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ABSTRACT

RISK ASSESSMENT AND ACCIDENT FORECASTING FOR AN
UNDERGROUND COAL MINE

Mevsim, Merve
M.S., Department of Mining Engineering
Supervisor: Prof. Dr. Celal Karpuz

May 2018, 149 pages

In Turkey, underground coal mine accidents are commonly faced problems and cause
loss of lives and money. In order to prevent these accidents, the hazards and risks
specific to each mine should be assessed by both ordering the risk scores and building
a statistical model for the future trend of accidents. In this study, past accident records
of Uziilmez District of Turkish Hard Coal Enterprises is utilized. The risk scoring
model is built by using Riskex Risk Score Calculator based on Fine-Kinney risk score
equation. In accident forecasting, multiple linear regression and time series analysis

techniques are utilized by the aid of the Minitab 17 software.

The data taken from Turkish Hard Coal Enterprises the Department of Labor Health,
Safety and Education includes accident type, location, work shift, job, affected body
part, age and experience for each recorded accident. Firstly, the scores of the risk of
those seven category is found by utilizing Fine-Kinney method and the risks of each
accident type, accident location, shift, job, body part affected after having an accident,

age group and experience duration are ordered in order to find the relative seriousness



of them. Secondly, expected number of accidents in future is forecasted with the aid
of multiple linear regression and time series analysis. By performing multiple linear
regression it is aimed to observe how the variables like raw coal production, total
gallery advance, total number of workers, explosive consumption, and timber
consumption effect number of accidents. By time series analysis, the number of
accidents expected in future is determined which is thought to provide benefits to
occupational health and safety managers in monitoring the performance of safety
precautions. Time series model is found to be more reliable and practicable than
multiple linear regression which uses just the monthly number of accidents as random
variable. Research findings revealed that moving average time series model is the best
fit model when the evaluation is made in terms of calculated accuracy values.
However, quadratic trend model should be preferred when long term forecast horizon

is needed.

Keywords: underground hard coal mine, risk analysis, multiple linear regression, time

series analysis, moving average model, quadratic trend model
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0z

BIR YERALTI KOMUR MADENI ICIN RiSK DEGERLENDIRMESI VE KAZA
TAHMINI

Mevsim, Merve
Yiiksek Lisans, Maden Miihendisligi Boliimii
Tez Yoneticisi: Prof. Dr. Celal Karpuz

Mayis 2018, 149 sayfa

Tiirkiye’de komiir madeni kazalar1 sikga karsilagilan bir problem olup insan ve para
kaybina sebep olur. Bu kazalar1 6nlemek i¢in, her bir madene 6zgii tehlikeler ve riskler,
hem risk puanlar siralanarak hem de gelecekteki kaza egilimleri i¢in istatistiksel bir
model olusturarak degerlendirilmelidir. Bu ¢alismada, Tiirkiye Taskdmiirii Kurumu
Uziilmez Miiessesei’ne ait gegmis kaza kayitlar1 kullanilmustir. Risk skorlama modeli,
Fine-Kinney risk skoru denklemine dayali Riskex Risk Puani Hesaplayicisi
kullanilarak olusturulmustur. Kaza sayilari tahmininde ise, Minitab 17 yaziliminin

yardimut ile ¢oklu dogrusal regresyon ve zaman serisi analiz teknikleri kullaniimaigtir.

Tiirkiye Taskomiirii Kurumu Is Saghg, Giivenligi ve Egitim Daire Baskanligindan
alian veriler kayit altina alinan her bir kaza icin kaza tipi, kaza yeri, is vardiyast,
kazalinin isi, etkilenen beden kismi, yas ve deneyim gibi bilgiler icermektedir.
[lk olarak, Fine-Kinney yontemini kullanarak bahsedilen yedi kategorinin her biri igin
risk skorlar1 bulunmus ve her bir kaza tipi, kaza yeri, vardiya, is, kaza gecirdikten sonra
etkilenen beden kismi, yas grubu ve deneyim siiresinin goreceli ciddiyetini bulmak

i¢in puanlanan riskler siralanmustir. ikinci olarak, gelecekte beklenen kaza sayisi coklu
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dogrusal regresyon ve zaman serileri analizi yontemleriyle tahmin edilmistir. Coklu
dogrusal regresyon gergeklestirerek, tiivenan komiir tiretimi, toplam galeri ilerlemesi,
toplam is¢i sayisi, patlayici tiiketimi ve toplam direk sarfiyatinin kaza sayisini nasil
etkiledigini gozlemlemek amaglanmistir. Zaman serileri analizi ile is saghigi ve
giivenligi yoneticilerine giivenlik 6nlemlerinin performansinin izlenmesinde fayda
saglayacag diistiniilen gelecekte beklenen kaza sayisi belirlenmistir. Rassal degisken
olarak sadece aylik kaza sayilarin1 kullanan zaman serisi modelinin dogrusal
regresyondan daha giivenilir ve kullanish oldugu bulunmustur. Arastirma bulgulari,
dogruluk degerleri acisindan degerlendirmenin yapildigt durumlarda, hareketli
ortalama modelinin en uygun model oldugunu ortaya koymustur. Ancak uzun vadeli

tahmin ufku gerektiginde kuadratik egilim modeli tercih edilmelidir.

Anahtar Kelimeler: yeralt1 tagkomiirii madeni, risk analizi, ¢oklu dogrusal regresyon,

zaman serileri analizi, hareketli ortalama modeli, kuadratik egilim modeli
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CHAPTER 1

INTRODUCTION

1.1 Background Information

Mining is an ancient occupation from the beginning of the civilization and has long
jeopardized the workers’ health and safety. Therefore, the safety concern has been an
integral part of mining works. In Turkey, the first legislation related to occupational
health and safety was introduced in coal mining sector, in 1865, called as Dilaver Pasa
Articles. In other words, in Turkey, occupational health and safety concept arose from

the problems of coal mining sector as in many countries.

According to International Labor Organization (ILO), each day, 6300 people decease
because of occupational accidents or work-related illnesses and each year, 317 million
accidents appear, causing substantial amount of workday loss. Some sectors and
occupations such as construction, mining or ship-breaking are more hazardous than
others and they require much more attention. As the amount of danger may change
between sectors, it may change also within a sector. For example, when it is compared
with surface mining, underground mining is a more dangerous sector as far as the
safety and health of the workforce are concerned. Coal extraction is also much more
prone to accidents and diseases compared to other mineral extractions.

The Turkish coal sector produces both hard coal (1.9 million tonnes in 2013) and
lignite (63 million tonnes in 2013). Table 1.1 and Table 1.2 show the countries
according to production rates of hard coal and lignite respectively. In Turkey, amount

of lignite production is higher than hard coal production as can be inferred from Table

1



1.2 and Table 1.3. Main productor of lignite is TKi (Turkish Coal Enterprise) whereas
main productor of hard coal is TTK (Turkish Hard Coal Enterprise). Table 1.1, Table
1.2 and Table 1.3 summarize that Turkey seems to be out of the competition especially

in hard coal mining production.

Table 1.1 Hard coal production of some countries and total world production (million
tonnes) (Turkish Hard Coal Enterprise General Directorate Industry Report, 2016)

2013 2014 2015

Australia 396.1 428.3 443.4
U.S.A. 833.6 846.1 748.7
India 565.7 609.2 648.0
South Africa 256.3 260.5 252.1
China 3748.5 3640.2 3527.2
Russia 252.3 264.0 276.1
Other 1088.1 11015 1005.8
TOTAL 71406 7113.8 6901.3

Table 1.2 Lignite production of some countries and total world production (million
tonnes) (Turkish Hard Coal Enterprise General Directorate Industry Report, 2016)

2013 2014 2015

Australia 62.3 60.5 65.4
Czech Republic 40.4 38.2 38.1
Germany 182.7 178.2 178.1
Greece 53.9 50.8 46.2
Poland 65.8 63.9 63.1
Turkey 57.5 62.6 50.4
U.S.A. 70.1 72.1 64.1
Russia 73.7 68.9 73.2
Other 277.6 220.7 228.8
TOTAL 834.0 8159 807.4

Table 1.3 Hard coal production of Zonguldak basin (tonnes) (Turkish Hard Coal
Enterprise General Directorate Industry Report, 2016)

2014 2015 2016
TTK 1,300,154 948,573 911,002
Private Sector 488,187 486,309 404,968
Total Basin 1,788,341 1,434,882 1,315,970




According to ILO, around the world, mining sector employs about 30 million people
which occupies one percent of the world’s workforce and 10 million people out of this
30 million serve in coal mining sector. In Turkey, Social Security Instutition (SGK) is
responsible for recording number of insured workers, number of workplaces as well
as occupational accidents and diseases. According to Social Security Instutition 2014
Statistics of Workplace and Insured Person, under the activity code of 05 (coal and
lignite extraction activity), there exists 717 workplaces and 41,058 insurees.
Furthermore, Social Security Instutition 2014 Statistics of Work Accidents and
Occupational Diseases states that under the activity code of 05, the number of deceased
insurees is 335 as a result of work accidents and none as a result of occupational
diseases. Coal and lignite extraction activity has the highest scores in terms of number
of deceased persons. However, these statistics is not reliable due to covering only the
insured workers. Thus it can be estimated that the number of occupational accidents
and diseases are much greater than official statistics published.

Although Turkey’s coal production amount is quite low compared to other countries,
its accident frequency is quite high. From Table 1.4, it can be seen that between 1983-
2014, there occured 22 mine accidents in which more than 3 workers die at the same
time. All the accidents took place at underground coal mines except the one in
Kastamonu. It can be inferred that underground coal mines have high risk potential

which can lead to death of more than one worker in a single event.

Table 1.4 Major underground mine accidents that more than 3 workers die (Turkish
Chamber of Mining Engineers, 2010) (This table is revised by adding accidents after

2010)
Location Date Type Fatalities
TTK/ Armutguk/coal 07.03.1983  Methane explosion 103
TTK/ Kozlu/coal 10.04.1983 Methane explosion 10
Yeni Celtek/Amasya/coal 14.07. 1983 Methane explosion 5
TTK/ Kozlu/coal 31.01.1987 Roof fall 8
Yeni Celtek/Amasya/coal 07.02.1990 Methane explosion 68



Table 1.4 Major underground mine accidents that more than 3 workers die

(continued) (Turkish Chamber of Mining Engineers, 2010)

Location Date Type Fatalities
TTK/ Kozlu/coal 03.03.1992 Methane explosion 263
Yozgat/Sorgun/coal 26.03.1995 Methane explosion 37
Erzurum/ Askale/coal 08.08.2003 Methane explosion 8
Karaman/Ermenek/coal 22.11.2003 Methane explosion 10
Corum/ Bayat/coal 09.082004 Methane explosion 3
Kastamonu/ Kiire/metal 08.09.2004 Mine fire 19
Kiitahya/ Gediz/coal 21.04.2005 Methane explosion 18
Balikesir/Dursunbey/coal 02.06.2006 Methane explosion 17
Bursa/Mustafakemalpasa/coal 10.12.2009 Methane explosion 19
Balikesir/ Dursunbey /coal 23.02.2010 Methane explosion 17
TTK/ Karadon/coal 17.05.2010 Methane explosion 30
Edirne/ Kiigiikdoganca/coal 07.07.2010 Roof fall 3
TTK/ Kozlu/coal 08.01.2013 Roof fall 8
Manisa/Soma/coal 13.05.2014 Mine fire 301
Sirnak/Kemerli/coal 11.06.2014 Roof fall 3
Karaman/Ermenek/coal 28.10.2014 Water inflow 18

1.2 Problem Statement

Employees working on some jobs face much more danger compared to others, often

known as the “3D”, dirty, difficult, and dangerous jobs. For example mining,

especially coal extraction with underground production techniques is one of the most

unsafe occupations. This type of occupations require much more right of priority

concerning health and safety of the workers. Although occupational health and safety

authorities concentrated heavily on mining safety, death and accident statistics prove

that studies are insufficient. The accidents occurring in underground coal mining like

explosions, fires, roof falls, inundations of dangerous gases, water or other free-

flowing materials from old mine workings or geological faults and premature or
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improper detonation of explosives are generally catastrophic and they cost several lifes
in a single event. In order to prevent these accidents the hazards and risks specific to
each mine must be assessed. Accident type, location, work shift, job, affected body
part, age, and experience that must be the most worthy of notice changes for each mine.
For example, for the Mine Company A roof falls may be the most significant accidents
that must be paid attention while for the Mine Company B mine fires may be the most
significant accidents that must be paid attention. Likewise longwall face may be the
most critical location for Mine Company X, whereas it is main transportation/haulage
road that must be of top priority for Mine Company Y. Therefore forming a risk
scoring model and grading each accident type, location, work shift, job, body part, age,
and experience for each mine is crucial and provides prioritizing and managing the

risks accordingly.

In Turkey, several site visits show that generally 5x5 risk matrix is used for
underground coal mines risk assessment studies. In 5x5 risk matrix method, risk is
defined by using two variables, namely, consequence (C) and probability (P).
However, it is a well known fact that, risk does not arise without exposure. Therefore,
risk assessment process should be taken to a more advanced level and definition of the
risk should be revised by adding a new variable called exposure (E). Then, the

prioritization of the risks could be more reliable and give more realistic results.

As well as prioritization of the risks, predicting the future trends of accidents is vitally
important for an efficient risk analysis. In order to foresee future trend of accidents a
statistical modelling should be built. The developed model can be used for monitoring
the performance of safety precautions and the accuracy of the safety policy by

evaluating the trend of number of accidents.

1.3 Obijectives and Scope of the Study

The main objective of this research study is to determine the relative seriousness of all
hazards by using Fine-Kinney method and order accident type, location, work shift,

job, affected body part, age, and experience which bear risks for workers safety and to
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predict future trend of accidents in selected underground coal mine by utilizing

multiple linear regression and time series analysis methods.

The scope of this research study is accident records of Turkish Hard Coal Enterprise
Uziilmez district and covers the period of January 2003 to December 2013. The
accidents included in the data are recorded under seven categories as accident type,
location, work shift, job, body part, age, and experience. Accident types are classified
due to their sources as roof fall, methane and other gases, electric, machine, material,
transportation, explosive, and miscellaneous. Accident locations include longwall
face, development headings, main transportation/haulage road, support
maintanance/repair, electro mechanics shop, and miscellaneous. Jobs are categorized
as longwall production worker, development headings worker, support maintanance
worker, transportation worker, fireman, electrical technician, and mechanical
technician. Affected body parts after accidents are foot-toe, leg, the lower part of the
leg, calf, head, waist, neck, knee, fingers, chest, body, eye, hip, arm, shoulder, the
back, face, whole body, respiratory, and other. This data is used for the risk
prioritization. In accident forecasting, the data involving the six predictor variables
which are raw coal production (tonnes), total gallery advance/daily wage (cm), total
number of workers, explosive consumption/raw coal production (g/tonnes), and timber

consumption/raw coal production (dm3/tonnes) are used.

The goal of this study will be achieved through the following objectives:

e Probability, severity, and exposure analysis of accidents with the previous
accident data in order to determine the relative seriousness of all hazards by
Fine-Kinney method

e Future accident estimation by using multiple linear regression and time series

analysis methods



1.4 Research Methodology

The research methodology includes five main stages. These stages are listed as:

e Pre-processing and sorting the accident data according to titles, namely;
accident type, location, work shift, job, affected body part, age, and
experience

e Determination of probabilities and severities of accidents at each title by using
Microsoft Excel

e Determination of the exposures to each title by using Minitab 17 software

e Interpreting the findings related to exposures, probabilities, and severities in
Riskex Risk Score Calculator

e Multiple Linear Regression by Minitab 17 software

e Time Series Anlaysis by Minitab 17 software

1.5 Expected Scientific and Industrial Contributions of the Study

This research offers the application of a new approach to the existing risk assessment
studies carried on underground coal mines. The first contribution of the study is that it
is the first application of a comprehensive quantitative risk analysis method in a
specific mine site by using Fine-Kinney method together with Time Series Analysis.

The current researches lack information related to the application of Fine-Kinney
Method in quantitative risk analysis of an underground coal mine. Risk is usually
defined 