multilingual support in the informat ion system. First level

is the user interface level. Similar to many other software packages supporting lo-

calization, user interface language can be changed as shownin Figure 4.6. While

programming the information system, symbolic constants are used instead of language

speci�c labels. During initialization of data display pages and entry forms, the infor-

mation system loads the symbolic constant de�nition �le cor responding to the selected

language. English and Turkish are fully supported, and additional languages can be

supported simply by translation of the de�nition �le into re quested language.

Second level of multilingual support is at the database level. Low-level data ac-

cess functions have been developed that can read and write data to and from the

database tables in multiple languages concurrently. If data is queried from a textual

�eld supporting multiple languages, the information system �rst checks whether data

is available in the requested language, which is by default the active language of the

user interface. If data is found, it is returned as the result of the query. If no data

is available in the requested language, other languages aretried, for which data �elds

exist in the database table. If data is found in one of the available languages, it is

returned as the result of the query together with information on the language of the

data. All these operations are done seamlessly, as if a single query has been processed.

Data display functions of the information system are multi-language aware and are

able to notice if data is returned in a language di�erent from the requested one. In

such a case, the language of the data is indicated with a tiny language box next to the

data value. An example of multilingual data display is given in Figure 4.7.

Supported languages can be speci�ed for each data �eld separately, i.e. di�erent

data �elds may have di�erent number supported languages. To support an additional

language for a data �eld, the only requirement is insertion of a new �eld to the database
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(a) English

(b) Turkish

Figure 4.6: Multilingual interface support
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(a) English

(b) Turkish

Figure 4.7: Multilingual display of data stored in the database

55



table, the name of which is the name of the original �eld post�xed by underscore

and 2-character language code. The information system features special data input

elements supporting multi languages. Language codes are listed next to data input

elements and selection of a language from the list results the value of the input �eld to

change re
ecting the value in the selected language (Figure4.8). If a form containing

multilingual input elements is submitted, values in all languages are processed and sent

to the server concurrently.

(a) English (b) Turkish

Figure 4.8: Multilingual data input

Multilingual support of the information system is valuable from several aspects.

Firstly, it allows information that is not available in loca l language to be used without

any confusion. For example, chemical names in English are generally available from

many sources, including electronic databases and online web sites. However, there is no

such resource for chemical names in Turkish. Hence, if one wants to work with or needs

to reference to high number of chemicals, which is the case for the current information

system, use of English names is a necessity. A solution to this problem could be entering

English names as if they are Turkish. However, this results in a mixture of names which

are di�cult to separate later. Multilingual support of the i nformation system solves

this problem in a convenient way by supplying missing information in one language

with the one available in other language without mixing them.

Another advantage of the multilingual support is the abilit y of generating reports

in various languages. Information available in or calculated by the information system

can be reported in Turkish for national needs. Without any additional process steps,

the same reports can also be obtained in another languages such as English and can

be used to ful�ll international obligations and requirements.
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4.3.7 Mapping

Geographic location information is an important and integral part of technological ac-

cident related studies. Such information can be used to display geographic distribution

of past accidents and reveal accident prone zones. Accidents involving toxic, explosive

and 
ammable substances generally have o�-site consequences as well, the extent of

which can be best shown on maps. Besides already a�ected areas, results of accident

models can be overlayed on the map to determine areas that maybe a�ected from

adverse e�ects such as overpressure, heat wave and exposureto hazardous substances

over thresholds limits. Hence, availability of mapping tools is a requirement for decision

support and information systems and modeling frameworks ontechnological accidents.

Taking this requirement into consideration, an open sourceInternet map server

called MapServer has been integrated to the information system in the early stages

of the development. Originally developed by the University of Minnesota (UMN) in

cooperation with NASA and Minnesota Department of Natural Resources, MapServer

supports a multitude of raster and vector data formats and features advanced carto-

graphic output [55].

Landsat GeoCover 2000/ETM+ satellite images from Global Land Cover Facility

(GLCF) of University of Maryland sponsored by U.S. NASA were used to form the

base map for MapServer [56]. Being freely available, these satellite images provided

approximately 15m ground resolution ( 1:50.000 scale) in color and o�ered up-to-date

spatial information on settlements, water resources, vegetation and also large industrial

areas and establishments. Eight Landsat GeoCover 2000/ETM+ mosaics covering

Turkey were provided from the GLCF, re-projected into Lambert Conformal Conic

map projection from their original Universal Transverse Mercator projection, merged

into a single image, cropped to the study area boundaries and�nally compressed into

Enhanced-Compression Wavelet (ECW) format to decrease storage requirement and

facilitate rapid map serving. Data preparation and processing took several days and

resulted in a compressed image of 1.5Gb in size, whereas uncompressed size was more

than 30Gb. For easy navigation and location �nding, 1:250.000 scale vector province

and district maps were also provided in addition to Landsat ETM+ satellite imagery.

During the development period of the information system, web mapping technol-

ogy evolved signi�cantly and major IT companies such as Google, Yahoo and Mi-
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crosoft initiated free web mapping services providing world-wide data including high-

resolution satellite images and thematic maps for majority of the urbanized areas of

the World [51, 57, 58]. These services not only show maps on their own sites, but also

provide programming libraries and interfaces that allow integration of mapping services

into external web sites. Although UMN MapServer together with Landsat GeoCover

2000/ETM+ satellite imagery was adequate for basic mappingpurposes, evaluation of

web services provided by aforementioned companies revealed that those services can be

easily integrated to the information system, feature more advanced and user friendly

interfaces for map navigation, and provide more detailed and up-to-date maps.

In order to illustrate the improvement in the image quality, comparison of Landsat

GeoCover 2000/ETM+ and Google Maps satellite images for tworegions of primary

interest, T •UPRAS� _Izmit and Alia�ga Re�neries, are given in Figure 4.9. Map scale is

set as the raster resolution scale (i.e. scale with highest detail) of the Landsat images.

As it can be seen from Figure 4.9a and Figure 4.9b, detail of satellite imagery

provided by Google Maps is not uniform and varies from location to location. Images

are almost identical for the Gulf of _Izmit, where T •UPRAS� _Izmit Re�nery is located.

General layout of the re�nery is visible, however details of process units and storage

tanks are not distinct in both images. In case of Alia�ga Re�n ery, Google Maps is

clearly superior over Landsat imagery with more detailed image provided (Figure 4.9c

and Figure 4.9d). Improvement of the image quality is much more clear when Google

Maps image is displayed at its full resolution scale, as shown in Figure 4.10. At this

scale every process unit, even pipings, are distinct and dimensions can be measured.

Currently there is no national map source available with this much detail. Even if

there would be such a source, the cost of data would have been de�nitely very high

since none of the national map sources are freely available.

In general, Google Maps is found to be superior to existing UMN MapServer and

Landsat GeoCover 2000/ETM+ solution for web mapping purposes. Therefore, in the

�nal stages of the development period, mapping component ischanged from UMN

MapServer to Google Maps. In order to increase ease of use, a custom windowing

interface has been developed, which allow map display having a �xed dimension and

position on the page to be undocked from its location and resized freely. Ability to

enlarge map display size without e�ecting other data entry elements greatly enhances

user friendliness of the mapping component and facilitatesmarking locations on the
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(a) Landsat ETM+, _Izmit Re�nery (b) Google Maps, _Izmit Re�nery

(c) Landsat ETM+, Alia�ga Re�nery (d) Google Maps, Alia�ga Re�nery

Figure 4.9: Comparison of Landsat EMT+ and Google Maps data
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Figure 4.10: Detail of map resolution in Google Maps, Alia�ga Re�nery
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map. Docked and undocked states of the map window are illustrated in Figure 4.11

Mapping component is primarily used by the accident subsystem for designation

of geographic locations of accidents. The component is linked to province and district

inputs of data entry forms. The information system has built-in lists of provinces

and districts with data on geographic boundaries thereof. Once a province or district

is selected, boundary information is retrieved from the server and map extents are

updated to display the selected administrative unit.

Locations can be marked on the map as points or rectangular areas depending

on the record types. Industrial facilities, military �elds and mines can be marked

as rectangular areas, whereas locations of marine, road, pipeline and urban accidents

can be marked as points. Point locations can be selected on the map by a single

mouse click and can be easily moved by dragging the marker. For rectangular areas,

a custom extension has been developed for Google Maps that allows rectangular ar-

eas to be drawn on the map. Rectangular areas can be resized bydragging upper

left and lower right boundary markers and can be moved by dragging central marker.

Mapping tools are available for expanding, contracting, zooming and removing rectan-

gular areas (Figure 4.11). Latitude and longitude of the marked location are indicated

on the corresponding data form elements. Users can modify coordinate information

by entering latitude and longitude values manually. Map is updated automatically

to display manually entered location. To facilitate manual entry of coordinate in-

formation, mapping component allows coordinates to be entered as decimal degrees,

degrees-minutes-seconds or degrees-minutes-decimal seconds formats. Format of the

coordinates is automatically determined by the system and converted into decimal de-

grees during data storage. If there is an uncertainty in the coordinates, uncertainty


ag shown by a question mark next to the coordinate input elements can be set.

Mapping component is also used to display results of hazardous gas dispersion,

explosion and �re models of the information system. Details on models and use of

mapping component for display of output data are given in Chapter 6.

4.3.8 Record Relations

Another important feature of the information system is its ability to de�ne relations

between di�erent record types. In addition to implicity rel ated records, such as indus-

trial facilities and industrial accidents, or mines and mining accidents, records can also
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(a) Docked

(b) Undocked

Figure 4.11: States of map window gadget
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be made related to each other explicitly. Owing to this feature, various accidents can

be grouped under a topic or many document records can be linked to an accident.

Record relation mechanism implemented by the system allow one record to be re-

lated to multiple records. For example, major �re incident t hat happened at T•UPRAS�

_Izmit Re�nery in 1999 can be made related to both _Izmit Bay and 1999 Kocaeli Earth-

quake topics. Relations between the records are bi-directional, i.e. it is possible to

access one record from the other and vice versa. Related records are listed on the

information pages of records as grouped by record types. An example of related record

listing is given in Figure 4.12.

Editors are allowed to create relations among records regardless of the ownership or

lock status thereof. Existing relations can not be modi�ed, but creators (owners) have

the right to delete the relations. In order to add a new relation, \Add Relation" button

should be clicked on the base record's information page and type of the other record

should be selected from the list provided by the system. According to the selected

record type, the information system lists all available records, from which the user may

select the related record.

Record relation mechanism is limited to selected record types and there are some

restrictions on pairs of record types that can be related to each other. Relatable record

types are divided into three classes, namely document, accident and location records.

Since there are implicit relations between location and accident records, they are not

allowed to be related each other using external relation mechanism. This prevents

unlogical relations to be created, such as a relation between a military accident and a

mine. Relatable record classes are given in Table 4.3, whereas individual record types

that support relations are listed in Table 4.4.

Record relation mechanism is an important component of the document subsystem

and links this subsystem to other subsystems. The primary aim of document records

is to provide information on other records, such as accidents, facilities or chemicals.

Hence, a document record that is not related to any other record is a passive member of

the information system. Document subsystem and records thereof reveal their strength

with record relation mechanism.
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Figure 4.12: Example listing of related records

64



Table 4.3: Relatable record classes

Document Accident Location

Document
p p p

Accident
p p

Location
p

Table 4.4: Record types grouped by record classes

Record class Record type

Location Facility
Military Field
Mine
Pipeline
Road

Accident Industrial Accident
Marine Accident
Military Accident
Mine Accident
Pipeline Accident
Road Accident
Urban Accident

Document Newspaper Article
Note
Reference
Topic
Video
Webpage
Yearbook Entry
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4.3.9 Fuzzy Dates and Times

Especially for past accidents, of which limited information is available, date and time

of occurrence may not be known exactly. Although it is commonto have year and

month information, day of month data is sometimes missing. It is also rare to have

exact starting times of accidents, since they are generallygiven as approximate values

rounded to nearest hour or half hour. Time information may be available as rough

textual descriptions as well, such as \in the morning", \about the evening", \around

midnight". Ending times are mostly not stated explicitly, b ut should be inferred from

duration information which is itself fuzzy and approximate. Enforcing the users to

enter exact date and time, without giving means of indicating uncertainty, may result

in estimated or assumed values to be perceived as actual values by other users. In the

opposite, leaving date and time �elds blank in case of uncertainty may result in lack

of information although it is partially available.

In order to get rid of di�culties mentioned above, the inform ation system supports

partial and fuzzy date and times. Besides complete dates including year, month and

day information, partial dates containing only year and month, or year alone can be

entered in the date �elds. Uncertain dates can be indicated by a question mark at the

end, whereas approximate dates can be indicated by a tilde atthe beginning of a date.

Similar to dates, time information can also be entered partially with hour information

only. Uncertain and approximate time values are supported. Examples of fuzzy date

and time values are given in Table 4.5.

4.3.10 Fuzzy Numbers and Statistics

Similar to dates, uncertainties also present for quantitative data on accident conse-

quences. Although number of people died or severely injuredas result of an accident

are mostly known in exact �gures, number of lightly injured o r evacuated people are

generally stated as approximate values like \about �fty" or \more than �ve thousand".

Number and extent of damaged buildings, durations of interruptions in public services

such as telecommunication, transportation and electricity, amount of material losses,

and many other quantitative measures of accident consequences can only be speci�ed

with explicit uncertainty.

Although not as frequent as accidents, there are also cases for chemicals in which
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Table 4.5: Examples of fuzzy date and time values

Date Description

1998/06/12 12th June, 1998 (exact)
1998/06/12? 12th June, 1998 (uncertain)

~1998/06/12 about 12th June, 1998
1998/06 June, 1998
1998/06? June, 1998 (uncertain)

1998 1998

Time Description

14:20 2:20 PM (exact)
14:20? 2:20 PM (uncertain)

~14:30 about 2:30 PM

~14:30? about 2:30 PM (uncertain)

~12 about noon

available scienti�c data is not exact. Considering limits of instrumental analysis, em-

bedded uncertainty of measurement methods or errors in measurements, chemical prop-

erty data may be given as range of values or boundary values such as 2:0� 2:2, < 10� 3

or � 0:8. Converting such data values into exact values may result in loss of precision.

Taking all these into consideration, the information system allows fuzzy numbers

to be entered to selected numerical data �elds and conducts numerical calculations on

these �elds using fuzzy arithmetic. Signed and unsigned integer, decimal and scienti�c

fuzzy numbers are supported.

Trapezoidal Fuzzy Numbers

If 
 is some set, then a fuzzy number A de�nes a subset of 
 by its membership

function A(x), which produces values in [0; 1] for all x in 
 [59]. So, A(x) is a function

mapping 
 into [0 ; 1]. If A(x0) = 1, then x0 belongs to A, if A(x1) = 0 x1 does not

belong to A, and if A(x2) = 0 :6 the membership value ofx2 in A is 0:6 which is denoted

by � . An example triangular shaped fuzzy number is given in Figure 4.13

Taking simple requirements of the information system and insu�cient availability

of detailed fuzziness information of data into consideration, trapezoidal fuzzy numbers

are used to represent fuzzy values. A trapezoidal fuzzy number M is de�ned by four

numbers a � b � c � d where the base of the trapezoid is the interval [a; d] and its
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Figure 4.13: Triangular shaped fuzzy number

core (top) is the interval [b; c].

Five di�erent fuzzy number types are de�ned, which describe little than, greater

than, in between, about and exact value conditions that are frequently encountered in

accident statistics. Since case speci�c fuzziness information is generally not available,

triangular fuzzy numbers with constant slopes are used to de�ne less than, greater

than and about conditions. A value of 10% is selected as the default fuzziness amount,

which results in 10% slope for one sided conditions (little than and greater than) and

5% slope at each sides for the two sided condition (about). Examples of fuzzy numbers

supported by the system are given in Table 4.6.

Interval Arithmetic

Fuzzy number calculations of the information system are based on closed interval arith-

metic. A closed interval is a bounded interval containing all numbers from lower bound

to upper bound, inclusive and de�ned as:

[a; b] = f x 2 R; a � x � bg (4.1)

Where classical arithmetic de�nes operations on individual numbers, interval arith-

metic de�nes a set of operations on intervals. An operation in interval arithmetic is
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Table 4.6: Fuzzy number type supported by the information system

Fuzzy number Description De�nition

< 8 Less than 8 [7.2,8.0,8.0,8.0]

> 8 Greater than 8 [8.0,8.0,8.0,8.8]

7 � 9 Between 7 and 9 [7.0,7.0,9.0,9.0]

� 8 About eight [7.6,8.0,8.0,8.4]

8 Exactly eight [8.0,8.0,8.0,8.0]

de�ned as [60]:

[a; b] � [c; d] = [ Min (a � c; a � d; b� c; b� d); Max (a � c; a � d; b� c; b� d)] (4.2)

Based on Equation 4.2, basic operations of interval arithmetic are de�ned as follows:

[a; b] + [ c; d] = [ a + c; b+ d] (4.3)

[a; b] � [c; d] = [ a � d; b� c] (4.4)

[a; b] � [c; d] = [ Min (ac; ad; bc; bd); Max (ac; ad; bc; bd)] (4.5)

[a; b]=[c; d] = [ Min (a=c; a=d; b=c; b=d); Max (a=c; a=d; b=c; b=d)] (4.6)

Similar to arithmetic operations, relations between intervals are also special and

di�erent from ordinary (point-like) numbers. Whereas ther e are only three elementary

relations between two ordinary numbers (little than, equal and greater than), there

are many relations between two intervals according to the degree of overlap. There is

no single, well established standard for naming and de�nition of relations [60]. There-

fore, a custom set of 13 relations are used for calculations in the information system.

Conditions of relations are listed and illustrated in Table 4.7.

69



Table 4.7: Relations of two intervals [a; b] and [c; d]

Relation Operator Condition

Equals eq a = c ^ b = d
Less than lt b < c
Greater than gt a > d
Meets m b = c
Met by mi a = d
Overlaps o a < c ^ c < b < d
Overlapped by oi a > c ^ b > d > a
Starts s a = c ^ b < d
Started by si a = c ^ b > d
During d a > c ^ b < d
Contains di a < c ^ b > d
Finishes f b = d ^ a > c
Finish by � b = d ^ a < c

In order to sort a set of intervals in the ascending or descending order, which is

a requirement for statistical calculations, intervals should be compared to each other

in pairs and a decision should be made on whether the elementsof a pair are equal

or not. If they are not equal, larger (or smaller) element of the pair should also be

determined. Similar to the case of relations, there is no universally accepted way

to do this [59]. The approach followed in this study is to convert interval relations

into ordinary relations, which makes ordering straightforward as if intervals are real

numbers. Relation mappings given in Table 4.8 are used for this purpose.

Table 4.8: Mapping of interval relations to ordinary relati ons

Interval Relation Ordinary Relation

lt, m, o, s, � <
gt, mi, oi, si, f >
eq =
d, di > j a + b > c + d

< j a + b < c + d
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Fuzzy Arithmetic

An operation in fuzzy arithmetic can be de�ned by using interval arithmetic as:

A � B = Base(A) � Base(B ) [ Core(A) � Core(B ) (4.7)

where Base is the base of the fuzzy number,Core is the core of the fuzzy number,

and:
A = [ a1; b1; c1; d1]

B = [ a2; b2; c2; d2]

Based on Equation 4.7, the information system is capable of doing fuzzy arithmetic

using Equations 4.2- 4.6. Fuzzy arithmetic is mainly used for calculating fuzzy statis-

tics. Given a set of fuzzy numbers, sum, mean, geometric mean, maximum, minimum,

range, 1st quartile, 3rd quartile, interquartile range, interquartile mean, and mild and

extreme outliers can be calculated as fuzzy numbers. Valuesin the set can also be

ordered from the smallest to the largest according to Table 4.8. The system is capa-

ble of calculating point estimates of fuzzy values by �nding center of weights of the

trapezoids. Fuzzy number represented by 4 real numbers can be simpli�ed as well.

An example fuzzy statistics illustrating the fuzzy arithmetic capabilities of the

information system is given in Table 4.9.
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Table 4.9: Example fuzzy statistics

Fuzzy values:
--------------------------------------------------- -----------------------------
20 5-8 <15 ~30 4 25-30 >35 6-10?

~15 22 50-60 <20? >10 16-18 >12 9?

Simple Point
Fuzzy statistics: Fuzzy: Value:
--------------------------------------------------- -----------------------------
n = 16
Sum = [282.50,294.00,318.00,333.90] 307.23
Mean = [ 17.66, 18.38, 19.88, 20.87] 19.20
Geometric Mean = [ 14.22, 14.82, 16.23, 17.99] 15.57
Max = [ 50.00, 50.00, 60.00, 60.00] 50-60 55.00
Min = [ 4.00, 4.00, 4.00, 4.00] 4 4.00
Median = [ 14.75, 15.50, 16.50, 17.25] 16.00

(Average of ~15 and 16-18)
Range = 56

1st Quartile = [ 9.75, 9.75, 9.75, 11.25] 10.25
(Average of 9? and >10)

3rd Quartile = [ 22.75, 22.75, 24.00, 24.00] 22.75-24 23.38
(Average of 22 and 25-30)

Interquartile Mean = [ 14.21, 15.43, 15.71, 16.56] 15.45
Quartile Range = 14.25

Mild Outlier Limits = < [-11.63,-11.63,-11.63,-10.13] -11 .13
> [ 44.13, 44.13, 45.38, 45.38] 44.13-45.28 44.75

Extreme Outlier Limits = < [-33.00,-33.00,-33.00,-31.50] -32.50
> [ 65.50, 65.50, 66.75, 66.75] 65.5-66.75 66.13

Mild Outliers
--------------------------------------------------- -----------------------------
50-60

Extreme Outliers
--------------------------------------------------- -----------------------------
None

List of In-Quartile Values
--------------------------------------------------- -----------------------------
20, <15, ~15, <20?, >10, 16-18, >12

Ordered List of Values
--------------------------------------------------- -----------------------------
4, 5-8, 6-10?, 9?, >10, >12, <15,~15, 16-18, <20?, 20, 22, 25- 30,~30, >35, 50-60
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4.4 Accident Subsystem

In order to learn lessons and develop accident prevention measures, past industrial

accidents should be analyzed from multiple aspects. Technical reports prepared after

the accidents usually provide basic information for such analyses. However, due to lack

of obligatory reporting regulations or di�culties in acces sing to such reports, it is also

common to make use of other information sources. This is evena necessity to access

non-technical information, such as extent and nature of public reaction, social and

political impacts, and juridical progress resulting in penalties due to adverse e�ects.

Information sources used for these purposes can be of various types, diverse in quantity,

and widen in a long time period. This emphasizes the importance of management of

information and data.

Coupled with the document subsystem, accident subsystem ofthe information sys-

tem aims to facilitate e�ective collection and analysis of accident information. Although

primary focus is on industrial accidents, the subsystem hasbeen designed to cover dif-

ferent types of technological accidents as well. Accident types supported by system are

listed in Table 4.10.

Table 4.10: Accident types supported by the information system

Accident type Description

Industrial Accidents that occurred in industrial faciliti es, where dangerous sub-
stances are produced and/or stored.

Military Accidents that occurred in military facilities, w here explosive and

ammable substances are stored, such as arsenals and munition
warehouses.

Pipeline Accidents that occurred during transportation of dangerous sub-
stances through pipelines.

Land Accidents that occurred during transportation of dangerous sub-
stances through roads and highways.

Marine Accidents that occurred during marine transportati on.
Mining Major accidents that occurred during mining activit ies.
Urban Major disasters with technological origin, such as explosions and

�res, that occurred in urbanized areas and city centers.
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4.4.1 Industrial Accidents

Basic information on industrial accidents include location, date and accident type data

(Figure 4.14). Industrial facilities stored in the facilit y subsystem can be selected as

the location of the accident. Details on industrial facilit ies are given in Section 4.7.1.

The starting and ending date and time of the accident can be speci�ed. Date and

time �elds support fuzzy values as explained in Section 4.3.9. Duration information

is automatically calculated. Type of the accident can be indicated as �re, explosion

or spill of toxic substance. Combinations of accident typesare also possible, such as

concurrent �re and toxic substance spill.

Figure 4.14: Basic industrial accident information

Industrial accidents can be listed according to several criteria, including name,

province and district of the industrial facility, and type a nd date of the accident. Mul-

tilingual facility names are supported in queries (Figure 4.15).

In addition to basic accident information, detailed inform ation on the following

aspects of industrial accidents can be systematically stored in the information system:

� Occurence, including list of initiating, major and associated events,

� Nature and amount of hazardous substances involved,

� Consequences, including extent of e�ected areas, harm to human health, envi-

ronment and property, community life disruption, and mater ial losses.

Taking a possible collaboration in the future, industrial accident related data �elds

of the information system are made compatible with the MARS database of the EU [35].
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Figure 4.15: List of industrial accidents

Accident Occurrence

Occurrence of an accident can be described in the information system by listing series

of events that occurred at di�erent stages of the accident. The system includes a

prede�ned set of events, which are listed in Table 4.11. Events can be grouped according

to their nature as follows:

� Chemical release to the environment

� Fire (pool �re, jet 
ame, etc.)

� Explosion (BLEVE, dust explosion, etc.)

� Release of combustion products and �rewater runo�

Following the methodology used in the MARS database, eventsare also classi�ed as

initiating, major occurrence and associated events. Initiating events are events which

cause the accident, whereas major occurrence events are events with greatest amount
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Table 4.11: Accident events

Code Event

1101 Gas/vapour/mist/etc. release to air
1102 Fluid release to ground
1103 Fluid release to water
1104 Solid release to ground
1105 Solid release to water

1201 Con
agration (a general engulfment �re)
1202 Pool �re (burning pool of liquid, contained or uncontained)
1203 Jet 
ame (burning jet of 
uid from ori�ce)
1204 Flash �re (burning vapour cloud, subsonic 
ame front)
1205 Fireball (burning mass rising in air, often after BLEVE)

1301 Pressure burst (rupture of pressure system)
1302 BLEVE (boiling liquid expanding vapour explosion)
1303 Rapid phase-transition explosion (rapid change of state)
1304 Runaway reaction explosion (usually exothermic)
1305 Dust explosion
1306 Explosive decomposition (of unstable material)
1307 VCE (vapour cloud explosion, supersonic wave front)

1401 Combustion products into air
1402 Combustion products into ground
1403 Combustion products into water
1404 Firewater runo� into ground
1405 Firewater runo� into water

1999 Other
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of adverse consequences. Associated events are secondary events with noteworthy, but

little e�ects compared to major occurrences. By selecting appropriate pairs of events

and event classes, an ordered list of events describing the occurrence of the accident

can be obtained (Figure 4.16).

There is no restriction on the classi�cation of events. Hence, they can be put into

all classes regardless of their nature. An event can also be listed multiple times. But

there should be no duplicate events in a class, i.e. an event should be in a particular

class each time. For example, the event of gas release to air can be both an initiating

event and a major occurrence of an accident. In addition to the list of events, textual

description of the occurrence can also be entered (Figure 4.16).

Figure 4.16: Accident occurence data entry form.

Chemicals Involved

The information system allows substances involved in the accident to be speci�ed quan-

titatively. More than one chemical or UN/ADR explosive substance can be speci�ed

for an accident, with their purpose of use in the production process and role in the

accident.
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Possible chemical uses are as follows:

� Starting material,

� On-site intermediate,

� Normal �nished product,

� Possible abnormal product,

� Unknown.

For each substance, not only the actual quantity involved in the accident, but also

the quantity that was present in the unit during the accident (potential quantity) and

the overall quantity that present in the facility during the accident (total quantity) can

be speci�ed (Figure 4.17). These quantities can be used as measures of how worse the

consequences could have been if there is no mitigation or timely response.

Fuzzy values can be entered for quantities and units thereofcan be speci�ed.

Whether the chemical is directly involved in the accident (i.e. primary substance

responsible from adverse consequences) or not can be stated. Textual notes can also

be entered for each substance.

Figure 4.17: Accident substance data entry form.
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All substances involved in an accident are listed under \Chemical Information" sec-

tion of the accident information page by substance name and type of use (Figure 4.18).

Directly involved substances are indicated with an asterisk. Actual, potential and to-

tal quantities are converted into tonnes to allow easy comparison. Substances having

custom notes are also speci�ed.

Figure 4.18: List of chemicals involved in an accident

Accident Consequences

The information system features detailed data entry forms for consequences of indus-

trial accidents, which are divided into �ve major sections as listed below:

� Areas a�ected

� People a�ected

� Community life disruptions

� Ecological harms

� Material losses

Areas a�ected section includes information on the extents of an accident. Five

levels of impact zones have been de�ned to specify the extentof e�ects, which are

installation, establishment, local, regional and transboundary levels. Installation level

indicates that damage is limited to process units only (e.g.capsizing of a storage tank),

whereas establishment level means that entire facility hasbeen a�ected (e.g. collapse
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of majority of the units). Local level shows that the accident a�ected areas beyond

the establishment boundaries and o�-site consequences present, such as cracks on the

walls of neighbouring buildings. Regional level represents an impact area covering

several settlements or considerable amount of land. The accident which had occurred

in Seveso, Italy on July 10, 1976 (Seveso Disaster) involving 2,3,7,8-tetrachlorodibenzo-

p-dioxin (TCDD) can be given as an example of an accident having regional e�ects [4].

If e�ects of the accident goes beyond the country boundaries, transboundary level

should be speci�ed. Failure of a tailing dam containing wastewater contaminated with

cyanide and heavy metals at Baia Mare, Romania on January 30,2000 can be given as

an example [61]. For each level of impact zones, degree of e�ects can be designated as

no e�ect, suspected e�ect or a�ected. If no information is available on a speci�c level,

it can be left as unknown (Figure 4.19).

People a�ected section includes information on consequences of an accident on

human health. Three groups of target populations has been de�ned, which are sta� of

the establishment, emergency personnel (hazmat, �re brigade and �rst response units)

and o�-site population. For each group, number of dead (immediate and subsequent),

injured (slight and hospitalizing), health monitored and evacuated persons and total

population at risk can be speci�ed. Fuzzy values can be used to designate the values

(Figure 4.20). Additional remarks on e�ects on human health can also be entered.

Figure 4.19: Areas a�ected data entry form
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Figure 4.20: People a�ected data entry form

Community life disruption section includes information on public utility interrup-

tions, disruptions to public areas, and extent of public concern. Durations of inter-

ruptions to public utilities and services, such as electricity, telecommunications and

transportation, can be speci�ed. Fuzzy duration values canbe entered. Disruption

to o�-site establishments can be indicated for di�erent areas including residential,

commercial and public areas. Status of each area can be pointed out as evacuated,

unoccupiable or destroyed. Presence of public, media, and political interests on local,

national and international levels are used as measures of public concern on the accident

(Figure 4.21).

Similar to areas a�ected section, damages can be speci�ed for the following ecolog-

ically important areas:

� Common wild 
ora and fauna

� Rare or preserved 
ora and fauna

� Specially preserved areas

� Water supplies

� Water habitat
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Figure 4.21: Community life disruption data entry form

� Land

Degree of e�ects can be indicated as no e�ect, suspected e�ect, a�ected and unknown.

Detailed description of consequences to ecological compartments can be denoted as

well (Figure 4.22).

Last section on accident consequences covers economical aspects. On-site and o�-

site material losses, and response and restoration costs can be speci�ed as fuzzy values

(Figure 4.23). Currency and date of cost values can also be indicated.

Data collected on accident consequences described above are processed by the in-

formation system and presented to the users in tabular form (Figure 4.24). In order to

attract attention to important consequences, visual iconsare used wherever possible.

Material loss section also provides a cost conversion tool,which can be used to ex-

change the cost values into a common currency unit or to convert historical cost �gures

into current (or desired) date values taking in
ation and ot her economic factors into

account.
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Figure 4.22: Ecological harm data entry form

Figure 4.23: Material loss data entry form
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Figure 4.24: Accident consequences information
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Currency conversion and exchange

Costs of material losses and response/restoration works are important factors in study-

ing socioeconomic aspects of accidents. Cost values can also be used as criteria to rank

accidents. However, cost �gures of two di�erent dates are usually not direcly compara-

ble due to changing interest rates and in
ation, especiallyif the di�erence between the

dates is more than a few years. It is also possible to have costs in di�erent currencies,

hence currency conversion may be required. Evaluation should be done particularly

carefully in Turkey, since it is a country which has very high in
ation history, deval-

uation incidents, change of currency, and habit to use currencies other than national

currency in declaration of cost �gures.

In order to facilitate working with cost �gures, the informa tion system features

tools for currency exchange between di�erent currencies and conversion of cost �gures

between two dates.

For currency exchange, daily exchange rates of various currencies are obtained

from Electronic Data Delivery System of the Central Bank of the Republic of Turkey

(CBRT) for a period of 1970-2007 [62]. Monthly average exchange rates are calculated

from daily values and stored in the database. Equation 4.8 isused to convert a cost

value in one currency unit into another one for a given date.

Cd =
Cf

r fd
(4.8)

where

Cd = Cost in target currency at reference date

Cf = Cost in source currency at reference date

r fd = Exchange rate between source and target currencies for reference date rounded

to the nearest month.

The information system is capable of generating all possible currency exchange

rates for currencies stored in the database, given a basic set of exchange rates in a

few currencies. Using available data, exchange rates as calculated recursively until

all exchange rates are calculated or no additional exchangerate can be calculated.

Table 4.12 illustrates an example input set and resulting exchange rate table calculated

by the system. New Turkish Lira is always taken as equal to 106 Turkish Lira.
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Table 4.12: Source and calculated currency exchange tables

(a) Source exchange table

EUR GBP USD TRL TRY

EUR - - - - 1.66
GBP - - - - 2.48
USD - - - - 1.36
TRL - - - - -
TRY - - - - -

(b) Calculated exchange table

EUR GBP USD TRL TRY

EUR 1.00 0.67 1.22 1660000 1.66
GBP 1.49 1.00 1.82 2480000 2.48
USD 0.82 0.55 1.00 1360000 1.36
TRL 6.02e-7 4.03e-7 7.35e-7 1.00 1.00e-6
TRY 0.60 0.40 0.74 1000000 1.00

In order to convert cost values between two dates, monthly price indices published

by the Turkish Statistical Institute (TURKSTAT) are used. A mong available indices,

which di�er in purpose of use and set of products used for calculations, Wholesale Price

Index (WPI) is selected as the primary index for calculations due to its long coverage

period and ability to re
ect general trend in change of industrial product prices [63].

To be able to use WPI, cost value is �rst converted into Turkish Lira for the initial

date using Equation 4.8. Using Equation 4.9, cost value in Turkish Lira corresponding

to the target date is found. Finally, cost is converted back to the original currency.

Cd = Ci
I d

I i
(4.9)

where

Cd = Cost at target date (in Turkish Lira)

Ci = Cost at initial date (in Turkish Lira)

I d = Price index at target date rounded to the nearest month

I i = Price index at inital date rounded to the nearest month
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4.4.2 Marine Transportation Accidents

The Turkish Straits system, which is one of the world's busiest and most di�cult-

to-navigate waterways, includes Straits of Istanbul and Dardanelles connected by the

inner Sea of Marmara and is only half a mile wide at its narrowest point [64]. The ports

of the Black Sea, along with those in the Baltic Sea, were the primary oil export routes

of the former Soviet Union, and the Black Sea is still the largest outlet for Russian oil

exports. Exports through the Turkish Straits are growing steadily and newly-developed

oil and natural gas resources of the Caspian region and the surrounding countries rise

concerns about the assimilation capacity of the Straits to the increasing tra�c [65].

Major accidents, such as massive Independenta oil tanker �re that lasted more than

30 days, had been occurred in the past. Increase in the tra�c also inevitably increases

the risk of a catastrophic accidents, especially in the Istanbul Strait. Therefore, marine

accidents are important for Turkey.

Due to this importance and considering the fact that no public inventory of ma-

rine accidents exists for Turkey, the information system supports storage of marine

accidents in the database. For each marine accident, starting and ending dates, pri-

mary consequences (�re, explosion and chemical release) and initiating event can be

indicated (Figure 4.25). List of initiating events given in harmonized reporting format

of the International Marine Organization (IMO) on marine ca sualties and incidents is

used as the basis for initiating events [66]. As location description, sea or strait on

which the accident occurred, nearest coastal province and district, locality, latitude

and longitude can be stated. Name, 
ag country, type and tonnage of ships which

involved in the accident can be stated up to two ships. Similar to initiating events,

classi�cation of ship types is also based on IMO reporting format. It should be noted

that ship type information that can be obtained from common information sources,

such as newspaper articles, are generally too general and rarely concordant with IMO

classi�cation. Uncertain ship type 
ag can be set if ship typ e can not be determined

exactly.

Marine accidents can be searched for location (sea or strait), ship name, type of

accident, primary consequences and date of accident. Resulting list of accidents can

be sorted by the same criteria.
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Figure 4.25: Marine accident data entry form
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4.4.3 Pipeline Transportation Accidents

Similar to the case in marine transportation, Turkey is becoming an energy bridge

for the transportation of oil and natural gas through pipeli nes. Baku-Tbilisi-Ceyhan

(BTC) pipeline, which is the second longest oil pipeline in the world, is operational

since 2006 and when working at normal capacity, it transports 1 000 0000 barrels of oil

per day from Sangachal Terminal near Baku in Azerbaijan to Haydar Aliyev Marine

Terminal near Ceyhan, Adana [67]. Of its total length of 1 768 kilometers, 1 076

kilometers are in Turkey. Kirkuk-Ceyhan pipeline (Iraq-Tu rkey crude oil pipeline),

which is 970 kilometers long and consists of two pipes with total designed capacity

of 1 600 000 barrels per day, is operational since 1977. Although Iraqi part of the

pipeline has been a principal sabotage target since Iraq-Iran War, it is still operational.

There are also Iran-Turkey Pipeline running from Tabriz in North-West Iran to Ankara;

South Caucasus Pipeline running from Shah Deniz gas �eld in Azerbaijan to Erzurum;

Turkey-Greece pipeline running from Karacabey, Bursa to Komotini in Greece; and

Blue Stream pipeline running from Russia to Turkey, all of which are international

pipelines transporting natural gas. There are other natural gas and oil transmission

lines, including two major oil pipelines of NATO in western and eastern parts of Turkey.

When the planned pipelines are also considered, it can be easily concluded that pipeline

safety is gradually becoming an important subject for Turkey.

In order to support data on pipeline accidents, the information system allow in-

formation on pipeline networks to be stored as pipeline and pipeline segment records.

Pipeline records cover general information on pipeline networks, whereas pipeline seg-

ments include information on speci�c parts thereof. In addition to name and type (e.g

natural gas, crude oil) of the pipeline, diameter, length and transportation capacity

can also be stated. International pipelines can be speci�cally indicated and their total

length including international segments can be speci�ed. Similar to pipelines, pipeline

segments have name, length, diameter and capacity values. Pipeline to which the

pipeline segment belong to and number of lines in the segmentcan be speci�ed (Fig-

ure 4.26). In order to describe the structure of the pipelinenetwork, preceding pipeline

segment can be speci�ed for each pipeline segment. A pipeline segment may have only

one preceding segment. Pipeline segments without preceding segments are starting

segments of a network, whereas segments without successorsare ending segments.
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Figure 4.26: Pipeline segment data entry form

Figure 4.27: List of pipeline accidents
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4.4.4 Road Transportation Accidents

Accidents that occurred during transportation of dangerous substances on roads and

highways are another class of technological accidents supported by the information

system. Although they do not occur frequently, their consequences in terms of envi-

ronmental pollution and loss of human life can be signi�cant [68].

Date, time and primary consequences (�re, explosion and chemical release) can be

stated for a road transportation accident (Figure 4.28). Type of the accident, such as

collusion, strike or overturn, can be indicated together with types of vehicles involved

in the accident. Chain accidents can be speci�cally denoted. Location of the accidents

can be marked on the map

The speci�c road, on which the accident occurred, can be selected from the roads

stored in the database. Similar to other record types, the information system features

data entry and listings forms for roads. Besides name and code of the road, class

(e.g. highway, provincial way) and type (e.g. asphalt, stabilized) according to the

classi�cations used by General Directorate of Highways canbe indicated [69].

Figure 4.28: Road accident data entry form
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4.4.5 Military Accidents

Because of their activity, military �elds store signi�cant amount of explosive and


ammable articles. Although military has a well established safety culture and high

level of safety measures, accidents may happen with considerable o�-site consequences.

For example, explosions that had happened in munition warehouses of the Land Forces

at Yah�sihan, K�r�kkale in 1986 and Pamukkale, Sakarya in 1995 resulted in complete

evacuation of the settlements in the vicinity, a�ecting ten s of thousands of people.

Similar to other technological accidents, military accidents are also supported by

the information system. Starting and ending dates, primaryconsequences, and military

�eld at which the accident occurred can be indicated for a military accident. Descriptive

notes can be entered in multiple languages (Figure 4.29).

Military �elds are stored separately in the database and canbe selected from the list

provided by the information system. Data on military �elds i nclude name of the �eld

and its location as province, district and textual locality description. Like industrial

facilities, rectangular boundaries of the military �elds can be speci�ed on the map.

Type of the military �eld (e.g. arsenal, shipyard) and owner military force can be

indicated.

Figure 4.29: Military accident data entry form
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4.4.6 Mining Accidents

Although their main characteristics are di�erent from othe r technological accidents,

accidents that occur during mining activities are important in terms of their aftermaths.

Without any doubt, mining accidents are the most deadly and grievous accidents ever

occurred in Turkey. Number of casualties of just three mining accidents illustrate the

agony: Armutcuk, 1983: 103; Yeni�celtek, 1990: 67; and Kozlu, 1992: 263 deads.

Information on mining accidents include name of the mine anddate, time, and

type of the accident. Accident types speci�c to mining activities, such as �redamp,

subsidence, coal spray can be indicated. Location information is stored in separate

mine records. Name of the mine and type of the mineral to be mined (e.g. coal, lignite,

precious metal) can be stated for each mine. In addition to geographic coordinates,

province and district of the mine and textual locality description can be entered. Similar

to industrial facilities, rectangular boundaries of the mines can be marked on the map.

Mining accidents can be listed by mine, province, district, date and type of the

accident (Figure 4.30).

Figure 4.30: List of mining accidents
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4.4.7 Urban Disasters

Although they are not industrial in origin, major �res, expl osions and other disasters

that occurred in urbanized areas are also supported by the information system. These

incidents are generally misclassi�ed as industrial accidents in international listings and

databases as shown in Chapter 3. Therefore, detailed information on these accidents

can be helpful for veri�cation purposes. Their historical importance for the community

is also high, because they occur within settlements, numberof casualties are usually

large in quantity, and media coverage is broad.

Type, date, and time of the disaster together with name, province, district, latitude

and longitude of its location can be stored in the information system. (Figure 4.31).

Type of the disaster can be speci�ed as �re, explosion, and building collapse.

Figure 4.31: Urban disaster entry form

94



4.5 Document Subsystem

Accident subsystem of the information system allows general information on techno-

logical accidents and detailed information on industrial accidents to be collected in a

collaborative manner and shared with interested parties and the public. Since currently

there exists no national inventory or listing of technological accidents in Turkey, the

information system is considered to be a �rst step in reducing the de�ciencies on this

topic. Therefore, its design is kept as simple as possible and aimed to deal with basic

accident data. Detailed information on accidents could notbe stored in the accident

subsystem in a structured manner, except occurrence and consequence information on

industrial accidents for which detailed data �elds exist.

In order to allow detailed, but unstructured information re lated to accidents to be

stored in the system, the document subsystem has been developed. Document sub-

system allows informative documents, such as newspaper andjournal articles, books,

manuals, yearbook entries and web pages to be stored in the database. Besides being

reference of the information stored in the accident subsystem, records in document sub-

system also provide detailed information on main causes, adverse consequences, long

term e�ects of accidents. In addition to textual documents, the system also support

multimedia documents, such as photographs and video recordings, which may provide

considerable amount of information on accidents that is notavailable or inferred from

other sources.

4.5.1 Newspaper Articles

Main component of the document subsystem is newspaper articles section. Most de-

tailed information on past accidents can be obtained from newspaper articles of the

date. Although minor incidents are not always available, almost all major incidents

can be found within the newspaper articles.

Detailed information that is generally not available from other information re-

sources, such as main causes of the accident, events occurred during the accident,

adverse consequences on human health, society and environment, emergency response

activities, juristical process and long term socioeconomic e�ects can be collected from

newspaper articles. In addition to textual information, ph otographs published with the

articles also provide precious visual information. Articles published in di�erent news-
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papers on the same incident can be used for cross checking of available information to

increase data quality.

The major disadvantage of newspaper articles is their availability. Although the

online versions of major newspapers exist for the last decade and articles can be easily

accessed for this time period and be searched by keywords, printed copies of the articles

containing high quality photographs, or older articles aredi�cult to obtain. They can

only be found in selected libraries with bounded newspaper collections. Mostly special

permissions are required to work in these collections.

The document subsystem allow a digital library of newspaperarticles to be con-

structed, which signi�cantly enhances and speeds up studies related thereto. For each

newspaper article, heading, title and subtitle can be speci�ed. Newspaper of the ar-

ticle can be selected from the list provided by the system. Detailed information on

newspapers, such as publication type (printed and/or online), coverage (local, national

or international) and language, are stored in the database.If desired, additional news-

papers can be added to the system during entry of a newspaper article. Author(s)

of the article can be indicated together with the news agencyand location the article

originates. Body of the article can be divided into introduction and main text sections,

and stored separately for proper display afterwards. Publication type of the article can

be selected as printed or online. For printed articles page number(s) and publication

date can be speci�ed, whereas for online articles URL address and access date can be

indicated. Fuzzy dates can be entered into date �elds for articles with partial date

information.

Original text of the article can be stored together with the article as linked �les. A

printed article can be stored as scanned document or photograph. Likewise, an online

article can be stored as plain text �le, compressed archive or special web page archive

containing all content elements in a single �le. Photographs found in articles can be

added to the information system as separate records and linked to the article. While

displaying article information, the information system gathers all �les and photographs

of the articles, and generates an arranged digital copy thereof. An example article is

shown in Figure 4.32. Details on photographs and �les are given in Sections 4.5.4 and

4.5.11, respectively.

96



Figure 4.32: Newspaper article information

4.5.2 Yearbook Entries

Although they contain very brief summary information, anot her important data re-

source on technological accidents is yearbooks. Yearbookspublished monthly or yearly

by governmental and private organizations include daily highlights of national and

international news. Since technological accidents attract media interest, they are gen-

erally listed in these yearbooks. While detailed information is not available, date, type

and location information can be gathered. Limited information on consequences, such

as number of casualties or injured, can also be obtained for major incidents.
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Main advantages of yearbooks are their long time period coverage and less time

required for data mining compared to other information resources. Yearbooks cover-

ing almost 50 years (1950 onwards) of daily news are available for Turkey [70]. That

much time period could be searched for technological accidents in a couple of days

if looked in yearbooks. However, as mentioned in Section 5, several months of in-

tensive work is required if newspapers are to be examined fora similar time period.

Therefore, yearbooks can be used for screening level data gathering on technological

accidents. Particular incidents which are spotted can be investigated in more detail in

other resources. Absence of minor incidents and limited detail of information for other

incidents are major disadvantages that can be listed.

Yearbook entries can be stored in the information system with their date and textual

content. Similar to other document records, they can be labeled and related to other

records. Yearbook entries can be searched for keywords found in their content and

found records can be listed sorted by date (Figure 4.33).

Figure 4.33: List of yearbook entries
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4.5.3 Webpages

With the increase in number of web sites available in the Internet, especially those

providing commentary or news on particular subjects, web pages are becoming more

and more consulted for obtaining information. Availabilit y of powerful and fast search

engines, such as Google, allow easy search through millionsof web pages for speci�c

keywords to reach the desired topic. Hyperlinked elements,together with tables, im-

ages, photographs, animations and supplementary �les, provide rich content that can

be hardly substituted by conventional, printed material.

Being a web-based application, the information system supports storage of web

pages in the document subsystem at �rst place. Name of the website and title, date and

URL address of the webpage can be indicated. Textual contentof the web page together

with access date can be stored for further referencing. Similar to other document types,

webpages can also be labelled. Photographs or �gures that are found on the webpage

can be added to the system as records linked to the webpage. Complete webpage

content can be stored as compressed (e.g. ZIP, RAR) or webpage archive (MHT) �les

as well (Figure 4.34).

Webpages stored in the system can be searched for URL address, access date and

keywords in title and content. Found records can be sorted byweb site, title and access

date.

Figure 4.34: Webpage information
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4.5.4 Photographs

Generally found as attached to articles, photographs are the primary source of visual

information on accidents. Besides illustrating aftermath of accidents in detail, they can

also be used to infer or approximate quantitative information. For example, size and

elevation of a �reball can be found from its photograph, and by using this information

amount of explosive substance involved in the explosion canbe estimated.

Photographs can be stored in the system with full reference information. Image of

the photograph can be uploaded to the system, and date, time and photographer can

be stated. If the date on which photograph had taken is unknown or not certain, but

publication date is known then date can be indicated as publication date. Title, de-

scription, location and agency of the photograph can be stated if available. Type of the

photograph can be selected as online or printed. For online photographs, URL address

and access date can be denoted. Photographs can be searched by date, photographer,

type, agency and description text, and can be sorted by date,image size and �le size.

Found photographs are listed with their thumbnail images asshown in Figure 4.35.

Figure 4.35: List of photographs
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Generally, photographs reside in the system as linked to another records, such as

accident, location, and document records. Complete listing of record types to which

photographs can be linked are given in Table 4.13. Information on related record is

displayed on photograph information page (Figure 4.36).

Figure 4.36: Photograph information

Access to the photographs can be restricted to protect copyrighted material by set-

ting an appropriate access level. Three access levels have been de�ned for photographs,

which are:

� Thumbnail,

� Preview, and

� Original.
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Table 4.13: Records supporting photographs, �les and comments

Record type Photograph File Comment

Industrial Accident
p p

Accident Consequences
Accident Occurrence
Accident Substance
Marine Accident

p p

Military Accident
p p

Military Field
p p

Mine
p p

Mine Accident
p p

Pipeline
p p

Pipeline Accident
p p

Pipeline Segment
Road

p p

Road Accident
p p

Urban Accident
p p

UN/ADR Explosive
p

Chemical
p

Chemical Database
Classi�cation
Common Unit
Concentration Limit
Constant
Equation
MSDS

p

Named Group
Named Group Chemical
Property
Property Data

p

Property Equation
Property Estimator
Qualifying Quantity
Unit

Comment
File
Label
Newspaper
Newspaper Article

p p p

Note
p p p

Photo
p

Reference
p p

Relation
Topic

p p

User
Video

p

Webpage
p p p

Yearbook Entry
p

Facility
p p

Facility Substance
p

Seveso Settings
Weather Station

p p
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Thumbnails are tiny copies of original photographs, which are by default 128� 96

pixels in size. They are primarily used to represent photographs in listing pages.

They are always available to all users. Hence, if it is required to restrict access to a

photograph completely, as in the case of copyrighted photographs without permission

to re-publish, access level can be set to thumbnail. This allows other users to know

that at least such a photograph exists.

Previews are mid-sized reproductions of original photographs. Default size of pre-

view images is 640� 480 pixels. They are displayed in photograph information pages

in place of the original photographs to speed-up data retrieval from the server. If the

owner of the photograph wants to restrict access to the original, access can be limited

to preview image. In this case, original photograph is stored in the information system

and can be accessed by the owner; but other users can only access to the preview image.

Setting access level to original allow everyone to access tothe original photograph

by clicking on the preview image. The information system supports JPEG, PNG, GIF

and BMP images. Thumbnail and preview images are automatically generated once

original photograph is uploaded to the system.

4.5.5 Videos

Similar to photographs, video recordings may also provide considerable amount of

information on accidents. Video recordings of an incident may show mistakes during

response activities, from which lessons can be learned. They may also give clues on

reaction of the public to the accident and their behaviour during the initial phases of

the incident, both of which are important in studying societal aspects of the accidents.

Extent of damage to property can be easily inferred from video recordings as well.

With the advances in video recording technology and invention of small sized video

capture devices integrated to daily used personal equipments, such as cellular phones,

availability of video recordings increased signi�cantly. There even exist video sharing

websites hosting millions of videos uploaded by ordinary people [71]. Hence, accident

videos can also be easier found.

Investigation of media coverage of recent technological accidents occurred in Turkey

also reveals that accidents are handled in more detail in visual media (TV) compared to

printed media (newspapers). Therefore, importance of videos as an information source

on technological accidents is increasing.
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Taking these facts into consideration, the information system supports uploading,

viewing and sharing videos. For each video record, title, date, time and duration

information can be indicated and textual description can beentered. Type of the video

can be selected as amateur video recording or TV broadcast, and reference information

can be stated accordingly. TV channel and type of broadcast (e.g. news, documentary)

can be speci�ed for TV broadcasts, whereas type of the recording (raw or edited) and

name of the cameraman can be speci�ed for amateur recordings. For on-line videos,

URL address and access date can be denoted. Similar to other document records,

videos can be labelled and commented. Video information canbe locked for editing by

owners and if required, access to the video �le can also be restricted.

The information system supports on-demand video broadcasting using Adobe Flash

Video technology [72]. Hence, if video is available in FlashVideo format it can be

uploaded to the system and viewed afterwards (Figure 4.37).In addition to the video

�le, a thumbnail image can also be uploaded to give an insightof the video content.

This thumbnail image is used in video listing page. Videos can be searched for date,

type, textual description and TV channel (Figure 4.38).

Figure 4.37: Display of video and related information
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Figure 4.38: List of videos

4.5.6 Topics

Although the records can be queried and sorted by their explicit properties, more

general or speci�c classi�cations are also required occasionally. For example, industrial

accidents which had occurred in a province or newspaper articles published for a speci�c

time period can be easily listed in the information system. However, combined list of

industrial and pipeline accidents that resulted from a speci�c event, such as a major

natural disaster, can not be directly obtained. Topics are provided in order to make

such listings possible and to group di�erent records based on a common property

thereof.

Topics have a basic structure and contain name and description information only.

They can be simply viewed as folders that organize other records, similar to folders

in a �le system organizing �les. Topics may have subtopics and can be arranged in a

tree structure as shown in Figure 4.39. Record relation mechanism of the information

system can be used to relate di�erent records to a topic. Records related to a topic

can be listed in \Topics" section of the document subsystem,whereas related topics of

a record can be listed on the information page of the record.
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Figure 4.39: List of topics

4.5.7 Comments

Comments provide valuable information that is mostly missing in other sources: eye-

witness of the public. They allow in
uence of accidents on ordinary people living in

the vicinity of incidents and their perception thereon to be obtained at �rst hand. Cur-

rently, there is no setting which allow eyewitnesses of the incidents to tell and share

their experiences, opinions and thoughts. Valuable information can be inferred from

these comments, such as level of achievement in informationto public, behaviour of

public in the initial phases of the incident, perception of risks and altitude of fears aris-

ing thereon. With the widespread use of Internet and development of social networking

sites, such as Blogs and Online Forums, people are more willing to collaborate and share

their information [73]. Comments section of the information system is considered to

be a tool of cooperation in this respect. Since developed information system is not in

widespread use yet, genuine comments are currently not available. But to support this

idea, some comments on Independenta-Evryali collusion andmajor �re afterwards are

given in Table 4.14, which are taken from a collaborative hypertext dictionary [74]. As

it can be seen from the comments, authors of which are made anonymous, interesting

stu� can be obtained even from such general sites if opportunity is given for informa-

tion sharing. For a website which is speci�c to industrial and technological accidents,

level of collaboration is thought to be higher if su�ciently promoted.
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Table 4.14: Selected comments on Independenta-Evryali collusion (1979)

Person A, 13.09.2001
I wasn't born at that time. But, I can understand the shock of c itizens, who had been afraid of even
walking in the streets because of the threat of anarchy. That 's why, just after the incident most of
the people panicked saying "Anarchists should had exploded all the gas station in _Istanbul!" On
the other hand some people, who had hoped hunting down of somefuel-oil, had tried to approach
the ship by rowing boats and get on board, even while the ship had been still on �re.

Person B, 02.09.2002
The ship accident, at which all glasses at Atak•oy had been shaken and we thought like "The Vita
Factory should have been exploded totally!".

Person C, 19.03.2003
It is the ship, after its explosion glasses of many houses in_Istanbul had been broken. The occupants
in •Usk•udar and Harem had thought that it was a terrorist attack to the barracks. The incident had
been the major issue of all the chats for weeks. The picture which I had drawed about the incident
had been on display at the school exhibition.

Person D, 04.07.2003
After the explosion the exterior surface of the Haydarpa�sa Station house had been seriously damaged.
With the restoration works 80 percent of it had been �xed thro ugh several years.

Person E, 10.01.2004
It was our childhood fantasy, in which we imagined that we bui lt a new ship by ourselves from the
parts of the ship fallen down to our garden. It had burned for d ays. We used to go watching the
�re, and we had believed that the �re balls had been the sailor on �re, jumping to the sea. . .

Person F, 18.11.2004
It is the tanker disaster, after which I had been waked up by th e sound of the explosion looking
through the window and had thought the glasses of the window h ad been on �re. We had never seen
the Istanbul sky that crimson! Some of the people at the dormi tory had thought the \doomsday"
had arrived and had begun praying. It was a disaster for sure, but I would like to picture that
Bosphorus scene, which had lasted long in my mind. It was amazing. . .

Person G, 16.04.2005
Our house was at K�z�ltoprak and was facing Moda. We had waked up with smaller explosions,
following the big one. Through the window we could see the cri mson sky behind Moda, but I
couldn't �gure out what it was. I was only 10. In fact the cause of the red sky was the big �re
which had started after the collusion. While I had been prepa ring to go back to bed, a second and
bigger explosion had taken place. When I had looked through t he window there had been Moda
view on �re before me. We had been curious about my sister who lived in Moda. My father had
rushed out to see what was happening, had not turned back for hours. Later we learned that he
had climbed C� aml�ca hill and had watched everything with bi noculars. After the accident, there
was the ship which gave out smoke for months, the thick oil sheet which had stranded and dirt. . .

Person H, 14.06.2005
I was a third class student and we were living in Maltepe. Two d ays after the explosion, my father
had taken us to cinema at Kad�k•oy and to see the �re. When we ha d left the cinema it had been
becoming dark, but the sky was almost yellowish red. My dad ha d not allowed us to step out the
dock, since small explosion had been continuing. At that tim e of the year and at that distance we
had still feeling the heat of the �re. On the ground there was c racked glass everywhere. . . Three or
four years after, at the beginning of elementary school, we had an essay assignment at Turkish class.
I remember writing of myself as being the cook of Independanta. A cook, who had survived the
crash with his soup ladle in hand. The teacher had appreciated my essay a lot and had congratulated
me because of having concerns about our recent history.

Person I, 16.01.2006
When I had heard the news about the explosion form the radio, � rst I had the joy of the possibility
of the schools being suspended. Although here had been a couple of broken glasses at the school
building, the classes had not been suspended. But we still had the opportunity to waste the lessons.
The pieces of Independenta on Kad�k•oy dock had been as precious as the pieces of Berlin wall!
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The information system allows registered users to comment on many record types.

In addition to all accident and location records, selected document records such as

newspaper articles, photographs, bibliographic references and selected chemical records

such as chemical properties, MSDSs and chemicals itself arecommentable. Complete

listing of the record types on which it is possible to commentare listed in Table 4.13.

Comments are listed as the last item on the information pages. Without leaving

the page, users can add new comments or update existing ones written by themselves

by using the provided user interface (Figure 4.40).

Figure 4.40: Commenting interface

4.5.8 Notes

While working on past technological accidents, especiallyduring data mining studies,

it is generally required to record personal thoughts or remarks on speci�c accidents

or topics. In order to facilitate such studies utilizing the information system and note

taking of frequent users, the information system features note records.

Unlike comments, which can be related to a single record, notes can be related to

several records. They can also made private if needed, allowing access by the owners

only. Notes can be listed in \Notes" section of the document subsystem. Similar to

comments, public notes are displayed on information pages of related records as well.
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4.5.9 Bibliographical References

In addition to aforementioned document records, the information system also supports

a wide variety of bibliographic references, such as journalarticles, books and technical

reports. Similar to newspaper articles, detailed information on title, content, authors,

publisher and publication date can be stored for each reference record. Data �elds

(entities) of reference records are reference type dependent, i.e. di�erent data �eld

combinations are requested and stored for each reference type. For example, journal

name is requested for journal articles, whereas institution name is asked for technical

reports. Depending on importance of a data �eld for the completeness of the reference

information, its status is set as required or optional by the system. Required �elds are

not allowed to be left blank in the data entry form.

List of bibliographic reference types supported by the information system together

with required and optional data �elds thereof are given in Table 4.15. Reference types

and data �elds are based on the format of BibTeX, which is a tool commonly used for

formatting lists of references [75]. Besides standard BibTeX types, legislation type is

also supported to store information on national and international legislative documents,

such as regulations and directives.

In addition to entities providing reference information, data �elds indicating avail-

ability of reference documents also exist. Presence of the reference as electronic and/or

printed copy can be speci�ed. For electronic documents, URLaddress or Digital Object

Identi�er (DOI) can be entered, which is a permanent identi� er given to an electronic

document that is not dependent upon the electronic document's location.

According to type of the reference and available entities, reference information is

produced by the system and displayed to the user. If there is one, the abstract of the

reference is also shown (Figure 4.41). Electronic copies ofthe reference can be linked to

the reference record as auxiliary �les. Similar to other document records, references can

be related to other records. There are also record types withexplicit link to reference

records, such as classi�cation, property data and propertyequation records.

References can be searched for type of reference, authors, keywords in title and

abstract, and publication date. Resulting list of references can be sorted by title, type

and publication date (Figure 4.42).

109



Table 4.15: Types of bibliography entries and required/optional entities

Name Description Required Entities Optional Entities

Article An article from a journal of magazine. Author, Title , Journal, Year Volume, Number, Pages, Month, DOI,
Keywords, URL, Publisher, Address, Ab-
stract

Book A book with an explicit publisher. Author/Editor, Titl e, Publisher, Year Volume, Series, Address, Edition, Month
Booklet A work that is printed and bound, but

without a named publisher or sponsoring
institution.

Title Author, Address, Month, Year, Organiza-
tion

In Book A part of a book, which may be a chapter
(or section) and/or a range of pages.

Author/Editor, Title, Year, Publisher,
Chapter/Pages

Volume, Series, Address, Edition, Month

In Collection A part of a book having its own title. Author, Ti tle, Booktitle, Year Editor, Pages, Organization, Publish er,
Address, Month

In Proceedings An article in a conference proceedings. Author, Title, Booktitle, Year Editor, Pages, Organization, Pu blisher,
Address, Month

Legislation A regulation and legislative document. Title, Year, Number Month, Organization
Manual Technical documentation. Title Author, Organization, Address, Edition,

Month, Year
M.Sc. Thesis A Master's thesis. Author, Title, School, Year Address, Month, Abstract
Miscellaneous Documents that do not �t other listed

types.
Title Author, Month, Year, Key

Ph.D. Thesis A Ph.D. thesis Author, Title, School, Year Addr ess, Month, Abstract
Proceedings The proceedings of a conference. Title, Year Editor, Publisher, Organization, Address,

Month
Technical Report A report published by a school or other in-

stitution, usually numbered within a series
Author, Title, Institution, Year Number, Address, Month

Unpublished A document having an author and title,
but not formally published.

Author, Title Month, Year
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Figure 4.41: Bibliographic reference information

4.5.10 Labels

For rapid classi�cation and query of documents, the information system features a la-

belling system. Although topics can be used together with record relation mechanism

to classify documents, they are not primarily designed for queries. While it is techni-

cally possible to query documents for their related topics,transaction performance is

slow. Labels are introduced to increase transaction performance and to allow catego-

rization in listing of documents, e.g. listing of newspaperarticles on pipeline accidents,

or videos on urban disasters. Main di�erences between labels and topics are as follows:

� Labels are single level (i.e. sub-labels are not allowed).

� Labels are available only for selected document records.

� Changes in record labels are not stored in the record history.

� A record may have only one label.
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Figure 4.42: List of references

In order to set the label of a document, label selection box inthe document in-

formation page can be used (Figure 4.32). Labels can be changed by editors if the

document is not locked by the owner. Selected label is displayed at the end of docu-

ment information and indicated with a star. Labels can be listed, added, updated or

deleted from \Labels" section of the document subsystem. Editors can add new labels,

whereas owners can update and delete existing ones. Record types supporting labelling

are as follows:

� Newspaper articles

� Yearbook entries

� Videos

� Webpages
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4.5.11 Files

Besides classi�ed and structured information stored in the database as tables, addi-

tional information can be added to selected records as auxiliary �les, such as MS Word

or PDF documents (Figure 4.41). Record types that support auxiliary �les are listed

in Table 4.13. A record may have multiple �les, but a �le may be long to a single record

only. Multilingual description of the �le together with �le type and size information is

stored in the database, whereas �le itself is stored in a folder in the �le system. Files

can be locked by their owners to prevent further change by theother users. Long-term

meteorological data, electronic copies of references (e.g. articles, technical reports),

original texts of newspaper articles are examples of information that can be stored as

�les in the information system.
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4.6 Chemical Subsystem

The aim of the chemical subsystem is to store information on chemical substances,

including physical, structural, thermodynamical and toxi cal properties, and hazard

classi�cations. The subsystem processes available data onsubstances and provides

single, standardized values to other system components, mainly for the 96/82/EC

Directive calculations and accident modeling purposes.

Chemical subsystem includes information on the following record types:

� Chemicals

� UN/ADR explosive substances

� Hazard classi�cation and labelling

� Qualifying quantity limits of the 96/82/EC Directive

� Chemical property data

� Chemical property equations

� Chemical property estimators

� Material safety data sheets

� Chemical databases

� Constants

� Units

4.6.1 Chemicals

Basic information stored in the information system on chemicals include name, identi-

�er and structure data. Because a chemical compound may havemany names according

to di�erent naming conventions and notations, multiple nam e entries are supported by

the system (Figure 4.43). Also each name can be entered in di�erent languages. Sup-

ported languages are Turkish, English, German, Spanish, and French. Greek symbols

can be directly entered in chemical names. Italic, subscript and superscript formating

is supported as well.
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Figure 4.43: Basic chemical information

Since chemical names are not unique and di�culties exists in�nding a chemical

solely from its known name to the user (e.g. due to unavailability of the name in the

database or misspelling), frequently used unique identi�ers of chemicals are included

to the chemical information. Available identi�ers are:

� Chemical Abstracts Service (CAS) Registry No of the American Chemical Society,

� European Inventory of Existing Chemical Substances (EINECS) and European

List of Noti�ed Chemical Substances (ELINCS) No (EC No) of th e European

Union,

� 67/548/EEC Directive Annex I Index No (EC Index No).

These identi�ers are mainly used as parameters to search auxiliary online chemical

databases listed in Section 4.6.13. Chemical subsystem is capable of checking validity

of identi�ers and prevents invalid entries to be stored in the database.

Information on structure of the chemical is stored as chemical formula and compact

linear strings in International Chemical Identi�er (InChI ) and Simpli�ed Molecular

Input Line Entry Speci�cation (SMILES) notations.

Developed recently by International Union of Pure and Applied Chemistry (IU-

PAC) and U.S. National Institute of Standards and Technology (NIST), InChI aims to

provide a standard and human-readable way to encode molecular information and to

facilitate the search for such information in databases andon the web [76]. Substances
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are expressed in terms of information layers, which are the atoms and their bond con-

nectivity, tautomeric information, isotope information, stereochemistry, and electronic

charge information.

SMILES is a speci�cation which had been developed in 1980s for describing chemical

structures using short text strings [77]. It is based on graph theory and obtained

by depth-�rst tree traversal of graph created from chemical structure. Unlike InChI

there may be more than one SMILES specifying a compound, but algorithms exist

to generate unique SMILES which are called Canonical SMILES[78]. SMILES has a

wide support in chemical society and used for computationalchemistry, searching in

chemical databases, structure diagram generation and quantitative structure-activity

relationship (QSAR) methods.

In addition to textual information, 2-dimensional diagram of the chemical structure

is also shown on chemical information page. Structure diagrams are generated on-

demand from SMILES data using CACTVS software package [79].Therefore, they are

available for chemicals with SMILES only.

Chemicals can be searched for chemical names, identi�ers and structure informa-

tion. Chemical names can also be queried in multiple languages. Named substances

stored in the database can be listed separately. Resulting list of chemicals is presented

as a table, columns of which can be sorted freely (Figure 4.44).

4.6.2 Hazard classi�cation and labelling

Classi�cation and labeling section contains detailed information on hazard classi�cation

and labeling of the chemical substances and preparations according to the following

EU Directives and their current adaptation to technical pro gresses:

� Council Directive 67/548/EEC of 27 June 1967 on the approximation of the laws,

regulations and administrative provisions relating to the classi�cation, packaging

and labeling of dangerous substances [23],

� Directive 1999/45/EC of the European Parliament and of the Council of 31 May

1999 concerning the approximation of laws, regulations andadministrative provi-

sions of the Member States relating to the classi�cation, packaging and labelling

of dangerous preparations [24].
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Figure 4.44: List of chemicals

Regulation on Control of Hazardous Chemicals of the MoEF, which is an adoption

of the 67/548/EEC Directive to the Turkish national legisla tion, is also covered [80].

Hazard classi�cation and labelling data includes indications concerning special risks

(risk phrases), indications giving safety advice (safety phrases), hazard classi�cation,

indications of the dangers involved in the usage, and dangersymbols for the chem-

ical (Figure 4.45). Hazardous substance categories of the chemical according to the

96/82/EC Directive Annex I, Part 2 are also indicated.

The information system allows existing classi�cations to be modi�ed or new clas-

si�cations to be added. For this purpose, a comprehensive classi�cation data entry

interface has been developed (Figure 4.46).

Designation of hazard classi�cation primarily depends on selection of appropriate

risk phrases indicating the nature of hazards of the chemical and safety phrases in-

dicating the safety advice concerning thereof. Chemical subsystem includes complete

listings of risk and safety phrases in various languages as given in Annex 3 and 4 of the
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Figure 4.45: Hazard classi�cation and labelling information

67/548/EEC Directive, respectively, from which the user can make the selection easily.

According to selected risk phrases, the information systemis capable of automat-

ically determining hazard classi�cation. For this purpose, hazard classi�cation map-

pings of risk phrases given in Table B.1 (Appendix B) are used. Table B.1 has been

prepared by examination of the de�nitions of risk phrases, and hazard classi�cations

and corresponding risk phrases given for hazardous chemicals in 67/548/EEC Annex

1B and its ATPs. If a risk phrase has more than one possible classi�cation, e.g. R45

with possible classi�cations of Carcinogenic Category 1 or2, it is specially marked

with an asterisk and the user is required to select the properclassi�cation manually.

Based on �nal classi�cation, relevant danger symbols are determined using data given

in Table B.1 and displayed together with matching indicators of danger. Available sym-

bols and indications of danger for hazardous substances originated from 67/548/EEC

Annex 2 are listed in Table B.3.

Similar to hazard classi�cation, 96/82/EC categories that the chemical falls into

are also automatically determined from risk phrases. For this purpose, 96/82/EC

categories corresponding to risk phrases given in Table B.1are used. If required, the

user is allowed to change the substance categories determined by the system. Categories

determined by the system are indicated by asterisks (Figure4.46).

118



Figure 4.46: Classi�cation data entry form
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Explanatory notes relating to the identi�cation, classi�c ation and labelling of sub-

stances, and labelling of preparations as listed in 67/548/EEC Annex 1A can be selected

for the classi�cation. If needed, custom notes can also be entered.

Hazard classi�cations of substances are primarily based onresults of standard test

methods [23]. Test methods are continuously evolving in time, and experimental meth-

ods and instruments with higher accuracies are made available. As a result of this

progress and increased availability of more accurate or newexperimental data, hazard

classi�cation of substances are also changing. Therefore,speci�cation of the source of

classi�cation information is a requirement for systematic follow-up and further refer-

encing. For this purpose, the information system allow the user to specify the reference

of the classi�cation by making a selection from bibliographic references in the document

subsystem or MSDSs available for the chemical Figure 4.46.

In addition to basic hazard classi�cation, hazard classi�cations for speci�c con-

centration ranges can also be speci�ed to classify dangerous preparations containing

the substance or diluted solutions thereof in accordance with Directive 1999/45/EC.

Concentration speci�c classi�cations are based on risk phrases similar to basic clas-

si�cation. Hence, data input interfaces are alike. Automatic hazard classi�cation,

labelling and 96/82/EC category determination works for concentration speci�c clas-

si�cations as well. But, safety phrases and explanatory notes are not available. Unless

otherwise stated, the concentration limits are in percentage by weight of the substance

calculated with reference to the total weight of the preparation. Lower concentration

limit is obligatory, but upper limit can be left blank and ass umed as 100% by weight

at that case. Coincident concentration limits are not allowed by the system, hence

limits should be mutually exclusive. An example set of concentration speci�c hazard

classi�cations from the information system is given in Figure 4.47.
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Figure 4.47: Concentration limits and corresponding hazard classi�cations

4.6.3 96/82/EC Directive Substances

The chemical subsystem has a special section for substancesthat are considered as dan-

gerous with respect to major-accident potential and speci�cally named in 96/82/EC

Directive Annex I Part 1. In order to handle 96/82/EC Directi ve substances, two

di�erent record types has been developed. Named substance records cover substances

for which there exists chemical speci�c qualifying quantity limits. Named substance

groups on the other hand cover groups of substances for whichoverall qualifying quan-

tity limits have been set for the total amount of substances in the group. Complete

listing of current named substances and named substance groups are given in Table 2.1.

Named Substances

The information system allows speci�c lower and upper qualifying quantity limits to

be entered for a chemical stored in the database. Qualifyingquantities of a chemi-

cal are listed under \Named Substance Qualifying Quantity" section of the chemical

information page (Figure 4.48).

The chemical subsystem features qualifying quantity entryform for adding or up-

dating qualifying quantities. Since qualifying quantitie s are designated by the Directive,

only the administrators are allowed to use these forms. In addition to qualifying quan-

tity limits, lower and upper concentrations can also be speci�ed, for which the limits

are valid. Multilingual short description that is used to de �ne the qualifying quantity

limit and detailed notes thereon can be entered (Figure 4.49).
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Figure 4.48: List of qualifying quantities for a named chemical

Figure 4.49: Qualifying quantity entry form
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Since for some chemicals listed in Annex I Part 1 there existsseveral qualifying

quantities limits, the system is designed to support multiple limits for a chemical.

Qualifying quantities for a chemical are not always mutually exclusive, i.e. there may be

qualifying quantities with overlapping limits. In case of multiple qualifying quantities,

the user is responsible from selecting the proper limit for the 96/82/EC Directive

calculations. For a few qualifying quantities, special conditions are required to be

ful�lled, such as presence of powder form or speci�c composition for fertilizers. For

such qualifying quantities a conditional 
ag could be set to indicate that designation of

a qualifying quantity is not obligatory for calculations. I n those cases, the information

system allows selection of no qualifying quantity option during the 96/82/EC Directive

calculations as explained in Section 4.7.5.

Named Substance Groups

In addition to named substances, 96/82/EC Directive Annex I Part 1 also lists groups

of substances. A single qualifying quantity limit is given for each group, which is based

on total quantity of all chemicals belonging to the group. For selected group substances,

equivalence factors are also given, which de�ne the weightsof individual quantities of

substances in calculating the total quantity. Hence, calculations with named groups of

substances is not simple as named substances and require special attention.

Named groups and substances thereof are stored separately in the information sys-

tem. Similar to named substances, name and description can be speci�ed for a named

group and lower and upper qualifying quantities can be set. If there are any, lower

and upper concentrations can also be speci�ed. Substances can be added to the named

group one by one from the list of chemicals available in the chemical subsystem. Equiv-

alence factor can be speci�ed for each chemical. The factor is assumed to be equal to

unity if it is left blank.

Like named substances, named groups and named group substances can only be

added or updated by the administrators. Chemical subsystemhas a special section

for the management of named groups, at which available namedgroups can be listed.

Properties of a named group, together with all chemicals belonging thereto, can be

obtained from named group information page (Figure 4.50).
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Figure 4.50: Named group and chemicals information
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4.6.4 UN/ADR Explosive Substances

In addition to substances and preparations classi�ed as explosive (risk phrase R2 or R3)

according to 67/548/EEC and 1999/45/EC Directives, explosive substances, prepa-

rations or articles covered by the European Agreement concerning the International

Carriage of Dangerous Goods by Road (UN/ADR) are also taken into consideration

by the 96/82/EC Directive.

UN/ADR is an international agreement that designates dangerous goods that shall

not be accepted for international transport by road, and lays down conditions for

packaging and labelling of other dangerous goods, and construction, equipment and

operation of the vehicle carrying thereof [81]. Although there is no overall enforcing

authority, it is signed by the EU countries as well as a numberof non-EU countries

such as Russian Federation, Ukraine and Kazakhstan. As of 2008, Turkey is not a

signatory of the agreement. But there are studies for application of the provisions laid

out by the agreement. Turkish Chemical Manufacturers Association's e�ort on this

topic, should be especially noted [82].

Similar to the 67/548/EEC and 1999/45/EC Directives, the UN /ADR classi�es

dangerous goods according to their hazard characteristics, such as explosive, 
ammable,

toxic, infectious, radioactive substances and materials.There are 13 classes of danger-

ous goods according to the UN/ADR, Class 1 being explosive substances and articles.

For each substance and article of Class 1, a division number and a compatibility group

letter has been assigned, which together form the classi�cation code. There are 6 divi-

sions and 13 compatibility groups as listed in Table 4.16 andTable 4.17, respectively.

Divisions are based on explosion, �re and projection hazards, and sensitivity of sub-

stances and articles, hence describe the explosive characteristics. Complementary to

the divisions, compatibility groups express the composition thereof.

Since they are used in the 96/82/EC Directive calculations,the information system

provides data entry forms to store UN/ADR explosive substances in the database and

update as required. For each UN/ADR explosive, substance name and code number

given by the UN/ADR (UN No) should be entered. Division and compatibility group

of the explosive can be selected from the lists provided by the system. If set by the

agreement, lower and upper concentration limits by weight can be indicated, for which

the substance should be accepted as an UN/ADR explosive (Figure 4.51).
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Table 4.16: UN/ADR explosive divisions

Division Description

1.1 Substances and articles which have a mass explosion hazard (a mass ex-
plosion is an explosion which a�ects almost the entire load virtually in-
stantaneously

1.2 Substances and articles which have a projection hazard but not a mass
explosion hazard.

1.3 Substances and articles which have a �re hazard and either a minor blast
hazard or a minor projection hazard or both, but not a mass explosion
hazard:

(a) combustion of which gives rise to considerable radiant heat; or

(b) which burn one after another, producing minor blast or projection
e�ects or both.

1.4 Substances and articles which present only a slight riskof explosion in
the event of ignition or initiation during carriage. The e�e cts are largely
con�ned to the package and no projection of fragments of appreciable
size or range is to be expected. An external �re shall not cause virtually
instantaneous explosion of almost the entire contents of the package.

1.5 Very insensitive substances having a mass explosion hazard which are so
insensitive that there is very little probability of initia tion or of transition
from burning to detonation under normal conditions of carriage. As a
minimum requirement they must not explode in the external �r e test.

1.6 Extremely insensitive articles which do not have a mass explosion hazard.
The articles contain only extremely insensitive detonating substances and
demonstrate a negligible probability of accidental initiation or propaga-
tion.
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Table 4.17: UN/ADR explosive compatibility groups

Group Description

A Primary explosive substance.
B Article containing a primary explosive substance and not having two or

more e�ective protective features. Some articles, such as detonators for
blasting, detonator assemblies for blasting and primers, cap-type, are in-
cluded, even though they do not contain primary explosives.

C Propellant explosive substance or other de
agrating explosive substance or
article containing such explosive substance.

D Secondary detonating explosive substance or black powderor article con-
taining a secondary detonating explosive substance, in each case without
means of initiation and without a propelling charge, or article containing
a primary explosive substance and having two or more e�ective protective
features.

E Article containing a secondary detonating explosive substance, without
means of initiation, with a propelling charge (other than one containing
a 
ammable liquid or gel or hypergolic liquids).

F Article containing a secondary detonating explosive substance with its own
means of initiation, with a propelling charge (other than one containing a

ammable liquid or gel or hypergolic liquids) or without a pr opelling charge.

G Pyrotechnic substance, or article containing a pyrotechnic substance, or
article containing both an explosive substance and an illuminating, incen-
diary, tear- or smoke-producing substance (other than a water-activated
article or one which contains white phosphorus, phosphides, a pyrophoric
substance, a 
ammable liquid or gel or hypergolic liquids).

H Article containing both an explosive substance and white phosphorus.
J Article containing both an explosive substance and a 
ammable liquid or

gel.
K Article containing both an explosive substance and a toxicchemical agent.
L Explosive substance or article containing an explosive substance and pre-

senting a special risk (e.g. due to water activation or the presence of hyper-
golic liquids, phosphides or a pyrophoric substance) necessitating isolation
of each type.

N Articles containing only extremely insensitive detonating substances.
S Substance or article so packed or designed that any hazardous e�ects aris-

ing from accidental functioning are con�ned within the package unless the
package has been degraded by �re, in which case all blast or projection
e�ects are limited to the extent that they do not signi�cantl y hinder or
prevent �re-�ghting or other emergency response e�orts in t he immediate
vicinity of the package.
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Figure 4.51: UN/ADR explosive data enty form

List of the UN/ADR Class 1 explosives as de�ned by the agreement contain two

di�erent kinds of explosive materials. The �rst kind of expl osives are substances and

preparations that are named by speci�c chemicals, such as lead azide wetted not less

than 20% water, nitroglycerin solution in alcohol, and tetrazene. The second kind of

explosives are articles that are named according to their product names, such as fuses,

bombs, charges, and igniters. For explosive substances andpreparations, the informa-

tion system allows the corresponding chemical to be selected from the list of chemicals

available in the chemical subsystem (Figure 4.51). Hence, UN/ADR explosives and

chemicals can be linked to each other. This relation information is used during the

96/82/EC Directive calculations, as explained in Section 4.7.5.

List of the UN/ADR explosives can be accessed from \UN/ADR Explosives" section

of the chemical subsystem. UN/ADR explosives can be searched according to name, UN

no, explosive division and compatibility group information. Resulting list of UN/ADR

explosives can be sorted by name, UN No, explosive classi�cation and presence of linked

chemical. Explosives that are linked to chemicals are speci�cally indicated in the list.

Valid concentration limits are also speci�ed (Figure 4.52).
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Figure 4.52: List of UN/ADR explosive substances and articles

4.6.5 Units and Unit Conversion

In order to facilitate calculations related to chemicals, the information system pro-

vides a generic unit conversion mechanism that is able to determine whether two units

are compatible to each other and how to convert a value given in one unit into its

corresponding value in the other unit.

Units are stored in the database and identi�ed by unique codes. These codes are

used to refer units in calculations. Similar to other recordtypes, units have multilingual

support. Symbols (including Greek symbols) and names of theunits can be speci�ed

in di�erent languages. Unit conversion mechanism recognizes International System of

Units (SI) pre�xes. Therefore, SI pre�xed units are not needed to be stored separately

in the database.

There are three types of units in the information system:

1. Base units are nominally dimensionally independent units. SI de�nes seven base

units, which are metre (m), kilogram (kg), seconds (s), ampere (A), kelvin ( K ),

mole (mol), and candela (cd). All other units are derived from these base units.
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2. Units with conversion factors are units that can be converted to another units by

simple multiplication with speci�c conversion constants. For example, 1 Pascal

(Pa) is 1 N=m2 and 1 atmosphere (atm) is 101325Pa.

3. Units with special conversion functions are units that can be converted to other

units only by custom de�ned functions. Conversion of a temperature value from

� F to � C can be given as an example.

The system can determine whether two units are similar (i.e.convertible) to each

other. If the units are similar, a value in the source unit is converted to its corresponding

value in the destination unit using appropriate combinations of conversion factors and

conversion functions. The system is capable of converting derived units. For example,

lbs=cm2 � min can be converted tokg=L � s.

Units recognised by the information system can be listed in the \Units" section of

the chemical subsystem (Figure 4.53). Editors are allowed to add new units. In order

to add a new unit, code and name of the unit should have to be speci�ed. Symbol

denoting the unit and whether the unit is SI pre�xable or not c an be stated. If the

unit is not a base unit, its compatible unit and method of conversion thereto can be

entered. For custom conversion functions, the name of the function, and for conversion

factors, the value of the conversion factor must be entered (Figure 4.54).

The information system is capable of listing all compatibleunits if a unit is given

as the reference. This capability is frequently used in dataentry forms for allowing

the user to enter data in most convenient unit to himself, without enforcing manual

conversion to a speci�c unit. However, number of listed compatible units may be too

high if reference unit is a derived unit composed of several base units, or SI pre�x-

able. Majority of compatible units may be rarely used by the scienti�c society, hence

unnecessary to list. Taking the fact that short lists containing frequently used units

increase user friendliness of the system, common units are introduced. A common unit

is a compatible unit of a unit, which is entered manually by an editor. If a request

for listing compatible units is received, the information system �rst checks common

units table to �nd out whether or not such units exist for the g iven base unit. If com-

mon units are found they are listed as compatible units, otherwise system generated

compatible units are listed. Common units can be added and updated from \Common

Units" section of chemical subsystem.
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Figure 4.53: List of units

Figure 4.54: Unit entry form
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4.6.6 Constants

The information system allows universal constants frequently used in calculations, such

as standard gravity (g) or gas constant (R), to be stored in the database and supplied

to the calculation functions whenever needed instead of rede�ning each time. Using

unit conversion feature of the information system, constants can be obtain in di�erent

units according to the requirements of relevant equations.Similar to other record types,

data entry forms are available for constants. Since values of constants are critical and

directly a�ect the results of calculations, only administr ators are allowed to add or

update constants. Common constants stored in the database and used for calculations

are listed in Table 4.18.

Table 4.18: Common constants used for calculations

Symbol Name Value

G Gravitational constant 6 :67428� 10� 11 m2=kg � s2

Na Avagadro constant 6:02214179� 1023 mol � 1

R Universal gas constant 8:314472471J=K � mol
g Standard gravity 9:80665m=s2

kb Boltzmann constant 1:3806504� 10� 23 J=K

4.6.7 Equations

In addition to units and constants, the information system supports equations com-

prised of mathematical expressions. Equations form the basis of chemical property

equations, which are used to supply temperature and pressure dependent chemical

property data, such as heat capacity or density.

Mathematical equations commonly used in the literature, such as DIPPR [83] and

TNO [19] equations, are made available as the basic set of equations. Similar to other

record types, new equations can also be added through the equation entry form. Equa-

tion syntax is similar to the one being used in Calculus and includes numbers, operators,

and functions in combination with constants and variables. Constants and variables

are denoted with single upper and lower case alphanumeric characters, respectively. In

the current implementation, equations are limited to a single variable denoted with x
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and up to 6 constants denoted with A to F . Numbers consist of optional sign, any

number of digits, optional decimal part and optional exponential part in scienti�c no-

tation, e.g. � 123:45e6. Arithmetic operators and mathematics functions supported by

the system are listed in Table 4.19 and Table 4.20, respectively. Arithmetic operators

are listed in the order of their precedence from lower to higher.

Table 4.19: Arithmetic operators supported by equations

Operator Description Example Result

+ Addition a+b Sum of a and b
- Subtraction a-b Di�erence of a and b
/ Division a/b Quotient of a and b
* Multiplication a*b Product of a and b
^ Exponential a^b a raised to power b

( ) Grouping a*(b+c) Product of a and sum of b and c

Table 4.20: Mathematical functions supported by equations

Operator Description

log() Logarithm (base 10)
ln() Natural logarithm (base e)

exp() Exponent of e
sin() Sine (in radians)
cos() Cosine (in radians)
sinh() Hyperbolic sine
cosh() Hyperbolic cosine

During entry of an equation, the equation is checked by the system for validity to the

syntax and existence of proper number of constants. Invalidequations are not allowed

to be added to the database. Example expressions and their equivalent mathematical

expressions are given in Table 4.21.
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Table 4.21: Example equations and equivalent mathematicalexpressions

Equation Mathematical expression

A+B*x+C*x^2 A + Bx + Cx2

A/B^(1+(1-x/C)^D)
A

B (1+ (1� x
C )D

)

(A*x^B)/(1+C/x+D/x^2)
Ax B

1 +
C
x

+
D
x2

4.6.8 Chemical Properties

An important part of the chemical subsystem is chemical properties section. Compre-

hensive data entry and analysis tools are provided for chemical properties that can be

quanti�ed by numerical values, such as melting point, molecular weight, and 
ammabil-

ity limits. In addition to fuzzy property data values, prope rty equations and property

estimators are also supported. Property data analysis algorithm of the information

system analyses all available information on chemical properties and provide single

and standardized values for selected reference conditions.

Similar to other record types, data entry forms are providedfor entering new chem-

ical properties to the system (Figure 4.55). For each chemical property a unique iden-

ti�er should be given, which is used to refer the property in calculations. Besides the

identi�er, multilingual name and symbol of the property can also be speci�ed. Sym-

bols support italic, subscript and superscript formatting and are used to denote the

property during data display.

The unit of the property can be indicated or left blank if the p roperty is unitless

(e.g. Bioconcentration factor). Properties with multiple units are also supported.

For example, four di�erent units can be speci�ed for Henry's Law constant, which are

L �atm=mol, mol=L �atm, atm, and dimensionless. Units are used to control whether or

not proper unit is given during chemical property data entry, and to group data values

during chemical property data analysis. Detailed information on chemical property

data analysis is given in 4.6.12.

Dependence of the chemical property to reference conditions, such as temperature,

134



Figure 4.55: Chemical property entry form

pressure and chemical phase, is taken into consideration bythe information system.

In order to designate conditions that the property depends on, default values of the

reference conditions should be entered. Reference temperature and pressure can be

speci�ed numerically together with relevant units. Reference phase can be selected

as gaseous, liquid and solid from the list provided by the system. The property is

considered to be independent of conditions that are left blank.

Chemical properties can be searched for property name and listed by property

name, symbol and unit (Figure 4.56).

4.6.9 Chemical Property Data

The information system has a chemical property data section, which allow chemical

property data available in the scienti�c literature to be st ored in the database and

supplied to relevant subsystems for chemical speci�c calculations and modelling pur-

poses. Both single property values and datasets containingmultiple data values are

supported.

Chemical property data entry starts with selection of the chemical and the desired

chemical property. According to the selected chemical property, input elements regard-

ing reference conditions and numerical property data entryare updated by the system

to re
ect chemical property speci�c settings (Figure 4.57).

For properties that do not depend on reference conditions (e.g. molecular weight,

melting point) a single data value is allowed to be entered. For properties that depend

on temperature and/or pressure, multiple data values can beentered each of which
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Figure 4.56: List of chemical properties

corresponds to chemical property value at di�erent conditions (Figure 4.57). According

to dependence of the property on temperature and pressure, reference temperature

and pressure values are asked by the system. Reference values are not obligatory and

are assumed to be equal to the default values of the property if they are left blank.

Units of the reference temperature and pressure can be selected. In case of multiple

property data values, reference conditions can not be left blank and should be entered

for each data value separately. If data values are availablein logarithmic scale, they

can be directly entered to the system by setting logarithmic
ag. For phase dependent

properties, such as density and molecular volume, reference phase of the property data

can be speci�ed.

Unit of the chemical property data can be selected from the list provided by the

system according to the units of the property. The list includes not only the property

units, but also similar units generated automatically by the system or available as

common units. If required, the unit can also be speci�ed manually.

Source of the property data can be stated either by selectinga bibliographical

reference from the list provided by the document subsystem,or entering textual refer-
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Figure 4.57: Chemical property data entry form
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ence information. Bibliographical references provide more detailed information, hence

should be preferred over textual reference input, which is mainly o�ered for rapid and

mass data entry. In addition to the source of the property data, detailed descriptive

information such as method of measurement or estimation canalso be denoted.

How the chemical property data should be handled during dataanalysis by the

information system can be explicitly speci�ed. Not all data properties stored in the

system should have to be used for calculations. If it is knownthat quality of data is

poor or erroneous, the data can be excluded from calculations and held in the system

for informative purposes only. On the contrary, if the data is known to be the best

value among the available alternatives, it can be selected as the default data enforcing

the system to use the value for calculations skipping other data values. The property

data can also left as it is. In that case, the information system decides whether or not

to use the data by doing a statistical analysis. Property data status can be selected as

rejected, default or normal, to specify type of data handling methods mentioned above.

Similar to other record types, property data records can be added or updated by

editors, and locked by the owners to prevent further editing. There is no restriction

on the number of chemical property data values that can be added to the system for

a speci�c chemical and chemical property pair. Reference conditions may also be the

same. Chemical property data analysis algorithm of the information system is capable

of dealing with coincident data values.

Chemical property data entered to the system can be displayed on chemical property

information page (Figure 4.58). Chemical property data is also shown on the chemical

information page, together with other property related inf ormation (equations, estima-

tors, etc.) and results of statistical analysis, includingstandardized values for reference

conditions that can be stated by the user. Details on property data analysis are given

in Section 4.6.12.

4.6.10 Chemical Property Equations

A common approach to quantify chemical properties, which are signi�cantly a�ected

by temperature and pressure, is to �t available experimental data to speci�c mathe-

matical expressions to obtain a unique equation [84]. The equation, constants of which

depend on source data and method of data �tting applied, is generally a good repre-

sentative of the trend of the chemical property values within its validity range. Hence,
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Figure 4.58: Chemical property information

it allows value of the dependent variable (chemical property) to be easily calculated

given the value(s) of independent variable(s) (temperature and/or pressure). Property

equations are widely used for accident modelling purposes,because hazardous sub-

stances are generally stored under high pressure or low temperature conditions, which

may change their nature rapidly during an accident [19]. Change in pressure or tem-

perature may be in the order of several magnitudes, therefore calculation of reference

condition dependent values of chemical properties is unavoidable if reliable results are

needed.

Taking this into consideration, the information system supports chemical property

equations and provides data entry forms thereof. In order toadd or update a chemical

property equation, �rst the property and chemical to which t he property equation

belongs should be selected (Figure 4.59).

According to the units and phase dependence of the property,unit and reference

phase of the equation are asked. Unit is not requested for properties that are unitless.

If the property has unit(s), all similar units including com mon units are listed for

selection. The unit can also be speci�ed manually. For properties that are phase

dependent, reference phase of the equation is also requested.

Type of the property equation can be selected from the equation list provided by

the system, which includes equations stored in the system asdescribed in Section

4.6.7. According to the number of constants de�ned in the selected equation, numeric
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Figure 4.59: Property equation entry form

input elements are shown for input of equation constants. Constants can be entered

in scienti�c notation, but fuzzy values are not supported. I ndependent variable of

the equation can be selected as temperature or pressure, andunit of the equation

can be speci�ed accordingly. Validity range of the equation should be speci�ed as

lower and upper limits in terms of selected independent variable and unit. Similar to

property data, status of the property equation can be selected as default, normal, or

rejected. Rejected equations are not used in chemical property calculations, whereas

default equations are used for calculating property valueswithin their validity limits

overwriting all other property equations and also property data values falling within

the limits (equations have higher priority compared to data values).
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Source of the property equation can be speci�ed by selectinga reference from the

document subsystem. Custom notes on accuracy or method of curve �tting used to

obtain the property equation can be indicated as well.

Property equations available for a chemical are listed under \Property Equations"

section of the chemical information page. Name of property,reference phase and �nal

form of the equation including constants and independent variable (temperature or

pressure) are listed for each property equation (Figure 4.60).

Figure 4.60: Chemical property equations of a chemical

Detailed information on property equations can be obtainedfrom property equation

information page, which can be accessed by selecting a property equation from the list

of property equations. In addition to tabulated informatio n on the property equation,

line plot of the equation for its validity range is also made available for visual inspection

(Figure 4.61)

A chemical may have multiple property equations for a speci�c property. Selection

of the proper property equation is done automatically by the system, as explained in

Section 4.6.12.

4.6.11 Chemical Property Estimators

In addition to supporting chemical property datasets and property equations, the in-

formation system is also capable of estimating chemical properties by using scienti�c

estimation methods. For this purpose the system features a generic property estima-

tion framework that allows the administrators to register u nlimited number of property
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Figure 4.61: Property equation information
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estimators. Each property estimator is identi�ed by a uniqu e code, which is used to in-

dicate the estimator in calculations. The property to be estimated and chemical phase

should be speci�ed together with the unit of the estimate and the estimation function.

The name of the estimation method and descriptive notes thereon can be stated and

used by the system for referencing purposes (Figure 4.62).

An estimation function takes the chemical and reference conditions as input, and

tries to estimate the property using other available chemical properties by applying

a scienti�c estimation method. If there is su�cient informa tion available for estima-

tion, the function returns an array containing estimated property value and unit. If

estimation could not be done, the function returns false. Estimation functions re-

trieve property values required for estimation through standard property data supply

mechanism of the information system. As it will be explained in Section 4.6.12, the

information system uses property data sets, equations and estimators concurrently to

provide the best available chemical property value. Hence,an estimator function may

evoke other estimation functions recursively until required property value is calculated.

The information system prevents in�nite loops by checking the presence of the estima-

tor is in the estimation stack and does not allow to call the estimator if it is already

in the stack. Property estimators are taken out of the stack when they return a value

(either the estimate or false).

Currently implemented property estimators are listed in Table 4.22.

Figure 4.62: Property estimator data entry form
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Table 4.22: Property estimators implemented in the system

Estimator Phase Unit Requirements

Density from molar volume - g=cm3 Vm ; MW
Heat of vaporization from speci�c heat of vaporization - kJ=mol � vH; MW
Ideal gas molar volume Gas cm3=mol -
Molar volume from density - cm3=mol �; MW
Molecular weight calculation from chemical formula - g=mol Formula
Speci�c heat of vaporization from heat of vaporization - kJ=kg � vh; MW
...

...
...

...
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4.6.12 Chemical Property Data Analysis

The aim of the chemical property data analysis framework is to provide single and

standardized values of chemical properties by processing all available chemical property

datasets, equations and estimators. Results of the chemical property data analysis are

made available to the other system components, mainly to themodelling component,

for calculations and displayed to the end users for informative purposes.

Chemical property data analysis starts with statistical analysis of chemical property

data records. For this purpose, chemical property values are �rst grouped according to

the reference conditions that the property depends on, including temperature, pressure

and chemical phase. The following steps are followed duringthe grouping process for

a single data record:

� If the record contains more than one data value, i.e. contains a dataset, values

are separated from each other and converted into single values with their own

reference conditions.

� Fuzzy values are parsed and corresponding linear trapezoidal fuzzy numbers are

calculated.

� Logarithmic values are converted into ordinary values by taking the exponential.

� Values are converted from their custom unit into the corresponding base property

unit.

� If exists, reference temperature and pressure values are converted into base units,

which are K and Pa, respectively.

� Reference conditions, which are left blank, are replaced with the default reference

conditions of the property.

� Standardized values are put into the appropriate group according to their corre-

sponding reference conditions.

At the end of the grouping process, all chemical property data values in a group

become comparable to each other. In the next step, fuzzy statistics are calculated

for each group and data values are sorted in the increasing order according to fuzzy

relations given in Section 4.3.10.
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The following rules are applied in the order of their appearance to calculate the

standard value of a group:

� If there is only one value in the group, it is selected as the standard value.

� If a record containing multiple data values is set as default, all records with single

data values falling within the range of the dataset are excluded from the data

analysis, including those belonging to other groups.

� If there exists a chemical property data in the group, which is set as default, it

is selected as the standard value of the group.

� If there exists no default value in the group, fuzzy median value is designated as

the standard value of the group.

Obtained standard values are stored in the temporary chemical property cache of

the information system for further processing.

If a chemical property value is requested from the chemical subsystem for a speci�c

chemical and reference conditions, the system �rst checks whether a chemical property

equation is available in the database for the requested chemical that is valid for the

given reference conditions. If a chemical property equation is found, it is used to

calculate the chemical property value and the result is returned as the standard value.

If more than one equation is found, the default one or if thereis no default one, the

�rst one, is used for the calculation.

If no equation is found, the system checks the availability of standard values cal-

culated from chemical property data records. If a standard value matching requested

reference conditions exists, it is returned as the result. Otherwise, standard values are

used to approximate the property value for the given reference conditions by interpo-

lation or extrapolation, whichever is appropriate. The following rules are applied for

interpolation and extrapolation:

� If there is only one standard value, it is returned as the nearest (hence, best)

approximation.

� If there are two standard values, 1st order linear polynomial equation calculated

from standard values is used for both interpolation and extrapolation.
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� If there are three standard values, 2nd order linear polynomial equation calculated

from standard values is used for both interpolation and extrapolation.

� If there are more than three standard values,

{ 2nd order linear polynomial equation calculated by using nearest three stan-

dard values is used for extrapolation,

{ Average of two 2nd order linear polynomial equations calculated by using

nearest three standard values to the right and to the left, respectively, is

used for interpolation. While determining nearest standard values, reference

condition is tried to be centralized for each equation.

Interpolation and extrapolation rules listed above guarantee that the best estimate

is calculated for each case. Especially, the averaging method yields the smoothest value

of all possible estimates, since two equations used for averaging are the smoothest of

all possible curves.

If requested chemical property value could not be calculated from standard values,

the information system tries to estimate the value by using chemical property esti-

mators. As explained in 4.6.11, all available estimators ofthe chemical property are

tried until a valid value is calculated or no property estimator is left. If a value can be

estimated, it is returned as the standard value. Otherwise,chemical property analysis

process is �nished denoting no value can be calculated for the requested property from

the available information in the database.

In addition to providing standard values to other system components, chemical

property data analysis is also used to summarize and displaychemical property data.

\Chemical Properties" section in chemical information page uses the analysis frame-

work to extract all available chemical property data for a chemical and list them with

full reference information (Figure 4.63). The end users caneasily select reference con-

ditions for which chemical properties are to be calculated.

Fuzzy statistics calculated chemical property data valuesare also utilized for chem-

ical property data display (Figure 4.64). While listing available data values for a

property, values are shown as grouped by their analysis groups and in the ascending

order. Default values are indicated with asterisks. Rows containing data values are

colored according to statistical properties of the values (Figure 4.64). Di�erent colors

are used for the following data values:
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Figure 4.63: Summary of chemical property data analysis

Figure 4.64: Statistical analysis of chemical properties

148



� Extreme outliers, located outside of 3:0 � Interquartile range,

� Mild outliers, located outside of 1:5 � Interquartile range,

� Values in the interquartile range,

� 1st quartile value,

� 3rd quartile value,

� Median value,

� Minimum value,

� Maximum value.

4.6.13 Chemical Databases

Although chemical subsystem provides means of storage, advanced statistical analysis

and estimation of chemical property data, collection of property data itself is a huge,

time intensive task, which is beyond the scope of the study. Best e�ort has been made

to provide a basic set of chemical property data. Still, available data is limited and

adequate for demonstrative purposes only. Open nature of the information system

facilitates collection of data, but use of other online chemical databases is also rec-

ommended. By using available chemical identi�ers and structure information of the

chemicals, links to selected online databases are made available to facilitate this process

(Figure 4.65).

Similar to other records, chemical databases can be added orupdated by the editors.

In addition to the name of the database, an icon representingthe database can also

be speci�ed. Data �elds found in basic chemical information (i.e. name, identi�er and

structure data �elds) can be used for queries to chemical databases. In order to add

a new query, data �eld should be selected as the search parameter and corresponding

URL address should be entered (Figure 4.66). Value of the parameter is automatically

added to the end of URL address during queries. The information system supports

multiple query URLs to be speci�ed for each chemical database. While displaying links

to chemical databases, the system checks the availability of parameter values for the

chemical. Corresponding link is not shown if a parameter is not available. If multiple

parameters are available for a chemical database, the parameters are listed next to

149



Figure 4.65: List of online chemical databases

the chemical database name (Figure 4.65). Search query is updated according to the

selected parameter.

Figure 4.66: Chemical database entry form

List of available online chemical databases is given in Table 4.23.

4.6.14 Material Safety Data Sheets

Besides information on hazard classi�cation and chemical properties stored in the

database, more detailed or other kind of information on chemicals can be included to

the system as Material Safety Data Sheets (MSDS). MSDSs can be added as separate
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Table 4.23: Selected online chemical databases and search criteria

Database Institution Base URL E
U

In
de

x
N

o

E
U

N
o

C
A

S
N

o

Fo
rm

ul
a

S
M

IL
E

S

In
C

hI

ChEBI Eur. Bioinf. Ins. http://www.ebi.ac.uk/chebi/
p p p p

Chemical Webbook U.S. NIST http://webbook.nist.gov/
p

ChemIDPlus U.S. Nat. Lib. of Med. http://chem.sis.nlm.nih.gov/chemidplus/
p

ChemPortal OECD http://webnet3.oecd.org/eChemPortal/
p

ChemSpider ChemZoom Inc. http://www.chemspider.com/
p p p

ClassLab ECB http://ecb.jrc.it/classification-labelling/
p p p

Dortmund Databank DDBST GmbH. http://134.106.146.148/DDBSearch
p p

EINECS ECB http://ecb.jrc.it/esis-pgm/
p

eMolecules eMolecules Inc. http://emolecules.com/
p p p

Google Google Inc. http://google.com/
p p p p p p

JChem.Info Black iD Solutions http://www.jchem.info/
p

Pubchem Compound U.S. Nat. Ins. of Health http://www.ncbi.nlm.nih.gov/
p p
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�les in common document formats, such as PDF or MS Word. Date of publication, pub-

lisher (chemical producer) and language of MSDSs can be speci�ed. MSDSs available

for a chemical is listed in a separate section on chemical information page. Moreover,

they can be searched for di�erent criteria such as chemical name and publisher.
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4.7 Facility Subsystem

Facility subsystem has been designed in order to systematically collect information on

industrial facilities and hazardous chemicals present therein to make rapid assessment

of their status with respect to the 96/82/EC Directive of the EU. Although it is cur-

rently not legally binding for Turkey, studies on adopting t he Directive to the Turkish

legislation have been completed and draft regulation and communications thereof are

ready as of the end of 2006 [15]. Results of assessments that can be done by the

decision-support system may be used as gross indicators of major accident potential

of Turkey and reveal spatial distribution of probable risk zones in the context of the

96/82/EC Directive.

4.7.1 Industrial Facilities

The data required on facilities is simple and covers facility name, location and indus-

trial activity information only (Figure 4.67). Name of the f acility can be stated as

multilingual. Location and contact information includes p rovince and district, textual

locality description, address, postal code, phone and fax numbers. Web site of the

facility or owner company can also be stated. As explained inSection 4.3.7, location of

the facility can be marked on the map with a rectangular bounding box and geographic

coordinates can be indicated as latitude and longitude.

In order to designate the industrial activity of the facilit y, its Statistical Classi�ca-

tion of Economic Activities in the European Community (NACE ) code can be speci�ed,

which is the standard used by the EU [85]. It is also commonly used worldwide and in

Turkey [86]. Although NACE codes up to 6 digits are available, 4 digit version is used

by the system since last two digits are not standard and vary from country to country.

NACE code can be entered manually or it can be selected from the interactive list pro-

vided by the system. Uncertain NACE code can be indicated by an uncertainty 
ag.

Designation of correct NACE code is important, since it is used for the calculation of

the 96/82/EC Directive status of the facilities as it will be explained in Section 4.7.5.

If industrial activities carried out in the facility fall un der several NACE categories,

the NACE category of the primary activity of the facility sho uld be stated.

Industrial facilities present in the information system can be listed by facility name,

province, district, NACE code and the 96/82/EC Directive st atus (Figure 4.68). Search
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Figure 4.67: Basic facility information

results can be displayed on the map to reveal geographic distribution of the facilities.

Symbology used for map markers represent the 96/82/EC Directive status of the facil-

ities. Therefore, the map also reveals regions where upper and lower tier facilities are

located. Since the 96/82/EC Directive status is an indicator of major-accident poten-

tial, those regions can be considered as areas with medium tohigh accident potential.

4.7.2 Chemicals Stored in the Facilities

The facility subsystem has a special section for keeping information on chemical sub-

stances stored in the facilities. Similar to facility information, data �elds regarding

chemicals found in facilities are kept simple and do not include detailed information

on individual storage tank level. Based on the needs of the 96/82/EC Directive cal-

culations, it is focused on total quantities of the substances and their overall storage

conditions.

In order to designate a substance stored in the facility, a chemical can be selected

from the chemical listing of the chemical subsystem. If the substance is an explosive

listed in the UN/ADR, it can also be selected from the list of UN/ADR explosives.
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Figure 4.68: List of industrial facilities

Figure 4.69: Map of industrial facilites
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Storage phase, pressure and temperature are requested for each substance to denote

the storage conditions. Phase can be selected as gaseous, liquid or solid. For pressure

or temperature controlled systems, custom values can be entered for storage pressure

and temperature in desired units. Otherwise, they should beindicated as equal to

ambient conditions (Figure 4.70).

Figure 4.70: Facility substance entry form

Four di�erent quantitative values can be entered to specify the amount of substance

actually or likely to be present in the facility:

� Qualifying quantity, which is the quantity de�ned by the 96/82/EC Directive as

the maximum amount of the substance that is present or is likely to be present

at any one time, including \out of control" situations.

156



� Stored quantity, which is the actual amount of substance stored in the facility at

a speci�c time.

� Production capacity, which is the production capacity of the facility for the sub-

stance. Multiplied by a speci�c number of days, it can be converted to quantity

information.

� Storage capacity, which is the storage capacity of the facility for the substance.

Multiplied by a speci�c percentage value as a measure of usage ratio of the avail-

able capacity, it can be converted to quantity information.

Qualifying and stored quantities are direct measures of thestorage amount of the

substance, whereas production and storage capacities provide indirect information.

But, capacity values can also be used to infer the size of the facility, such as small

enterprise or high volume producer. Additional data required for calculating quantity

values from capacities can be manually entered, which are number of days of produc-

tion, products of which as assumed to be stored in the facility, and usage percentage

of the available storage capacity. The information system also has the ability to use

industrial activity speci�c or global values for these data �elds, if facility speci�c values

are not available. Details on quantity calculations are given in Section 4.7.4 and 4.7.5.

Quantity and capacity values, as well as number of days and usage percentage,

support fuzzy numbers (Figure 4.70). Concentration of the substance can also be

speci�ed using a fuzzy number. Concentration value is takenas percentage by weight

(%w) and percentage by volume (%v) for liquid and solid, and gaseous substances,

respectively. Multilingual descriptive notes can be entered as well.

4.7.3 Responsible Users

Similar to other record types of the information system, facilities and substances present

therein can be added or updated by the editors. Therefore, people interested in in-

dustrial accidents from academia, municipalities or non-governmental organizations

(NGOs) can enter data for speci�c regions to study major-accident potential using the

tools provided by the system. Although detailed chemical data is generally con�den-

tial and not publicly available for industrial facilities, storage or production capacities

can be found from public reports and may be adequately used for rough calculations.

However, it is also a fact that best information can only be supplied by the personnel
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of the facilities. If it is known that such people exist, data entry on facilities could be

limited to those people. This will guarantee that informati on is entered from �rst hand

and protected from modi�cations by third parties.

In order to establish a data 
ow similar to that described above, the concept of

responsible users is introduced for the facilities. If a responsible user is de�ned for

a facility, the facility record and all related facility sub stance records are locked by

the system for modi�cation by the editors. They are also not allowed to add new

substances to the facility. Hence, facility and substance data are protected.

Responsible persons are assigned from editors by the administrators. Several users

can be assigned as responsible persons of an industrial facility and listed on facility

information page (Figure 4.67). All responsible persons ofa facility have the same level

of user privileges and may change facility and chemical datawithout any restrictions.

They can also limit access to detailed facility substance data. If access is made limited,

substance information is stored in the database but it is not displayed on facility

information page. Only total qualifying quantities and the results of the 96/82/EC

Directive calculations are shown. Unless a responsible person has been assigned, editors

may update facility and chemical data, but can not limit access thereto.

4.7.4 96/82/EC Directive Settings

The information system allows facility speci�c production days and capacity usage

percentage values to be entered in the facility substance section. Since it may be

di�cult to state these values separately for each facility, the system also let generic

values to be speci�ed as shown in Figure 4.71.

Two di�erent levels of generic values exist. First level is the industrial activity level

that is based on NACE codes. Independent of the substance type, special production

days and capacity percentage values can be set for NACE codes. NACE speci�c values

are valid not only for the speci�ed NACE code, but also for all sub-categories of NACE

codes, for which custom values are not indicated. For example, if production days is

speci�ed as 30 days forManufacture of chemicals, chemical products and man-made

�bres (NACE Code: 24) but no value is set forManufacture of basic chemicals(24.1),

production days value forManufacture of basic chemicalsand all its sub categories (e.g.

Manufacture of industrial gases(24.11), Manufacture of dyes and pigments(24.12)) is

taken as 30 days. Some examples of NACE speci�c values are given in Table 4.24.
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Table 4.24: Example NACE speci�c 96/82/EC Directive settin gs

(a) Stored settings

NACE Production Capacity Usage
Code Industrial Activity Days Percentage

24 Manufacture of chemicals and chemical products 30� 45 75
24.1 Manufacture of basic chemicals � 80

24.11 Manufacture of industrial gases 15 �
24.2 Manufacture of pesticides and other agro-chemical products > 45 80
24.6 Manufacture of other chemical products 30 �

24.61 Manufacture of explosives 15 85

(b) Calculated settings

NACE Production Capacity Usage
Code Industrial Activity Days Percentage

24 Manufacture of chemicals and chemical products 30� 45 75
24.1 Manufacture of basic chemicals 30 � 45 80

24.11 Manufacture of industrial gases 15 80
24.12 Manufacture of dyes and pigments 30 � 45 80
...

...
...

...
24.2 Manufacture of pesticides and other agro-chemical products > 45 80

24.20 Manufacture of pesticides and other agro-chemical products > 45 80
24.3 Manufacture of paints, varnishes and similar coatings, printing ink and mastics 30 � 45 75
...

...
...

...
24.6 Manufacture of other chemical products 30 75

24.61 Manufacture of explosives 15 85
24.62 Manufacture of glues and gelatines 30 75
...

...
...

...
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Figure 4.71: Special and generic 96/82/EC settings

4.7.5 96/82/EC Directive Calculations

Calculation of the 96/82/EC Directive status of a facility b egins with determination of

the qualifying quantities of the substances stored in the facility. Once qualifying quan-

tities are calculated, status assessment is done in two steps following the methodology

set out by the Directive. In the �rst step, status calculatio ns are made for each sub-

stance separately and substance speci�c statuses are found. In the second step, overall

hazards of all substances are evaluated by using summation rule indices. Statuses ac-

cording to groups of named substances are also calculated. Details of the calculations

are given in the following sub-sections.

Qualifying Quantity Calculations

Quantities of dangerous substances to be considered for theapplication of the 96/82/EC

Directive are the maximum quantities, which are present orlikely to be present at any

one time. Determination of qualifying quantities may not be straight forward for

all the time and requires expertise and knowledge on storageand process conditions.

Especially, likely to be present quantities are di�cult to p redict and quantify, since

they require loss-of-control situations to be considered [87]. In order to determine the

qualifying quantity of a substance, the steps given in Figure 4.72 are followed.
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Figure 4.72: Flowchart of qualifying quantity calculation
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As the �rst step, availability of manually entered qualifyi ng quantity is checked.

If available, it is used as the qualifying quantity. Otherwi se, stored quantity is used

as the qualifying quantity if it is available. If both quanti ties are unavailable, the

information system tries to estimate the qualifying quantity from the production and

storage capacities for the substance. In order to calculatethe qualifying quantity,

storage capacity is multiplied with the capacity usage percentage. Similarly, production

capacity is multiplied with number of days of production tha t is considered to be stored

temporarily at the facility. Priority is on the storage capa city, i.e. it is preferred over

production capacity if both are available. Manually entered production days and usage

percentage values are used for calculations if they are available. Otherwise, industrial

activity speci�c or global values are utilized, as explained in Section 4.7.4. Since selected

qualifying quantity may be a fuzzy number, its point estimat e value is calculated as

the last step.

Status Calculations for Substances

Once the qualifying quantity is calculated for a substance, the information system

calculates the 96/82/EC Directive status of the substance by following the steps given

in Figure 4.73.

First, the type of the substance is checked. If the substanceis an UN/ADR explo-

sive, 96/82/EC category of the explosive is determined. 96/82/EC Directive divides

UN/ADR explosives into two categories based on UN/ADR divisions. First category

(4) covers UN/ADR Division 1.4, i.e. substances and articles which present only a

slight risk of explosion with limited e�ects largely con�ne d to the package. All other

UN/ADR divisions are included to the second category (5), together with explosive

substances falling under risk phrases R2 and R3. More lenient limits are given for

Division 1.4 explosives as shown in Table 2.3. According to the designated category,

lower and upper 
ammability indices are calculated, which will be used for summation

rule as explained later on. If UN/ADR explosive is linked to a chemical, the substance

is set equal to the chemical and calculations are continued.

If the substance is a chemical (either explicitly de�ned or set by the UN/ADR

explosive), the qualifying quantity is compared with the lower and upper limits given

in the 96/82/EC Directive Annex I and it is determined whethe r limits are exceeded

or not.
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Figure 4.73: Flowchart of 96/82/EC status calculation of a facility substance
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If the substance is a named substance or a member of a named group, qualifying

quantity limits given in Part 1 are used for comparison. Limiting quantities are directly

used for named substances. For substances listed under a named group, limits of the

group is used. But the qualifying quantity is multiplied wit h equivalence factor of the

substance, if it is speci�cally set by the Directive. During the comparison, concentration

of the substance is also taken into consideration. If speci�c concentration limits are

indicated in Part 1 and the concentration of the substance isoutside of these limits, the

substance is not considered as a named substance. Otherwise, the 96/82/EC Directive

status of the chemical is set according to the result of the comparison. Ratios of the

qualifying quantity to the lower and upper limits are also recorded as named substance

indices to be used for summation rule calculations.

In order to calculate summation indices, which are requiredfor facility status cal-

culations and determination of the 96/82/EC Directive stat us of substances which

are not listed in Annex I Part 1, hazard classi�cation of the chemical is determined.

For this purpose, availability of chemical speci�c hazard classi�cation is checked from

the database. If no hazard classi�cation is available, i.e. chemical is not listed in

the 67/548/EEC Directive, status calculation �nishes. Oth erwise, appropriate hazard

classi�cation according to the concentration of the substance is found.

If the concentration of the substance is not speci�ed, hazard classi�cation of the sub-

stance is directly used for calculations. Otherwise, availability of concentration speci�c

hazard classi�cations are checked from the database. If thesubstance has concentra-

tion speci�c hazard classi�cations, hazard classi�cation corresponding to the speci�ed

concentration is found. If the concentration is found to be outside of the available

concentration limits, the substance is considered to be non-hazardous. Hence, status

calculation is �nished. Otherwise, found hazard classi�cation is used for calculations.

If the substance has no concentration speci�c hazard classi�cations, then concen-

tration speci�c hazard classi�cation is calculated from th e hazard classi�cation of the

substance by applying rules designated by the 1999/45/EC Directive. For this purpose,

hazard classi�cation of risk phrases given in Table B.1 (Appendix B) and risk phrase

mappings of substances and preparations for speci�c concentration ranges which are

given in Table B.2 are utilized. Table B.2 has been prepared specially for the study

by examination of the 1999/45/EC rules. If calculated classi�cation is empty, the

substance is considered to be non-hazardous and status calculation is �nished.
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By using the designated classi�cation, the summation rule indices are calculated.

Summation rule is based on overall hazards associated with substances, which are

grouped as toxicity, 
ammability and eco-toxicity. Distri bution of the 96/82/EC Di-

rective categories into overall hazard groups are given in Table 4.25

Table 4.25: Overall hazards and corresponding 96/82/EC Directive categories

Overall hazard Categories

Toxicity 1, 2
Flammability 3, 4, 5, 6, 7a, 7b, 8
Eco-toxicity 9i, 9ii

According to overall hazards of the classi�cation and by using the categories having

the lowest qualifying quantity limits among the categoriesof the overall hazards, indices

are calculated for each overall hazard by taking the ratios of the qualifying quantity

of the substance to the lower and upper limit values. If 
ammability indices were

calculated before (for UN/ADR explosives), they are not re-calculated.

If the 96/82/EC Directive status was not determined before, main category of the

substance is found and generic limits thereof are used for the comparison. Main cate-

gory is the one having lowest qualifying quantity among the categories of the substance.

If the qualifying quantity is equal or above the relevant limits, the facility is designated

to be covered by the 96/82/EC Directive and its status, as lower or upper tier, is

determined by the type of limit exceeded.

Complete algorithm of substance speci�c 96/82/EC Directive calculations explained

above is given in Algorithm 1.

Results of 96/82/EC Directive calculations for the substance are presented to the

user in the form of a 96/82/EC Directive status report. The results can also be viewed

at any time on the facility substance information page (Figure 4.74). In addition to

calculated 96/82/EC Directive status and indices, qualifying quantity used for calcu-

lations and source of 97/82/EC Directive status decision (Part 1, Part 2, or both) are

also indicated.
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Algorithm 1 96/82/EC status calculation of a facility substance
1: procedure FacilitySubstanceStatus (Substance; Concentration; Quantities )
2: Quantity  Calculate qualifying quantity( Substance,Quantities )
3: Status  Out of Scope
4: Indices  ;
5: if Substance is UN/ADR Explosive then
6: Division  Get UN/ADR division( UN=ADR Explosive )
7: CategoryExplosive  Get 96/82/EC category( Division )
8: Limits  Get qualifying quantity limits( CategoryExplosive )
9: Indices F lammability;Upper  Quantity=Limits Upper

10: Indices F lammability;Lower  Quantity=Limits Lower

11: if UN=ADR Explosive is Chemical then
12: Substance  Get chemical(UN=ADR Explosive )
13: end if
14: end if
15: if Substance is Chemical then
16: Limits  ;
17: if Chemical is Named Group Chemical then
18: Named Group  Get named group(Chemical )
19: Concentration Limits  Get concentration limits( Named Group )
20: if (Concentration Limits = ; ) _ (Concentration � Concentration Limits ) then
21: Limits  Get qualifying quantity limits( Named Group )
22: if Chemical has Equivalence Factor then
23: F actor  Get equivalence factor(Chemical )
24: else
25: F actor  1:0
26: end if
27: end if
28: else if Chemical is Named Chemical then
29: Concentration Limits  Get concentration limits( Named Chemical )
30: if (Concentration Limits = ; ) _ (Concentration � Concentration Limit ) then
31: Limits  Get qualifying quantity limits( Chemical )
32: F actor  1:0
33: end if
34: end if
35: if Limits 6= ; then
36: Indices Named;Upper  Quantity � F actor=Limits Upper

37: Indices Named;Lower  Quantity � F actor=Limits Lower

38: if Indices Named;Upper � 1:0 then
39: Status  Upper Tier
40: else if Indices Named;Lower � 1:0 then
41: Status  Lower Tier
42: end if
43: end if
44: if Chemical has Classi�cation then
45: Classif ication  Get classi�cation( Chemical )
46: if Concentration 6= ; then
47: if Classif ication has Concentration Limits then
48: Concentration Limits  Get concentration limits ( Classif ication )
49: Classif ication  ;
50: for all Concentration Limit 2 Concentration Limits do
51: if Concentration � Concentration Limit then
52: Classif ication  Get classi�cation ( Concentration Limit )
53: end if
54: end for
55: . Continues on page 167
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56: . Continued from page 166
57: else
58: Classif ication  Calculate classi�cation ( Classif ication; Concentration )
59: end if
60: end if
61: if Classif ication 6= ; then
62: Categories  Get 96/82/EC categories( Classif ication )
63: if Categories 6= ; then
64: if Categories

T
(1,2) then

65: CategoryT oxicity = Get main category( Categories; (1; 2))
66: Limits = Get qualifying quantity limits ( CategoryT oxicity )
67: Indices T oxicity;Upper = Quantity=Limits Upper

68: Indices T oxicity;Lower = Quantity=Limits Lower

69: end if
70: if CategoryExplosive = ; then
71: if Categories

T
(3,4,5,6,7a,7b,8) then

72: CategoryF lammability  Get main category ( Categories,(3,4,5,6,7a,7b,8))
73: Limits  Get qualifying quantity limits ( CategoryF lammability )
74: Indices F lammability;Upper  Quantity=Limits Upper

75: Indices F lammability;Lower  Quantity=Limits Lower

76: end if
77: end if
78: if Categories

T
(9i,9ii) then

79: CategoryEcotoxicity  Get main category ( Categories,(9i,9ii))
80: Limits  Get qualifying quantity limits ( CategoryEcotoxicity )
81: Indices Ecotoxicity;Upper  Quantity=Limits Upper

82: Indices Ecotoxicity;Lower  Quantity=Limits Lower

83: end if
84: CategoryMain  Get main category( Categories)
85: if (CategoryExplosive 6= ; ) ^ (CategoryMain

T
(3; 4)) then

86: Indices Main;Upper  Max (Indices Upper )
87: Indices Main;Lower  Max (Indices Lower )
88: else
89: Limits  Get qualifying quantity limits ( CategoryMain )
90: Indices Main;Upper  Quantity=Limits Upper

91: Indices Main;Lower  Quantity=Limits Lower

92: end if
93: if Seveso Category= Out of Scope then
94: if Indices Main;Upper � 1:0 then
95: Seveso Category Upper Tier
96: else if Indices Main;Lower � 1:0 then
97: Seveso Category Lower Tier
98: end if
99: end if
100: end if
101: end if
102: end if
103: end if
104: return (Quantity; Seveso Category; Indices )
105: end procedure
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Figure 4.74: Facility substance information with 96/82/EC status summary

Status Calculations for Facilities

Once 96/82/EC Directive statuses are calculated for all substances stored in a facility,

the overall 96/82/EC Directive status of the facility can be determined. For this

purpose, substance statuses are examined one by one, by following the steps given in

Figure 4.75.

If status of a substance is upper tier, the facility status is directly designated as

upper tier and source is speci�ed as the substance. If the status of the substance is

lower tier and the status of the facility has not been set as upper tier before, it is set

as lower tier.

If the substance is a named group substance, its lower and upper named indices

calculated before are added to the indices of the named group. If upper index of the

named group is found to be equal or greater than unity and the status of the facility

has not been set as upper tier before, it is set as upper tier and source is speci�ed as

the named group. If the lower index of the named group is foundto be equal or greater

than unity and the status of the facility has not been set before, it is set as lower tier.
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Figure 4.75: Flowchart of 96/82/EC status calculation of a facility
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If the status of the facility could not be set in the �rst pass o f the substance statuses,

summation rule is applied to determine whether the facility is covered by the 96/82/EC

Directive. For this purpose, indices of all substances are summed together. During the

summation, named indices are used instead of overall hazardindices for named and

named group substances. For other substances overall hazard indices are used directly.

If any of the upper summation indices are found to be equal or greater than unity at

the end of summation, the facility status is set as upper tier. If any lower summation

index is found to equal or greater than unity, the status is set as lower tier.

Results of the 96/82/EC Directive status calculations for the facility are presented

to the user in the form of a 96/82/EC Directive status report. The results can also be

viewed at any time on the facility information page (Figure 4.76). In addition to the

calculated 96/82/EC Directive status and summation indices, named group speci�c

indices are also indicated.

Complete algorithm of facility-wide 96/82/EC Directive ca lculations explained above

is given in Algorithm 2.

4.7.6 96/82/EC Status Update

96/82/EC Directive status calculation capabilities of the information system reveals

its power in the case of automatic 96/82/EC Directive status updates. The system

continuously monitors chemical, UN/ADR explosive, hazard classi�cation, concentra-

tion speci�c hazard classi�cation, named substance qualifying quantity, named group,

named group substance, NACE speci�c 96/82/EC Directive settings, global 96/82/EC

Directive settings, facility and facility substance records. If any change in records,

Figure 4.76: Facility 96/82/EC status summary
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Algorithm 2 96/82/EC status calculation of a facility
1: procedure FacilityStatus (F acility )
2: Status  Out of Scope
3: Indices  ;
4: Group Indices  ;
5: F acility Substances  Get facility substances(F acility )
6: for all F acility Substance 2 F acility Substances do
7: Chemical Indices  Get 96/82/EC category indices ( F acility Substance )
8: if F acility Substance is Named Group Chemical then
9: Named Group  Get named group(F acility Substance )

10: Add Chemical Indices Named;Lower to Group Indices Named Group;Lower

11: Add Chemical Indices Named U pper to Group Indices Named Group;Upper

12: if (Group Indices Named Group;Upper � 1) ^ (Status 6= Upper Tier) then
13: Status  Upper Tier
14: else if (Group Indices Named Group;Lower � 1) ^ (Status = Out of Scope) then
15: Status  Lower Tier
16: end if
17: end if
18: Chemical Status  Get 96/82/EC status( F acility Substance )
19: if Chemical Status = Upper Tier then
20: Status  Upper Tier
21: else if (Chemical Status = Lower Tier) ^ (Status 6= Upper Tier) then
22: Status  Lower Tier
23: end if
24: end for
25: for all F acility Substance 2 F acility Substances do
26: Chemical Indices  Get 96/82/EC category indices ( F acility Substance )
27: if Chemical Indices Named 6= ; then
28: Add Chemical Indices Named to Indices T oxicity

29: Add Chemical Indices Named to Indices F lammability

30: Add Chemical Indices Named to Indices Ecotoxicity

31: else
32: Add Chemical Indices T oxicity to Indices T oxicity

33: Add Chemical Indices F lammability to Indices F lammability

34: Add Chemical Indices Ecotoxicity to Indices Ecotoxicity

35: end if
36: for all Index 2 Indices do
37: if (Index Upper � 1) ^ (Status 6= Upper Tier) then
38: Status  Upper Tier
39: else if (Index Lower � 1) ^ (Status = Out of Scope) then
40: Status  Lower Tier
41: end if
42: end for
43: end for
44: return (Status; Indices; Group Indices )
45: end procedure
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which may a�ect 96/82/EC Directive statuses of related records is determined, then

96/82/EC Directive calculations are renewed for all related records and statuses are up-

dated. For example, if a new concentration limit speci�c hazard classi�cation is added

to a chemical, all facilities storing the chemical are found. First, 96/82/EC Directive

statuses of the stored substances are updated. Then, the statuses of the facilities are

calculated and updated. By this way, 96/82/EC Directive sta tuses assessed by the

information system are always kept current. Changes in statuses are reported in the

format of 96/82/EC Directive status reports.

There are many actions, which trigger automatic 96/82/EC Di rective status update

by the system. Flowchart containing triggering actions and steps followed during the

update process is given in Figure 4.77. Complete listing of triggering actions and

update steps is also listed in Table 4.26.

4.7.7 96/82/EC Directive Status Reports

96/82/EC Directive status reports are a special form of the change reports explained

in Section 4.3.4. In addition to changes in the primary record, they also show changes

in the 96/82/EC Directive statuses of all records that are a� ected by the changes in

the primary record. For example, if 96/82/EC Directive cate gories of a classi�cation is

changed, 96/82/EC Directive status report lists status changes of all facility substances

belonging to the classi�cation, as well as all facilities storing the substances. Hence,

overall e�ect of the change can be easily followed. Printoutof the report can also be

taken. An example 96/82/EC Directive status report is shown in Figure 4.78.

4.7.8 Meteorological Stations

Weather conditions, such as wind speed, wind direction and cloud cover, signi�cantly

a�ect dispersion of hazardous gases in the atmosphere. The extent of dispersion mainly

depends on wind speed and atmospheric stability [88]. Weather conditions are also im-

portant for evaporation of hazardous liquids, which greatly enhances transport of such

substances in case of spills [89]. Therefore, availabilityof reliable weather information is

a requirement for accident modeling and consequence analysis studies. Near real-time

weather data can also be used for emergency management purposes, such as warning

or evacuation of the public in the vicinity.
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Figure 4.77: Flowchart of actions triggering 96/82/EC status update
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Table 4.26: Actions triggering 96/82/EC status update

Action

Record type Add ? Update Deletey

Facility - If NACE code changed: Delete facility substances
B Find a�ected facility substances Delete status of the facil ity
B Update statuses of the facility substances
B Update status of the facility

Facility Substance Update status of the facility substance Same asAdd Facility Substance Update status of the facility
Update facility status

Chemical - - -

UN/ADR Explosive If is Chemical: List facility substances o f the Explosive Same as Add UN/ADR Explosive
B Find facility substances of the chemical If Chemical is chan ged:
B Update statuses of the facility substances B Append facility substances of chemicals to the list
B Find facilities of the facility substances Update statuses of the facility substances
B Update statuses of the facilities Find facilities of the fac ility substances

Update statuses of the facilities

Classi�cation If has 96/82/EC categories: Find chemicals o f the Classi�cation Same as Update Classi�cation
B List facility substances of the chemical List facility subs tances of the chemicals
B Update statuses of the facility substances Update statuses of the facility substances
B Find facilities of the facility substances Find facilities of the facility substances
B Update statuses of the facilities Update statuses of the fac ilities

Concentration Limit Get classi�cation of the concentratio n limit If change of limits or 96/82/EC categories: Same as Add Concentration Limit
Find chemicals of the Classi�cation B Same asAdd Concentration Limit
List facility substances of the chemicals
Update statuses of the facility substances
Find facilities of the facility substances
Update statuses of the facilities

? Equal to Set action for Classi�cation record type
y Equal to Unset action for Classi�cation record type

174



Table 4.26: Actions triggering 96/82/EC status update (continued)

Action

Record type Add Update Delete

Qualifying Quantity If the only qual. quantity and not condi tional: List facility substances of the qual. quantity List facility substances of the qual. quantity
B List facility substances of the chemical Update statuses of the facility substances Clear qual. quantity of the facilit y sub-

stances
B Set qual. quantity of the facility substances Find faciliti es of the facility substances Update statuses of the facilit y substances
B Update statuses of the facility substances Update statuses of the facilities Find facilities of the facility substance s
B Find facilities of the facility substances Update statuses of the facilities status
B Update statuses of the facilities

Named Group - If qualifying quantities changed: If has chemicals:
Same asDelete Named Group B List chemicals in the named group

B List facility substances of the chemicals
B Update statuses of the facility substances
B Find facilities of the facility substances
B Update statuses of the facilities

Named Group Chemical List facility substances of the chemic al If equivalence factor changed: Same as Add Named Group Chemical
Update statuses of the facility substances B Same asAdd Named Group Chemical
Find facilities of the facility substances
Update statuses of the facilities

Seveso Settings - List a�ected NACE codes -
List facilities with the NACE codes
List facility substances of the facilities
Update statuses of the facility substances
Update statuses of the facilities

NACE Seveso Settings List a�ected NACE codes Same as Add NACE Seveso Settings Same asAdd NACE Seveso Settings
List facilities with the NACE codes
List facility substances of the facilities
Update statuses of the facility substances
Update statuses of the facilities
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Figure 4.78: An example 96/82/EC status report generated bythe information system
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Taking these facts into consideration, the decision-support system supports mete-

orological stations and weather data thereof to be stored inthe database. All active

stations of the State Meteorological Service (SMS) are available in the system. Private

stations can also be added.

Meteorological station information includes code, international identi�er, name and

region of the station and the organization that operates thestation. In order to des-

ignate the location of the station, province, district, lat itude, longitude and elevation

can be speci�ed. Location can also be marked on the map (Figure 4.79). Type of

the weather station (e.g. synoptic, minor climate, major climate) and information on

meteorological observations done at the station can be indicated.

Long-term statistical or daily meteorological data can be stored in the system as

�les linked to the meteorological stations (Figure 4.79). The system also features a web

robot application named Weather Spider, which periodically collects weather data from

the SMS website. If data collected by the Weather Spider is available for a station,

most recent data is retrieved from the database and displayed on the information page

of the station. Details on the Weather Spider are given in Section 5.3.

Figure 4.79: Meteorological station information

177



CHAPTER 5

DATA COLLECTION

In order to meet the objectives of the study, a comprehensivedecision-support system

has been developed, which provides a state of the art, integrated framework for studies

on control of industrial accidents and equipped with a rich set of features and tools.

However, presence of the decision-support system as software and hardware is not

su�cient to have an e�ectively working system, which serve t he needs of the users

properly. In addition to the technological infrastructure , availability of data is also

important in this respect. Without su�cient data, none of th e information or decision-

systems can be functional.

Although the developed system has easy to use data entry interfaces and facilitates

sharing of information by providing an open-access, open-content environment, it is

certain that build up of data will be slow at beginning and having a useful content will

take quite a long time if collaborative data collection should start from scratch. Taking

these into consideration, several data collection tasks have been performed in order to

supply an initial dataset, which will allow to:

� Shorten time required to have a functional system,

� Demonstrate usefulness of the system,

� Draw attention of visitors and �rst time users of the system t o make them regular

users,

� Encourage users of the system to participate in data collection,

� Support scienti�c studies.
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5.1 Collection of Chemical Substance Data

In order to support the 96/82/EC Directive calculations, da ngerous substances and

harmonised classi�cation and labelling information thereof as listed in Annex 1B of

the 67/548/EEC Directive is made available. For this purpose, latest version of the

consolidated list of substances maintained by the EuropeanChemicals Bureau (ECB),

which covers all ATPs up to 29th ATP published in OJ L 152 of 30/04/2004, has been

used. Consolidated list is downloaded from the ECB web site as MS Word document.

Chemical name, index no, EC no, CAS no, classi�cation, labelling, concentration lim-

its and notes related to substances and preparations given in tabular form is extracted

from the document. Extracted information is processed and converted automatically

into SQL statements according to the database structure of the decision-support sys-

tem as given in Appendix A. After validation of generated SQL statements, data is

inserted into the database. Classi�cation and labelling information of 3 544 dangerous

substances is currently available.

In order to support storage of chemicals, which are not listed in the 67/548/EEC

Directive, in inventories of industrial facilities data on EINECS and ELINCS substances

are gathered from the European Chemical Substances Information System (ESIS) of

the ECB [90]. EINECS is an inventory of chemical substances commercially available

in the EU between 1 January 1971 and 18 September 1981. The inventory was created

by the 67/548/EEC Directive. ELINCS is the complementary in ventory of the EINECS

and contains new substances brought on to the European market after 18 September

1981. There are100 204 and 4 381 substances in EINECS and ELINCS, respectively.

For each substance, web page containing substance information is downloaded from

the ESIS. Substance names (in English, German, French and Spanish), EC no, CAS

no and formula are extracted from the web page, relevant SQL statements are created

and data is inserted into the database.

In order to complete missing SMILES data, which is used to draw 2D chemical

structures, two data sources were utilized both of which arerely on CAS numbers. First

data source is SMILES database of the SPARC (Sparc Performs Automated Reasoning

in Chemistry) system developed by University of Georgia [91]. Web-based SPARC

database has been searched for available CAS numbers in the chemical subsystem and

found SMILES were inserted to the database. SMILES data for about 35 000 chemicals
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has been provided by this way. Second data source is EPI Suite(Estimator Programs

Interface for Windows) developed by U.S. EPA's O�ce of Pollu tion Prevention and

Toxics and Syracuse Research Corporation [92]. CAS numbersand corresponding

chemical name and SMILES data were obtained for about105 000 chemicals from

CAS number database of the EPI Suite. By using CAS numbers, SMILES of chemicals

stored in the chemical subsystem were updated. Chemicals which were not available

before (i.e. not listed in EINECS, ELINCS and 67/548/EEC Dir ective) were added to

the database as well.

Temperature dependent equations given in the TNO Yellow Book [19] for selected

substances frequently involving in industrial accidents are made available in the in-

formation system. Equations for liquid density, vapor pressure, heat of vaporization,

liquid heat capacity, vapor (ideal gas) heat capacity, liquid viscosity, vapor viscosity

and surface tension of23 chemical substances are provided.

In order to demonstrate chemical property data analysis capabilities of the in-

formation system, a small set of property data is entered to the system for selected

substances, such as Benzene and Chlorine. Handbook of physical-chemical properties

and environmental fate of organic chemicals published by Taylor & Francis is used as

the reference [93].

5.2 Collection of Accident Data

For the purpose of assisting the researchers, General Directorate of Press and Infor-

mation of the Prime Ministry compiles political, economic and social news from daily

newspapers. Daily summaries of compiled news are publishedas 3-monthly periodicals

entitled \History of the Month" in the form of yearbooks. Arc hive of the periodicals

is also available on the Internet [70] for a time period starting from January, 1947.

Information up to current date is present, except for the period of September, 1957 to

October, 1976, during which periodicals had not been published. In order to gather

information on industrial and technological accidents, all available periodicals are ex-

amined in detail and found information is transferred to the information system as

yearbook entries. Gathered data formed the basis for the comprehensive newspaper

article survey. Currently, there are more than 500 yearbook entries in the system, all

categorized according to accident types.
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Online editions of national newspapers on the Internet are utilized to collect in-

formation. Although texts of the news are generally shortercompared to the printed

versions and visual materials are seldom, signi�cant amount of information can be gath-

ered in a short time owing to searching features of the web sites. Major newspapers

used for the survey are Milliyet [94], H•urriyet [95] and Radikal [96]. One drawback of

online newspapers is their limited time spans, which date back to late 1990s at most.

Hence, only information on relatively recent technological accidents could be collected

from these sources.

In order to provide historical data on accidents, which is not available in online

resources and only brie
y available in yearbook entries, printed newspaper articles

are utilized. In the newspaper archive of the Library of Faculty of Political Sciences,

Ankara University, bounded newspapers for a time period of 20 years (1976-1996) have

been examined visually page by page. If average number of pages in a newspaper issue

is taken as 20 for the given period, total number of pages examined is about 146 000

and has been completed in 8 weeks.

If an article related to technological accidents was found during examination, a

digital copy was taken by means of digital photography. Date, title and page numbers

were also denoted. Each photograph was processed manually by using Paint Shop

Professional v9.0 image editing software and distortion, skewness, perspective and ro-

tation problems were corrected to obtain a proper article image. Images have been

cropped to the article boundaries and sections that were notrelated to the article have

been deleted. Obtained images were imported into ABBYY FineReader Professional

v8.0 optical character recognition (OCR) software. Text blocks in the images have

been marked manually taking natural text 
ow into considera tion and translated into

machine-editable text by the OCR software. Although the OCR software has Turk-

ish support and able to recognise Turkish characters, translated texts were not proper

most of the time containing dummy characters and invalid words. Therefore, all OCR

translated texts were read and corrected by voluntary humanoperators. Resulting text

�les were processed and special sections, such as title, subtitle, author, introduction

and main body were marked according to data �elds de�ned in the database. Final

text �les were processed by a special software and all available data were transferred

to the database of the information system. Similar to textual sections of the articles,

digital copies of �gures and photographs belonging to the articles have also been taken,
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geometrically corrected, cropped, resized and transferred to the database. Links be-

tween the photographs and articles were also created. A summary of process steps

described above is given in Figure 5.1.

Figure 5.1: Newspaper article processing steps
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Almost 2 500 newspaper articles, mostly having multiple pages and photographs,

have been processed. Total time spent for processing is about 1 800 hours. As the re-

sult, information that was lying in the bounded newspaper volumes have been converted

into fully searchable, classi�ed and open electronic data accessible on the Internet.

5.3 Collection of Meteorological Data

With the advances in on-line measurement systems and the Internet, information on

current weather conditions as well as short to medium range weather forecasts are made

available to the public. There are several websites, which provide worldwide weather

data [97]. In Turkey, SMS is the only authority responsible from collection of weather

data and weather forecasting. For informative purposes, data for selected city centers

and meteorological stations are published periodically onthe web site of the SMS.

The decision-support system has a web robot application, which collects weather

data from the SMS web site. Collected data is used to supply current weather data

as input to the accident model. Historical data is also analysed to reveal dominating

wind speed and direction and obtained information is supplied to the accident model.

Weather Spider is a console application developed in PHP. Itcan be run as a cron

job or as a background service on Unix or MS Windows servers, respectively. For a pre-

de�ned time interval (default is 30 minutes) the spider retr ieves webpages containing

weather data from the SMS website and checks whether new datais available or not.

If new data is found it is extracted from the pages and stored in the database.

Weather data collected by the Weather Spider includes the following parameters:

� Temperature (� C)

� Relative humidity (%)

� Pressure (mbar)

� Visibility ( km)

� Wind direction ( � )

� Wind speed (km=h)

� Weather condition (see Table 6.4)
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All weather data, except visibility, are utilized by the inf ormation system for acci-

dent modelling purposes.

Examination of weather data available for city centers and meteorological stations

revealed that there is no one to one correspondence between city centers and meteoro-

logical stations. For several provinces, there are more city centers than meteorological

stations for which weather data is available, and vice versa. Therefore, weather data

is collected for city centers and meteorological stations separately. If it is known that

there exists a meteorological station at the city center, weather data is stored under

the weather station. Otherwise it is stored under the city center.

In order to provide weather data for a speci�c location, suchas an industrial facility,

�rst its geographic coordinates are determined. If exact coordinates of the location are

known, they are used directly. Otherwise, geographic coordinates are approximated

from district and province coordinates available in the system. According to the se-

lected coordinates, nearest weather station or city centeris determined, for which data

is available in the database. Flowchart of the nearest weather data retrieval algorithm

is given in Figure 5.2.

Figure 5.2: Flowchart of nearest weather data retrieval
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CHAPTER 6

ACCIDENT MODEL

In addition to open-content, open-access industrial and technological accident inven-

tory, industrial facility database with the capability of t he 96/82/EC Directive cal-

culations and chemical database with comprehensive chemical property analysis and

estimation tools, the information system also features an o�-site consequence model

speci�cally designed for industrial accidents. The model is integrated to the other

components of the information system and features a user-friendly data input interface

with mapping support.

In this chapter, a technical description of the model, which includes approaches

and equations used for the model, is given. Then, the user interface of the model is

explained.

6.1 Technical Description

O�-site consequence model developed in the study is based onGaussian pu� model

and uses Pasquill-Gi�ord horizontal and vertical dispersion parameters. In order to

model the dispersion process, source term is divided into small intervals, in which the

source is assumed to be instantaneous. Pu� model is solved for each time interval and

results are superimposed numerically on a 2D mesh to model continuous release.

Modeling calculations start with substitution of default v alues instead of missing

values which are not critical for the calculations. Then values of intermediate param-

eters are calculated. From the location and date information, the position of the Sun

is determined, which is used for atmospheric stability calculations. Phase and amount
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of the chemical are calculated, if they are not manually entered. If the substance is

found to be in liquid form and source is a tank, presence of a two-phase 
ow is assessed

and source term calculations are done accordingly. In orderto calculate out
ow from

the tank, mass and heat balance equations are solved concurrently. If the substance

is in liquid form, puddle dimensions are calculated and evaporation from the puddle is

simulated. Source terms for gaseous phase, either calculated as direct out
ow from the

tank or evaporation from the puddle, are used as input to the atmospheric dispersion

model.

Equations used for the model are summarized in the followingsections.

6.1.1 Equations of state

In order to calculate the gas density as a function of pressure and temperature, the

model uses equations of state. If critical pressure and temperature data is available,

Redlich-Kwong equation of state is used for calculations. Ideal gas law is used other-

wise.

Ideal gas law

P =
nRT

V
(6.1)

where

P = Pressure (Pa)

V = Volume ( m3)

n = Number of moles of the gas (mol)

R = Universal gas contant (8.314472J=mol:K )

T = Temperature ( K )

Redlich-Kwong equation of state

P =
RT

Vm � b
�

a
p

TVm (Vm + b)
(6.2)

a = 0 :42748

 
R2T5=2

c

Pc

!

(6.3)
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b = 0 :08662
�

RTc

Pc

�
(6.4)

where

Vm = Molar volume of the gas (m3=mol)

Pc = Pressure at the critical point ( Pa)

Tc = Temperature at the critical point ( K )

Redlich-Kwong equation is adequate for calculation of gas phase properties when the

ratio of reduced pressure to the reduced temperature is lessthan 0.5.

Pr =
P
Pc

(6.5)

Tr =
T
Tc

(6.6)

where

Pr = Reduced pressure (unitless)

Tr = Reduced temperature (unitless)

6.1.2 Source Model

The following models are available:

1. Compressed gas

� Out
ow from vessel through a hole in vessel wall

� Totally ruptured vessel

2. Pressurised lique�ed gas

� Out
ow from vessel through a hole in vessel wall

� Totally ruptured vessel

3. Non-boiling liquid

� Out
ow from vessel through a hole in vessel wall

� Totally ruptured vessel
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A total rupture of a vessel containing compressed gas results in a gas cloud that

expands to atmospheric pressure. During expansion, air surrounding the cloud gets

entrained to the cloud resulting in dilution. For the modeli ng purposes, initial cloud is

assumed to benon-diluted.


 ratio


 , which is also known as the isentropic expansion factor, is used as a parameter to

calculate whether the 
ow will be chocked or unchocked.


 =
Cp

Cv
(6.7)

where


 = Heat capacity ratio (unitless)

Cp = Heat capacity at constant pressure (J/mol.K)

Cv = Heat capacity at constant volume (J/mol.K)

For an ideal gas, the heat capacity is constant with temperature and heat capacities

can be expressed in terms of heat capacity ratio and the universal gas constant.

Cp =

R


 � 1
(6.8)

Cv =
R


 � 1
(6.9)

This results in a simple relation between Cp and Cv , allowing to estimate one

knowing the other.

Cv = Cp � R (6.10)

Criteria for choked-unchoked 
ow

Whether the 
ow will be choked or unchoked depends on the ratio of vessel pressure to

atmospheric pressure (Rp). Flow is unchoked if this ratio is less than the critical pres-

sure ratio (Rc) and choked otherwise. For small holes, critical pressure ratio depends
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only on the ratio of speci�c heats. However, for big holes thehole-to-tank length scale

ratio is also important.

Rp =
Pt

Pa
(6.11)

Rp < R c Unchoked 
ow (6.12)

Rp � Rc Choked 
ow (6.13)

Rc =
�


 + 1
2

� 


 � 1

� c < 0:2 (6.14)

R

 � 1



c +


 � 1
2

� 4
c R

� 2



c =

 + 1

2
� c � 0:2 (6.15)

where

Rc = Critical pressure ratio (unitless)

� c = Hole-to-tank length scale ratio (unitless)

� c =
L h

L t
(6.16)

where

L h =

8
<

:

2rh circular hole
p

whhh rectangular hole
(6.17)

L t =

8
<

:

2r t spherical tank

2r t cylindrical tank
(6.18)

Unchoked 
ow

The 
ow velocity is subsonic. The mass 
ow is given by:

q = CdAh

vu
u
t 2� gPt




 � 1

 �
Pa

Pt

� 2=


�
�

Pa

Pt

� (
 +1) =

!

(6.19)
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Choked 
ow

The 
ow velocity is constant at the speed of sound, and further reduction of downstream

pressure does not change the 
ow rate to a noticeable degree.The mass 
ow rate is

given by:

q = CdAh

s

� gPt 

�

2

 + 1

� 
 +1

 � 1

(6.20)

Estimation of Evaporation Rate

In order to estimate the evaporation rate, the following equation is used:

E =
AK m (M wPv)

RT
(6.21)

where

E = Evaporation rate ( kg=s)

A = Pool area (m2)

K m = Mass transfer coe�cient ( m=s)

M w = Molecular weight of the chemical (kg=kmol)

Pv = Vapor pressure (Pa)

R = Universal gas constant (8314J=kmol � K )

T = Ambient temperature ( K )

The following equation can be used to calculateK m , the mass transfer coe�cient:

K m = 0 :0048U
7
9 Z � 1

9 S
� 2

3
c (6.22)

where

U = Wind speed at a height of 10 m (m=s)

Z = Pool diameter in the along-wind direction ( m)

Sc = Laminar Schmidt number for the selected chemical
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The Schmidt number can be estimated from:

Sc =
v

Dm
(6.23)

where

v = Kinematic viscosity of the air (1 :5 � 10� 5m2=s)

Dm = Molecular di�usivity of the chemical in air ( m2=s)

Graham's Law can be used to approximate the molecular di�usivity of the chemical

in air:

Dm = Dm(H 2O)

�
M w(H 2O)

M w

� 1
2

(6.24)

where

Dm(H 2 O) = Molecular di�usivity of water (2 :4 � 10� 5m2=s at 8� C)

M w(H 2O) = Molecular weight of water (18kg=kmol)

6.1.3 Dispersion Model

Atmospheric Turbulence

In order to de�ne the atmospheric turbulence, the Pasquill stability categories are

used. Being the most commonly used method, the Pasquill stability categories divide

the atmospheric turbulence into 6 categories:

Table 6.1: The Pasquill stability categories

Stability class De�nition

A Very unstable
B Unstable
C Slightly unstable
D Neutral
E Slightly stable
F Stable

Conditions that de�ne the Pasquill stability categories ar e as follows [98]:
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Table 6.2: Conditions that de�ne the Pasquill stability cat egories

Wind
speed
(m=s)

Daytime incoming solar radiation Nighttime cloud cover
Strong Moderate Slight Thinly overcast Clear

(> 4=8) (< 3=8)

< 2 A A-B B - -
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
� 6 C D D D D

For the application of the Pasquill stability categories, the following notes are valid:

1. Strong insolation corresponds to sunny midday in midsummer in England; slight

insolation to similar conditions in midwinter.

2. Night refers to the period from 1 hour before sunset to 1 hour after sunrise.

3. The neutral category D should also be used, regardless of wind speed, for over-

cast conditions during day or night and for any sky conditions during the hour

preceding or following night as de�ned above.

Criteria used for classi�cation of insolation values are asfollows:

Table 6.3: Criteria for insolation classes

Insolation Class Incoming Solar Radiation Solar Altitude
(W=m2) ( � )

Strong > 700 > 60
Moderate 350� 700 35� 60
Slight < 350 < 35

In order to calculate incoming solar radiation, cloud cover is used. Weather con-

ditions announced by the SMS are utilized as a measure of cloud cover. Weather

conditions and corresponding cloud covers used for calculations are given in Table 6.4.
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Table 6.4: Cloud cover equivalence of weather conditions

Weather Condition Cloud Cover Weather Condition Cloud Cover

Clear 0 Heavy fog 10
Partly cloudy 3 Heavy rain 10
Heavy wind 5 Heavy rain shower 10
Intermittent clouds 5 Heavy rain with thunder 10
Intermittent fog 5 Heavy snow 10
Mild fog 7 Light hail shower 10
Mostly cloudy 7 Light rain shower 10
Partly foggy 7 Light snow shower 10
Freezing fog 8 Lightning 
ash 10
Haze 8 Mild hail with thunder 10
Sand 8 Mild rain with thunder 10
Smoke 8 Misty shower 10
Drizzle 9 Misty shower with thunder 10
Dust or sand storm 9 Misty with thunder 10
Dust storm 9 Rain shower 10
Hazy with thunder 9 Rain shower with thunder 10
Mild drizzle 9 Rainy 10
Mild rain 9 Show shower 10
Mild snow 9 Shower with thunder 10
Mild snow grains 9 Sleet 10
Misty 9 Snow 10
Shower 9 Snow shower 10
Cloudy 10 Snowy 10
Foggy 10 Thunder 10
Hail 10 Thunderrain 10
Hazy shower 10 Tornado 10
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Wind

Due to frictional e�ect by the roughness elements on the ground surface, the wind

slows at heights close to the ground. Increase in wind speed with altitude can be

approximated by a logarithmic or power-law pro�le.

Power-law wind pro�le

uz = um

�
z

zm

� n

(6.25)

where:

uz = wind speed at height z (m=s)

um = wind speed at measurement heightzm (m=s)

z = height ( m)

zm = measurement height (m)

n = power-law exponent

Power-law wind pro�le is often used when surface roughness or stability information

is not available. For neutral stability conditions, power- law exponent is approximately

1/7 or 0.143 over open land. For di�erent stability classes and surface conditions, the

values given in Table Table 6.5 can be used.

Table 6.5: Power{law wind pro�le exponents [99]

Pasquill Stability Power-law wind pro�le exponent

Class Rural Urban

A 0:07 0:15
B 0:07 0:15
C 0:10 0:20
D 0:15 0:25
E 0:35 0:30
F 0:55 0:30

194



Dispersion parameters

The model supports di�erent dispersion parameters for modeling atmospheric disper-

sion. Support parameters are as follows:

Slade's Dispersion Parameters

Slade's original parameters are given in Table 6.6. Power function approximations by

Turner are given in Table 6.7.

Table 6.6: Dispersion parameters by Slade [100]

Downwind distance
Dispersion Parameter Stability 100 m 4000m

� y Unstable 10.0 300.0
Neutral 4.0 120.0
Stable 1.3 35.0

� z Unstable 15.0 220.0
Neutral 3.8 50.0
Stable 0.75 7.0

Table 6.7: Power function constants for dispersion parameters by Slade [99]

Pasquill Stability � y � z

Class a b c d

A 0.18 0.92 0.72 0.76
B 0.14 0.92 0.53 0.73
C 0.1 0.92 0.34 0.72
D 0.06 0.92 0.15 0.70
E 0.045 0.91 0.12 0.67
F 0.03 0.90 0.08 0.64
G 0.02 0.89 0.05 0.61
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Briggs' Dispersion Parameters

Briggs' urban and rural dispersion parameters are given in Table 6.8 and Table 6.9,

respectively. Briggs' urban dispersion parameters are based on tracer experiments

conducted in St. Louis by McElroy and Pooler [101]. Valid along wind distance (x)

ranges between 100 and 10000 meters [99].

Table 6.8: Urban dispersion parameters by Briggs

Pasquill Stability
Class � y (m) � z (m)

A-B 0:32x(1 + 0 :0004x)� 0:5 0:24x(1 + 0 :001x)0:5

C 0:22x(1 + 0 :0004x)� 0:5 0:20x
D 0:16x(1 + 0 :0004x)� 0:5 0:14x(1 + 0 :0003x)� 0:5

E-F 0:11x(1 + 0 :0004x)� 0:5 0:08x(1 + 0 :0015x)� 0:5

Table 6.9: Rural dispersion parameters by Briggs

Pasquill Stability
Class � y (m) � z (m)

A 0:22x(1 + 0 :0001x)� 0:5 0:20x
B 0:16x(1 + 0 :0001x)� 0:5 0:12x
C 0:11x(1 + 0 :0001x)� 0:5 0:08x(1 + 0 :0002x)� 0:5

D 0:08x(1 + 0 :0001x)� 0:5 0:06x(1 + 0 :0015x)� 0:5

E 0:06x(1 + 0 :0001x)� 0:5 0:03x(1 + 0 :0003x)� 1

F 0:04x(1 + 0 :0001x)� 0:5 0:016x(1 + 0 :0003x)� 1

Pasquill-Gi�ord Dispersion Parameters

Horizontal dispersion parameter:

� y =
1000
2:15

tan(a � bln x) (6.26)
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Table 6.10: Pasquill-Gi�ord horizontal dispersion parameters [99]

Stability a b

A 24.167 2.5334
B 18.333 1.8096
C 12.5 1.0857
D 8.3333 0.72382
E 6.25 0.54287
F 4.1667 0.36191

x (km)

0.1 1 10 100

s
y (

m
)

10

100

1000

10000
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B
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D
E
F

Figure 6.1: Pasquill-Gi�ord horizontal dispersion parameter ( � y)
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Vertical dispersion parameter:

� z = axb (6.27)

x (km)

0.1 1 10 100

s
z (

m
)

1
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1000
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B
C
D
E
F

Figure 6.2: Pasquill-Gi�ord vertical dispersion parameter ( � z)

Pasquill-Gi�ord dispersion parameters given in Figure Figure 6.1 and Figure 6.2

are considered to be appropriate for rural areas with a surface roughness length (z0) of

3cm [99].
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Table 6.11: Pasquill-Gi�ord vertical dispersion parameters [99]

Stability Distance (km) a b

A > 3.11 � z = 5000
0.5 - 3.11 453.85 2.1166
0.4 - 0.5 346.75 1.7283
0.3 - 0.4 258.89 1.4094
0.25 - 0.3 217.41 1.2644
0.2 - 0.25 179.52 1.1262
0.15 - 0.2 170.22 1.0932
0.1 - 0.15 158.08 1.0542

< 0.1 122.8 0.9447

B > 35.0 � z = 5000
0.4 - 35.0 109.30 1.0971
0.2 - 0.4 98.483 0.98332

< 0.2 90.673 0.93198

C 8x 61.141 0.91465

D > 30.0 44.053 0.51179
10.0 - 30.0 36.650 0.56589
3.0 - 10.0 33.504 0.60486
1.0 - 3.0 32.093 0.64403
0.3 - 1.0 32.093 0.81066

< 0.3 34.459 0.86874

E > 40.0 47.618 0.29592
20.0 - 40.0 35.420 0.37615
10.0 - 20.0 26.970 0.46713
4.0 - 10.0 24.703 0.50527
2.0 - 4.0 22.534 0.57154
1.0 - 2.0 21.628 0.63077
0.3 - 1.0 21.628 0.75660
0.1 - 0.3 23.331 0.81956

< 0.1 24.260 0.83660

F > 60.0 34.219 0.21716
30.0 - 60.0 27.074 0.27436
15.0 - 30.0 22.651 0.32681
7.0 - 15.0 17.836 0.41500
3.0 - 7.0 16.187 0.46490
2.0 - 3.0 14.823 0.54503
1.3 - 2.0 13.953 0.63227
0.7 - 1.0 13.953 0.68465
0.2 - 0.7 14.457 0.78407

< 0.2 15.209 0.81558
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Turner's rural dispersion coe�cients can be approximated by the equation of Mc-

Mullen [102].

� y;z = exp[I + J (ln x) + K (ln x)2] (6.28)

Table 6.12: Dispersion constants for McMullen equation [102]

Stability � z � y

I J K I J K

A 6.035 2.1097 0.2770 5.357 0.8828 -0.0076
B 4.694 1.0629 0.0136 5.058 0.9024 -0.0096
C 4.110 0.9201 -0.0020 4.651 0.9181 -0.0076
D 3.414 0.7371 -0.0316 4.230 0.9222 -0.0087
E 3.057 0.6794 -0.0450 3.922 0.9222 -0.0064
F 2.621 0.6564 -0.0540 3.533 0.9191 -0.0070

Gaussian Dispersion Equation

Gaussian dispersion equation used for the study is as follows:

C =
Q
u

f

� y
p

2�

g1 + g2 + g3

� z
p

2�
(6.29)

where

f = exp
�

� y2

2� 2
y

�
(6.30)

g1 = exp
�

� (z � H )2

2� 2
z

�
(6.31)

g2 = exp
�

� (z + H )2

2� 2
z

�
(6.32)

g3 =
1X

m=1

�
exp

�
� (z � H � 2mL )2)

2� 2
z

�
+ exp

�
� (z � H � 2mL )2)

2� 2
z

��
(6.33)
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6.2 User Interface

Similar to other components of the decision-support system, o�-site consequence model

also has a web-based user interface. Based on the scenario settings selected by the

user, relevant data input elements are displayed on the page. Data input elements

are also dynamic in nature, and update themselves accordingto the status of other

input elements. They are also capable of validating data entered by the user. Once all

required data is entered and the model output is requested, preliminary data checks

are made on the client side (user's computer) �rst. Then input data is submitted to

the server, where all mathematical calculations are performed. Modeling results are

presented to the user as tabular data, as well as 2D footprintwhich is mapped to the

source location using the mapping component of the system.

Input data required for modeling o�-site consequences are grouped under 5 head-

ings, which are:

� Location information

� Date information

� Substance information

� Source information

� Meteorological information

Location of the accident can be selected from one of the industrial facilities available

in the facility subsystem. If desired, a custom location canalso be speci�ed. For

custom locations, the name of the location should be enteredto identify the location.

Province and district can be selected from the lists provided by the system. According

to the selected province and district, latitude and longitude denoting the geographic

coordinate and elevation are updated. The location can alsobe speci�ed by using the

map window (Figure 6.3).

Date and time of the accident can be indicated together with the type of time as

local or UTC (Coordinated Universal Time). During the model calculations, local time

is converted to the UTC time using automatically calculated time zone (summer/winter

time) information from the date. If date and/or time are left blank, current values are

used as default.
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Figure 6.3: Location input for the model

The chemical substance to be modelled can be selected from the chemicals and

UN/ADR explosive substances available in the information system. If classi�cation

information is available, the system is capable of determining whether the substance is


ammable and/or toxic. UN/ADR explosives are always considered to be 
ammable.

If they are linked to a chemical, toxicity status is also evaluated. The user is allowed

to overwrite substance types determined by the system.

Substance quantity can be stated in mass or volume units. If volume is speci�ed,

mass is tried to be calculated from the density data available for the substance. If

available data is not su�cient to calculate the quantity, th e user is warned. The infor-

mation system also gives an option for calculating quantity information from storage

conditions. If this option is selected, quantity is tried to be calculated from the storage

conditions and storage tank dimensions.

Phase, pressure and temperature can be indicated to determine the storage condi-

tions. Phase can be selected as gaseous, liquid or solid. Similar to quantity data, phase

can also be calculated from storage conditions by the system. In addition to reference

temperature and pressure, critical temperature and pressure values are also required for

phase estimation. Instead of entering custom values for pressure and temperature, they
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can also be selected as equal to ambient conditions as speci�ed in weather information

section (Figure 6.4).

Chemical properties required for calculations are asked under \Chemical Proper-

ties" section. If information is available in the system for a required property as prop-

erty data, equations or estimators, most appropriate data value is calculated and used

by the system automatically as explained in Section 4.6.12.The system also allows

custom values to be entered for chemical properties. However, since only a single data

can be entered for each custom property value, temperature or pressure dependence

of the properties can not be modeled if data is entered in thisway. Therefore, use of

chemical property analysis framework of chemical subsystem is always recommended

for proper modeling calculations.

Source term of the model supports direct and tank sources (Figure 6.5). Direct

sources are considered to be instantaneous or short duration releases. Instantaneous

releases are assumed to occur in 1 minute. For short durationreleases, release duration

(time) or rate (mass/time) can be speci�ed. Height of the release can be indicated and

used by the calculations if substance is in gaseous phase.

Tank sources are considered to originate from a hole on the tank body. Hole type

can be selected as circular or rectangular. Dimensions of the hole can be speci�ed in

areal or length units . If surface area is given, dimensions are calculated automatically

and vice versa. Rectangular holes are assumed to be square for dimension calculations.

Diameter for circular holes, and length and width for rectangular holes can be entered

to indicate dimensions. Similar to direct source case, holeheight can be speci�ed. It

Figure 6.4: Quantity and storage conditions input for the model
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Figure 6.5: Source input for the model

is used for source terms calculations if phase of the substance is liquid, otherwise it

is taken as the release height for gaseous dispersion. Duration of release from a tank

source can be explicitly indicated. It can also be calculated by the system using mass

balance equations.

The modeling system supports 4 di�erent tank types, which are:

� Vertical cylinder,

� Horizontal cylinder,

� Horizontal tank with spherical ends, and

� Sphere.

Tank dimensions can be given in volume or length units. If length units are selected,

required dimension input �elds are displayed by the system according to the selected

tank type.

For releases in liquid phase, formation of a puddle on the ground and evaporation

thereon are considered. Depth of puddle can be manually entered or calculated from

ground type speci�ed by the user. In addition to puddle depth, ground type also a�ects

rate of evaporation by changing heat transfer constant. Presence of a containment

pond can be modelled. If selected as present, the volume and also area or depth of the

pond should be entered. Ground type of the containment pond can also be selected
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in advanced settings. Presence of a containment pond enforces the model to calculate

over
ow condition.

Last section of the model input is weather information (Figure 6.6). Tempera-

ture, pressure and relative humidity data are used for heat balance and source term

calculations, whereas wind speed, wind direction and cloudcover data are used for

atmospheric dispersion calculations. Presence of inversion layer and its height, height

of meteorological measurements, custom stability class tooverwrite the one automat-

ically calculated by the system, and soil temperature can beset in advanced settings.

If left blank, measurement height is assumed to be 10m and soil temperature is taken

as equal to the air temperature. Default values are also usedfor other missing weather

data.

According to the selected accident location, the information system lists the me-

teorological stations that are located within a speci�ed range. Search range can be

selected by the user. If any stations are found, they are marked on the map and

summary information is given about the station. For stations, for which weather data

is available in the database from the Weather Spider described in Section 5.3, lat-

est weather data is also displayed. Displayed data can be automatically entered to

the weather data input elements. By using all wind speed and wind direction data

available in the database for the station, windrose of the station is also generated and

displayed by the system, which can be used to determine dominating wind speed and

direction. Dominating wind speed and direction can be used instead of latest weather

data for general modelling purposes.

Once the input values are entered, model calculations can bestarted. As the

�rst step, all input values are controlled by the system on the client-side and missing

or invalid entities that are critical for calculations are d etermined. Found errors are

reported to the user for correction. If all required data is available and valid for the

selected scenario, it is submitted to the server as input to the model described in 6.1.

Results of the model run are processed and presented to the user in tabular form,

which allows input and output values to be compared side by side (Figure 6.7). In

addition to results of the �nal calculations, the ones of the intermediate calculations

are also displayed. Line plots of liquid and gaseous source terms are provided. Raw

data can also be obtained. Finally footprint of the resulting plume is displayed on the

map (Figure 6.8).

205



Figure 6.6: Weather data input for the model
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Figure 6.7: Example model output
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Figure 6.8: Example model output
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CHAPTER 7

CONCLUSIONS

In this study, a decision support system has been developed with the objectives of

systematic collection and analysis of information on past industrial as well as other

technological accidents, facilitating determination of the statuses of industrial instal-

lations storing hazardous substances according to the 96/82/EC Directive of the EU,

and rapid modeling of probable accident scenarios to revealrisks possessed thereby.

The developed system supports a web-based, multilingual and multiuser environ-

ment, which allows contribution of all interested parties to the information sharing in

a collaborative manner, by following open-content, open-access philosophy.

Information on industrial and other technological accidents can be archived in a

structured manner together with reference and visual materials. Detailed information

on chemicals involved, events of occurrence, and consequences on human health, envi-

ronment and property can be stated for industrial accidents. Uncertainty in the data

can be indicated by using fuzzy numbers. Means of arrangement and grouping have

been provided to link diverse textual and visual information that are related to each

other. Summary graphs, statistics and reports can be also obtained.

Basic set of data on accidents and related topics has been collected from several

data sources, including online and printed newspapers, websites, and yearbooks. For

this purpose, about 146 000 pages have been examined solely for printed newspapers.

Collected data has been processed, classi�ed and entered tothe system to support

scienti�c studies and to allow public access on the Internet1. Available data is unique

in content and covers more than 30 years of technological accident history of Turkey.

1Current address is http://www.teknolojikkazalar.info
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The system provides a comprehensive chemical substance database, which is capable

of storing hazard classi�cation, labelling and chemical property data, including physico-

chemical, structural, thermodynamical and toxicological properties. Hazard classi�ca-

tions and 96/82/EC Directive categories of substances can be automatically determined

from the risk phrases according to de�nitions and provisions of the 67/548/EEC and

1999/45/EC Directives. Analysis tools are available, which can handle and concur-

rently use experimental datasets, temperature or pressuredependent equations and

data estimation methods to calculate standardized chemical properties for user-de�ned

reference conditions. Calculated data can be used for modeling purposes.

Basic information for about 140 000 chemicals has been collected from several

resources, 90 000 of which include structural data. Detailed information is available for

all hazardous substances listed in the latest (29th) ATP of the 67/548/EEC Directive,

and explosive substances listed in the UN/ADR. Although limited in extent, data

on chemical properties is also o�ered, especially for substances that are frequently

involving in industrial accidents. Means of custom data entry and update are present.

The system supports collection and analysis of informationon industrial facilities.

Activities and geographic locations of the facilities can be speci�ed, and chemicals in

inventories thereof can be listed systematically togetherwith storage conditions and

quantities. Based this data, the 96/82/EC Directive statuses of the facilities can be

determined according to the methodology set by the Directive. Calculated statuses

are automatically updated if there is a change in quantities, hazard classi�cations, or

qualifying quantity limits of the substances. Changes in statuses and related indices

are documented as standard reports, which can be created in di�erent languages and

printed. In addition to industrial facilities, the system a lso contains information on

meteorological stations and archives weather data from online resources systematically.

The system also features an easy to use, screening level accident model for rapid

assessment of o�-site consequences of industrial accidents based on user-de�ned sce-

narios. The model makes use of chemical and meteorological data analysis capabilities

of the system to reduce data input requirements. It is also capable of mapping impact

areas of the accidents.

To the best knowledge of the author, the following features of the developed deci-

sion support system are unique in the �eld of control of industrial accidents and were

implemented for the �rst time:
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� Web-basedcollaborative and open-content approach to accident data collection,

� Flexible record relation mechanism allowing reference documents, visual materials

and associated incidents of an accident to be linked to each other and to be

accessible from a single location,

� Calculation of 96/82/EC Directive statuses from hazardous substances invento-

ries with minimum e�ort and automated updatethereof in the case of changes not

only in quantities but also hazard classi�cations and qualifying quantity limits of

substances.

Chemical database and chemical property data analysis capabilities of the system

are also very comprehensive, and together with the developed o�-site consequence

model they form a special, if not unique, framework for modeling of industrial accidents.

In overall, it can be concluded that the decision support system allows integrated

management of fundamental information required for the control of industrial accidents

and provides tools for assessing current and future accident potential of industrial

facilities, which can be used for national as well as the EU needs. Basic support for

other kinds of technological accidents is also given for completeness.

Most of the environmental regulations in Turkey require considerable amount of

data to be collected periodically, generally yearly. When current practice related with

the regulations is examined, signi�cant de�ciencies may beobserved in relation with

the absence of supporting tools. For example, general information declaration forms

submitted by the industrial facilities to the MoEF in the sco pe of Regulation on En-

vironmental Inspection could not be examined properly and are currently not easily

accessible, since they are collected in paper forms and in large quantities [103]. It is

clear that such problems would not occur if data may be collected in electronical form.

Information systems are important tools in this respect, and should be available be-

fore regulations or reporting obligations come into force. Developed decision support

system meets the majority of the requirements of the 96/82/EC Directive, hence the

possibility of its use should be considered by the MoEF, which aims to put a regulation

similar to the 96/82/EC Directive into practice.

Web-based and open structure of the information system allows the collection of

accident data in a collaborative manner, even if a competentauthority (i.e. MoEF)

is not involved in the process. Performed data collection survey resulted in collec-
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tion of considerable amount of data not only on industrial accidents but also on other

technological accidents and related topics, which are later organized and made pub-

licly accessible. In the current state, the system is a unique information source in

terms of available content. As usage of the system improves,its content will be also

be enriched with contributions by the users. Hence, it will become a more valuable

resource. Continuity of the system is important in this respect. Main reasons behind

the unsatisfactory results of previous studies and short life span of information systems

developed so far are lack of sense of ownership responsibilities by the administrative

units and insu�cient number of technical personnel to maint ain the systems. The ar-

chitecture and working principles of the system introduce advantages for solution of

these problems. Open systems form their own communities, which are self-motivated

in sustaining the continuity and development of the systems. Administrative tasks can

also be distributed among several voluntary users, which lessens burdens per person.

Therefore, developed system may avoid problems faced with the information systems

developed in the past.

Although the components of the information system have beendesigned taking the

local conditions of Turkey into consideration, best e�ort h as been made to make it

universal as well. With little modi�cations, the informati on system can be used by

other countries, even by international organizations, to facilitate control of industrial

accidents and to collect data on technological accidents. Owing to support of multiple

languages in data storage and reporting, both local and international needs can be ful-

�lled without additional burden. This is especially import ant for the members states of

international communities like the EU, where community wide noti�cation and report-

ing obligations exist, which should be done in a common language (English) di�erent

from the native language of the state. For the EU member states, 96/82/EC Directive

status calculation and automatic update capabilities of the system are also very bene�-

cial. Especially automatic update feature signi�cantly facilitates administrative duties

and seamlessly handle cases like changes in hazard classi�cations of substances due to

adaptation of the 67/548/EEC and 1999/45/EC Directives to t he technical progress,

which may be di�cult to cope with otherwise. Hence, the developed decision-support

system is a valuable tools not only for Turkey, but also for the EU member states
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CHAPTER 8

RECOMMENDATIONS

Accident data collected during the study can be used to prepare an o�cial industrial

accident inventory of Turkey. Currently, there is no study i n the literature, which

comprehensively reviews industrial accidents that occurred in Turkey. As shown in

Chapter 3, existing international databases do not containvalid information as well.

Therefore, such a study will be useful in �lling the informat ion gap and can help to

improve data quality of the international databases. In addition to industrial accidents,

other types of technological accidents can also be includedin the review. The role of

Turkey as an energy bridge between Asia and Europe is growingyear by year and

transportation of hazardous substances through the Turkish Straits and pipelines is in-

creasing. Although there are studies on marine accidents, interest on pipeline accidents

is low. Similar to industrial accidents, no reviews are available on pipeline accidents

even though they occur frequently. Therefore, a general review covering all types of

technological accidents can be bene�cial. In addition to past accidents, current sources

and degrees of risks arising from technological activitiescan also be studied.

Developed decision support system can be used to make regional or national assess-

ments on major-accident potential of industrial facilitie s. For this purpose, information

on facilities and chemical inventories should be systematically collected. Owing to mul-

tiuser support and presence of special facility user (responsible person) class, data entry

may be signi�cantly facilitated if operators of the facilit ies enter related information

voluntarily or by legal obligation. Cooperation with profe ssional associations and trade

unions may provide voluntary participation, whereas support of the MoEF may provide

required legal framework. In the absence of speci�c data 
owfrom the facilities, it is

213



also possible to make use of existing data sources such as facility information forms

submitted by the facilities to the MoEF in the context of Regu lation on Environmental

Auditing [27], Technical Commission Reports of Development Plans published by the

State Planning Organisation [17,104], and Industrial Database of the Union of Cham-

bers and Commodity Exchanges of Turkey [105]. Although likely to be feasible for

small sized studies, signi�cant amount of data can be collected from these resources.

Algorithms developed in the study to determine the 96/82/EC Directive statuses

of industrial facilities do not calculate only the �nal stat us (lower tier, upper tier,

out of scope), but also all intermediate substance speci�c named substance and haz-

ard category qualifying quantity ratios and and facility-w ide summation rule (toxicity,


ammability, and eco-toxicity) indices. Especially summation rule indices can be used

as criteria to rank industrial facilities. Since higher index values show presence of high

amounts of dangerous substances with major-accident potential, facilities with high

indices can be considered to be more important then those having lower values for the

purposes of accident control and prevention. Authorities responsible from inspections

may plan site visits accordingly, or pilot studies for the implementation of control mea-

sures can be concentrated on facilities with higher indices. Indices may also be used as

an input to more sophisticated ranking methods.

It is also possible to use the system for the purposes of informing the public. With

user authentication provided by the system, access to critical information such as pro-

duction capacities and chemical inventories may be restricted while continuing to pro-

vide summary information on 96/82/EC Directive statuses and summation indices.

Information on past accidents and hazard classi�cation of chemicals, which are pub-

licly available, can also be considered as means of information to public.

Experience gained during data collection on accidents showed that the best infor-

mation source is newspaper articles. Especially printed newspaper articles are rich

in textual content and contain high quality of visual materi als. Currently, document

archive of the system contains newspaper articles from 1976onwards. As described

in Section 5, survey of newspaper articles in bounded archives is a labour intensive

and time consuming task. Therefore, within the scope of the study only one partic-

ular newspaper (H•urriyet) could have been surveyed. Additional reference materials

can be obtained from other newspapers to enrich the content of the document archive

and provide more information on past accidents. Instead of examining newspapers for
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all days, accidents can be selected from the current inventory and newspapers can be

examined based on their occurrence dates by applying a safety margin of several days.

Like newspaper articles, TV broadcasts are also becoming animportant data source.

National media coverage of recent accidents that had occurred in Turkey reveals that

accidents are handled in more detail in TV broadcasts compared to print media (news-

papers). Therefore, TV broadcasts should also be followed and recorded. Professional

media monitoring services can be used for this purpose if adequate funding is available.

In the current implementation of the information system, detailed information on

consequences of accidents, such as number of people a�ected, areal extent of e�ects and

economical loses, can only be stored for industrial accidents. Accident type speci�c

consequence data forms, similar to that of industrial accidents, can be designed for

other technological accidents as well. This will allow complete statistical analysis of

technological accidents, results of which can be obtained as summary tables or charts.

O�-site consequence model developed in the study is based onproven and frequently

used equations and methods. During the implementation, correctness of calculations

have been veri�ed systematically at each step. Therefore, it is considered that modeling

results are correct within the accuracy limits designated by the modeling assumptions

and precision of equations. However, a formal validation process, preferably including

case-studies, should be performed in order to prove this consideration. Full-scale exper-

imental data on accidental releases, which can be used for validation purposes, is very

limited in the literature [106]. Consequently, the method of inter-model comparison

of the developed model to the existing (veri�ed) models (e.g. ALOHA) can be used

for validation purposes. By using similar accident scenarios, outputs of models can be

compared and order of di�erences can be used as a measure correctness.

The o�-site consequence model is a simple and easy to use model requiring little

input data. In the favor of simplicity advanced topics, such as dense gas releases, low

wind speed conditions, and complex land surfaces were not taken into consideration.

Explosions and �re are also modelled by using simple equations. Modeling component

of the system can be strengthened by incorporating more sophisticated and state of the

art modeling techniques in the future. Since atmospheric dispersion model equations

are solved numerically on a 2-D grid by superimposing valuescalculated at di�erent

time steps, multiple sources, which may occur as result of domino e�ects, can also be

supported.
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Although programming language used to develop the information system is not ob-

ject oriented, functions comprising the system has been written in a modular manner.

Together with generic database design, modular functions result in open-ended and

reusable components for speci�c tasks such as multiuser authentication and authoriza-

tion, record history, multilingual support and mapping. Ba sed on these components

and supporting function library, the code base of the information system can be easily

used for the development of other web-based applications, such as environmental infor-

mation systems. One of such applications has already been developed to support data

collection and analysis for a proposed regulation on soil pollution control, which in-

cludes interfaces for preparation and submission of state of environment and inspection

reports and automatic scoring system [107].
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APPENDIX A

DATABASE STRUCTURE

A.1 General Information

Complete database structure of the information system is given in this Appendix. Each

table in the database is listed together with detailed description of their table columns,

i.e. data �elds. Properties of data �elds are summarized in a single information line

using the following notation:

name type Not Null Unique Multilingual() Default(value) PK FK ! table .�eld

Description
...

where:

name Name of the �eld

type Data type of the �eld (see Table A.1)

Not Null Indicates that the �eld value could not be blank

Unique Indicates that the �eld value should be unique in the table

Multilingual(langs) Indicates that the �eld is multilingual

(supported languages are indicated in parenthesis)

Default(value) Default value of the �eld

PK Indicates that the �eld is (part of) the primary key

FK ! table .�eld Indicates that the �eld is a foreign key referencing�eld in table

Description Description of the �eld
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Data types used in the data �elds are listed in Table A.1. As unique identi�ers of

records, 13 characters long strings are used that are generated usinguniqid() function of

the PHP. Fuzzy numbers are stored as variable length strings. If not stated otherwise,

all numeric �elds including fuzzy numbers are unsigned, i.e. positive.

For �elds indicated as multilingual, there exists several � elds in the table having

names equal to the base �eld name pre�xed by underscore and 2-letter language code.

Pre�xed �elds have the same properties as the base �eld. Supported languages are

indicated in parenthesis next to Multilingual descriptor. Base �elds without pre�xes

are in Turkish.

Strings (char and varchar data types) are stored in ASCII encoding by default.

Unicode UTF-8 encoding is used for data �elds requiring special characters or storing

multilingual data.

Table A.1: Data types used in data �elds

Data type Description

bool Boolean. A value of zero is considered false. Non-zero values are con-
sidered true.

int( n) Integer with n digits. If n is omitted, maximum allowable value is 232.

oat( n; m) Floating point number with n total digits and m digits after decimal

point. If n and m are omitted, values are stored to the limits allowed
by the hardware.

char(n) String with n characters.
varchar(n) Variable-length string with up to n characters. Used for Unicode string
text Long variable-length string.
enum Enumerated list of values. Allowable values are listedin description of

data �elds.

A.2 Database Model

Complete database model showing relations between the database tables is given in

Figure A.1
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Figure A.1: Database model
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A.3 Database Tables

accident table

This table stores industrial accident information.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

facility id char(13) Not Null FK ! facility .id
Facility identi�er.

date varchar(12)
Starting date of the accident (fuzzy).

time varchar(7)
Starting time of the accident (fuzzy).

end date varchar(12)
Ending date of the accident (fuzzy).

end time varchar(7)
Ending time of the accident (fuzzy).

accident �re bool Not Null Default(false)
Fire 
ag.

accident explosion bool Not Null Default(false)
Explosion 
ag.

accident release bool Not Null Default(false)
Chemical release 
ag.

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.

accident consequence table

This table stores information on accident consequences.

accident id char(13) Not Null PK FK ! accident .id
Accident identi�er.

extent unit enum
Flag indicating process units are a�ected.

Y = Yes
N = No
S = Suspected
Null = Unknown

extent facility enum
Flag indicating facility is a�ected (see accident consequences .extent unit ).

extent local enum
Flag indicating local e�ects (see accident consequences .extent unit ).

extent regional enum
Flag indicating regional e�ects (see accident consequences .extent unit ).

extent international enum
Flag indicating international (see accident consequences .extent unit ).

notes extent text Unicode Multilingual(TR,EN)
Notes on areas a�ected.

sta� at risk varchar(16)
Number of sta� at risk (fuzzy).

sta� dead varchar(16)
Number of sta� died (fuzzy).

sta� dead later varchar(16)
Number of sta� died later on (fuzzy).

sta� injured varchar(16)
Number of sta� injured (fuzzy).

sta� injured light varchar(16)
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Number of sta� lightly injured (fuzzy).
sta� monitored varchar(16)

Number of sta� health monitored (fuzzy).
sta� evacuated varchar(16)

Number of sta� evacuated (fuzzy).
responder at risk varchar(16)

Number of emergency responders at risk (fuzzy).
responder dead varchar(16)

Number of emergency responders died (fuzzy).
responder dead later varchar(16)

Number of emergency responders died later on (fuzzy).
responder injured varchar(16)

Number of emergency responders injured (fuzzy).
responder injured light varchar(16)

Number of emergency responders lightly injured (fuzzy).
responder monitored varchar(16)

Number of emergency responders health monitored (fuzzy).
responder evacuated varchar(16)

Number of emergency responders evacuated (fuzzy).
public at risk varchar(16)

Number of people from public at risk (fuzzy).
public dead varchar(16)

Number of people from public died (fuzzy).
public dead later varchar(16)

Number of people from public died later on (fuzzy).
public injured varchar(16)

Number of people from public injured (fuzzy).
public injured light varchar(16)

Number of people from public lightly injured (fuzzy).
public monitored varchar(16)

Number of people from public health monitored (fuzzy).
public evacuated varchar(16)

Number of people from public evacuated (fuzzy).
notes people text Unicode Multilingual(TR,EN)

Notes on people a�ected.
utility gas varchar(16)

Duration of gas interruption (hours, fuzzy).
utility water varchar(16)

Duration of water interruption (hours, fuzzy).
utility electricity varchar(16)

Duration of electricity interruption (hours, fuzzy).
utility seweragevarchar(16)

Duration of sewerage interruption (hours, fuzzy).
utility telecommunications varchar(16)

Duration of telecommunication interruption (hours, fuzzy ).
utility main roads varchar(16)

Duration of main road interruption (hours, fuzzy).
utility railways varchar(16)

Duration of railway interruption (hours, fuzzy).
utility sea transport varchar(16)

Duration of sea transportation interruption (hours, fuzzy ).
utility air transport varchar(16)

Duration of air transportation interruption (hours, fuzzy ).
notes community text Unicode Multilingual(TR,EN)

Notes on community life disruptions.
concern public enum

Degree of public interest.
L = Local
N = National
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I = International
Null = None

concern media enum
Degree of media interest (see accident consequence .concern public ).

concern political enum
Degree of political interest (see accident consequence .concern public ).

cost material onsite varchar(16)
Cost of onsite material losses (fuzzy).

cost material o�site varchar(16)
Cost of o�site material losses (fuzzy).

cost response onsite varchar(16)
Cost of onsite response activities (fuzzy).

cost response o�site varchar(16)
Cost of o�site response activities (fuzzy).

currency code char(3) FK ! currency .code
Currency code of cost values.

currency date varchar(12)
Date of cost values (fuzzy).

notes cost text Multilingual(TR,EN)
Notes on material losses.

damage residential enum
Damage to residential areas (see accident consequences .extent unit ).

damage common wild enum
Damage to common wild 
ora (see accident consequences .extent unit ).

damage rare wild enum
Damage to rare wild 
ora (see accident consequences .extent unit ).

damage water supplies enum
Damage to water supplies (see accident consequences .extent unit ).

damage land enum
Damage to land (see accident consequences .extent unit ).

damage water habitat enum
Damage to water habitats (see accident consequences .extent unit ).

damage special area enum
Damage to special areas (seeaccident consequences .extent unit ).

notes damage text Unicode Multilingual(TR,EN)
Notes on damaged areas.

res area evacuated bool
Flag indicating residential areas being evacuated.

res area disabled bool
Flag indicating residential areas being disabled.

res area destroyed bool
Flag indicating residential areas being destroyed.

com area evacuated bool
Flag indicating commercial areas being evacuated.

com area disabled bool
Flag indicating commercial areas being disabled.

com area destroyed bool
Flag indicating commercial areas being destroyed.

pub area evacuated bool
Flag indicating public areas being evacuated.

pub area disabled bool
Flag indicating public areas being disabled.

pub area destroyed bool
Flag indicating public areas being destroyed.

oth area evacuated bool
Flag indicating other areas being evacuated.

oth area disabled bool
Flag indicating other areas being disabled.

oth area destroyed bool
Flag indicating other areas being destroyed.
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locked bool Not Null Default(false)

Locked 
ag.

accident event table

This table stores information on accident events.

accident id char(13) Not Null PK FK ! accident .id
Accident identi�er.

event code char(4) Not Null PK FK ! event .code
Accident event code.

type enum Not Null PK Default(I)

Type of the accident event.

I = Initiating event

A = Associated event

M = Major occurrence

accident occurrence table

This table stores information on accident occurrences.

accident id char(13) Not Null PK FK ! accident occurrence .id
Accident occurrence identi�er.

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.

accident substance table

This table stores information on substances involved to theaccidents.

id char(13) Not Null PK
Unique identi�er.

accident id char(13) Not Null FK ! accident .id
Accident identi�er.

chemical id char(13) FK ! chemical .id
Chemical identi�er.

adr explosive id char(13) FK ! adr explosive .id
UN/ADR explosive identi�er.

substanceuse code char(2) Not Null FK ! substance use.code
Chemical use code.

actual quantity varchar(32)
Actual quantity involved in the incident (fuzzy).

actual quantity unit varchar(8)
Unit of actual quantity.

potential quantity varchar(32)
Potential quantity that can be involved in the accident (fuz zy).

potential quantity unit varchar(8)
Unit of potential quantity.

total quantity varchar(32)
Total quantity present in the facility at the time of the acci dent.

total quantity unit varchar(8)
Unit of total quantity.

directly involved bool Not Null Default(false)
Directly involved 
ag.

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.
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accident type table

This table stores accident types.

code char(2) Not Null PK
Code of the accident type.

name varchar(128) Unicode Multilingual(TR,EN)
Name of the accident type.

description text Unicode Multilingual(TR,EN)
Textual description.

type enum
Accident type.

I = Industrial
L = Military
M = Marine transportation
P = Pipeline transportation
R = Road transportation
N = Mining
U = Urban

icon varchar(32)

Name of the icon (in /images folder).

adr explosive table

This table stores UN/ADR explosives.

id char(13) Not Null PK
Unique identi�er.

name text Unicode Multilingual(TR,EN)
Name of the UN/ADR explosive.

division code char(3) Not Null FK ! adr explosive division .code
UN/ADR explosive division code.

group code char(1) Not Null FK ! adr explosive group .code
UN/ADR explosive group code.

un no char(4) Not Null
UN code number.

chemical id char(13) FK ! chemical .id
Chemical identi�er

lower concentration 
oat
Lower concentration limit (% w)

upper concentration 
oat

Upper concentration limit (% w)

adr explosive division table

This table stores UN/ADR explosive divisions. See Table 4.16 for complete listing of

divisions.

code char(3) Not Null PK
Explosive division code.

description text Unicode Multilingual(TR,EN)
Textual description.

sevesocategory code varchar(4) FK ! seveso category .code

Seveso category code

adr explosive group table

This table stores UN/ADR explosive group. See Table 4.17 forcomplete listing of

groups.
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code char(1) Not Null PK
Explosive group code.

description text Unicode Multilingual(TR,EN)

Textual description.

article table

This table stores newspaper articles.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

newspaper id char(13) Not Null FK ! newspaper .id
Newspaper identi�er.

date varchar(12)
Date of the article (fuzzy).

publication type enum Not Null Default(P)
Type of publication.

P = Printed
O = Online

pages varchar(32)
Pages of the article.

heading text Unicode
Heading of the article.

title text Unicode Not Null
Title of the article.

subtitle text Unicode
Subtitle of the article.

authors varchar(255) Unicode
Author(s) of the article (semicolon separated).

location varchar(64) Unicode
Location of the article

agency varchar(64) Unicode
News agency of the article

introduction text text Unicode
Introduction text of the article

main text text Unicode
Main body of the article

accessdate varchar(12)
Access date to the article (fuzzy)

url varchar(255)
URL address of the article

label id char(13) FK ! label .id
Label identi�er.

locked bool Not Null Default(false)

Locked 
ag.

atom table

This table stores information on atomic elements.

symbol char(3) Not Null PK
Symbol of the element.

number int(3)
Number of element in the periodic table.

weight 
oat
Molar weight of the element ( g=mol).

uncertainity bool
Uncertainty in the last digit of the molar weight.

group char(2)
Periodic table group of the element.

series char(2)
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Periodic table series of the element.
period int(1)

Period of the element in the periodic table.
name varchar(128) Unicode Multilingual(TR,EN)

Name of the element.

chemical table

This table stores chemicals.

id char(13) Not Null PK
Unique identi�er.

ec index no char(12)
EC Index No.

ec no char(9)
EC No.

cas no varchar(16)
CAS No.

formula varchar(255)
Chemical formula.

smiles text
SMILES of the chemical.

inchi text
InChI of the chemical.

classi�cation id char(13) Not Null FK ! classi�cation .id
Classi�cation identi�er.

description text Unicode Multilingual(TR,EN)
Textual description.

locked bool Not Null Default(false)

Locked 
ag.

chemical database table

This table stores information on auxiliary online databases.

id char(13) Not Null PK
Unique identi�er.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the chemical database.

urls text Not Null
List of query URLs (semicolon separated).

parameters text Not Null
List of query parameters (semicolon separated).

icon varchar(32)
Name of the icon (in /images/icons folder).

locked bool Not Null Default(false)

Locked 
ag.

chemical name table

This table stores chemical names.

chemical id char(13) Not Null FK ! chemical .id
Chemical identi�er.

name text Unicode Multilingual(TR,EN,DE,ES,FR)
Name of the chemical.

index int(10) Not Null Auto-increment PK

Internal �eld used for indexing.

classi�cation table

This table stores information on hazard classi�cations of chemicals.
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id char(13) Not Null PK
Unique identi�er.

notes text Unicode Multilingual(TR,EN)
Notes.

reference id char(13) FK ! reference .id
Reference identi�er.

msds id char(13) FK ! msds .id
MSDS identi�er.

locked bool Not Null Default(false)

Locked 
ag.

classi�cation r phrase table

This table stores risk phrases of hazard classi�cations.

classi�cation id char(13) Not Null PK FK ! classi�cation .id
Hazard classi�cation identi�er.

r phrase code varchar(16) Not Null PK FK ! r phrase .code
Risk phrase code.

classi�cation type code char(2) FK ! classi�cation type .code

Hazard classi�cation type code.

classi�cation s phrase table

This table stores safety phrases of hazard classi�cations.

classi�cation id char(13) Not Null PK FK ! classi�cation .id
Hazard classi�cation identi�er.

s phrase code varchar(16) Not Null PK FK ! s phrase .code

Safety phrase code.

classi�cation seveso category table

This table stores 96/82/EC categories of hazard classi�cations.

classi�cation id char(13) Not Null PK FK ! classi�cation .id
Hazard classi�cation identi�er.

sevesocategory code varchar(4) Not Null PK FK ! seveso category .code

96/82/EC category code.

classi�cation sp note table

This table stores safety and risk notes of hazard classi�cations.

classi�cation id char(13) Not Null PK FK ! classi�cation .id
Hazard classi�cation identi�er.

sp note code char(1) Not Null PK FK ! sp node .code

Safety and risk phrase note code.

classi�cation type table

This table stores hazard classi�cation types.

code char(2) Not Null PK
Code of the classi�cation type.

name varchar(64) Unicode Multilingual(TR,EN)
Name of the classi�cation type.

abbr varchar(16)

Abbreviation of the classi�cation type.

coastal district table

This table stores information of coastal districts.
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province code char(2) Not Null PK FK ! province .code
Province code.

district code char(2) Not Null PK FK ! district .code
District code.

sea code char(2) Not Null PK FK ! sea.code

Sea code.

comment table

This table stores user comments.

id char(13) Not Null PK
Unique identi�er.

record id char(13) Not Null
Record identi�er.

record type varchar(32) FK ! record type .type
Record type.

comment text Unicode

Comment.

common mime table

This table stores common MIME types.

type varchar(64) Not Null PK
MIME type.

mime type varchar(64) Not Null

Corresponding MIME type.

common unit table

This table stores common units.

id char(13) Not Null PK
Unique identi�er.

unit varchar(32) Unicode Not Null Unique

Unit.

concentration limit table

This table stores information on hazard classi�cation concentration limits.

id char(13) Not Null PK
Unique identi�er.

classi�cation id char(13) Not Null FK ! classi�cation .id
Hazard classi�cation identi�er.

lower concentration 
oat Not Null Default(0)
Lower concentration limit (decimal).

upper concentration 
oat
Upper concentration limit (decimal).

locked bool Not Null Default(false)

Locked 
ag.

concentration limit r phrase table

This table stores risk phrases of hazard classi�cation concentration limits.

concentration limit id char(13) Not Null PK FK ! concentration limit .id
Concentration limit identi�er.

r phrase code varchar(16) Not Null PK FK ! r phrase .code
Risk phrase code.

classi�cation type code char(2) FK ! classi�cation type .code
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Hazard classi�cation type code.

concentration limit seveso category table

This table stores 96/82/EC categories of hazard classi�cation concentration limits.

concentration limit id char(13) Not Null PK FK ! concentration limit .id
Concentration limit identi�er.

sevesocategory code varchar(4) Not Null PK FK ! seveso category .code

96/82/EC category code.

constant table

This table stores constants.

id char(13) Not Null PK
Unique identi�er.

code varchar(16) Not Null Unique
Code of the constant.

value varchar(32) Not Null
Value of the constant (scienti�c).

unit varchar(32) Unicode
Unit of the constant.

symbol varchar(16) Unicode Multilingual(TR,EN)
Symbol of the constant.

name varchar(128) Unicode Multilingual(TR,EN)

Name of the constant.

country table

This table stores information on countries.

code char(2) Not Null PK
Code of the country.

name varchar(80) Unicode Multilingual(TR,EN)
Name of the country.

iso3 code char(3)
3-digit ISO code of the country.

un code int(3)

UN code number of the country.

currency table

This table stores information on currencies.

code char(3) Not Null PK
Code of the currency.

name varchar(64) Unicode Multilingual(TR,EN)
Name of the currency.

symbol varchar(4) Unicode Not Null
Symbol of the currency.

symbol location enum Not Null Default(R)

Location of the symbol.

R = To the right

L = To the left

currency exchange table

This table stores currency exchange rates.

currency code char(3) Not Null PK FK ! currency .code
Currency code.
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year int(4) Not Null PK
Year of the date.

month int(2) Not Null PK
Month of the date.

basecurrency code char(3) Not Null PK FK ! currency .code
Base currency code.

rate 
oat Not Null

Exchange rate.

danger symbol table

This table stores information on danger symbols.

code char(2) Not Null PK
Code of the danger symbol.

icon varchar(32) Not Null

Icon of the danger symbol (in /icons folder).

district table

This table stores information on districts.

province code char(2) Not Null PK FK ! province .code
Province code.

code char(2) Not Null PK
Code of the district.

name varchar(32) Unicode Multilingual(TR,EN)
Name of the district.

salb code varchar(9)
UN Second Administrative Level Boundaries (SALB) code [108 ].

latmin 
oat(9,6)
Minimum latitude of the bounding box (decimal degrees).

lonmin 
oat(9,6)
Minimum longitude of the bounding box (decimal degrees).

latmax 
oat(9,6)
Maximum latitude of the bounding box (decimal degrees).

lonmax 
oat(9,6)
Maximum latitude of the bounding box (decimal degrees).

latitude 
oat(9,6)
Latitude of the district center (decimal degrees).

longitude 
oat(9,6)
Longitude of the district center (decimal degrees).

elevation int(4)

Elevation of the district center ( m)

equation table

This table stores information on equations.

id char(13) Not Null PK
Unique identi�er.

num constants int(2) Not Null
Number of equation constants.

equation varchar(255) Not Null

Expression of the equation.

event table

This table stores industrial accident events.

code char(4) Not Null PK
Code of the accident event.
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type enum Not Null Default(R)
Type of the accident event.

F = Fire
E = Explosion
R = Chemical release
O = Other

name varchar(100) Unicode Multilingual(TR,EN)
Name of the accident event.

description varchar(200) Unicode Multilingual(TR,EN)

Textual description.

facility table

This table stores information on facilities.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

nace code varchar(6) FK ! nace .code
NACE code.

nace code uncertain bool Not Null Default(false)
Uncertain NACE code 
ag.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the facility.

url varchar(255) Multilingual(TR,EN)
URL address of the facility.

province code char(2) FK ! province .code
Province code.

district code char(2) FK ! district .code
District code.

locality varchar(100) Unicode Multilingual(TR,EN)
Locality of the facility.

address text Unicode Multilingual(TR,EN)
Address of the facility.

latitude 
oat(9,6)
Latitude of the facility.

longitude 
oat(9,6)
Longitude of the facility.

latlon uncertain bool Not Null Default(false)
Uncertain coordinate 
ag.

notes text Unicode Multilingual(TR,EN)
Notes.

hide chemicals bool Not Null Default(false)
Hide chemicals 
ag.

phone varchar(32)
Phone number of the facility.

fax varchar(32)
Fax number of the facility.

postal code char(5)
Postal code of the facility.

latmin 
oat(9,6)
Minimum latitude of the bounding box (decimal degrees).

lonmin 
oat(9,6)
Minimum longitude of the bounding box (decimal degrees).

latmax 
oat(9,6)
Maximum latitude of the bounding box (decimal degrees).

lonmax 
oat(9,6)
Maximum latitude of the bounding box (decimal degrees).

locked bool Not Null Default(false)

Locked 
ag.

facility named group status table
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This table stores information on 96/82/EC status of named groups chemicals in the

facilities.

facility id char(13) Not Null PK FK ! facility .id
Facility identi�er.

named group id char(13) Not Null PK FK ! named group .id
Named group identi�er.

nam index l 
oat
Lower named substance index (0{1).

nam index u 
oat
Upper named substance index (0{1).

status enum Default(X)
96/82/EC Status (see facility substance status .status ).

qual quantity 
oat Not Null

Qualifying quantity (tons).

facility status table

This table stores information on 96/82/EC status of the facilities.

facility id char(13) Not Null PK FK ! facility .id
Facility identi�er.


a index l 
oat
Lower 
ammability index (0{1).


a index u 
oat
Upper 
ammability index (0{1).

eco index l 
oat
Lower eco-toxicity index (0{1).

eco index u 
oat
Upper eco-toxicity index (0{1).

tox index l 
oat
Lower toxicity index (0{1).

tox index u 
oat
Upper toxicity index (0{1).

status enum
96/82/EC status (see facility substance status .status ).

status src enum

Source of 96/82/EC status.

C = Named substance

G = Named group of substances

S = Summation indices

facility substance table

This table stores information on substances stored in the facilities.

id char(13) Not Null PK
Unique identi�er.

facility id char(13) Not Null FK ! facility .id
Facility identi�er.

chemical id char(13) FK ! chemical .id
Chemical identi�er.

qualifying quantity id char(13) FK ! qualifying quantity .id
Qualifying quantity identi�er.

adr explosive id char(13) FK ! adr explosive .id
UN/ADR explosive identi�er.

qual quantity varchar(32)
Qualifying quantity (fuzzy).

qual quantity unit varchar(16)
Qualifying quantity unit.
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stor quantity varchar(32)
Stored quantity (fuzzy).

stor quantity unit varchar(16)
Stored quantity unit.

prod capacity varchar(32)
Production capacity (fuzzy).

prod capacity unit varchar(16)
Production capacity unit.

stor capacity varchar(32)
Storage capacity (fuzzy).

stor capacity unit varchar(16)
Storage capacity unit.

prod days varchar(16)
Number of production days for qualifying quantity calculat ions (fuzzy).

stor percentage varchar(16)
Storage percentage for qualifying quantity calculations ( fuzzy).

custom prod days bool Not Null Default(false)
Custom production days 
ag.

custom stor percentage bool Not Null Default(false)
Custom storage percentage 
ag.

conc varchar(16)
Concentration of the substance (fuzzy).

locked bool Not Null Default(false)
Locked 
ag.

ref phase enum Not Null Default(G)
Reference phase (seeproperty data .ref phase ).

ref t varchar(16)
Reference temperature (fuzzy).

ref t unit varchar(8)
Reference temperature unit.

ref t amb bool Not Null Default(false)
Ambient temperature 
ag.

ref p varchar(16)
Reference pressure (fuzzy).

ref p unit varchar(8)
Reference pressure unit.

ref p amb bool Not Null Default(false)
Ambient pressure 
ag.

notes text Unicode Multilingual(TR,EN)

Notes.

facility substance status table

This table stores information on the 96/82/EC Directive sta tus of substances stored in

the facilities.

facility substanceid char(13) Not Null PK FK ! facility substance .id
Facility substance identi�er.

qual quantity 
oat Not Null
Qualifying quantity (tons).

qual quantity src enum
Source of qualifying quantity.

QQ = Qualifying quantity
SQ = Stored quantity
PCg = Production capacity (generic)
PCc = Production capacity (custom)
SCg = Storage capacity (generic)
SC = Storage capacity (custom)


a index l 
oat
Lower 
ammability index (0{1).
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a index u 
oat
Upper 
ammability index (0{1).

eco index l 
oat
Lower eco-toxicity index (0{1).

eco index u 
oat
Upper eco-toxicity index (0{1).

tox index l 
oat
Lower toxicity index (0{1).

tox index u 
oat
Upper toxicity index (0{1).

nam index l 
oat
Lower named substance index (0{1).

nam index u 
oat
Upper named substance index (0{1).

nam qual quantity 
oat
Named substance qualifying quantity ( tons).

cat index l 
oat
Lower category index (0{1).

cat index u 
oat
Upper category index (0{1).

status enum
The 96/82/EC Directive status.

X = Out out scope
1 = Lower tier
2 = Upper tier

status src enum

Source of the 96/82/EC Directive status.

P1 = Annex I Part 1

P2 = Annex I Part 2

P12 = Annex I Part 1 and 2

facility user table

This table stores responsible persons of facilities.

id char(13) Not Null PK
Unique identi�er.

facility id char(13) Not Null FK ! facility .id
Facility identi�er.

user id char(13) Not Null FK ! user .id

User identi�er.

�le table

This table stores information on �les.

id char(13) Not Null PK
Unique identi�er

description varchar(255) Unicode Multilingual(TR,EN)
Textual description.

mime type varchar(64) FK ! mime .type
MIME type.

record id char(13) Not Null
Record identi�er.

record type varchar(32) Not Null FK ! record type .type
Record type.

�lename varchar(32) Not Null
Name of the �le (in /files folder).

�lesize int(10) Not Null
Size of the �le.
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accesslevel enum Not Null Default(P)
Access level.

P = Public
R = Restricted

�lelocked bool Not Null Default(false)
File locked 
ag.

locked bool Not Null Default(false)

Locked 
ag.

history table

This table stores history of the records

id char(13) Not Null PK
Unique identi�er

user id char(13) Not Null FK ! user .id
User identi�er.

date datetime Not Null
Creation date.

record id char(13) Not Null
Record identi�er.

record type varchar(32) Not Null FK ! record type .type
Record type.

action enum

History action.

C = Create

U = Update

D = Delete

history data table

This table stores historical data of the records.

history id char(13) Not Null PK FK ! history .id
History identi�er.

record id char(13) Not Null PK
Record identi�er.

record type varchar(32) Not Null PK FK ! record type .type
Record type.

data blob

Historical record data (compressed).

label table

This table stores labels.

id char(13) Not Null PK
Unique identi�er.

name varchar(255) Unicode Multilingual(TR,EN)

Name of the label.

language table

This table stores information on languages.

code char(2) Not Null PK
Code of the language.

name varchar(48) Unicode Multilingual(TR,EN)
Name of the language.

local name varchar(48) Unicode
Native name of the language.
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icon varchar(16)

Name of the icon (in /images/flag folder).

marine accident table

This table stores information on marine accidents.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

sea code char(2) Not Null FK ! sea.code
Sea code.

latitude 
oat(9,6)
Latitude of the marine accident.

longitude 
oat(9,6)
Longitude of the marine accident.

latlon uncertain bool Not Null Default(false)
Uncertain coordinate 
ag.

accident type char(2) Not Null FK ! accident type .code
Accident type code.

ship name varchar(128) Unicode
Name of the ship.

ship 
ag char(2) FK ! country .code
Flag country of the ship.

ship type int(2) FK ! ship type .code
Type of the ship.

ship type uncertain bool Not Null Default(false)
Uncertain ship type 
ag.

ship tonnage int(10)
Tonnage of the ship (tons).

ship tonnage type enum Not Null Default(DWT)
Type of ship tonnage.

DWT = Deadweight
GT = Gross tonnage

province code char(2) FK ! province .code
Province code.

district code char(2) FK ! district .code
District code.

locality varchar(255) Unicode Multilingual(TR,EN)
Locality of the marine accident.

other name varchar(128) Unicode
Name of the other ship.

other 
ag char(2) FK ! country .code
Flag country of the other ship.

other type int(2) FK ! ship type .code
Type of the other ship.

other type uncertain bool Not Null Default(false)
Uncertain other ship type 
ag.

other tonnage int(10)
Tonnage of the other ship (tons).

ship tonnage type enum Not Null Default(DWT)
Type of other ship tonnage (see ship tonnage).

accident �re bool Not Null Default(false)
Fire 
ag.

accident explosion bool Not Null Default(false)
Explosion 
ag.

accident release bool Not Null Default(false)
Chemical release 
ag.

date varchar(12)
Starting date of the marine accident (fuzzy).

time varchar(7)
Starting time of the marine accident (fuzzy).
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end date varchar(12)
Ending date of the marine accident (fuzzy).

end time varchar(7)
Ending time of the marine accident (fuzzy).

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.

military accident table

This table stores information on military accidents.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

military �eld id char(13) Not Null FK ! military �eld .id
Military �eld identi�er

accident �re bool Not Null Default(false)
Fire 
ag.

accident explosion bool Not Null Default(false)
Explosion 
ag.

accident release bool Not Null Default(false)
Chemical release 
ag.

date varchar(12)
Starting date of the military accident (fuzzy).

time varchar(7)
Starting time of the military accident (fuzzy).

end date varchar(12)
Ending date of the military accident (fuzzy).

end time varchar(7)
Ending time of the military accident (fuzzy).

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.

military �eld table

This table stores information on military �elds.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the military �eld.

type char(2) Not Null FK ! military �eld type .code
Type of the military �eld.

force code enum Not Null Default(A)
Military force code.

A = Air forces
M = Marine forces
L = Land forces
J = Gendarmerie

province code char(2) FK ! province .code
Province code.

district code char(2) FK ! district .code
District code.

locality varchar(255) Unicode Multilingual(TR,EN)
Locality of the military �eld.

latitude 
oat(9,6)
Latitude of the military �eld.

longitude 
oat(9,6)
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Longitude of the military �eld.
latlon uncertain bool Not Null Default(false)

Uncertain coordinate 
ag.
latmin 
oat(9,6)

Minimum latitude of the bounding box (decimal degrees).
lonmin 
oat(9,6)

Minimum longitude of the bounding box (decimal degrees).
latmax 
oat(9,6)

Maximum latitude of the bounding box (decimal degrees).
lonmax 
oat(9,6)

Maximum latitude of the bounding box (decimal degrees).
notes text Unicode Multilingual(TR,EN)

Notes.
locked bool Not Null Default(false)

Locked 
ag.

military �eld type table

This table stores military �eld types.

code char(2) Not Null PK
Code of the military �eld type.

name varchar(64) Unicode Multilingual(TR,EN)

Name of the military �eld type.

mime table

This table stores information on MIME types.

type varchar(64) Not Null PK
MIME type.

name varchar(100) Unicode Multilingual(TR,EN)
Name of the MIME type.

icon varchar(32)
Name of the icon (in /images/mime folder).

extension varchar(16) Unique

Extension of the MIME type.

mine table

This information stores information on mines.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the mine.

type char(2) Not Null FK ! mine type .code
Mine type code.

province code char(2) FK ! province .code
Province code.

district code char(2) FK ! district .code
District code.

locality varchar(100) Unicode Multilingual(TR,EN)
Locality of the mine.

latitude 
oat(9,6)
Latitude of the mine.

longitude 
oat(9,6)
Longitude of the mine.

latlon uncertain bool Not Null Default(false)
Uncertain coordinate 
ag.

latmin 
oat(9,6)
Minimum latitude of the bounding box (decimal degrees).
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lonmin 
oat(9,6)
Minimum longitude of the bounding box (decimal degrees).

latmax 
oat(9,6)
Maximum latitude of the bounding box (decimal degrees).

lonmax 
oat(9,6)
Maximum latitude of the bounding box (decimal degrees).

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.

mine accident table

This table stores information on mining accidents.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

mine id char(13) Not Null FK ! mine .id
Mine identi�er

accident type char(2) Not Null FK ! accident type .code
Accident type code.

date varchar(12)
Date of the mining accident (fuzzy).

time varchar(7)
Time of the mining accident (fuzzy).

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.

mine type table

This table stores mine types.

code char(2) Not Null PK
Code of the mine type.

name varchar(64) Unicode Multilingual(TR,EN)

Name of the mine type.

msds table

This table stores information on MSDSs.

id char(13) Not Null PK
Unique identi�er.

chemical id char(13) Not Null FK ! chemical .id
Chemical identi�er.

publisher varchar(128) Unicode Multilingual(TR,EN)
Name of the publisher.

date varchar(12)
Publishing date of the MSDS (fuzzy).

�lename varchar(32) Not Null
Name of the MSDS �le (in /msds folder).

�lesize int(10) Not Null
Size of the MSDS �le.

mime type varchar(64) FK ! mime .type
MIME type of the MSDS �le.

url text
URL address of the MSDS.

accessdate varchar(12)
Access date to the MSDS (fuzzy).

language code char(2) FK ! language .code
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Language code.
accesslevel enum Not Null Default(P)

Access level (see �le .accesslevel ).
�lelocked bool Not Null Default(false)

File locked 
ag.
locked bool Not Null Default(false)

Locked 
ag.

nace table

This table stores NACE categories.

code varchar(6) Not Null PK
Code of the NACE category.

name varchar(128) Unicode Multilingual(TR,EN)
Name of the NACE category.

parent code varchar(6) FK ! nace .code
Parent NACE category code.

isic code varchar(6)
Code of corresponding UN International Classi�cation of Al l Economic Activities (ISIC) cate-

gory.
sort order int(3) Not Null

Internal �eld used for ordering of NACE categories.

nace seveso settings table

This table stores the 96/82/EC Directive settings of the NAC E categories.

nace code varchar(6) Not Null PK FK ! nace .code
NACE category code.

prod days varchar(16)
Number of production days (fuzzy).

stor percentage varchar(16)

Storage percentage (fuzzy).

named group table

This table stores information on substance groups listed inthe 96/82/EC Directive

Annex I Part 1.

id char(13) Not Null PK
Unique identi�er.

name varchar(200) Unicode Multilingual(TR,EN)
Name of the chemical group.

lower quantity 
oat
Lower qualifying quantity (tons).

upper quantity 
oat Not Null Default(0)
Upper qualifying quantity (tons).

lower concentration 
oat
Lower concentration limit (% w).

upper concentration 
oat
Upper concentration limit (% w).

notes text Unicode Multilingual(TR,EN)

Notes.

named group chemical table

This table stores information on chemicals listed in named groups of the 96/82/EC

Directive Annex I Part 1.
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chemical id char(13) Not Null PK FK ! chemical .id
Chemical identi�er.

named group id char(13) Not Null FK ! named group .id
Named group identi�er.

equi factor 
oat

Equivalency factor.

newspaper table

This table stores newspapers.

id char(13) Not Null PK
Unique identi�er.

name varchar(32) Unicode Not Null Unique
Name of the newspaper.

language code char(2) Not Null FK ! language .code
Language code.

type enum Not Null Default(N)
Type of the newspaper.

N = National
L = Local

url varchar(200)
URL address of the newspaper.

printed bool Not Null Default(false)
Printed 
ag.

online bool Not Null Default(false)
Online 
ag.

locked bool Not Null Default(false)

Locked 
ag.

note table

This table stores user notes.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

user id char(13) Not Null FK ! user .id
User identi�er.

date varchar(12)
Date of the note (fuzzy).

title varchar(128) Multilingual(TR,EN)
Title of the note.

notes text Unicode
Notes.

private bool Not Null Default(false)

Private note 
ag.

photo table

This table stores information on photographs.

id char(13) Not Null PK
Unique identi�er.

record id char(13)
Record identi�er.

record type varchar(32) FK ! record type .type
Record type.

type enum Not Null Default(P)
Type of the photograph.

P = Printed
O = Online

date varchar(12)
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Date of the photograph (fuzzy).
photographer varchar(128) Unicode

Name of the photographer(s) (semicolon separated).
title varchar(128) Unicode Multilingual(TR,EN)

Title of the photograph.
description text Unicode Multilingual(TR,EN)

Textual description.
url varchar(255)

URL address of the photograph.
�letype enum Not Null Default(jpeg)

Type of the photograph �le.
jpeg = JPEG Image
png = Portable Network Graphics image (PNG)
gif = Compuserve image (GIF)
bmp = Window Bitmap image (BMP)

accessdate varchar(12)
Access date to the photograph (fuzzy).

time varchar(7)
Time of the photograph (fuzzy).

�lename varchar(13) Not Null
Name of the photograph �le (in /photo folder).

�lesize int(10) Not Null
Size of the photograph �le.

width int(5) Not Null
Width of the photograph (pixels).

height int(5) Not Null
Height of the photograph (pixels).

location varchar(64) Unicode
Location of the photograph.

agency varchar(32) Unicode
Name of the agency.

publication date bool Not Null Default(true)
Flag indicating date is publication date

accesslevel enum Not Null Default(O)
Access level.

O = Original
P = Preview
T = Thumbnail

�lelocked bool Not Null Default(false)
File locked 
ag.

locked bool Not Null Default(false)

Locked 
ag.

pipeline table

This table stores information on pipelines.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

type char(2) Not Null FK ! pipeline type .code
Pipeline type.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the pipeline.

length 
oat
Length of the pipeline ( km).

capacity 
oat
Capacity of the pipeline.

international bool Not Null Default(false)
International pipeline 
ag.

total length 
oat
Total length of the pipeline including international segme nts (km)
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diameter int(3)
Diameter of the pipeline ( inches)

capacity unit enum
Unit of the pipeline capacity.

Mton/y = Million tonnes per year
B/d = Barrels per day
hm3/y = Million cubic meters per year

locked bool Not Null Default(false)
Locked 
ag.

notes text Unicode Multilingual(TR,EN)

Notes.

pipeline accident table

This table stores information on pipeline accidents.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

pipeline id char(13) Not Null FK ! pipeline .id
Pipeline identi�er.

pipeline segment id char(13) FK ! pipeline segment .id
Pipeline segment identi�er.

province code char(2) FK ! province .code
Province code.

district code char(2) FK ! district .code
District code.

locality varchar(255) Unicode Multilingual(TR,EN)
Locality of the pipeline accident.

latitude 
oat(9,6)
Latitude of the pipeline accident.

longitude 
oat(9,6)
Longitude of the pipeline accident.

latlon uncertain bool Not Null Default(false)
Uncertain coordinate 
ag.

accident �re bool Not Null Default(false)
Fire 
ag.

accident explosion bool Not Null Default(false)
Explosion 
ag.

accident release bool Not Null Default(false)
Chemical release 
ag.

date varchar(12)
Starting date of the pipeline accident (fuzzy).

time varchar(7)
Starting time of the pipeline accident (fuzzy).

end date varchar(12)
Ending date of the pipeline accident (fuzzy).

end time varchar(7)
Ending time of the pipeline accident (fuzzy).

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.

pipeline segment table

This table stores pipeline segments.

id char(13) Not Null PK
Unique identi�er.

pipeline id char(13) Not Null FK ! pipeline .id
Pipeline identi�er.
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name varchar(255) Unicode Multilingual(TR,EN)
Name of the pipeline segment.

length 
oat
Length of the pipeline segment (km).

diameter int(3)
Diameter of the pipeline segment (inches)

capacity 
oat
Capacity of the pipeline segment.

capacity unit enum
Unit of the pipeline segment capacity (see pipeline .capacity unit ).

num lines int(2) Default(1)
Number of parallel pipelines.

head id char(13) FK ! pipeline segment .id
Head pipeline segment identi�er.

locked bool Not Null Default(false)

Locked 
ag.

pipeline type table

This table stores pipeline types.

code char(2) Not Null PK
Code of the pipeline type.

name varchar(64) Unicode Multilingual(TR,EN)

Name of the pipeline type.

price index table

This table stores the CBRT price indices.

type varchar(4) Not Null PK FK ! price index type .code
Price index type.

year int(4) Not Null PK
Year of the date.

month int(2) Not Null PK
Month of the date.

index 
oat Not Null

Index value.

price index type table

This table stores price index types.

code char(2) Not Null PK
Code of the price index type.

name varchar(64) Unicode Multilingual(TR,EN)
Name of the price index.

description text Unicode
Description of the price index.

currency code char(3) Not Null FK ! currency .code

Currency code.

property table

This table stores information on properties.

id char(13) Not Null PK
Unique identi�er.

code varchar(16) Not Null Unique
Code of the property.

symbol varchar(32) Unicode
Symbol of the property.
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unit varchar(255) Unicode
Units of the property (semicolon separated).

name varchar(255) Unicode Multilingual(TR,EN)
Name of the property.

ref t 
oat
Reference temperature.

ref p 
oat
Reference pressure.

ref t unit varchar(8)
Unit of reference temperature.

ref p unit varchar(8)
Unit of reference pressure.

ref phase enum

Reference phase (seeproperty data .ref phase ).

property data table

This table stores information on chemical property data.

id char(13) Not Null PK
Unique identi�er.

chemical id char(13) Not Null FK ! chemical .id
Chemical identi�er.

property id char(13) Not Null FK ! property .id
Property identi�er.

value text Not Null
Property values (signed fuzzy, comma separated).

unit varchar(32) Unicode
Unit of the property.

ref t text
Reference temperature values (comma separated).

ref p text
Reference pressure values (comma separated).

reference varchar(128) Unicode
Textual reference information.

description text Unicode Multilingual(TR,EN)
Textual description (measurement method, etc.).

ref t unit varchar(8)
Unit of reference temperatures.

ref p unit varchar(8)
Unit of reference pressures.

log bool Not Null Default(false)
Logarithmic value 
ag.

reference id char(13) FK ! reference .id
Reference identi�er.

ref phase enum
Reference phase.

S = Solid
L = Liquid
G = Gas

status enum
Status of the property.

D = Default
X = Rejected

locked bool Not Null Default(false)

Locked 
ag.

property equation table

This table stores information on property equations.

253



id char(13) Not Null PK
Unique identi�er.

chemical id char(13) Not Null FK ! chemical .id
Chemical identi�er.

property id char(13) Not Null FK ! property .id
Property identi�er.

equation id char(13) Not Null FK ! equation .id
Equation identi�er.

unit varchar(32)
Unit of the property equation.

variable enum Not Null Default(T)
Variable of the property equation.

T = Temperature
P = Pressure

variable unit varchar(8)
Unit of the variable.

upper limit varchar(16)
Upper validity limit (scienti�c)

upper limit unit varchar(8)
Unit of upper validity limit.

lower limit varchar(16)
Lower validity limit (scienti�c)

lower limit unit varchar(8)
Unit of lower validity limit.

constant a varchar(16)
Value of constant A (scienti�c)

constant b varchar(16)
Value of constant B (scienti�c)

constant c varchar(16)
Value of constant C (scienti�c)

constant d varchar(16)
Value of constant D (scienti�c)

constant e varchar(16)
Value of constant E (scienti�c)

constant f varchar(16)
Value of constant F (scienti�c)

reference id char(13) Not Null FK ! reference .id
Reference identi�er.

ref phase enum
Reference phase (seeproperty data .ref phase ).

status enum
Status of the property equation (see property data .status ).

notes text Unicode Multilingual(TR,EN)

Notes.

property estimator table

This table stores information on property estimators.

id char(13) Not Null PK
Unique identi�er.

code varchar(16) Not Null Unique
Code of the property estimator.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the property estimator.

property id char(13) Not Null FK ! property .id
Property identi�er.

unit varchar(32) Unicode
Unit of the property estimator result.

function varchar(255) Not Null Unique
Name of the property estimator function.
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ref phase enum
Reference phase (seeproperty data .ref phase ).

default bool Not Null Default(false)
Default property estimator 
ag.

notes text Unicode Multilingual(TR,EN)

Notes.

province table

This table stores information on provinces.

code char(2) Not Null PK
Code of the province.

name varchar(32) Unicode Multilingual(TR,EN)
Name of the province.

salb code varchar(5)
SALB code (see district .salb code ).

latmin 
oat(9,6)
Minimum latitude of the bounding box (decimal degrees).

lonmin 
oat(9,6)
Minimum longitude of the bounding box (decimal degrees).

latmax 
oat(9,6)
Maximum latitude of the bounding box (decimal degrees).

lonmax 
oat(9,6)
Maximum latitude of the bounding box (decimal degrees).

latitude 
oat(9,6)
Latitude of the province center (decimal degrees).

longitude 
oat(9,6)
Longitude of the province center (decimal degrees).

elevation int(4)
Elevation of the province center ( m)

phone code varchar(16)

Phone codes of the province (comma separated).

qualifying quantity table

This table stores information on the 96/82/EC Directive Ann ex I Part 1 qualifying

quantity limits.

id char(13) Not Null PK
Unique identi�er.

chemical id char(13) Not Null FK ! chemical .id
Chemical identi�er.

lower quantity 
oat
Lower qualifying quantity ( tons).

upper quantity 
oat Not Null
Upper qualifying quantity ( tons).

lower concentration 
oat
Lower concentration limit (% w).

upper concentration 
oat
Upper concentration limit (% w).

description varchar(200) Unicode Multilingual(TR,EN)
Textual description.

conditional bool Not Null Default(false)
Conditional qualifying quantity 
ag.

notes text Unicode Multilingual(TR,EN)

Notes.

r phrase table
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This table stores risk phrases.

code varchar(16) Not Null PK
Code of the risk phrase.

phrase varchar(255) Unicode Multilingual(TR,EN)
Risk phrase.

sort order int(3) Not Null Unsigned

Internal �eld used for ordering of risk phrases

r phrase classi�cation table

This table stores information on hazard classi�cation of risk phrases

r phrase code varchar(16) Not Null FK ! r phrase .code
Risk phrase code.

classi�cation type code char(2) FK ! classi�cation type .code
Hazard classi�cation type code.

sevesocategory code varchar(4) Not Null PK FK ! seveso category .code
96/82/EC category code.

danger symbol code char(2) FK ! danger symbol .code

Danger symbol code.

r phrase preparation table

This table stores information on risk phrases and hazard classi�cation mapping of

preparations.

r phrase code varchar(16) Not Null PK FK ! r phrase .code
Risk phrase code.

prep r phrase code varchar(16) Not Null PK FK ! r phrase .code
Risk phrase code of the preparation.

lower concentration 
oat
Lower concentration limit.

upper concentration 
oat
Upper concentration limit.

basis enum Not Null Default(%w)
Concentration unit.

%w = Percentage by weight
%v = Percentage by volume

reference table varchar(16) Not Null

Reference table.

record type table

This table stores information on record types

type varchar(32) Not Null PK
Record type.

name varchar(64) Unicode Multilingual(TR,EN)
Name of the record type.

as html varchar(128) Not Null
Name of the XHTML output function.

as table varchar(128)

Name of the Table output function.

reference table

This table stores information on references.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

type varchar(32) Not Null FK ! reference type .type

256



Reference type.
title text Unicode

Title of the reference.
booktitle varchar(255) Unicode

Title of the book.
series varchar(255) Unicode

Name of the series.
journal varchar(255) Unicode

Name of the journal.
authors varchar(255) Unicode

Names of the authors (semicolon separated).
editors varchar(255) Unicode

Named of the editors (semicolon separated).
abstract text Unicode

Abstract of the reference.
keywords varchar(255) Unicode

Keywords of the reference (semicolon separated).
year int(4)

Year of the publication date.
month varchar(16)

Month(s) of the publication date.
volume varchar(16)

Volume of the reference.
number varchar(16)

Number of the reference.
pages varchar(16)

Pages of the reference.
edition varchar(16)

Edition of the reference.
chapter varchar(32)

Chapter of the reference.
school varchar(255) Unicode

School of the reference (for Ph.D. thesis, etc.)
organization varchar(255) Unicode

Organization of the reference.
institution varchar(255) Unicode

Institution of the reference.
publisher varchar(255) Unicode

Publisher of the reference.
address varchar(255) Unicode

Address related with the reference.
url varchar(255)

URL address of the reference.
doi varchar(128)

DOI (Digital Object Identi�er) of the reference.
crossref id char(13) FK ! reference .id

Cross-reference identi�er.
code varchar(32)

Code of the reference.
availability enum

Availability of the reference.
P = Printed
E = Electronic copy
B = Printed and electronic copy

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.

reference type table
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This table stores information on reference types.

type char(32) Not Null PK
Reference type.

name char(64) Unicode Multilingual(TR,EN)
Name of the reference type.

req entities text
Required data entities (comma separated).

opt entities text

Optional data entities (comma separated).

related record table

This table stores relatable records.

id char(13) Not Null PK
Unique identi�er.

type varchar(32) Not Null FK ! related record type .type

Related record type.

related record type table

This table stores information on related records.

type varchar(32) Not Null PK FK ! record type .type
Related record type.

class enum Not Null
Class of the related record type.

A = Accident
D = Document
L = Location

title varchar(64) Unicode Multilingual(TR,EN)
Title of the related record type.

as list varchar(64) Not Null

Name of the listing page of the related record type.

relation table

This table stores relations.

id char(13) Not Null PK
Unique identi�er.

record id char(13) Not Null FK ! related record .id
Record identi�er.

related id char(13) Not Null FK ! related record .id

Related record identi�er.

road table

This table stores information on roads.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the road.

code varchar(16)
Code of the road.

type code char(2) FK ! road type .code
Road type code.

class code char(2) FK ! road class.code
Road class code.

notes text Unicode Multilingual(TR,EN)
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Notes.
locked bool Not Null Default(false)

Locked 
ag.

road accident table

This table stores information on road transportation accidents.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

road id char(13) Not Null FK ! road .id
Road identi�er.

date varchar(12)
Date of the accident (fuzzy).

time varchar(7)
Time of the accident (fuzzy).

accident �re bool Not Null Default(false)
Fire 
ag.

accident explosion bool Not Null Default(false)
Explosion 
ag.

accident release bool Not Null Default(false)
Chemical release 
ag.

province code char(2) FK ! province .code
Province code.

district code char(2) FK ! district .code
District code.

locality varchar(255) Unicode Multilingual(TR,EN)
Locality.

latitude 
oat(9,6)
Latitude of the accident (decimal degrees).

longitude 
oat(9,6)
Longitude of the accident (decimal degrees).

latlon uncertain bool Not Null Default(false)
Uncertain coordinate 
ag.

accident type char(2) Not Null FK ! accident type .code
Accident type code.

vehicle code char(2) Not Null FK ! vehicle .code
Vehicle code.

other vehicle code char(2) FK ! vehicle .code
Other vehicle code.

multiple vehicles bool Not Null Default(false)
Chain accident 
ag.

locked bool Not Null Default(false)
Locked 
ag.

notes text Unicode Multilingual(TR,EN)

Notes.

road class table

This table stores road classes.

code char(2) Not Null PK
Code of the road class.

name varchar(64) Unicode Multilingual(TR,EN)

Name of the road class.

road type table

This table stores road types.

code char(2) Not Null PK
Code of the road type.
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name varchar(64) Unicode Multilingual(TR,EN)

Name of the road type.

s phrase table

This table stores safety phrases.

code varchar(16) Not Null PK
Code of the safety phrase.

phrase varchar(255) Unicode Multilingual(TR,EN)
Safety phrase.

sort order int(3) Not Null

Internal �eld used for ordering of safety phrases

sea table

This table stores information on seas.

code char(2) Not Null PK
Code of the sea.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the sea.

type enum Not Null Default(N)

Type of the sea.

N = National

I = International

settings table

This table stores system settings.

name varchar(64) Not Null PK
Name of the setting.

value varchar(255) Unicode

Value of the setting.

seveso category table

This table stores the 96/82/EC Directive Annex 1 Part 2 categories.

code varchar(4) Not Null PK
Code of the category.

name varchar(100) Unicode Multilingual(TR,EN)
Name of the category.

lower quantity 
oat Not Null
Lower qualifying quantity limit (tons).

upper quantity 
oat Not Null
Upper qualifying quantity limit (tons).

sort order int(2) Not Null

Internal �eld used for ordering of categories.

ship type table

This table stores ship types.

code int(2) Not Null PK
Code of the ship type.

name varchar(255) Unicode Multilingual(TR,EN)

Name of the ship type.

si pre�x table
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This table stores SI pre�xes.

pre�x varchar(2) Unicode Not Null PK
SI pre�x.

factor varchar(8) Not Null
Conversion factor to unity (scienti�c).

name varchar(8) Unicode Multilingual(TR,EN)

Name of the pre�x.

sp note table

This tables stores R and S phrase notes.

code char(1) Not Null PK
Code of the note.

type enum Not Null Default(S)
Type of the note.

S = Safety phrase
R = Rish phrase

note text Unicode Multilingual(TR,EN)

Note.

station type table

This table stores weather station types.

code varchar(4) Not Null PK
Code of the weather station type.

name varchar(128) Unicode Multilingual(TR,EN)

Name of the weather station type.

substance use table

This table stores uses of substances.

code char(2) Not Null PK
Code of substance use.

name varchar(128) Unicode Multilingual(TR,EN)

Name of the substance use.

topic table

This table stores information on topics.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

title varchar(200) Unicode Multilingual(TR,EN)
Title of the topic.

description text Unicode Multilingual(TR,EN)
Textual description.

parent id char(13) FK ! topic .id
Parent topic identi�er.

locked bool Not Null Default(false)

Locked 
ag.

unit table

This table stores units.

id char(13) Not Null PK
Unique identi�er.

code varchar(16) Unicode Not Null Unique
Code of the unit.
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symbol varchar(16) Unicode Multilingual(TR,EN)
Symbol of the unit.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the unit.

pre�x bool Not Null Default(false)
SI pre�xable 
ag.

conversion enum
Type of conversion to the base unit.

C = Numeric factor
F = Custom function

factor varchar(32) Unique
Conversion factor (scienti�c).

unit varchar(32) Unicode
Base unit.

function varchar(64)

Name of the custom conversion function.

urban accident table

This table stores information on urban disasters.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

name varchar(255) Unicode Multilingual(TR,EN)
Name of the urban site.

province code char(2) FK ! province .code
Province code.

district code char(2) FK ! district .code
District code.

locality varchar(255) Unicode Multilingual(TR,EN)
Locality of the urban site.

latitude 
oat(9,6)
Latitude of the urban site (decimal degrees).

longitude 
oat(9,6)
Longitude of the urban site (decimal degrees).

latlon uncertain bool Not Null Default(false)
Uncertain coordinate 
ag.

date varchar(12)
Date of the disaster (fuzzy).

time varchar(7)
Time of the disaster (fuzzy).

accident type char(2) Not Null FK ! accident type .code
Accident type code.

notes text Unicode Multilingual(TR,EN)
Notes.

locked bool Not Null Default(false)

Locked 
ag.

user table

This tables stores information on users

id char(13) Not Null PK
Unique identi�er.

status enum Default(A)
Status of the user.

A = Active
W = Waiting for approval
S = Suspended

name varchar(32) Unicode Not Null
Name of the user.
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surname varchar(32) Unicode
Surname of the user.

pre�x varchar(32) Unicode
Pre�x (title) of the user.

institution varchar(128) Unicode
Institution of the user.

email varchar(128) Not Null Unique
E-mail address of the user.

username varchar(32) Unicode Not Null Unique
Username.

password varchar(32) Not Null
Password of the user (hashed).

alternative password varchar(32)
Alternative password generated by the system (hashed).

type enum Not Null Default(U)
Type of the user.

U = User
E = Editor
A = Administrator

show email bool Not Null Default(true)
Show e-mail address in the comments.

send news bool Not Null Default(true)
Send newsletter.

approve id char(13)
Approval code generated by the system.

login count int(10)
Number of logins to the system.

page count int(10)
Number of pages viewed on the system.

date login datetime
Date of last login.

date created datetime
Registration date of the user.

show maps bool Not Null Default(true)
Show maps.

coordinate format enum Not Null Default(DD)
Coordinate format preference.

DD = Decimal degrees (dd:dddddd)
DM = Degrees decimal minutes ( dd� mm:mmmm )
DMS = Degrees minutes seconds (dd� mm 0ss:ss00)

date format enum Not Null Default(Y/m/d)

Date format preference.

Y/m/d = Year-Month-Day

d/m/Y = Day-Month-Year

m/d/Y = Month-Day-Year

vehicle table

This table stores vehicles.

code char(2) Not Null PK
Code of the vehicle.

name varchar(64) Unicode Multilingual(TR,EN)
Name of the vehicle.

type enum Not Null Default(P)

Type of the vehicle.

P = Public

H = Hazardous substance
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video table

This table stores information of videos.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

title varchar(255) Unicode Multilingual(TR,EN)
Name of the video.

description text Unicode Multilingual(TR,EN)
Textual description

date varchar(12)
Date of video recording (fuzzy).

time varchar(7)
Time of video recording (fuzzy).

type enum Default(TV)
Type of the video.

TV = Television recoding
AV = Amateur video

tv channel varchar(32) Unicode
Name of the TV channel.

tv program type enum
Type of the TV programme.

D = Documentary
N = News
O = Others

av cameraman varchar(64) Unicode
Name of the cameraman.

av record type enum
Type of video recording.

R = Raw
E = Edited

duration varchar(8)
Duration of the video.

video �le varchar(32) Not Null
Name of the video �le (in /video folder).

image �le varchar(32)
Name of the thumbnail image �le of the video (in /video folder).

url varchar(255)
URL address of the video.

accessdate varchar(12)
Access date to the video (fuzzy).

label id char(13) FK ! label .id
Label identi�er.

accesslevel enum Not Null Default(P)
Access level (see �le .accesslevel ).

�lelocked bool Not Null Default(false)
File locked 
ag.

locked bool Not Null Default(false)

Locked 
ag.

weather table

This table stores weather conditions.

code char(2) Not Null PK
Code of the weather condition.

name varchar(64) Unicode
Name of the weather condition.

icon day varchar(16)
Name of the icon for day (in /images/weather folder).

icon night varchar(16)
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Name of the icon for night (in /images/weather folder).
cloud cover int(2)

Cloud cover equivalence of the weather condition (0{10).

weather organization table

This table stores weather organizations.

code char(3) Not Null PK
Code of the weather organization.

name varchar(64) Unicode Multilingual(TR,EN)
Name of the weather organization.

abbr varchar(16) Unicode Multilingual(TR,EN)

Abbreviation of the weather organization.

weather station table

This table stores weather station information.

id char(13) Not Null PK
Unique identi�er.

no int(6)
No of the weather station.

code varchar(4)
Code of the weather station.

latitude 
oat(9,6)
Latitude of the weather station (decimal degrees)

longitude 
oat(9,6)
Longitude of the weather station (decimal degrees)

elevation int(4)
Elevation of the weather station ( m).

region code char(2) FK ! province .code
Region of the weather station.

name varchar(64) Unicode Multilingual(TR,EN)
Name of the region.

province code char(2) FK ! province .code
Province of the weather station.

district code char(2) FK ! district .code
District of the weather station.

organization code char(3) Not Null FK ! weather organization .code
Weather organization code.

notes text Unicode Multilingual(TR,EN)
Notes

locked bool Not Null Default(false)

Locked 
ag.

weather station type table

This table stores information on types of weather stations

weather station id char(13) Not Null PK FK ! weather station .id
Weather station identi�er.

station type code varchar(4) Not Null PK FK ! station type .code

Weather station type code.

webpage table

This table stores information on webpages.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

site varchar(128) Unicode Multilingual(TR,EN)

265



Name of the website.
title varchar(255) Unicode

Title of the webpage.
url varchar(255) Not Null

URL address of the webpage.
date varchar(12)

Date of the webpage (fuzzy).
accessdate varchar(12)

Access date to the webpage (fuzzy).
main text text Unicode

Content of the webpage.
label id char(13) FK ! label .id

Label identi�er.
locked bool Not Null Default(false)

Locked 
ag.

yearbook table

This table stores information on yearbooks.

id char(13) Not Null PK
Unique identi�er.

name varchar(128) Unicode Multilingual(TR,EN)
Name of the yearbook.

publisher varchar(128) Unicode Multilingual(TR,EN)
Publisher of the yearbook.

url varchar(255)

URL address of the yearbook.

yearbook entry table

This table stores information on yearbook entries.

id char(13) Not Null PK FK ! related record .id
Unique identi�er.

yearbook id char(13) Not Null FK ! yearbook .id
Yearbook identi�er.

date varchar(12) Not Null
Date of the yearbook entry.

main text text Unicode Not Null
Content of the yearbook entry.

label id char(13) FK ! label .id
Label identi�er.

locked bool Not Null Default(false)

Locked 
ag.
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APPENDIX B

HAZARD CLASSIFICATION TABLES

Table B.1: Hazard classi�cation and 96/82/EC categories of risk phrases

Code Classi�cation 96/82/EC Danger
Category Symbol

R1 - - -
R2 E 5 E
R3 E 5 E
R4 - - -
R5 - - -
R6 - - -
R7 - - -
R7 O 3 O
R8 O 3 O
R9 O 3 O
R10 - 6 -
R11 F 7b F
R12 F+ 8 F+
R14 - 10i -
R14/15 F 10i F
R15 F - F
R15/29 F - F
R16 - - -
R17 F 7a F
R18 - - -
R19 - - -
R20 Xn - Xn
R20/21 Xn - Xn
R20/21/22 Xn - Xn
R20/22 Xn - Xn
R21 Xn - Xn
R21/22 Xn - Xn
R22 Xn - Xn
R23 T 2 T
R23/24 T 2 T
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Table B.1: Hazard classi�cation and 96/82/EC categories of risk phrases (continued)

Code Classi�cation 96/82/EC Danger
Category Symbol

R23/24/25 T 2 T
R23/25 T 2 T
R24 T 2 T
R24/25 T 2 T
R25 T 2 T
R26 T+ 1 T+
R26/27 T+ 1 T+
R26/27/28 T+ 1 T+
R26/28 T+ 1 T+
R27 T+ 1 T+
R27/28 T+ 1 T+
R28 T+ 1 T+
R29 - 10ii -
R30 - - -
R31 - - -
R32 - - -
R33 - - -
R34 C - C
R35 C - C
R36 Xi - Xi
R36/37 Xi - Xi
R36/37/38 Xi - Xi
R36/38 Xi - Xi
R37 Xi - Xi
R37/38 Xi - Xi
R38 Xi - Xi
R39 T 2 T
R39 T+ 1 T+
R39/23 T 2 T
R39/23/24 T 2 T
R39/23/24/25 T 2 T
R39/23/25 T 2 T
R39/24 T 2 T
R39/24/25 T 2 T
R39/25 T 2 T
R39/26 T+ 1 T+
R39/26/27 T+ 1 T+
R39/26/27/28 T+ 1 T+
R39/26/28 T+ 1 T+
R39/27 T+ 1 T+
R39/27/28 T+ 1 T+
R39/28 T+ 1 T+
R40 Carc. Cat. 3 - Xn
R41 Xi - Xi
R42 - - Xn
R42/43 - - -
R43 - - Xi
R44 - - -
R45 Carc. Cat. 1 - T
R45 Carc. Cat. 2 - T
R46 Muta. Cat. 1 - T
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Table B.1: Hazard classi�cation and 96/82/EC categories of risk phrases (continued)

Code Classi�cation 96/82/EC Danger
Category Symbol

R46 Muta. Cat. 2 - T
R48 T 2 T
R48 Xn - Xn
R48/20 Xn - Xn
R48/20/21 Xn - Xn
R48/20/21/22 Xn - Xn
R48/20/22 Xn - Xn
R48/21 Xn - Xn
R48/21/22 Xn - Xn
R48/22 Xn - Xn
R48/23 T 2 T
R48/23/24 T 2 T
R48/23/24/25 T 2 T
R48/23/25 T 2 T
R48/24 T 2 T
R48/24/25 T 2 T
R48/25 T 2 T
R49 Carc. Cat. 1 - T
R49 Carc. Cat. 2 - T
R50 N 9i N
R50/53 N 9i N
R51 N - N
R51/53 N 9ii N
R52 N - -
R52/53 N - -
R53 N - -
R54 N - N
R55 N - N
R56 N - N
R57 N - N
R58 N - N
R59 N - N
R60 Repr. Cat. 1 - T
R60 Repr. Cat. 2 - T
R61 Repr. Cat. 1 - T
R61 Repr. Cat. 2 - T
R62 Repr. Cat. 3 - Xn
R63 Repr. Cat. 3 - Xn
R64 - - -
R65 Xn - Xn
R66 - - -
R67 - - -
R68 Muta. Cat. 3 - Xn
R68 Xn - Xn
R68/20 Xn - Xn
R68/20/21 Xn - Xn
R68/20/21/22 Xn - Xn
R68/20/22 Xn - Xn
R68/21 Xn - Xn
R68/21/22 Xn - Xn
R68/22 Xn - Xn

269



Table B.2: Concentration limits for evaluation of hazards of preparations

Concentration
Substance risk phrase Preparation risk phrase %w %v

R20 R20 > 5 > 25
R20/21 R20/21 > 5 > 25
R20/21/22 R20/21/22 > 5 > 25
R20/22 R20/22 > 5 > 25
R21 R21 > 5 > 25
R21/22 R21/22 > 5 > 25
R22 R22 > 5 > 25
R23 R20 0:5 � 5 3 � 25
R23 R23 > 5 > 25
R23/24 R20/21 0 :5 � 5 3 � 25
R23/24 R23/24 > 5 > 25
R23/24/25 R20/21/22 0 :5 � 5 3 � 25
R23/24/25 R23/24/25 > 5 > 25
R23/25 R20/22 0 :5 � 5 3 � 25
R23/25 R23/25 > 5 > 25
R24 R21 0:5 � 5 3 � 25
R24 R24 > 5 > 25
R24/25 R21/22 0 :5 � 5 3 � 25
R24/25 R24/25 > 5 > 25
R25 R22 0:5 � 5 3 � 25
R25 R25 > 5 > 25
R26 R20 0:02 � 0:2 0:1 � 1
R26 R23 0:2 � 1 1 � 7
R26 R26 > 1 > 7
R26/27 R20/21 0 :02 � 0:2 0:1 � 1
R26/27 R23/24 0 :2 � 1 1 � 7
R26/27 R26/27 > 1 > 7
R26/27/28 R20/21/22 0 :02 � 0:2 0:1 � 1
R26/27/28 R23/24/25 0 :2 � 1 1 � 7
R26/27/28 R26/27/28 > 1 > 7
R26/28 R20/22 0 :02 � 0:2 0:1 � 1
R26/28 R23/25 0 :2 � 1 1 � 7
R26/28 R26/28 > 1 > 7
R27 R21 0:02 � 0:2 0:1 � 1
R27 R24 0:2 � 1 1 � 7
R27 R27 > 1 > 7
R27/28 R21/22 0 :02 � 0:2 0:1 � 1
R27/28 R24/25 0 :2 � 1 1 � 7
R27/28 R27/28 > 1 > 7
R28 R22 0:02 � 0:2 0:1 � 1
R28 R25 0:2 � 1 1 � 7
R28 R28 > 1 > 7
R34 R34 > 5 > 10
R34 R41 < 5 < 10
R34 R36/38 5 � 10
R34 R36/37/38 0 :5 � 5
R35 R34 0:2 � 1 5 � 10
R35 R35 > 1 > 10
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Table B.2: Concentration limits for evaluation of hazards of preparations (continued)

Concentration
Substance risk phrase Preparation risk phrase %w %v

R35 R41 < 0:2 < 5
R35 R36/38 1 � 5
R35 R36/37/38 0 :02 � 0:2
R36 R36 > 5 > 20
R36/37 R36/37 > 5 > 20
R36/37/38 R36/37/38 > 5 > 20
R36/38 R36/38 > 5 > 20
R37 R37 > 5 > 20
R37/38 R37/38 > 5 > 20
R38 R38 > 5 > 20
R39 R39 > 1 > 10
R39/23 R39/23 > 5 > 10
R39/23 R68/20 0 :5 � 5 1 � 10
R39/23/24 R39/23/24 > 5 > 10
R39/23/24 R68/20/21 0 :5 � 5 1 � 10
R39/23/24/25 R39/23/24/25 > 5 > 10
R39/23/24/25 R68/20/21/22 0 :5 � 5 1 � 10
R39/23/25 R39/23/25 > 5 > 10
R39/23/25 R68/20/22 0 :5 � 5 1 � 10
R39/24 R39/24 > 5 > 10
R39/24 R68/21 0 :5 � 5 1 � 10
R39/24/25 R39/24/25 > 5 > 10
R39/24/25 R68/21/22 0 :5 � 5 1 � 10
R39/25 R39/25 > 5 > 10
R39/25 R68/22 0 :5 � 5 1 � 10
R39/26 R39/23 0 :2 � 1 1 � 10
R39/26 R39/26 > 1 > 10
R39/26 R68/20 0 :02 � 0:2 0:1 � 1
R39/26/27 R39/23/24 0 :2 � 1 1 � 10
R39/26/27 R39/26/27 > 1 > 10
R39/26/27 R68/20/21 0 :02 � 0:2 0:1 � 1
R39/26/27/28 R39/23/24/25 0 :2 � 1 1 � 10
R39/26/27/28 R39/26/27/28 > 1 > 10
R39/26/27/28 R68/20/21/22 0 :02 � 0:2 0:1 � 1
R39/26/28 R39/23/25 0 :2 � 1 1 � 10
R39/26/28 R39/26/28 > 1 > 10
R39/26/28 R68/20/22 0 :02 � 0:2 0:1 � 1
R39/27 R39/24 0 :2 � 1 1 � 10
R39/27 R39/27 > 1 > 10
R39/27 R68/21 0 :02 � 0:2 0:1 � 1
R39/27/28 R39/24/25 0 :2 � 1 1 � 10
R39/27/28 R39/27/28 > 1 > 10
R39/27/28 R68/21/22 0 :02 � 0:2 0:1 � 1
R39/28 R39/25 0 :2 � 1 1 � 10
R39/28 R39/28 > 1 > 10
R39/28 R68/22 0 :02 � 0:2 0:1 � 1
R40 R40 > 1 > 1
R41 R36 0:5 � 5 5 � 10
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Table B.2: Concentration limits for evaluation of hazards of preparations (continued)

Concentration
Substance risk phrase Preparation risk phrase %w %v

R41 R41 > 5 > 10
R42 R42 > 0:2 > 1
R43 R43 > 0:2 > 1
R45 R45 > 0:1 > 0:1
R46 R46 > 0:1 > 0:1
R48 R48 > 5 > 10
R48/20 R48/20 > 5 > 10
R48/20/21 R48/20/21 > 5 > 10
R48/20/21/22 R48/20/21/22 > 5 > 10
R48/20/22 R48/20/22 > 5 > 10
R48/21 R48/21 > 5 > 10
R48/21/22 R48/21/22 > 5 > 10
R48/22 R48/22 > 5 > 10
R48/23 R48/20 0 :5 � 5 1 � 10
R48/23 R48/23 > 5 > 10
R48/23/24 R48/20/21 0 :5 � 5 1 � 10
R48/23/24 R48/23/24 > 5 > 10
R48/23/24/25 R48/20/21/22 0 :5 � 5 1 � 10
R48/23/24/25 R48/23/24/25 > 5 > 10
R48/23/25 R48/20/22 0 :5 � 5 1 � 10
R48/23/25 R48/23/25 > 5 > 10
R48/24 R48/21 0 :5 � 5 1 � 10
R48/24 R48/24 > 5 > 10
R48/24/25 R48/21/22 0 :5 � 5 1 � 10
R48/24/25 R48/24/25 > 5 > 10
R48/25 R48/22 0 :5 � 5 1 � 10
R48/25 R48/25 > 5 > 10
R49 R49 > 0:1 > 0:1
R50/53 R53 > 25
R51/53 R51/53 > 25
R51/53 R52/53 2 :5 � 25
R51/53 R53 > 25
R52 R52 > 25
R52/53 R52/53 > 25
R52/53 R53 > 25
R53 R53 > 25
R59 R59 > 0:1 > 0:1
R60 R60 > 0:2 > 0:5
R61 R61 > 0:2 > 0:5
R62 R62 > 1 > 5
R63 R63 > 1 > 5
R68 R68 > 1 > 1
R68/20 R68/20 > 5 > 10
R68/20/21 R68/20/21 > 5 > 10
R68/20/21/22 R68/20/21/22 > 5 > 10
R68/20/22 R68/20/22 > 5 > 10
R68/21 R68/21 > 5 > 10
R68/21/22 R68/21/22 > 5 > 10
R68/22 R68/22 > 5 > 10
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Table B.3: Symbols and indications of danger for hazardous substances

Indicator Symbol Indicator Symbol

E Explosive O Oxidizing

F
Highly

ammable F+

Extremely

ammable

T Toxic T+ Very toxic

C Corrosive Xn Harmful

Xi Irritant N

Dangerous
for the
environment
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