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Acik Isletme Komiir Madenlerinde Is Makineleri Ile liskili
Kazalarin Analizi

Analysis of Accidents Related to Mining Machines in Open Cast
Coal Mines

S. Onder, E. Adigiizel, M. Onder
Eskigehir Osmangazi Universitesi, Maden Miihendisligi Béliimii, Eskigehir

OZET Acik isletme madenciliginde is makineleri ile iliskili kazalar oldukca fazla
yasanmaktadir. Bu ¢alismada, TKI’ ye bagh acik isletmelerde 1996-2009 yillar1 arasinda
meydana gelmis olan ve is makineleri ile iliskili is kazalari incelenmistir. Meydana gelmis
olan kazalar kaza yeri, nedeni, meslek grubu, yaralanan uzuv ve yas grubu olarak
siniflandirilmis ve SPSS™ paket programu ile degerlendirilmistir. Calismada asamali loglineer
analiz yontemi kullanilarak ¢oklu etkilesimler aragtirilmis ve is kazalarinin olusumundaki en
onemli risk faktorleri ve bunlarin etkilesimleri tespit edilmistir.

ABSTRACT Many accidents associated with equipments occur in open pit mining. In this
study, occupational accidents occurring in Turkish Lignite Enterprises between the years
1996-2009 were examined. The accidents were categorized in terms of region, accident
reasons, occupation, injured part of body, age group, and evaluated using SPSS™ 11.5
package program. In the study, multiple interactions were analyzed using hierarchical log
linear analysis and the most important risk elements of the occupational accidents in all the
enterprises were determined.

1 GIRIS tehlikeyi ve bunlardan kaynaklanan riskleri
biinyesinde bulundurmaktadir.

Diinyada yaklasitk 30 milyon kisinin
madenlerde  calistigit  diigliniilmektedir.
Bunlarin yaklagik 1/3’ti  kdmiir ocaklarinda
calismaktadir. Madencilik yaklasik 300
milyon insan1 yakindan ilgilendiren dev bir
sektordiir. Madencilik kaza ve Olim

risklerinin en yiiksek oldugu sektorlerden

Risk analizi ve yonetiminin 6nem kazandigi
gliniimiiz is kosullarinda, agir ve tehlikeli
isler grubuna giren madencilik sektoriinde
detayli kaza analizleri yapmanin Onemi
ortaya ¢ikmaya baslamistir. 30 Haziran 2012
tarihinde yayimlanan 6331 sayil Is Saghig
ve Giivenligi kanunu ile madencilikte risk

analizi ve degerlendirmesi yapmak yasal bir
yiikiimliilik haline getirilmistir. Kanunun 4.
maddesine gore isverene risk
degerlendirmesi yapma veya yaptirma genel
yiikiimliligii getirilmistir (REGA, 2012).
Madencilik  sektorii  diger sektorlerle
karsilagtirildiginda  oldukga fazla sayida

biridir. Diinyada c¢alisanlarin sadece %]1°1
madenlerde iken meydana gelen ciddi
kazalarin %8’1 madencilik sektorlinde
olmaktadir (Tanir, 2009). Agik isletme
komiir madenciliginde meydana gelen is
kazalar1 incelendiginde is makinalar ile
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iliskili kazalarin en sik karsilagilan kaza
nedenlerinden  biri  oldugu  karsimiza
cikmaktadir. Onder ve Onder, 2010 yilinda,
TKi’ye bagli isletmelerde 2001-2008 yillari

arasinda meydana gelen kazalar
degerlendirdikleri  ¢alismalarinda,  kaza
nedenlerinin  dagilimlarint ~ Sekil  1°de

verildigi gibi elde etmislerdir. Sekil 1’den de
gorildiigii gibi makine ile iligkili kazalarin
toplam  kazalarin yaklagtk % 45’ini
olusturdugu goriilmektedir.

Makisu 14.72,4-\'
Elekteik 1,00%

El aotlen 9,655

Goeul 0,06%%
Sekil 1. Kaza nedenleri dagilimi

Onder ve arkadaslarmin 2005-2009 yillari
arasinda acik isletme komiir madenciliginde

meydana gelmis olan kazalarin risk
degerlendirme karar matrisi ile
degerlendirildikleri ¢aligsmalarinda,

kazalarin %39’unun is makinesi nedenli
oldugunu ve yine bu kaza nedeninin yiiksek
risk grubunda yer aldigini belirlemislerdir
(Onder ve ark, 2011).

Bu c¢ahsmada TKi’ye bagh acik
isletmelerde  1996-2009 yillar1  arasinda
meydana gelmis olan ve is makinalart ile
iliskili olan kazalar ayrintili olarak analiz
edilmistir (Sekil 2-10). Analizde, ayrica, TKI
biinyesinde agik isletme iiretim yontemi ile
faaliyet gosteren tim isletmelerde meydana
gelmis olan is kazalar1 incelenmis ve SPSS”™
paket programi yardimiyla
degerlendirilmistir.  Istatistiksel  analiz
yontemi olarak asamali loglineer analiz
teknigi kullanilmigtir. Analizlerde, meydana
gelmis olan kazalar kaza yeri, nedeni,
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meslek grubu, yaralanan uzuv ve yas grubu
gibi detayl bilgiler ile incelenmistir.
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Sekil 2. Yillara gore kaza sayilar
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Sekil 4. Kazalarin saat dagilimlari
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Sekil 5. Meslek gruplarina gore kaza sayilari
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Sekil 6. Kaza yerlerine gore kaza sayilari
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Sekil 7. Kaza nedenlerine gore kaza sayilari

150
100
50 i
. e da
s e>‘

+
< o \&S\

>
v *

Sekil 9. Yaralanan uzuvlara goére kaza
sayilari
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Sekil 10. Is giinii kayiplar1 dagilim

Sekil 2-10 incelendiginde, yillar bazinda
meydana gelen kazalarda azalma olmasina
ragmen belirgin bir diislisiin olugsmadigi
dikkat ¢ekmektedir. Mekanik arizalardan
sorumlu tamir-bakim personeli, soforler ve is
makinasi operatorlerinin en fazla is kazasi

geciren gruplar  oldugu  belirlenmistir.
Caligsanlarin  daha ¢ok el, ayak ve
govdelerinden  yaralandiklan  ve  bu

yaralanmalar sonucunda yaklasik 7-15 giin
arasi is glinii kayb1 yasadiklar belirlenmistir.
En ¢ok kaza geciren yas grubunun 40-45 yas
arast oldugu ve is kazalarinin en ¢ok 10:00-
12:00 ve 14:00-16:00 saatleri arasinda
yasandig1 agiga cikmistir. En ¢ok is kazasi
yasanan yerin agik ocak sahasi oldugu ve
Mayis-Eyliil aylart arasinda yani
calismalarin yogun oldugu donemde is
kazalarinda artis oldugu gozlenmistir. Kaza
nedenlerine yonelik olarak yapilan analiz
sonucunda, sirasiyla, is makinasina binerken
veya inerken merdivenden diigme, makine
par¢asinin g¢arpmasi veya vurmasi, Uuzuv
sikismas1 ve is makinasi iizerinde ¢aligirken
diisme nedenleri tespit edilmistir. Isletmelere
genel olarak bakildiginda yillar bazinda
belirgin bir azalma olmadigindan ve
meydana gelen is kazalarmin biyiik bir
¢ogunlugunun 3 giinden fazla ig giinii kayipli
(ESAW, 2001) is kazalar1 oldugundan,
isletmelerde is saglig1 ve giivenligi agisindan
risk analizi ve yOnetimi siireglerini
uygulamanin 6nemi agiga ¢ikmistir.
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2 LOGLINEER ANALIZ

Loglineer analiz (logaritmik  dogrusal
analiz), R*C bi¢iminde diizenlenmis
kategorik degiskenler arasindaki birlikteligin
ve etkilesimin yapisal oOzelliklerini ortaya
koymaya calisan yontem olmakla beraber,

olumsallik (kontenjans)  tablolarinin
analizinde kullanilabilen bir ydntemdir
(Ozdamar,  2004;  Ozaydin,  2001).
Olumsallik tablolar1 iki ya da daha fazla
kategorik degiskenin ortak siklik

dagilimidir. Bir olumsallik tablosu iki ya da
daha fazla degiskenin olas1 degerlerinin
capraz siniflandirmasi olarak da
distiniilebilir.  Bundan dolay1 olumsallik
tablolarina c¢apraz tablolar da denilebilir.
Belirtilen her bir ¢apraz siniflandirilmis géze
icine gozlenen sikliklarin sayist yazilir
(Ozaydm, 2001). Olumsallik tablolar1
olusturulduktan sonra problemin ¢dziimiinde

analiz kismma gegcilebilir.  Degiskenler
arasindaki  iligkinin  belirlenmesi  igin
olusturulan olumsallik tablolarmin

analizinde loglineer modeller kullanilabilir
(Filiz, 2007; Yilmaz ve Aktas, 2001).

Loglineer analiz; isimsel, sirali ya da
gruplanarak kategorik hale doniistiiriilen
aralikli ve oransal dlgekli verilerin iki yonld,
¢ok yonlii ve i¢ ige c¢apraz tablolarinda
birlikte degisimleri ve degiskenlerin alt
kategorileri arasindaki etkilesimlerini analiz
etmeye yarayan bir yontemdir.

Son 20 yildan bu yana kategorik verilerin
analizinde loglineer analiz ve lojistik
regresyon gibi yontemler egitim bilimleri,
sosyal bilimler, biyolojik bilimler, tip ve
saghk bilimleri, tarimsal bilimler vb.
alanlarda ¢ok sik kullanilir olmus ve
geleneksel khi-kare y* analizi ve birliktelik
analizlerinin yetersiz kaldigi durumlarda
siklikla kullanilir olmustur (Ozdamar, 2004).

Khi-kare analizi ile 3 ve daha fazla
degiskenin igine ¢apraz tablolarmin analizi
yapilmamaktadir.  Ancak ayr1 ayr1 R*C
tablosu bi¢iminde diizenlenerek analizler
yapilmakta; ikili, ticlii ve ¢oklu etkilesimler
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ve birlikte degisimler analiz
edilememektedir. ~ Loglineer analiz khi-
karenin uygulanabildigi, ancak yetersiz
kaldigi durumlarda c¢ok yonlii tablolarin
analizini modeller araciligr ile analiz eden
bir yontemdir.

Bu calismada uygulanan analiz ydntemi
asamali loglineer analiz (HLA) yontemi
olup, li¢ veya daha fazla degiskenin i¢ ige

gruplanarak ¢ok yonli c¢apraz tablolar
biciminde gosterildigi veri yapilarinin
analizinde  kullanilan  bir  ydntemdir.

Asamali loglineer yontem, degiskenlerin en
yiiksek dereceden etkilesimlerini modele
almadan Once asamali olarak ana etkileri
modele alarak benzerlik khi-kare degeri
hesaplamayi, sonra ikili etkilesimleri modele
katarak benzerlik khi-kare degeri
hesaplamay1 ve bu islemi benzerlik khi-kare
degeri Onemlilik degerini kaybedinceye
kadar yiiksek dereceden etkilesimleri modele
katarak siirdiirmeyi amaglayan  bir
yontemdir. Asamali loglineer analiz, ana
etkilerden bagslayarak sira ile faktorler
arasindaki ikili, ti¢li ve ¢oklu etkilesimleri
modele alarak optimal model olusturmayi ve
bu modele gdre verilerin analizini yapmay1
amaclar. Ozellikle ticlii, dortli ve ¢ok katli
etkilesimlerin dogrudan modele alinmasinin
parametre tahmininde sikintilar yaratacagi
durumlarda ¢ok yonlii ¢apraz tablolarin
analizi asamali loglineer yontem ile yapilir
(Ozdamar, 2004).

3 HLA iLE iS KAZALARI ANALIZi

TKI’ye bagl isletmelerde 1996-2009 yillart
arasinda meydana gelmis olan is makineleri
ile iliskili is kazalarina HLA yontemini
uygulamak i¢in, kazalar Cizelge 1°de
verildigi gibi kategorize edilmistir.
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Cizelge 1. Kaza kategorileri

Cizelge 2. Kategori etkilesimleri

Cizelge 1°deki kodlamalar esas alinarak, her
bir is kazasina uygun kodlar verilmistir.
Olusturulan kodlara HLA uygulamak igin
elde edilen veriler SPSS® paket programina
girilmis ve elde edilen tim etkilesim
sonuglar1 Cizelge 2’de verilmistir.

7 | Sosyal tesisler 3 Meslek*Neden*Uzuv*Yas | 66,60 | 1,000
5« Ezﬁ Z‘zl;is;aham ‘5‘ Meslek*Yer*Neden*Uzuv | 24,34 | 1,000
Tsci 7 4| Yer*Neden*Uzuv*Yas 8,94 1,000
Manevraci-harmanci 5 Meslek*Yer*Uzuv*Yas 3,82 1,000
B TBIM 3 Meslek*Yer*Neden*Yas 3,64 1,000
1
i.;. TBIE 4 Meslek*Neden*Uzuv 222,43 1,000
£ Sofor 5 Meslek*Uzuv*Yas 118,35 | 1,000
;” Is r’?akinasl operatdri 6 Meslek*Neden*Yas 115,77 1,000
2 | Yager 7 Meslek*Yer*Neden 9528 | 1,000
§ B?kumc?‘kaynak?l 8 3 Neden*Uzuv*Yas 87,51 1,000
osem691-las.tamlr.-kaportac1 9 Yer*Neden*Uzuv 81.86 1,000
gfgz:rret‘;‘ 0 Meslek*Yer*Uzuy 60,14 | 1,000
Bas 1 Meslek*Yer*Yas 26,10 1,000
: El B Yer*Neden*Yas 24,44 1,000
s 5 Ayak 3 Yer*Uzuv*Yas 21,89 1,000
< %Kol 4 Neden*Uzuv 429,75 | ,000
5 5|Bacak 5 Meslek*Yer 113.82 | 000
Govde 6 Meslek*Neden 90,99 | 981
Muhtelif 7 Meslek*Uzuv 7342 | 868
Devrilme 1 5| Yer*Neden 68,52 | .104
gz;lpn‘f g Neden*Yas 5464 | 488
Makina arcasinin  lizerine | 4 Uzuv*Yay 34,95 697
parg ;
diismesi Yer*Uzuv 31,94 814
g Makina pargasinin garpmasi, | 5 Meslek*Yas 28,61 999
= vurmasi Yer*Yas 17,72 ,854
§ Is  makinasinn  iizerinde | 6 Yer 1627,64 | ,000
S |yaharken disme Yas 1374.85 | 000
S |Is makinasina binerken veya |7 1 [ Meslek 1015,33 | ,000
M inerken merdivenden diisme
Uzuv sikismast 3 Neden 778,31 ,000
Uzuvlara ¢apak, yonga batmasi Uzuv 677,98 | ,000
Makine pargasini kaldirma veya | 10
zorlama sonucu belini incitme Etkilesimlerin 6nemi khi-kare degeri ile test
‘13;%26; }1 edilmektedir (Maiti et al., 2001). Cizelge 2
2534 2 incelendiginde 4’li ve 3’li etkilesimlerin
E 35-44 3 istatistiksel ~ olarak  anlamli  olmadigi
45-54 4 belirlenmistir (p< 0.05). 2’li etkilesimlerde
55 Ustii S ise Neden*Uzuv, Meslek*Yer

etkilesimlerinin istatistiksel olarak anlamli
oldugu, Meslek*Neden, Meslek*Uzuv ve
Yer*Neden ikili etkilesimlerin istatistiksel
olarak anlamli bulunmasa da en yiiksek khi-
kare degerine sahip olan ikili etkilesimler
oldugundan daha ayrintili olarak analiz
edilmis ve elde edilen Onemli sonuglar
Cizelge 3’te verilmistir.
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Cizelge 3.1kili etkilesimler

makinasimin tizerinde calisirken diiserek ve

Sira | Kod 7 uzuy glk}smagl sonucu }./qualandlgl
A Uzuv sikismast*El 1471 bel¥rler.1m1$t.1r. Cizelge 2 1.nce1§nf11g1nde ana
A a 2 Mak. merdivenden | 1,022 etkilesimlerin tamaminin istatistiksel olarak
20 diigme*Ayak anlamli oldugu belirlenmistir (p< 0.05) ve Z

3 | Belini incitme*Gévde .875 degerlerine gore Cizelge 4’te siralanmstir.
% 1 Operator*Agik ocak 1,906
M ~ sahasi Cizelge 4. Ana etkilesimler
= g 2 Sofor*Acik ocak sahasi 1,670
E 3 TBIM*Acik ocak sahasi 1,275 Sira KOdk - 4

- 1 Al h 2,973

1 TBIM*Mak. merdivenden ,799 Eé 2 AQ,I. ocak sanast 2
% . tolyeler ,408
Moz ditgme ”"[3_| Karo sahast 638
W &2 | TBIM*Makina iizerinden | ,577 aro sahas >
28 dii 4 | Kriblaj-Lavvar -,854

m sme
E Z|3 Operatdr*Mak. 452 5 | Ambarlar -912
merdivenden diisme 1 35-44 2,408
« |1 | TBIM*Ayak 665 2 | 45-54 ,396
¥ >[2 | TBIM*EI 537 2 3 [25-34 -,023
2R3 | Sofor*Ayak 473 >[4 | 18-24 -002
£ 2[4 [ Operator*El AT3 5 | >55 912
1 Acik ocak sahasi*Mak. 1,926 1 TBIM 1,554
>z merdivenden diisme 2 Sofor _ ,920
2 m|2 Ag¢ik ocak sahasi*Mak. ,820 3 | Operator ,896
[~ A -
i tizerinden diisme s 4 | Yagcl ,090
Z13 Acik ocak sahasi*Uzuv , 794 Lﬂ 5 T]?H? _ =175
sikigmasi 2 6 | Dokiimcii-Kaynake1 =317
s 7 Manevra01-Harrnanc1 -,342
Cizelge 3’deki  2’li  etkilesimlerden g gicéer igg
NEDEN*UZUV etkilesimi incelendiginde, 10 | Dosemeci-Las, Tam - ~569
calisanlarin  en fazla wuzuv sikismasi Kaportact
nedeniyle ellerinden, 1is makinalarina 11 | Nezaretci -,572
binerken-inerken  merdivenden  diiserek 1 | Mak. merdivenden diigme 1,218
ayaklarindan, makine parcasini kaldirirken 2 | Makine pargasmin ¢arpmast/ | ,730
belini incitme nedeniyle gdvdelerinden vurmast :
yaralandigi belirlenmistir. MESLEK*YER 3 | Mak. iizerinden diigme S78
o . .. Z | 4 | Uzuv sikismasi ,445
etkilesimine gore, acik ocak sahasinda 55 ~ -
. . : Q| 5 | Mak. parca diigmesi ,015
sirastyla  operator, soféor ve TBIM % 6 | Diger 113
g:ahsanlarlmp ' yaralandlgl, ~ MESLEK* 7 | Belini incitme _:244
NEDEN etkilesimine gore, TBIM calisanlar1 8 | Uzuva capak, yonga batmast _343
ile operatorlerin is makinalarina binerken- 9 | Devrilme -,505
inerken merdivenden diiserek ve yine TBIM 10 | Carpma -,543
calisanlarmin  is makinasinm  iizerinde 11 | Yanma =582
calisirken diiserek yaralandigi, MESLEK* 1 | El 935
Uuzuv etkilesimine gore, TBIM S 2 | Ayak 842
. . . 51 3 | Govde ,392
calisanlarinin ayak ve ellerinden, softrlerin N4 | Bay 526
ayaklarlnglan ve operatorlerin e.ller.in(%en = 5 [ Muhtelif :,282
yaralandigi, YER*NEDEN etkilesimine 6 | Kol -288
gore, acik ocak sahasinda is makinalarina 7 | Bacak 347

binerken-inerken merdivenden diiserek, is
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Cizelge 4 incelendiginde, acik ocak
sahasimin en riskli yer oldugu, 35-44 yas
grubunun en ¢ok kazaya maruz kaldigi,
TBIM calisanlarinin en riskli meslek oldugu,
i makinalarina binerken-inerken
merdivenden diismenin en riskli neden
oldugu ve en riskli uzuvun el oldugu
sOylenebilir.

4 SONUCLAR

Kazalar  birgok  faktorii  biinyesinde
barindiran karmasik olaylar olup, kategorik
veri analizi ile meydana gelmis olan is
kazalarinin degerlendirilmesi son yillarda
yaygin olarak uygulanan yaklasimlardir. Bu
calismada gdz Oniine alinan degiskenler kaza
yeri, kazalinin yasi, meslek grubu, kaza
nedeni ve yaralanan uzuvdur.
NEDEN*UZUV ve MESLEK*YER
etkilesimleri olduk¢a onemli olup, TBIM
bolimii calisanlar1 ile operatorlerin, agik
ocak sahasinda is makinesinin
merdiveninden veya iizerinden diisme
nedenli kazalar gegirmeye yatkin olduklari
belirlenmistir. Uzuv sikismalarindan elin,
makine merdiveninden diismeden ayagin
yaralandig1 gozlemlenmistir.

Bu kapsamda, ozellikle kazalarmn en sik
yasandig1 aylar, saatler, kazalara en sik
maruz kalan meslek gruplar ve en 6nemli
kaza nedenleri ve yaralanan uzuvlar dikkate
aliarak, oncelikle riski kaynaginda 6nlemek
icin yapilabilecek ¢aligmalar (eliminasyon,
ikame, izolasyon, riski transfer etme,
miihendislik  kontrolleri vb.) yapilmali,
meslek gruplarima yonelik olarak temel
mesleki egitimler ve Is Saglhig1 ve Giivenligi
egitimleri verilmeli ve kaynaginda yeterince
kontrol edilemeyen riskleri azaltmak igin de
uygun  kisisel  koruyucu  donanimlar
saglanmalidir. Teknoloji, is organizasyonu,
calisma sartlari, sosyal iligkiler ve c¢aligma
ortami ile 1ilgili faktorlerin etkilerini
kapsayan tutarli ve genel bir Onleme
politikas1 gelistirilmelidir. Yapilan tim bu
calismalardan sonra uygulamalarin yerine

getirilip getirilmedigini izleyip denetleyerek,
risk yonetimi siireci siirdiiriilmelidir.
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ABSTRACT Although the company has and use a good management system of prevention of
occupational hazards in the workplace, incidents and accidents still occur. For this reason we
must investigate and analyze what happened, in order to take corrective measures to prevent
recurrence and avoid more serious consequences.

The purpose of an investigation is not to apportion blame, but to discover the real
causes that have produced the accident and to correct them, because otherwise the result will
be that accidents and incidents are hidden instead of being investigated.

Accidents in the development of mining activities should be investigated by technicians
qualified in Mining Administration. They must go in person to the scene, at first writing up a
report than contain the rescuing works and performing the necessary work to prevent new
dangers, arranged by the Work Manager, stating approval or disagreement. Subsequently, the
causes, the effects, the probability, the degree of danger and the consequences of the accident
will be analyzed and assessed. Also, making disclosures of potential witnesses and staff
present in the surroundings at the time when the accident happened, noting certain or probable
causes and taking necessary measures.

The report will be issued within one month, and the actuary engineer may request the
expert opinion and laboratory tests in the subject-matter if necessary. In any case, as soon as
possible, the mining authorities will communicate this kind of incidents to the General
Directorate of Mines. Finally it is important to mention that the mining authority, in case of
personal misfortune, refer the report to the Coroner, adding the additional information it
deems relevant.

This article is intended to present the methodology used in the investigation of some of
the accidents occurred in the mining industry.

accident occurred on December X, 200X at
X: 00.

This notice indicates that the accident
victim Mr. X that belongs to the company

1 Case 1: Research of work accident while
performing a drilling surveys to
groundwater abstraction.

1.1 Background

On December X, 200X entered the notice
from the Faculty Directorate of the drilling
works of a survey for groundwater extraction
in the place "X" in the municipality of X, an

"X" suffered entrapment of two fingers and
injuries of the three middle fingers of the
right hand while drilling process. Mr. X is
being hospitalized on December X, 200X at
X: 00. At X Hospital he was treated and
cured.
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The Mining Authority communicated
the accident by fax to the Department of
Industry, Energy and Mines (Department of
Mines), as dictated by point 1 of cited ITC,
on December X, 200X, with written output
number X.

The undersigned mining engineer,
went first in the morning on December X,
200X to the accident scene, in order to
analyze and assess the causes, effects and
probabilities, degree of danger and
consequences of the accident, and proceed to
the testimony of any witnesses and around
present staff the time when the accident
happened.

After 1 presented myself in the
accident scene and did photo report, I
proceeded to start making statements from
Mr. X (official driller) and Mr. X (Work
Manager).

At this moment, it was impossible to
make a statement from accident victim
because he was not present during this visit.

1.2. Criteria used in the investigation of
the accident

For accomplishing the work accident
investigation, the following criteria have
been taken into account.

The research was conducted as soon as
possible to avoid the conditions
modification of the workplace.

- Have been accepted only proven facts,
avoiding premature judgments.

- Have been analyzed separately human
and technicians factors, observed and
obtained from the statements.

- Questioning of witnesses has been made

individually.

1.3. Accident data.

1.3.1. Accident description

According to the version of events told by
the interviewees, as well as the Work
Manager, if true, it happened as follows:

1904

On December X, 200X at X h, were
conducting the drilling for groundwater
abstraction in the property X, corresponding
to the construction site "Partial Residential
Plan No. X" in the municipality of X. This
construction site is owned by the entity "X".

According to the project presented in
the X City Council on December X, 200X,
with check number X, was intended to drill
two surveys with coordinates Well 1: X =Y
= XXXX YYYY and Well 2: X =Y =
XXXXXYYYYYYY

As specified in the project, the drilling
method used by rotation and removal of
debris by flushing is the most safe and
effective use in that area, since it eliminates
common problems that occur with other
types of drilling.

During development of the drilling
work, the injured worker Mr. X told to his
colleague Mr. X that there was an oil leak,
while he was rising to the top of the truck to
check the source of the leak which was in a
sleeve next to the coolant pump. He
attempted to repair it with the equipment
running. Performing this operation his left
hand slipped into the fan blades.

According to statements by the
colleague who was at the time of the

(RIRE

accident, the injured worker was very
nervous, falling to the ground by jumping
from the top of the machine, but being
constantly aware of the situation.

After what happened, the colleague
stopped the drill and evacuated the injured
worker by vehicle, going to the guard of the
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property which alerted the police and the
061.

1.3.2. Considerations of interest

In the health and safety document that
accompanies  drilling  project  surveys
conducted by the Mining Engineer and Work
Manager Mr. X, we have followed the
evaluation criteria set out in Royal Decree
1389/1997, of The Minimum Safety and
Health of workers in mining, making the
same analysis of the tasks that develop the
work of borer / assistant, registered main
causes of health damage, risk factors,
proposed actions, etc.

1.3.3. Accident causes

For the determination of the accident causes
have been used so-called "cause tree", where
starting from the consequences (injury) and
using a reverse route to the sequence of
events, we can detect each one of the
background to allow the deduction of the
precipitating causes of the accident.

The investigation of this accident, the
observations and evaluations of the
statements and analysis of the accident as an
analytical technique to post security, without
attempting to determine responsibility and
objectively, it appears that the most likely
cause of occurrence of it is the lack of
protection (fixed guard and surround) of the
fan (cooling system). Also, indiscretions of
the injured worker could be understood as a
lack of training, by not stopping the machine
(drill) when going to perform some
mechanical operation review, adjustment,
maintenance, etc ... in work equipment.

1.4. Corrective measures

For the investigation of this accident, you
should take the following measures:

- By Work Manager, it is necessary to
develop an Inner Security Disposition on

the safe use of drilling machines. Once
approved, this DIS should be known to the
affected workers.

- By Work Manager require, from the
company which is doing the drilling,
machinists competency certificates of
mobile mining equipment before the
commencement of work.

- Placement of the protections in the
cooling system fan type fixed guards and
enclosures.

- By Work Manager, develop an Inner
Security Disposition on maintaining the
systems that make the whole drill, leakage
control, etc.

- Risk assessment review and update.

- Signs in the work equipment of the
existing risks.

1.5. Photo gallery

Photo 1: View simulation of the accident; trying to
avoid leakage sleeve with cooling fan
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Photo 4: View of drilling workers.

2 Case 2: Research of work accident while
performing the drilling and recovery of
witnesses in mining research.

2.1. Background
On July X, 200X and registration number X,

there is a notice from the Work Manager of
exploitation CSR No X, called "X" Mrs. X,

1906

an accident occurred on July X, 200X at X
hours.

This notice indicates that the accident
victim Mr. X (ID X), with auxiliary drilling
category belongs to the company "X, S.A.",
suffered a heavy blow on the index finger of
the right hand. He is being treated and cured
in the Mutual Hospital for occupational
accidents and diseases "X" with a probable
sick leave duration of 42 days, as indicated
by the medical report.

The Mining Authority communicated
the accident by fax to the Department of
Industry, Energy and Mines (Department of
Mines), as dictated by point 1 of cited ITC,
on August X, 200X, with written output
number X.

The undersigned Technical Advisor of
Security Mining Activities, went first in the
morning on August X, 200X to the accident
scene, in order to analyze and assess the
causes, effects and probabilities, degree of
danger and consequences of the accident,
and proceed to the testimony of any
witnesses and around present staff the time
when the accident happened.

After 1 presented myself in the
accident scene and did photo report, I
proceeded to start making statements to the
present people.

At this moment, it was impossible to
make a statement from accident victim
because he was not present during this visit,
neither the colleagues present during the
accident Mr. X and X. Nor was it possible to
take statements from the mining right
Manager "X" for being on vacation.

2.2. Criteria used in the investigation of
the accident

For accomplishing the work accident
investigation, the following criteria have
been taken into account.

- The research was conducted as soon as
possible to avoid the conditions
modification of the workplace.

- Have been accepted only proven facts,
avoiding premature judgments.
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- Have been analyzed separately human
and technicians factors, observed and
obtained from the statements.

- Questioning of witnesses has been made
individually.

2.3. Accident data.
2.3.1. Accident description

According to the version of events told by
the interviewees, if true, it happened as
follows:

On July X, 200X at X h, were
conducting the drilling and sample recovery
for the study of existing reserves report of
the mining concession site "X", owned by
the entity X.

The accident took place when after
completing the survey was come to sample
recovery, rod fell and strongly hit the
forefinger of drilling worker Mr. X.

According to statements of the
colleagues present at the time of the visit, at
the time of the accident, the accident victim
was constantly aware of the situation.

After what happened, the colleague
stopped the machine and evacuated the
injured worker by vehicle, going to the
medical center of “X”.

2.3.2. Considerations of interest

- As stated in the medical report of disability
for professional contingencies, the forecast
for Mr. X sick leave is mild.

- The worker Mr. X does not have the
certification of mobile mining equipment, as
provided for in section 5.1.1 of the ITC
01/07/03 "Open-air jobs".

- "Development of work", which specifies
that the management of mobile mining
equipment may only be performed by over
18 operators who have received the
necessary training with an internship, aware
of the benefits and limitations and normal
maintenance machine and are duly
authorized by the Mining Authority.

2.3.3. Accident causes

For the determination of the accident causes
have been used so-called "cause tree", where
starting from the consequences (injury) and
using a reverse route to the sequence of
events, we can detect each one of the
background to allow the deduction of the
precipitating causes of the accident.

The investigation of this accident, the
observations and evaluations of the
statements and analysis of the accident as an
analytical technique to post security, without
attempting to determine responsibility and
objectively, it appears that the most likely
cause of occurrence of it is a poor state of
anchoring system and clamping of the drill
string (jaw rotation). Also, indiscretions of
the injured worker could be understood as a
lack of training by placing his hand in an
area at risk of entrapment.

2.4. Corrective measures

For the investigation of this accident, you
should take the following measures:

- Maintenance and adjustment for proper
use must be made to the drilling vehicle.
Once it's done, should be communicated to
the Mining Administration and should be
taken to the permanent record of such
revisions.

- By Work Manager, it is necessary to
develop an Inner Security Disposition on
the safe use of drilling machines with

sample recovery. Once approved, this DIS
should be known to the affected workers.

- By Work Manager require, from the
company which is doing the drilling and
sample recovery, machinist competency
certificates of mobile mining equipment
before the commencement of work.

- By Work Manager, develop an Inner
Security ~ Disposition on  systems
maintaining that compose the set of the
machine.

- Risk assessment review and update.

- Signs in the work equipment of the
existing risks, namely the signs of
entrapment risks in a place visible by
workers.
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2.5. Photo gallery

Picture 3: Detail of tube position at the time of
the accident

Picture 1: Probe TP-50 for geotechnical testing

Picture 2: Detail of the table and drill string

Picture 5: Detail of jaw rotation (top)
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Picture 7: Detail of the string and clamp
rotation

3. Case 3: Research of the work accident
while performing assembly work on
benefit plants.

3.1 Background

On March X, 200X (Saturday, X pm), a fax
sent by the Work Manager of benefit plants
"X", reports an accident in the same day at X
hours.

This notice indicates that there has
been a fall of worker Mr. X from the
Company "X". Fall from a height of about 12
meters caused a series of injuries to worker
affecting arm, leg, broken ribs and lung
perforation. The worker was immediately

evacuated by helicopter, to the trauma unit of
the hospital where he was admitted to the
ICU.

The undersigned Technical Advisor of
Security Mining Activities, went first in the
morning on March X, 200X (Monday) to the
accident scene, in order to analyze and assess
the causes, effects and probabilities, degree
of danger and consequences of the accident,
and proceed to the testimony of any
witnesses and around present staff the time
when the accident happened.

After I presented myself in the
accident scene and did photo report, I
proceeded to start making statements to Mr.
X (first officer — assembler).

At this moment, it was impossible to
make a statement from accident victim
because in the moment of this visit he was
hospitalized.

3.2. Criteria used in the investigation of
the accident

For accomplishing the work accident
investigation, the following criteria have
been taken into account.

- The research was conducted as soon as
possible to avoid the conditions
modification of the workplace.

- Have been accepted only proven facts,
avoiding premature judgments.

- Have been analyzed separately human
and technicians factors, observed and
obtained from the statements.

- Questioning of witnesses has been made
individually.

3.3. Accident data.
3.3.1. Accident description

According to the version of events told by
the interviewees, as well as the Work
Manager, if true, it happened as follows:
In the moment before the accident, the
injured worker was at the top of the reactor
(see Picture 1).

The injured worker and colleague
(witness) were working in reactor No. 5,
loosening the bracket screws of the agitator
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machinery. Then, they proceeded to prepare
the maneuver of placing the small cap core
for some eye bolts.

When trying to move to another area,
the accident victim disengages the safety
harness, passes on metal profile "double
T"(see picture 2) and just in time to overtake,
finds a circular hole of 70 centimeters in
diameter covered with a cover of
"cardboard" (see photo 3). He steps over
him, leaves the lid and falls by that hollow
vacuum inside the reactor, banging on the
floor of the reactor.

The difference in height is 12 meters
approx.

3.3.2. Accident causes

For the determination of the accident causes
have been used so-called "cause tree", where
starting from the consequences (injury) and
using a reverse route to the sequence of
events, we can detect each one of the
background to allow the deduction of the
precipit ating causes of the accident
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The investigation of this accident, the
observations and evaluations of the
statements and analysis of the accident as an
analytical technique to post security, without
attempting to determine responsibility and
objectively, it appears that the most likely
cause of occurrence of it is a the lack of
collective protection in existing holes in the
top of the reactor. Also, indiscretions of the
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injured worker could be understood as a lack
of formation

3.4. Preventive and corrective measures.

For the investigation of this accident, you
should take the following measures:

- Existing lids must be replaced at the top
of the reactor by equipment to ensure the
safety and prevent the risk of breakage
and therefore the possibility of risk of fall.

- These lids should be replaced in all
reactors and zones where these lids are
temporary placed on site plan.

- By Work Manager, it is necessary to

Puenure 3 Detael of the ole \
where the acodent victim fell .
Lo of cardbaced

develop an Inner Security Disposition on
the procedure for placement of equipment
support on the shaker, which ensures safe
work procedures. Once approved, this DIS
should be known to the affected workers.

- Risk assessment review and update.

- The above measures should be
supplemented with signage in the area of
work of the risks as well as the obligation
to use double hitch harness when carrying
out this type of work.
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- Training courses for all reactors work
Crews.

- No work will be conducted at the place
where the accident occurred until the
fulfillment of measures referred to above
and notified to the Mining Authority.

3.5. Photo gallery
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CONCLUSIONS

The different cases presented here are for
accidents occurring in mining facilities
located in Spain, in different mining
activities, research, production, and so on,
has tried to develop the research performed
by engineers in order to ensure centers
miners work safety conditions sufficient to
prevent a  reoccurrence, establishing
preventive and corrective measures.

The methodology allows quickly exposed a
description of the accident and an analysis of
the causes quickly, as well as suggestions for
improvement.
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Design of an Inspection Robot for Search and Rescue Operations

in Mines

C. Uly, Y. El-Kahlout, . Hancioglu, O. Canbak, E.U. Geng, D.M. Bahar

TUBITAK Marmara Research Center, Energy Institute, Gebze, Turkey

ABSTRACT In this study, an inspection robot to be used for search and rescue operations in
mines is introduced. The robot has gas detectors, thermal and monochrome cameras, a fiber
optic communication module and a portable control console. Special protection methods are
utilized in the robot design process. The robot is intended to enter the mine after a mining
accident and transfer the data related with mine condition and explosive atmosphere to control
console carried by rescue team staying in safe area. Thus, the robot imparts the search and

rescue operation quicker and safer aspect.

1 INTRODUCTION

Mining sector, particularly underground coal
mining, is one of the most challenging sectors
due to its high potential of explosions, fires and
wreckages. Around 2500 miners in the world
yearly lose their lives because of mining
accidents. Between the years of 1941-2006 a
total of 3726 people were reported dead in
accidents of mining operations of only the
Turkish Hard Coal Institute (TTK, 2007). A
death toll of 426 was also reported in the years
2004-2010 (TMMOB, 2010).

Most of the mining accidents encountered
are due to firedamp explosions, fires and
wreckages. In addition, carbon monoxide,
methane and carbon dioxide suffocation or
accidents such as flood and inundation caused a
large number of life losses of miners.

The explosive environments of the mines are
difficult to known after the accident has taken
place. In such cases, the search and rescue team
directly enters the mine with their gas detectors
and comes face to face with a possible gas leak.
However, when the measured gas exceeds
explosive levels the rescue team is situated in
the risk of secondary explosions. After the
accident, the resultant smoke and dust make it

difficult to accomplish the rescue operation.
Due to the aforementioned risks, the search and
rescue operation is performed very slowly in
order to provide safety of life in these hazardous
environments, and in some cases it may not be
performed. Therefore, using mobile robots in
the search and rescue operations not only
enhances the personal safety but also shortens
the operation duration. There are several robots
designed for this type of application in the
literature (Murphy et al., 2009; Baker et al.,
2004; Nanda et al., 2010; Morris et al., 2006;
Ray et al., 2009; Rong et al., 2011; Junyao et
al., 2008; Kasprzyczak et al., 2011).

The purpose of this study is to enhance the
personal safety and speed up the search and
rescue operation after mining accidents by
carefully designing a remote-controlled mobile
robot. The robot will be sent into the mine
before the rescue team and will transfer the data
obtained by cameras and sensors related with
critical environment conditions of hazardous
areas to portable control console held by the
rescue team. Thus, rescue operations will
perform faster and safer.
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2 PRELIMINARIES

2.1 Explosive Environment and Its

Properties

A flammable gas, dust or vapor forms an
explosive environment when mixed with air at a
certain amount. When an energy source exists to
ignite this environment, the explosion takes
place. Typically, this condition represented by
using the explosion triangle as shown in Figure
1 (Sari, 2011).

’?‘?{: Egpuition Souros
Fain

/’*
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A Explosive Naterial BoCmvgen, A

Figure 1. Explosion Triangle

For the mixture to be explosive there is a
certain upper and lower limits on the ratio of the
explosive substance in the mixture. For
example, methane-air mixture becomes
explosive when the methane to the mixture ratio
lies between 4.4% and 16.5%. Outside this
range a source of ignition is not sufficient to
explode the mixture.

2.2 Explosion Prevention Methods

Explosion prevention methods are divided into
two categories: Primary methods and Secondary
methods.

In the primary prevention methods the goal is
to change the mixture ratio of oxygen or the
combustible substance beyond the explosion
limits. Here, the most common method is to
reduce the intensity of explosive gases in the
atmosphere by effective ventilation systems.
Another method is to pump inert gases like
nitrogen or carbon monoxide lowering the
oxygen ratio below 10%.

In cases where the primary prevention
methods are difficult to implement or even if
implemented the explosion possibility is still
present, secondary prevention methods are used.
In the secondary prevention methods the
sources of ignition are eliminated by utilizing
equipments that do not produce sparks when
used. If this is not possible and possible spark
producing equipments are not avoidable, these
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equipments are sealed carefully in special
explosion proof enclosures. Thus, even if the
equipments inside the enclosure explode, the
ignition source represented by sparks or flames
is contained inside and not allowed to reach the
outside atmosphere.

2.3 Classification of Equipments Used in
Explosive Atmospheres

Equipments to be wused in explosive
atmospheres are divided into two groups
according to scope of Directive 1994/9/EC (TS
EN 60079-0). Each group is divided into
categories according to the classification of the
hazardous environment. This classification (TS
EN 1127-1) is shown in Table 1.

Table 1. Classification of equipments used in
explosive atmospheres

Group I: Equipments used in mines

Category M1 | (Very high-level protection)
Equipments intended to stay
functional even in explosive
atmosphere conditions. These
devices are equipped with two
independent safety measures
ensuring safety when one
measure fails.

Category M2 | (High-level protection) The
energy source is disabled when
the explosive atmosphere is

formed.

Group II: Equipments used in places other than
mines

(Very high-level protection)
Used in continuously or
frequently formed explosive
atmospheres.

The device possesses at least
two independent protective
measures and remains preserves
protection even in the case of
two independent faults.

Category 1:

(High-level protection)

Used in environments where
explosive media occue rarely or
for short-periods.

They preserve safety in normal
conditions and even in the case
of device malfunction.

Category 2:

(Normal-level protection)

Used in environments where
explosive media occur rarely or
for short-periods.

They preserve safety in normal
operational conditions.

Category 3:
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2.4 General Structure of Mines

In normal conditions, mines have rough ground
with various obstacles and muddy places. The
situation is becoming even worse after the
explosion. The general structure of a typical
mine gallery is shown in Figure 2. In the
middle, wagons on mine rails are used for
transporting freight and mine workers. In
addition, on the sides of railway obstacles such
as rocks and plankings can be found.

Figure 2. Mine Ground Structure

3 ROBOT DESIGN

The general structure and the general hardware
block diagram of the designed robot are shown
in Figure 3 and Figure 4, respectively.

Figure 3. Inspection Robot
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Figure 4. Robot General Hardware Block
Diagram

Battery Block

3.1 Explosion Prevention System

Since the robot is intended to operate inside the
underground mines its design should comply
with the mine related exproof regulations and
does not cause a source of risk in explosive
atmospheres.  Therefore  the  explosion
prevention is very important in the design of the
robot.

Because of the environment situation
constraints, primary prevention methods to
prevent an explosive atmosphere cannot be
implemented. Thus, secondary measures are
used in the design procedure. Possible ignition
sources of the robot and their prevention
methods are listed below.

3.2 Arcing

Electronic equipment and sensors on the robot
in case of normal operation and fault conditions
and in case of overheating can be a source of
energizing  the explosive atmosphere.
Equipments intended to work directly in the
explosive atmosphere are normally selected of
intrinsically safe type (TS EN 60079-25). The
most important example of this type is the
miners' lamps fixed on their barets. Even in case
of failure of these equipments in an explosive
atmosphere they do not cause an explosion.
However, the low energy level constraint
imposed on these equipments makes it
infeasible for most electronic equipments.
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Therefore, non-intrinsically safe electronic
equipment and sensors are contained in
specially designed hermetic exproof enclosures
in order to avoid being a source of explosion.
Filling the enclosures with pressurized inert gas
like nitrogen prevents the outside explosive
gases from entering the enclosure and lowers
the oxygen ratio needed for an explosion to
occur.  Consequently, working in an
environment isolated from the explosive
environment these electronic devices do not
represent a source of explosion. In this study for
the sake of avoiding any leakage of outside
explosive gas to the inner part of the enclosure
pressurized nitrogen gas of 2 bars is maintained
inside the enclosure. The pressure inside the
enclosure is continuously monitored and when
it drops below 1.1 bar the robot automatically is
switched off and de-energized because it is
probable that explosive gas may enter the
enclosure and comes into touch with these
equipments. In addition, pressure switches are
used as a second independent measure.
Therefore, in case of drop of the internal
pressure below the limit value, even if the CPU
could not switch off the robot, these pressure
switches cut off the power and hence de-
energization of the robot is guaranteed.

Apart from electronic equipments, probable
arcs caused by impacts of robot's metal parts
with other rigid objects have to be taken into
consideration. The design of the robot complies
with the standards in (TS EN 13463-1) and
special spark-free materials are used.

3.2.1 Hot Surfaces

High surface temperatures produced by
mechanical friction of moving parts as well
overheated enclosure protected electrical or
electronic components can cause an explosion.
The ignition temperature of methane gas
encountered a lot in mines is 450 °C. However,
the value of coal dust ignition temperature being
150°C restricts the design to this value (Sari,
2011). Allowing factor of safety the maximum
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allowable surface temperature is set to 120°C.
Surface temperatures are monitored by a set of
thermocouples and when exceeding the value of
80°C the robot is switched to standby mode and
left to cooldown. If the temperature reaches 120
° C and cannot be brought down, the robot is
switched off completely. Thus, probable
prevention of explosion caused by surface
heating is guaranteed. In addition, malfunction
caused by thermocouples faults is prevented by
a second measure represented by a set of
thermal switches. When the surface temperature
exceeds the temperature limit the thermal switch
cuts off the power of the robot even if the CPU
fails.

3.2.2 Static Electricity

Static electricity discharge is another important
ignition source for the equipments working in
explosive environment. Robot materials are
selected to be antistatic when found on the
shelves and when antistatic materials are not
available coating with antistatic paint is used.
Therefore, hazards due to static electricity
discharges are eliminated.

3.2.3 Dust Jam in the Mechanical Parts

In the design process, accumulation of dust
especially on the mechanical moving parts of
the robots is taken into consideration. These
dust jams may trigger an explosion in such
atmospheres. Therefore, instead of using gear
systems, cardan joint system design is preferred.
In addition, a bellows structure coupling
preventing dust from accumulating on critical
moving parts is used.

3.2.4 Explosion Prevention

Algorithm

Operation

The flow chart of the algorithm of the above
mentioned explosion prevention measures are
shown in Figure 5.
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As noted above, any malfunction of the
temperature and pressure sensors readings or the
control process is accounted for by mechanical
temperature and pressure switches which cut off
the energy on the vehicle to ensure the desired
protection level.

N

Figure 5. Flow Diagram of the Exproof System
Operation

3.3 Electrical Drive System

Robots used in mines generally use tracked or
wheeled motion system. As shown in Figure 2,
a track rail passes through the middle of the
mine gallery leaving a free space of
approximately 120 cm on the sides. Because of
compiled junks and materials on these sides,
occasionally the vehicle needs to pass from one
side to the other or partially run over the rail. In
order to pass over the approximate 20 cm height
rail and overwhelm obstacles of the rugged
terrain the tracking system needs extra
secondary motion systems to facilitate climbing.
The more complex the robot motion system is
the higher the risks of explosion are. This also

Figure 6. Electrical Drive System

makes it difficult for the design of the exproof
system. Therefore, instead of using a tracked
structure a wheel system structure is preferred.
The general structure of the motion system is
shown in Figure 6.

Four BLDC motors are used in the drive
system. Reduction gears are used in order to
achieve the desired output torque and reduce the
high motor speed. Bevel gears are used because
they provide convenience for placement and
easy assembly. Helical reduction gears preferred
against worm reduction gears because they
provide better efficiency. For the sake of
fulfilling the ex-proof criterion in the design
process, the DC motors and the reductions are
placed into exproof sealed enclosures. In order
to assure sealing at the shaft enclosure contact,
special felts are used. In order to eliminate the
risk of sparking caused by mechanical dust jams
cardan transmission shafts are used instead of
conventional gear transmission. Bearing in
mind the height of the railway, wheels with
radius of 40 cm were selected. Also the measure
against electrostatic sparking because of friction
at the wheel is accounted for by selecting
antistatic rubber tires.

3.4 Power System

Mostly lithium-ion batteries are preferred in
robotics applications due to their high power
density. However, the lithium-ion batteries
require additional control circuits. In addition,
the charging or discharge conditions are risky
and can be a source of explosion. In the
contrary, VRLA lead acid batteries when
compared with the lithium-ion batteries have
lower power density, but are considered more
smooth and durable. In addition, VRLA
batteries are maintenance-free and considered
charge-discharge safe. Therefore, taking into
account that the robot is used in dangerous
environments, the VRLA lead acid batteries
shown in Figure 7 are used in the design of the
power system.

In addition, 24 to 5-12-24 volt DC-DC
converter is used to ensure the availability of
various voltage levels required for sensors and
electronic equipments,.

1917



C. ulu, Y. El-Kahlout. I. Hancioglu, O. Canbak, E.U. Geng, D.M. Bahar

The Ex-proof constraint is met by placing the
entire power system inside a sealed enclosure
filled with nitrogen gas at 2 bar pressure.

Figure 7. VRLA Battery

3.5 Vision System

For the sake of illumination, two forward-facing
and one back-facing power LED modules are
used. Power LED modules must be cooled
down because they heat up quickly. To do this,
the sealed enclosure occupying them is provided
with cooling fins as shown in Figure 8.

The imaging system is comprised of a front-
facing thermal camera, and a front and rear-
facing two black and white cameras. Following
a mining accident in foggy and dusty conditions
thermal camera is used to enhance imaging
capabilities. In addition, even when visibility is
good in the event of wreckage trapped miners'
cannot be easily detected by the rescue team but
from their body temperature they can easily be
imaged and detected by the thermal camera.
Cameras in as shown in Figure 8 are placed
between the two illumination modules.

For the sake of simplifying cabling and
plugging the illumination and imaging systems
are placed inside a single enclosure. The
electronic cards related to the power LED and
cameras are placed in the section located in the
middle section of the enclosure. Surface
temperature sensors are used to continuously
monitor all equipments surface temperature
(especially power LEDs). Sealed enclosure
pressure is continuously monitored as well. In
case of exceeding the allowable temperature
and/or pressure values, protection measures are
activated.
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Figure 8. Vision Module
3.6 Communication System

Fiber optic technology is used in the real time
communication system used for transmitting
commands from the control console to the robot
control processor and from the onboard sensors
signals to the control console. Wireless
communication is often used in mobile robotics
applications. However, data transmission by
wireless communication over long distances and
especially following turns in underground mine
galleries is not effective. On the contrary, fiber
optic technology offers a reliable data
transmission over long distances. The only
drawback is that fiber optic cable is very thin
and flimsy. Particularly, in mining conditions
the cable can get stuck and cut off easily.
Therefore, a reinforced fiber cable is selected in
the design. However, this protection is not
sufficient to fully prevent breakage of the cable.
Fiber optic cable is not subjected to any pulling
force and the wire is freely released from a fiber
optic cable open enclosure and thus the danger
of cable cut off is eliminated.

Bearing in mind the possibility of working in
open mines wireless communication is
additionally taken into consideration.

3.7 Control System

Control of the robot is provided with an ATEX
certified control panel shown in Figure 9. The
robot motion control commands are generated
by an exproof joystick as well as keys on the
control panel. The camera images and signals
from the sensors are real time displayed on the
robot’s control panel. Data transferred through
the optical fiber cable or through wireless
communication are transformed by fiber-
ethernet or wireless-ethernet adaptors before it
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is processed by the control panel. These data are
then used in controlling the robot in an open
loop control fashion as shown in Figure 10 (Ulu

-

etal., 2011).

Figure 9. ATEX Certified Control Panel

Control System System

r Joystick Control y

—» Assignment Assignment —b{ Motors H Dyna) mmics }»—V
Unit t Unit u f

Figure 10. Control Block Diagram

The joystick commands controlling the robot
system motion provides the reference input
signal to the control system. After the joystick
input reference r vector is converted to the force
and torque vector T in the joystick assignment
unit the torque vector is passed to the control
assignment unit where it determines the control
signal vector u that in turn controls the speed
and direction of motor rotation. The signal u is
applied as a velocity reference signal to the
motor drivers that use the motor control
algorithms to determine the direction and
velocity of the motors. The motors taking the
reference velocity produce rotating forces and
moment vector f required for the wvehicle
dynamics.

3.8 Software Architecture

As described in details in the previous sections,
the design, manufacture and operation of
electronic equipment used in mines are subject
to special security measures. In the design of
software architecture, the safety criteria in
(Samarco, 2002) are taken into consideration.
Figure 11 depicts a block diagram representing
the software subsystems of the vehicle.

QNX Neutrino RTOS

Vehicle Control
Application Software

Figure 11. Software Block Diagram

An embedded computer with QNX Netrino
real-time operating system (RTOS) is used in
the robot. The application software including
the vehicle control algorithms and running on
this operating system is implemented using the
methods described on the POSIX standard
(Hildebrand, 1992). A set up infrastructure in
this way while allowing meeting the criteria for
functional safety provides a deterministic
environment for the control algorithms as well
as timing the events of the emergency response.
The application software is responsible for
controlling the vehicle motion systems,
collecting sensor data, recording error logs, and
supervising the communication protocol
between the command and control computer.
The system is designed in an exproof way to
switch to a safe mode (standby or switch off) in
case of pre-defined faults.

This type of architecture with a secure
software platform requires relatively costly and
risky software development process. Therefore,
while the embedded software in the vehicle, due
to the risks it carries, is made of this
architecture, the vehicle control/command
software follows a more flexible platform.

NET/Mono platform is wused for the
application software on the portable computer to
perform remote control of the vehicle and
display the camera and sensors data. Currently,
the operating system of the portable computer is
Windows XP. But it supports the .NET/Mono
platform and the GNU/Linux based operating
system. Consequently, the control software can
be exchangeable on both systems completely or
with minimum code modification.
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3.9 Gas Measurement System

One of the most important functions of the
robot is to measure various gases available in
the environment and send the data in real-time
to the operator's control panel. Thus, the state of
risk of the environment is learned in real-time.
In addition to measuring critical gases related to
explosion, especially methane (CH4) and
oxygen (02), gases which are harmful to human
health such as carbon monoxide (CO), hydrogen
sulfide (H2S), and carbon dioxide (CO2) are
also need to be measured. In the robot design,
instead of using a gas sensor to measure each
gas individually a single station that collects all
these gas detectors as shown in Figure 12a
marked TROLEX is used. In this product
different gas measurement modules can be
added to measure the desired gases as shown in
Fig. 12b. Also, this product possesses RS485
communication interface making it easily
compatible with the PC104 based processor
architecture. In addition to the mentioned gas
sensors, ambient temperature and relative
humidity sensors are also available. Since this
product is intended for measurements in
potentially explosive atmospheres it possesses
the Ex ia T4 Ex I M1 protection class label and

hence it is intrinsically safe.
n.
1
ﬂu

a) b)
Figure 12. a) TROLEX Model Multi-
measurement System b) Gas Sensing Module

4 EXPROOF SYSTEM DESIGN TEST
RESULTS

The most critical part of the exproof system is
the enclosure containing the motors, drivers and
gearbox. Transmitting the kinetic energy to the
tyres require motor shaft to extrude to the open
environment increasing the probability of
explosive gas leakage. Moreover, the heat
produced by the motors and their drivers make
this enclosure high temperature potential.
Therefore, a prototype enclosure has been
manufactured and tested.

1920

The test system is shown in Figure 13.
Thermocouples are placed on the motor surface
and the motor shaft felt. In addition, the motor
shaft is intentionally extended out eccentrically.
Thus, the shaft felt is forced and more exposed
to friction and the motor is overloaded. A
pressure gauge is placed inside the enclosure in
order to monitor the internal pressure.

Figure 13. Exproof System Test Bed

The ambient temperature of the carried out
test is 20°C, the enclosure initial pressure is 2.8
bar and the motor runs at its maximum speed
300 rpm. Temperature test results are shown in
Table 2.

Table 2. Temperature Test Results

. . Measured temperature (‘°C)
Duration (min) Motor surface Shaft felt
0 12,9 19,2
60 32,3 432
120 39,2 47,7
180 42,9 49

As can be seen the motor surface temperature
and the shaft felt temperature did not exceed 50
°C after 180 minutes. At the end of the test, the
internal pressure maintained a value of 2.8 bars
and hence no leakage was encountered. At the
end of the test, the temperature of the inner
surface of the shaft felt reached 71 °C. This is
due to the direct mechanical friction with the
shaft, yet it is still below the allowable
temperature limit 80 °C. Thus, the exproof
system design is proved by these test results.

5 CONCLUSION

An inspection robot design for search and
rescue operations in mines is shown in this
paper. The robot is designed according to
special exproof measures due to its explosive
working environment conditions. A prototype
of the most risky enclosure was fabricated and
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the exproof design was proved by the carried
out test results. Therefore the designed robot
can be used in environment after mining
accidents for inspection purposes.

After wreckage, fire and/or gas leak
accidents, the robot is sent before the search and
rescue team into the mine and with the help of
video and sensors equipments the risky
environment status is conveyed to a safe place
where the rescue team are and displayed on the
robot control console. Thus, interventions
following mining accidents will be carried out
faster and more securely.
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Maden Yataklar1 Projelerinde Yatirimcilar Agisindan  Risk
Analizinin Geregi ve Onemi

The Necessity and Importance of Risk Analysis for Investors in
Ore Deposit Projects
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Deloitte Danismanlik, Ankara

A. Giinaydin .
Deloitte Danismanlik, Istanbul

Prof. Dr. F. Suner .
ITU, Jeoloji Miihendisligi Béliimii, Istanbul

OZET Son yillarda madencilik sektoriinde, “Maden Yataklari Arama ve Isletme” amach
artan Ozel sektdr yatirimu ilgisi s6z konusudur. Sektorlerin ve iilke ekonomilerinin
gelisiminde yadsinamaz Oneme sahip 6zel sektdr yatirimcisi, minimum siirede yatiriminin
geri kazanimini, stirdiiriilebilir ve yiiksek kar oranlarint amag olarak gérmektedir. Bilinmezlik
ve risklerin bdylesine yogun oldugu bir sektorde “Madencilikte Risk Yonetimi Yaklagimlari”
son derece 6nemli bir gerekliliktir. Madencilik sektoriindeki bilinmezlik ve risk unsurlarinin
bazilari: maden yataklarinin ve iiretim miktar takviminin belirlenmesi, emtia fiyatlari,
yiikselen ve dngoriilemeyen maliyetler, kalifiye isgiicii eksikligi, global finansal beklentiler,
mevzuat baskilari, gevresel kaygilar ve baskilar olmaktadir. Tiim risk faktorleri detaylariyla
belirlenmeli, birbirlerine, sirket finansallarina ve yatirim etkinligine olan etkileri biitiinciil bir
bakis agisi ile ortaya konulmali, analiz edilmelidir. Ardindan olasi senaryolar olusturulup,
bulgular ¢esitli modern tekniklerle 6zetlenmelidir. Yatirimcilar, uzmanliklarint bu yonde
gelistirmeleri sektoriin saglikll ve siirdiiriilebilir biiyiimesi i¢in ¢ok énemlidir.

Yazarlar, caligmalarinin, iilke ekonomisine ve maden sektoriiniin siirdiiriilebilir biiylimesine
reel katkilar yapacagina inanmaktadirlar.

ABSTRACT In recent years, there is an increase in private sector interest on the exploration
and operation of mineral deposits in Turkey. Investors, who are the significant contributor of
sectorial growth and the national economy, aim not only shorter payback periods, but also
sustainable and high profit rates. Risk Management is becoming one of the most important
requirements of the mining sector where the uncertainty and risk factors are incredibly high.
Some of the uncertainty and risk factors are production quantity and timing projections,
commodity prices, increasing costs, shortage of skilled labor, global financial expectations,
regulatory pressure, environmental concerns and pressures. Each risk factor should be
determined. Their effects on each other, the company financials and the success of the
investment should be identified and analyzed in detail. Then, all possible scenarios should be
determined and the findings should be summarized with modern methods. Enhancement of
the investors’ expertise in this direction plays an important role for the sustainable growth of
the sector.

In this context, writers believe that their studies will make real contributions to the national
economy and to the sustainable growth of the mining sector.
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1 GIiRiS

Madencilik, iilkelerin endiistri ve
ekonomisinin  temelini  olusturan  bir
sektordiir. Maden kaynaklarindan

yararlanabilme olanaklarinin arastirilmasi
Oonemini her gegen giin artirmaktadir.
Madencilik sektorii risklerin ve uzmanligin
azami Onem tasidigi bir sektdrdiir bu sebeple
iilke madenciliginin gelisiminde madencilik
faaliyetlerinin verimli ve sirdiiriilebilir bir
gergevede planlanmasi; arama ve isletme
caligmalarimin =~ ¢ok  disiplinli  yetkin
yaklasimlar ile yiiritiilmesi sarttir (Ritchie,
B ve Marshall, D 1993). Bu c¢ergevede
kapsamli bilgi birikimi, uzun vadeli bir bakis
acist ile tecrilbbe ve analizle desteklenen
ongorii gereklidir. Ongoriilerde en 6nemli
husus, madencilik sektoriinde kavramlarin
ve elde edilen sonuglarin  farkli
yorumlanabilmesidir. Bu baglamda kritik
parametrelerin yanlis yorumlanmasi 6nemli
risklerle karsi karsiya kalinmasina neden
olabilmektedir. Madencilik sektoriinde risk
analizi bu cercevede kritik Onem teskil
etmektedir.

2 ANA KAVRAMLAR
2.1 Madencilik ve Maden Yatag Kavram

Madencilik alaninda ¢ok iyi bilinen
kavramlarin yatirimcilar agisindan ¢ok yeni
ve anlasilmaz olma olasiliginin ytiksekligi
kesinlikle goz ardi edilmemesi gereken bir
noktadir. Bu durum, yatirimcilar tarafindan,
yapilacak proje ve planlamalarda, sektoriin
tiimiine kars1 ciddi bir giiven kaygis1 ve risk
arttirici bir olumsuzluk olarak
algilanmaktadir. Genis bir tanim araligina
sahip olan madencilik terminolojisinin anlam
ve sinirlarinin, bu smirlarin gegislerinin ¢ok
acik olarak belirtilmesi  gerekir. Bu
cergevede, mineral, kayag, cevher minerali,
cevher, cevher iceren kayag, olusum (zuhur),
maden yatagi ve maden dizgesi ile derece
(tendr) ve rezerv tamimlari, degigimleri
iizerinde kavram birlikteligi saglanmalidir,
Derece ve rezerv ile maden kavrami
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iliskisini; bu iliski nedeniyle, maden
kavraminin ekonomik gostergelere ve piyasa
kosullarina bagl olarak kazanacagi deger
degisiklikleri bilinmeli ve hatta detayh
olarak analiz edilmelidir. Bu g¢ergevede,
mithendislik biliminde daima &nemli bir rol
oynayan risk tanimi madencilik sektoriinde
de ortaya konulmalidir. Gerek yeralt1 gerek
yeriisti  ¢aligmalarinda  dogas1  geregi
onceden yiiksek kesinlikle tahmin edilme
olasiligt olmayan parametreler oldukca
fazladir ve bu parametreler yatirim
maliyetini ve kar optimizasyonunu dogrudan
etkilemektedir. Risk yonetimi bakis agisiyla
bu parametreler risk sermayesinde ciddi
degisikliklere yol agabilir.

2.2 Madencilikte Risk ve Analiz Kavramm

Madencilikte maden yataginin kendisi de bir
risk kaynagidir. Her maden yatagi bazinda
farklt boyut kazanan belirsizliklerin en az
hata ile tahmini, riski minimize ederken
yatirim verimliligini maksimize edecektir.
S6z konusu Dbelirsizliklerin  baslicalari,
cevher tenoru, rezervi, geometrisi, olusum
sistematigi, yataklanma ozellikleri, cografi
ve jeopolitik konumu, yerel sosyal 6zellikler,
giincel ekonomideki yeri, yasal uygulamalar,
isletim ve iretim yoOntemleri, yoOntem
degisiklikleri, tiretim projeksiyonlari, emtia
fiyat projeksiyonlar1 ve tiim asamalarda girdi
maliyetleri ve pazar kosullaridir. Tim
belirtilen faktorler farkli oranlarda hatali
tespite aciktirlar ve beklenmedik maliyet
artislaria, ciro kayiplarina ve finansman
sikintilarina  sebebiyet verebilirler. Biitlin
bunlar yatirimer sirketlerin finansallarini ve
karliliklarin etkilemektedir.

S6z konusu faktorler teknik g¢aligmalarla

belirli bir kesinlige kadar
hesaplanabilmesine  karsin ~ madencilik
sektoriinde  degerlendirmeler istatistiksel
giivenilirlik sinirlarinin Otesinde

yiriitiilmelidir. Maden arama faaliyetlerinin
basarisi; hedefler olusturmay1 ve bunlari test
etmeyi amaclayan etkili jeolojik, ekonomik
ve yonetimsel uygulama ve yorumlamaya
dayanan, verimli planlanan, yonetilen ve
denetlenen programlara baglidir. Madencilik
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hedeflerinin belirlenmesi kadar, degisen
parametreler cergevesinde iyilestirilmesine
yonelik  slirec odakli  ve  kavramsal
modellerin de gbéz Oniinde bulundurulmasi,
secimi ve gelistirilmesine yonelik alternatif
hazirliklarinin projelendirilmesi gereklidir.

Projelendirme, yerel ve bolgesel bazda
yapilmali, kararlar ve deger tespitleri, 6l¢me-
degerlendirme  -kalite kontrol sistemi,
jeolojik ve madencilik sentezleri baglaminda
ele alinmali, isletme ve iiretim hesaplamalari
coklu ve karmasik bir risk analizi yaklagimi
ile uygulanmalidir.

3 RiISK OZELLIiKLERI

Madencilikte risk diger sanayi yatirimlarina
gore belirli noktalarda farklilik gosterir.
Bunlar ilk yatinm maliyeti yiiksekligi,
isletme ve tretim maliyetleri yiiksekligi ve

strekliligi, yatinm geri donills siiresi
uzunlugu ve emtia fiyatlarina  asin
duyarliligi, yerel politik yaklagimlara

bagimliligin yiiksek olmasi ve degisiklik arz
etmesidir (Gentry, D.W. ve OTSTeil, T.J.
1984) Bu nedenle madencilik yatirimlar
uluslararasi piyasa kosullarinda ve iilkelerin
ekonomilerindeki ani degisimlerden genis
Olgtide etkilenirler (Elliott, IH. ve Murphy
PF, 1993).

3.1 Risklerin Tespiti

Ozellikleri nedeniyle ayri 6nem arz eden
madencilik riskleri, maden sahasina gore
nitelik ve nicelik agisindan degisiklikler
gosterir. Bir maden yatag1 projesinde genel
olarak riskin minimize edilmesi ancak risk
kalemlerinin ve sonug lizerindeki etkilerinin
minimum hata ile tespit edilmesi ile miimkiin
olabilir (Suner,F, 2003). Bu amagla “Maden
Yatagt Projesi” hazirliklarinda  onceki
satirlarda ifade edilen olasi tiim riskler g6z
ontine alinmalidir.

3.2 Risklerin Genel Simiflandirmasi

Belirtildigi lizere madencilik ¢aligmalarinda
riskler degiskendir ve maden sahasinin
ozellikleri ¢ergevesinde ele alinmalidir.
(Saydam, S ve dig., 1995). Riskler temelde
belirsizliklerin fonksiyonu, risk siniflamalari

belirsizliklerin siniflamalar1 olabilmektedir.
Riskler:

o Arazi Calismalari

e Laboratuvar Incelemeleri

o Ofis Calismalar1

kapsaminda yapilan hatalara ve/veya yetersiz
veri tabanina gore alinan kararlara bagh
olarak ortaya ¢ikmakta; bu baglamda ulusal
ve uluslararast degisimler risk ozelligi
kazanmaktadir. Genel siniflama baglaminda
alt risk kaynaklar1 asagida 6zetlenmektedir.

e Maden yatagi aragtirmalarina yonelik
saha jeoloji incelemesinin yetersiz
yapilmast

e Yatagin rezerv ozeliklerinin
cesitlendirilerek hesaplanmamasi

e Yatagin tenor degerinin olasi degigim
araliklari ile hesaplanmamasi

e Yataktaki rezerv- tendr iliskisinin
tespit edilmemesi ve bu iligkinin arazi
genelinde yayiliminin incelenmemesi

o Hedef Bolge veya Bolgeler se¢iminin

yapilmamasti
e Maden yataklari olusum sistematigi
baglaminda gevre jeolojisi

calismalarinin yeterince yapilmamast

e Maden jeolojisi  yaklasimi ile
sistematik ve yeterli nitelik ve
nicelikte 6rnekleme yapilmamast

e Arazi ¢alismalarinin periyodik olarak
tekrarlanmamasi

e Su, kayag ve cevher o6rneklemelerinin
analizlerinin yeterli hassasiyette ve
sayida yapilmamasi

e Analiz sonuglarmin  mineralojik-
petrografik-jeokimyasal acilardan
beraberce degerlendirilmemesi

e Tim jeolojik c¢alismalarin Tiirkiye
tektonik yapist cergevesinde
degerlendirilmemesi

e Rezerv ve tenOr tespit caligmalar
sonuglarinin  degerlendirilmelerinde
alternatif metotlarin  karsilagtirmali
olarak ele alinmamasi

e Maden isletme yontemlerinin tekil
veya ¢ogul olarak  kullanilma
olanaklarinin ve boyutlandirmalarinin
yeterince yapilmamasi, bu acgidan
projelendirme asamasinda  gerekli
Ongoriilerin uzun vadeye yayilmamasi
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e Maden isletme donemi iretim
planlamasmin  dogru  ve  etkin
yapilamamasi, {retim planlamasinin
kaynaklara, kaynak planlamasina,
maliyet artiy projeksiyonlarmma ve
emtia fiyat1 projeksiyonlarina uyumlu
olarak gergeklestirilmemesi

Belirtilen s6z konusu alt risk kaynaklari

nedeniyle
e Arama ve isletme sistemlerinin yeterli
alternatif ¢Oziim iiretmedeki
yetersizlikleri

e Her asamada beliren organizasyon
hata ve eksiklikleri,

e Personel se¢im ve kullanimindaki
aksaklik ve yetersizlikler

e Ekipman sec¢im hatalari, ekip maliyet

artislarin =~ Ongoriilememesi  ve
planlama iligkilendirmedeki
eksiklikler

e Ekipman bakim onarim ¢aligmalarinin

diizenli yapilmamasi

e Yedek parca tespit ve temininde

aksakliklar

e lsletme ve iiretim ¢aligmalarinin farkls

asamalarinda gerekli degisikliklerin
planlanmamasi ve projelendirilmemesi
Program dis1 finansal problemler
Yetkin personel gereksinimi artist
Planlama ve projelendirmede ikincil,
iictinciil degisiklikler

e Maliyetlerde beklenmedik biiyiikliikte

degisimler

e Uretim planlama ve takviminde

degisiklikler, gelirler beklentilerinde
sapmalar
s0z konusu olmaktadir.

Tim bu riskler sermaye kullanimi ve
planlanmasinda ciddi aksakliklar
dogurmakta, bu nedenlerle de, madenler
arama, isletme ve dretim asamalarinda
faaliyetlerini durdurma veya sektorden
ayrilma karalari alma noktalarina
gelebilmektedirler.

4 RiSK COZUMLEMELERI

Risk ¢oziimlemeleri iki ana asamadan
olusur: her maden yatagi i¢in ayr1 boyutlarda
olabilen risklerin tespitleri ve tespit edilen
risklerin  negatif etkilerinin ~ minimize
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edilmesi i¢in ¢6ziim Onerilerinin sunulmasi.
Risk ¢Oziimlemeleri belirli bir maden
yatagina Ozgidiir ve baska bir yatak igin
birebir uygulanamaz (Riggs, J. L. ve West,
T.M. 1986). Risk ¢oziimlenmesinde farkli
disiplinlerden uzmanlarin  katkilar1  ile
ayrintilt bir “Dinamik Risk-Coziim Matrisi”
hazirlanmalidir. Her maden yatagi projesi
icin ayr1 olan ¢6ziim alternatifleri, Cizelge

1’de orneklendigi gibi, bagimsiz
degerlendiriciler tarafindan sistematik ve
diizenli olarak incelenmeli ve
raporlandirilmalidir.

Cizelge 1. Risk-Coziim Matris Ornegi

Ci 16 G G 1€ 1C ¢ ¢ ¢ ¢ 1€ 1€ |G
Ry | x X X
R, X X X
R; X X X
Ry | x XXX
R x| x
R P X X P
R X X X
R X X X
R X X X X
R X X X
R X X X
R X X X X
R; X | x X X

4.1 Maden Yatag-Risk Coziim Ornekleri

B bolgesindeki M maden yataginda C
cevheri konusunda madencilik faaliyetinde
bulunmay:r planlayan Y yatirimcisi, D
danigmanlik firmasindan konu ile ilgili olasi
R risklerini kapsayan bir rapor istemistir.

D danigmanlik firmasi raporunda olas1 (R)
riskleri tespit etmis, siniflandirmis, olas1 (C)
¢Oziimleri dnermistir.

4.1.1 Riskler - Coziimler

B bolgesindeki M maden yatag: ile ilgili
olarak 1i¢c ana bashkta riskler tespit
edilmistir.
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4.1.1.1 Arazi Calismalar: Ile Iigili Riskler-
Coziimler

R1: B bolgesi saha jeolojisi ¢alismalari
maden yataklar1 arama-gelistirmeye yonelik
olarak gerceklestirilmemistir.

C1: Ayrintili bir maden jeolojisi ¢aligmasi
yapilmali/yaptirilmalidir. C cevheri olusum
kosullart ve yayilina iligkin haritalama
yapilmasi saglanmalidir.

R2: Arazi g¢aligmalarinda sadece cevher
ornekleri  alinmistir  ve  Orneklemeler
sistematik degildir.

C2: Cevher oOrnekleri karelaj yapilarak

almmalidir. Cevher oOrneklerinin alindigi
koordinatlar ile uyumlu olarak, aym
sistematik ile yan kaya¢ Orneklemesi

yapilmalidir.

R3: B bolgesi saha jeolojisi ¢aligmalari
esnasinda sondaj verisi bulunmamaktadir

C3: Ayrnintili bir sondaj lokasyon tespit
calismasi yapilmali/yaptirilmalidir. Oneriler
lokasyonlar maden yatagi haritalama
caligmasi ile beraber yorumlanarak yer
secimi yapilmalidir

R4: B bolgesi saha jeolojisi caligmalart
esnasinda jeofizik verisi bulunmamaktadir

C4: Ayrmtili bir ¢aligma ile saha ve maden
yatagi tiri ger¢evesinde bir jeofizik
raporlamasi yapilmali/yaptirilmalidir.

4.1.1.2 Laboratuvar Calismalar: Ile Ilgili
Riskler-Coziimler

R5: B bolgesi arazi g¢aligmalarinda sadece
C cevheri 6rnekleri alinmig olmasi nedeni ile
maden yataginin olusumu ve yayilimini
tespit amagli mikro incelemeler ve kimyasal
analizler yapilmamistir

C5: Yan kayag Ornekleri iizerinde
polarizan mikroskop incelemeleri
gergeklestirilmelidir. Yan kaya¢ ornekleri
iizerinde C cevheri ve C cevheri ile beraber
bulunmasi olas1 K ve G cevher minerallerine
yonelik gerekli kimyasal analizler
yapilmalidir

R6: Arazi galigmalarinda sadece cevher
ornekleri  alinmustir  ve  Orneklemeler
sistematik degildir.

C6: Cevher Ornekleri karelaj yapilarak
almmalidir. Cevher oOrneklerinin alindig1
koordinatlar ile uyumlu olarak, aym

sistematik ile Orneklemesi

yapilmalidir.

yan kayag

4.1.1.3 Ofis Calismalar Ile Iigili Riskler-
Coziimler

R7: Arazi c¢alismalar1 ve laboratuar
incelemeleri ile sonuglari hakkinda diizenli
bir bilgi dosyasi yoktur, sadece cevher
ornekleri  alinmustir ve  Orneklemeler
sistematik degildir.

C7: Bolge ve proje alaninin tiimii ile ilgili
bir veri tabani “database” olusturulmali ve
bilgi girisi sistematize edilmelidir.

R8: Verilerin dogrulugu ve biitiinliigiiniin
kontrolii yoniinde bir ¢alisma yoktur

C8: Veri tabani veri dogrulama ve
biitiinliga denetleyen bir sistem
gelistirilmeli ve uygulanmalidir.

R9: Arazi c¢alismalar1 ve laboratuar
incelemeleri ¢ergevesinde gilivenilir bir
cevher tendr degeri tespit edilmemistir.

C9: Mevcut veriler degerlendirilerek ve
gerekli durumlarda yeni Orneklemeler
yapilarak maden yatagi tenor araligi modern
giivenilir yontemler ile tespit edilmelidir.

R10: Arazi calismalart ve laboratuar
incelemeleri cercevesinde gilivenilir bir
cevher rezerv degeri tespiti yapilmamistir

C10: Mevcut veriler degerlendirilerek ve
gerekli durumlarda yeni Orneklemeler
yapilarak maden yatagi geometrisi tespit
edilmeli, bir model olusturulmali ve elde
edilen veriler cercevesinde maden yatagi
rezerv degeri modern giivenilir yontemler ile
tespit edilmelidir

R11: Maden yatag isletme sekli ile ilgili
bir 6n galigma, planlama ve bu ¢ergevede bir
makine parki tesisi i¢in hazirliklar yoktur

Cl1: Isletme projesi yeriistii, yer alt1 ve
kombine  sistemler  olarak  alternatif
planlamalar halinde projelendirilmelidir.
Farkli isletme sistemlerine gore makine ve
teghizat projelendirmeleri hazirlanmalidir.

R12: Uretilecek cevher ile ilgili bir piyasa
arastirmasi bulunmamaktadir

C12: Olast tim riskler baglaminda
sektordeki kurumlar ger¢evesinde bir piyasa
aragtirmast  ve  maliyet projeksiyonu
yapilmalidir. Bu ¢er¢evede alternatif projeler
ve Oneriler gelistirilmelidir.
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5 RISKLERIN YATIRIM
KARARLARINA ETKIiSI ANALIZi

Ozellikle uzun vadeli yatirim gerektiren
maden projelerin fizibilite c¢aligmalarinda
sadece iyi, kotii ve baz senaryolar igin
yapilan net bugiinkii deger hesaplamalar1 ve

yiizeysel risk calismalar yeterli
olmamaktadir.  Proje  siiresince maruz
kalmabilecek kur degisiklikleri, politik

gerginlikler, savaslar, afetler, lilkelerin kredi
notlarindaki  diislisler gibi  her tirli
bilinmeyen etken de hesaplara katilmalidir.
Bu belirsizlik ortaminda maden sirketleri,
riskleri, deger yaratan Ogeleri ve bunlarin
birbirleriyle etkilesimlerini iyi analiz etmeli
ve degerlendirmelidir. Proje yonetimindeki
esneklik ancak gelecekte olusabilecek
risklere karst hazirlikli olarak ve bu yonde
stratejiler gelistirilerek bagarilabilir. Maliyeti
milyarlarca  dolar  olan  projelerdeki
gecikmeler, maliyetlerdeki artiglart ve emtia
fiyatlarindaki dalgalanmalar ile birlesince
maden sirketlerinin finansal durumlarini
olumsuz etkileyebilmektedir. Bu nedenle,
insan kaynaklari yetersizligi, alt
yiiklenicilerin ~ performansi, maliyetinin
dogru  hesaplanamamas:  gibi  faktorler
projelere baglamadan degerlendirilmelidir.
Sektorde yer alan igletmelerde risklerden
korunmak ve maruz kalindiginda en az risk
ile atlatilabilmek i¢in Oncelikle sirketin risk
istah1 ve buna bagli risk politikalan
belirlenmelidir. ~ Ardindan, hesaplamalar
oncesinde daha Onceden maden sektoriine
0zel hazirlanmig olan Risk Haritasi
kullanilarak sirket riskleri ve firsatlari dogru
ve tam olarak belirlenmelidir. Ardindan
riskler, firsatlar ve aralarindaki iliskilerin
gosterildigi  Risk  Faktorleri  Haritasi
olusturulmalidir.  Ardindan igletme ve
yatirima 6zel olacak sekilde biitlin olaylara
gergeklesme olasiliklar atanmakta ve bu
olaylarin hedeflere etkisi konu uzmanlar1 ve
endiistri profesyonelleri tarafindan
degerlendirilmelidir, boylece olusma
olasilig1 diisiik fakat etkisi biiyiik olaylarin
“imkansiz” olarak nitelenmesinin Oniine
gecilecektir. Bu asamanin ¢iktist olarak
hazirlanan “tornado” diyagramu ile risklerin
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yaratilacak deger tizerindeki etkisi acikca
ortaya koyulacaktir (Deloitte, 2010). Bu
yaklasimda son asamada ise Monte Carlo
simiilasyonu ya da karar agact analizleri
girdi veri olusturmak amaciyla kullanilarak
biitiin senaryolarin dikkate alindig1 Beklenen
Deger Egrileri olusturulmaktadir. Onerilen
bu Maden Sektorii Risk Yaklasimi ile maden
sirketlerine  6zel riskler hesaplamalara
katilabilmekte, boylece sirketler daha
dinamik, belirsizliklere karst daha hazirlikli
ve risklerin etkilerini en aza indirme
konusunda daha basarilt olacagi
ongoriilmektedir. Geleneksel yaklasimlar
yerine  Maden  Sektoérii  uzmanlarinin
gelistirdigi bu model ile projenin yaratacagi
deger  daha  isabetli  bir  sekilde
ongoriilmektedir.

6 SONUCLAR

Madencilik risk ve kazancin birbirlerine
hiikmettigi zor ve karlt bir yatirim alanidir.
Risklerin dogru tespiti igin gerekli on
caligmalar, ilk yatirim maliyetlerini yiikseltir
ancak diger taraftan olasi kayiplar
onlenirken karlilik maksimize edilebilir. Bu
dongiide risklerin nicelik ve niteliginin
maden yatagi bazinda c¢esitlenmesi ve
degisimi, maden yataklart aranmasi ve
isletilmesinde uzman bir ekibin
degerlendirilmesini gerekli kilar.

Ulkemizde  madencilik  yatirnmlarinin
yeterince yiiksek diizeylerde olmamasinin
ana nedeni, bu alanda uzun soluklu ve ciddi
degerlendirmelere  dayanan, ilk yatirim
maliyeti yliksek olan arama ve gelistirme
plan ve projelerinin yapilmadan madencilik
faaliyetlerine baslanilmasi, her asamada
klasik yontemleri ile bu sektérde var olma
cabasi igerisine girilmis olmasidir. Genis bir
yelpazede dagilan risk-¢6ziim matrislerinin

olusturulmadan yapilan madencilik
faaliyetleri yiiksek zararlarla
sonuglanmaktadir.

Tecriibe-planlama-denetleme iiglemesi goz
online almarak yapilacak her madencilik
faaliyeti, beklenmeyen risk faktdriiniin bu
denli ¢ok oldugu bir sektdrde bile yliksek
karlara ulagabilmektedir.
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United Prediction and Risk Division of Mine Dynamic Disasters

H. Zhang, W. Song, S. Li, J. Han

Liaoning Technical University, Fuxin, Liaoning, China

Y.Lv

Pingdingshan Tian coal Co., Ltd, Pingdingshan, Henan, China

ABSTRACT Analyzed mechanism and geological background of mine dynamic disaster, the
mine dynamic disaster united prediction method is established based on the geodynamic
division theory and the commonalities influence factors. Then the mine dynamic disaster
similarity measurement rule and pattern recognition rule are also established to divide danger
area of mine dynamic disaster in mining area using the probabilistic method, and evaluate and
forecast for the fatalness of mine dynamic disaster. This offers maintenance support for the
mine dynamic disasters’ forecasting and prevention from whole and unite point of view. The
research results of field applications in Pingdingshan mining area of China show that, the
prediction result give important support for prevention and treatment of mining dynamic

disaster.

1 INTRODUCTION

Coal and gas outburst, rock burst and
mining-induced earthquake are called mine
dynamic disasters. With the increase of
mining depth, a growing number of coal
mines with the coexistence of two dynamic
disasters (mainly coal and gas burst and rock
outburst) have emerged, and these two
disasters often interact on each other and
pose a grave threat to the safety and
efficiency of the deep coal mining. The
protection for mine dynamic disasters may
be divided into four aspects, risk forecast,
prevention measures, validity check and
safety guarding. The risk forecast is the first
link and plays an important role in the
disaster prevention.

In decades, risk prediction for dynamic
disasters at home and abroad are conducted
separately. Common risk prediction methods
for coal and gas burst include single index,
geological statistics, geophysical
prospecting,  gas-geological unit and

aggregative indicators (Zhang et al. 1991,
Yang et al. 1997, Cheng et al. 1999, Yu et al.
2000, Zhang 2001, Zhang et al. 2005, Hu et
al. 2007, Zhang et al. 2009a), and those for
rock outburst are mainly drilling cuttings,
tendency classification of rock outburst,
numerical simulation analysis, aggregative
indicators and geo-dynamic division (Dou et
al. 2001, Zhou et al. 2010, Zhang et al.
2009b). This paper proposes an academic
idea regarding the unified prediction for
mine dynamic disasters based on their
features and creates a unified prediction
method based on geo-dynamic division and
multifactorial pattern recognition, which
achieves the probability prediction for the
risk of mine dynamic disasters on the unit
basis. The results have been used in Mine
Eight, Ten and Twelve of the east mining
area in Pingdingshan, where the disasters are
effectively controlled to provide technical
support for the safe production of the mine.
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2 UNIFIED PREDICTION THEORY
BASED ON GEO-DYNAMIC DIVISION
OF MINE DYNAMIC DISASTERS

Geo-dynamic division is a method to find
out the formation and development of faults
and know the interaction between active
faults and fault blocks through the analysis
on topography, which is mainly based on the
principle that basic topographical patterns
and main topographical features depend on
the geological formation. The geo-dynamic
division should be conducted in a macro-to-
micro way to understand the activity and
formation of earth crust, solve the actual
problems in engineering and research on the
geo-dynamic disasters caused by human’s
engineering activities.

The unified prediction of mine dynamic
disasters is based on the following:

1) The occurrence of a dynamic disaster
must be conditioned by corresponding
geological forces and affected by many
factors;

2) Different dynamic disasters happen in
different patterns in different mining areas,
mines and coal seams under different
formation and stress conditions.

3) Maybe it is very difficult to predict the
time and site of an incident, it is still
possible to predict the probability of the
incident;

4) The dynamic disasters are caused by the
same mechanism.

Mine dynamic disasters are results of the
interaction between the crustal movement
driven by the internal force of the earth and
the perturbation by mining. They are
dynamic damage caused by the mechanical
deformation system of coal body under
external perturbation. Dynamic disasters
share a common power source - the elastic
energy saved in the crustal movement, and
thus they have a common mechanical
mechanism and common features. Dynamic
disasters release great energy. Whether they
occur in a mine depends on the geo-dynamic
environment where the mine is. The coal-
rock mass and the underground engineering
are in the same dynamic system and their
mechanical and dynamic properties are
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limited by a larger dynamic system. The
dynamic process caused by the mine
production and the dynamic process that
occurs in a local dynamic system act on each
other and forms a geo-dynamic environment
of the mine, which is the necessary condition
of a dynamic disaster and also the basis on
which the unified prediction of dynamic
disasters is conducted.

The mechanism of a mine dynamic disaster
is very complicated. Many factors may have
effects on it. The pattern recognition method
can determine the value of each factor
through corresponding research methods,
based on a systematic analysis on the
common factors (formation, lithology of coal
seam roof and floor, physical and
mechanical properties of coal body,
formation stress, etc.) that affect and limit
the space and intensity of a dynamic disaster
and the individual factors (gas desorption
capacity, coal rock outburst tendency,
shallow-focus earthquake, etc.). It also
divides the target area into several prediction
units and uses the multifactorial pattern
recognition technology to perform a general
intelligent analysis, so as to determine the
risk (risk probability) of each unit of the
target area and divide the risk by different
risk probability thresholds. By doing this, it
can determine the mode of a dynamic
disaster, measuring rules for the similarity of
a dynamic disaster, rules for the pattern
recognition of dynamic disasters, recognition
models of dynamic disasters, design of the
pattern recognition system of dynamic
disasters and pattern recognition algorithm,
so as to establish the unified prediction
theory for dynamic disasters based on the
geo-dynamic division.

3 PATTERN RECOGNITION
METHODS BASED ON MULTI-
FACTOR FOR MINE DYNAMIC
DISASTERS

3.1 Pattern Recognition Methods for
Mine Dynamic Disasters

The fundamental principle of the pattern
recognition for mine dynamic disasters is
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based on the following knowledge: a
dynamic disaster is conditioned by multi-
factor. If you choose n factors and consider
each factor as an element of a vector, n
factors form an n-dimensional vector. Each
combination of these n factors is a pattern,
which is at the only one position in the n-
dimensional eigenspace. As a reasonable
hypothesis indicates, patterns of the same
type are close to each other in the eigenspace
and those of different types are far away
from each other. The features of close
patterns are slightly different. If you divide
the eigenspace by some means and put the
patterns of the same type into the same area
of the eigenspace, you can determine the
type of a pattern by identifying which area of
the eigenspace its eigenvector is in.

3.2 Eigen-Extraction of Factors of Mine
Dynamic Disasters

In the research, a method of eigen-extraction

based on the Euclidean distance

measurement is adopted. In a D-dimensional

eigenspace, select d features, which should

maximize the average distance between

samples in ¢ types, i.e.:

J(x*) = max J(x)

JO=23 0 p, =353 p o ") (1)
2457 A mn; k-t =

P =n,In

p;=n;/n

Where, x - D-dimensional eigenvector, and
is its optimum value;

x" - D-dimensional eigenvectors (sample
value) of w, and o, typesin c types;

J(x) - The average distance between
samples in ¢ types;

p; and p, - The prior probability of i and
J types;

n - The designed total number of samples;

n, and n, - The number of samples of o,
and o, types in the designed set;

S8(x"y - The measurement of the average
distance between samples of the type. In
most cases, the FEuclidean distance

measurement is used to facilitate the

calculation and analysis.

5E(x,(,x,):|:2(xk/,—x,/.)2} :[(xk—x,)T(xk—xl)]]/2 2)

3.3 Pattern Rule of the Pattern
Recognition of Mine Dynamic Disasters

Select a discriminant function based on the
target and condition of the recognition and
then use the sample value to determine the
unknown parameter in the discriminant
function. The mathematical representation of
this though is often the optimization of a
certain function, i.e. use the most optimum
method to solve the problem of pattern
recognition.

The common expression of a linear
discriminant function is the following matrix
equation:

gX)=W"X +W, (3)

Where, X is the sample of the d-
dimensional eigenvector, W is the weight
vector and W, is the threshold weight.

The linear discriminant function is
applicable to the classification of some
simple patterns. When the linear surface
cannot divide the decision area, however,
one should use a non-linear discriminant
function. A way to process a non-linear
discriminant function is to exchange, i.e.
map a point in a low-dimensional space into
a high-dimensional one, and this can
linearize the discriminant function.

By the multi-factor pattern recognition
method of dynamic disasters, one can extract
related information based on the research
results of the geo-dynamic division, divide
the target area into several prediction units
and, on the ©basis of spatial data
management, analyze the principal factors
that have effects on dynamic disasters and
determine the value of each factor using
corresponding methods. Then, one should
use the multi-factor pattern recognition
technology to perform general intelligent
analysis and, through the analysis on the
areas where dynamic disasters occur, analyze
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the internal relation between several factors
and dynamic disasters, i.e. determine the
prediction mode based on the combination of
several factors of the mining area. And then,
one should compare the multi-factor
combination mode of the non-mining area
with the determined recognition mode of
dynamic disasters, determine the risk (risk
probability) of each unit of the target area by
neuronic network and fuzzy reasoning,
identify the risky areas of the coal mine
according to the determined threshold of the
risk probability and evaluate the risk of
dynamic disasters in the coalmine.

4 UNIFIED PREDICTION AND RISK
DIVISION FOR DYNAMIC DISASTERS

4.1 Establishment of Pattern Recognition
Model of Dynamic Disasters

There are many factors causing dynamic
disasters. The combination of factors of a
certain site is called a feature. A pattern is
described by its feature. The target of the
classified recognition is scientifically
abstracted using a mathematical model and
then recognized by a computer.

During the research, a unified prediction
platform is developed based on VB6.0, C++
and GIS to achieve the automation of the
processing to the most extent, by which an
inference engine may set up rules and
procedures and start the execution module
for them.

4.2 Determination of Factors

Based on the analysis on the features of
dynamic disasters, the common factors are
active formation, in-stress, stress gradient,
coal rock features and system energy.

After this, several research methods such as
geo-dynamic division, in-stress
measurement, field measurement, value
analysis, and coalmine borehole data are
used in the research to determine the
distribution of each factor. A factor database
is established for dynamic disasters, of
which the data are multifactorial and local
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and this is what the multifactor pattern
recognition is based on.

4.3 Non-Dimensional-Normalized Factors
of Dynamic Disasters

During the prediction research of dynamic
disasters, data of different elements often
have different units and dimensions, as there
are too many factors. Therefore, the
difference between values is great and may
affect the results of classification. When the
factors are determined, data must be pre-
processed before the pattern recognition.
Also, data are pre-processed in the research
through standardization methods such as
range variance standardization to non-
dimensional-normalize ~ the factors of
dynamic disasters.

4.4 Risk Probability Analysis for Dynamic
Disasters

Divide the prediction area into several units,
map the actions of factors to the grid cells
and compare the computed patterns of the
prediction units with the computer-
memorized patterns of the sites where
dynamic disasters occur to determine the risk
probability of the prediction units. The
probability algorithm of several factors is the
core of probability prediction. In the
research, we use methods like BP algorithm
and SVM-supporting vector machine
algorithm to gain the risk probability of each
prediction unit.

Steps to achieve the unit risk probability:

fuzzification  of  inputted  variables,
application of fuzzy operators, fuzzy
implication, fuzzy synthesis and
defuzzification.

4.5 Threshold Determination and Risky
Area Division

The input of the unit risk of the area
prediction of dynamic disasters is the
discrete risk probability of each unit and thus
the division of areas requires specific
thresholds. The  multi-factor  pattern
recognition of dynamic disasters based on
geo-dynamic division and the divided coal-
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mine areas have several units. Considering
the factors, we use the area data to achieve
the quantitative prediction and largely
improve the accuracy of the prediction of
dynamic disasters. Theoretically, n types of
prediction areas may be gained.

The methods to determine thresholds are
specialist system, computer learning and
statistical analysis.

5 UNIFIED PREDICTION AND RISK
DIVISION OF DYNAMIC DISASTERS
IN THE EIGHTH MINE OF
PINGDINGSHAN

5.1 Analysis on Features of Dynamic
Disasters

The coal seams within the eighth mine occur
in the Taiyuan Formation of the
Carboniferous Period, Shanxi Formation of
the Permian Period and the upper and lower
Shihezi Formation. The Vg_; coalmine is the
main mining coal seam, with a thickness of
3.0~4.5m and an average thickness of 4.3m,
stable and simple, all minable. The
immediate roof of the Vo, coalmine is
normally sandy mudstone, 8~13m in
thickness, and the immediate roof of the
local coal seam is sandy and not easy for
caving. The old roof is medium sandstone,
with developed fractures, which may fall
with mining.

43 dynamic disasters occurred in the eight
mines during 1984~2012, mainly coal and
gas bursts. Most of them are in the stress-
centralized area and obviously related to
tectonic coal and soft layers in the coal
seams. Coal and gas bursts in the Vg_jq coal
seam account for 58.2% of the total number
and the Vy_yy coal seam is so a well-guarded
one.

5.2 Results of Risk Division

We use the probability prediction method of
multifactor pattern recognition to achieve the

unit probability prediction of the Vg coal
seam of the Eighth Mine of Pingdingshan.
The risk of dynamic disasters is the
quantitative description of the risk of the
disaster in a specific grid cell. By setting the
display mode of labels, you can see clearly
the risk probability of each grid cell and give
quantitative description of the risk of a
specific grid cell (Figure 1).
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Figure 1. Unit Risk Probability of the
V.10 Coal Seam of the Eighth Mine of
Pingdingshan

According to the threshold of a risk
probability, the risk of dynamic disasters for
the V.19 Coal Seam of the Eighth Mine of
Pingdingshan can be divided into 5 grades
(Figure 2). By comparing a single factor
with the effects of the risk of dynamic
disasters, you can find that the risky areas
are mainly in the high-stress areas and the
control of formation on the dynamic
disasters is clear. Compare the results of the
unified prediction with the dynamic disasters
that occur in the eighth mine of
Pingdingshan and you will find that the
overall trend of the prediction results are
consistent with the site and the prediction
results of local areas are fully consistent with
the site.
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Figure 2. Graded Prediction (five grades)
of Dynamic Disasters in the Vo9 Coal Seam
of the Eighth Mine of Pingdingshan

6 CONCLUSION

1) This paper proposes the theoretical
principle for the unified prediction of
dynamic disasters, establishes the pattern
recognition model of dynamic disasters,
similarity — measurement rule, pattern
recognition rule and achieves the unified
prediction of the dynamic disasters, of which
the core is the pattern recognition.

2) Achieves the prediction of the dynamic
disasters in the Voo coal seam of the eighth
mine of Pingdingshan and the transformation
of single-factor prediction to multifactor
prediction, point data prediction to local data
prediction,  qualitative  prediction to
probability prediction, so as to improve the
accuracy and preciseness of the prediction of
mine dynamic disasters.

3) Comparing the prediction results with
the dynamic disasters that occur in the
mining area of the eighth mine of
Pingdingshan. The overall trend of the
prediction results is consistent with the
actual condition of the site and the results of
local areas are fully consistent with the
actual situation. It may be used as a guide for
the prevention of mine dynamic disasters.
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Is Saghgi ve Giivenligi Kanunu’nun Is Kanunu, Maden Kanunu
ve Ilgili Yonetmeliklere Etkisinin Incelenmesi

The Investigation, Effect of Occupational Health and Safety Law
to Labour Law, Mining Law and Relevant Regulations

M.O. Keskin .
Cukurova Universitesi, Karaisalt MYO, Is Saghg: ve Giivenligi Programi

OZET Agir ve tehlikeli islerden sayilan, madencilikle ilgili yapilan ¢alismalarda, is kazalar:
ve meslek hastaliklarinin Onlenebilmesi igin is giivenligi oldukca Onemlidir. Caligma
yasamiyla ilgili temel kurallar ile tiim taraflarin gérev, yetki ve yiikiimliiliiklerini belirleyen Is
Kanunu ve Maden Kanunu’nun ilgili maddelerinde de belirtildigi {izere, maden isletmelerinde
daimi olarak istihdam edilen maden miihendisleri, is giivenligi ile gorevli miihendis veya
teknik elemanlarin {stlendigi gorev ve sorumluluklar1 da yerine getirmekte, is gilivenligi
uzmani olarak gorevlendirilebilmektedir.

Bu calismada, 30 Haziran 2012 Tarih ve 28339 sayili Resmi Gazete’de yayimlanarak
yiiriirliige giren 6331 sayili Is Saglig1 ve Giivenligi Kanunu’nun, is Kanunu, Maden Kanunu
ve ilgili yonetmeliklerde yer alan is saghig1 ve giivenligi ile ilgili genel kurallar ile teknik
elemanlarin gorev, yetki ve sorumluluklarina getirdigi degisiklikler incelenmistir.

ABSTRACT Occupational safety is very important in order to prevent occupational diseases
and accidents in studies related to mining, considered heavy and hazardous work. All parties
the duties, authorization and obligations determine with the basic rules of worklife of the
setting as described in the related articles of the Labour Law and Mining Law, the mining
engineers is permanently employed in mining areas, as safety engineers or technical staff
tasked with carrying out the duties and responsibilities and be appointed as an occupational
health and safety expert.

In this sudy, The changes comprised about the related articles in the Labour Law and Mining
Law by The Law on Occupational Health and Safety No. 6331 has been published in the
Official Gazette, dated 30 June 2012 and No. 28339.

1 GiRiS
Uluslararas1 Calisma Orgiitii (ILO), insan

politikalar1, isveren, isci ve hiikiimet
temsilcilerinden olusan ii¢lii bir yapll)(/a sahip
olan ILO iiyesi lilkeleri tesvik eden kararlari

haklari, sosyal adalet ve caligma haklarinin
iyilestirilmesi i¢in c¢alisan bir Birlesmis
Milletler ihtisas kurulusu olarak 1919
yilinda kurulmus ve Tirkiye bu orgiite 1932
yilinda iiye olmustur. ILO Ankara Ofisi ise
1976 yilinda acilmustir.

Her yil toplanan Uluslararast Calisma
Konferansi’nda belirlenen uluslararasi asgari
calisma standartlar1 ve ILO’nun genisletilmis

belirlemektedir.

Tiirkiye Cumhuriyeti, ILO’ya iiye oldugu
1932 yilindan bu yana, calisma hayatina
iliskin 60’a yakin ILO sdzlesmesini
onaylamig ve bu sozlesmelerin gerektirdigi
mevzuat degisiklik ve uygulamalarm
kademeli olarak hayata gecgirmis ve
gecirmeye devam etmektedir. Bu
sozlesmeler igerisinde, ILO’nun 1981
yilinda kabul ettigi ve iilkemizin 2004
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yilinda onayladigi, Is Sagligi ve Giivenligi
ve Calisma Ortamma Iligkin155 Sayili
Sézlesmenin Onaylanmasinin Uygun
Bulundugu Hakkinda 5038 sayili Kanun ile
Is Sagligi Hizmetlerine Iligkin 161 Sayili
S6ézlesmenin Onaylanmasinin Uygun
Bulundugu Hakkinda 5039 sayili Kanun, is
giivenligi alaninda, ozellikle mevzuata ve
caligma yasamina getirdigi yeniliklerle 6ne
¢ikmaktadir.

Ulkemizde, cumhuriyetin ilk yillarindan
bu yana c¢aligma hayatt ile ilgili cesitli
kanunlar ¢ikarilmis olmakla birlikte, ilk is
kanunu 1936 yilinda yiiriirlige giren 3008
sayili  kanundur. Calisma  hayatindaki
ihtiyaclari zamanla karsilayamamasi
nedeniyle 1971 yilinda ve 931 sayili
kanunun ismen degistirilmesi ile 1475 sayil
Is Kanunu vyirirlige girmistir. Cesitli
diizenlemelerden gecen bu kanun, 2003
yilinda kabul edilen 4857 sayili Is Kanunu
ile yiirtirlikten kaldirilmustir. )

Giliniimiize kadar gegen siirecte, Is Kanunu
ve kapsaminda ¢ikarilan kanun, yonetmelik
ve tliziikler disinda, is giivenligi ile ilgili
dikkate deger mevzuat calismalari, 1974
yilinda yiirirlige giren Is¢i Saghgr ve Is
Giivenligi Tuzigi ile 2003 yilinda yurirlige
giren ve Danistay tarafindan iptal edilen Is
Sagligi ve Giivenligi Yonetmeligi’dir. 2012
yilinda yiiriirlige giren 6331 sayili Is Sagligi
ve Gilivenligi Kanunu ile de, iilkemizde iﬁ(
defa c¢aligma yasaminda is giivenligi,
kendine ait bir kanuna kavusmustur.

Tim c¢alisanlarin  giivenli ve saglkl
calisma kosullarina sahip olma hakkinin
birinci boliimiinde belirtildigi, 1996 yilinda
yeniden diizenlenen 1961 tarihinde, Avrupa
Konseyi iiye devletlerince imzalanan Avrupa
Sosyal Sartt (Sosyal Haklar So6zlesmesi)
dogrultusunda, ilkemizde, is sagligi ve
giivenligi alaninda yapilan g¢alismalarin bir
sonucu olan 6331 sayili Is Sagligi ve
Giivenligi Kanunu dogrultusunda, yiirirliige
girdigi tarihten itibaren yeni yonetmelikler
cikarilmakta ve mevcut yonetmelikler de
yenilenmektedir. Ayrica, 24 Temmuz 2003

tarihli 25178 sayilh mikerrer Resmi
Gazete’de  yayimlanan Avrupa Birligi
Miiktesebatinin ~ Ustlenilmesine  Iligkin

Tiirkiye Ulusal Programi’nin = 6ncelikler
listesinin ana unsurlarindan olan is saglig1 ve

giivenligi alaninda, uyumlastirma
kapsaminda, Avrupa Birligi direktifleri
dogrultusunda, cesitli yonetmelikler
¢ikarilmistir.

T.C. Calisma ve Sosyal Giivenlik
Bakanlhig1  istatistiki  verilerine  gore

ilkemizde, 2011 yilinda meydana gelen is
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kazalarmin  %15’ten fazlast madencilik
sektorii ve dogrudan ilgili islerde meydana
gelmistir. Bu kazalardan 248’i 6lim ve
stirekli is goremezlikle sonuglanmigtir. Bu
kazalarin sektor igerisindeki faaliyetlere
bagli dagilimlarina goére; komiir ve linyit
iretiminde  toplam  9217(siirekli is
goremezlik-81 ve oliimli is kazasi-55), ham
petrol ve dogalgaz iiretiminde toplam
S1(stirekli is goremezlik-3 ve olimli is
kazasi-1), metalik cevher iiretiminde toplam
449(siirekli i goremezlik-14 ve Slimli is
kazasi-16), diger madencilik ve agrega
iiretiminde toplam 702(stirekli is
goremezlik-32 ve olimli is kazasi-43) ve
madenciligi destekleyici hizmetlerde toplam
139(siirekli i goremezlik-1 ve Olimli is
kazasi-2) adet is kazas1 meydana gelmistir.
“5177 Sayili Kanunla degisik 3213 Sayili
Maden Kanunu”nun 31. maddesine gore,
isletmede istihdam edilen maden
miihendisleri, 4857 sayili Is Kanununun 82.
maddesinde belirtilen is giivenligi ile gorevli
miihendis veya teknik elemanlarin istlendigi
gorev ve sorumlulugu da yerine getirmekle
yiikiimliidiir.  Isletmede gdrevli maden
miihendisleri, iiretim ile ilgili tim islerde
sorumlulugu  istlenmekle  birlikte s
giivenligi  kapsaminda  gergeklestirilmesi
gereken tiim teknik teorik ve uygulamalar
da yerine getirmekle yiikiimlii olmaktadirlar.
“Maden Kanunu Uygulama Y dnetmeligi” nin
111. maddesine gore isletmelerde teknik
nezaretgilik ile gorevli maden miihendisleri,
“4857 sayih Is Kanunu”nda belirtilen is

giivenligi  uzmani  olabilme  sartlarini
saglamasi halinde, ayni zamanda, is
giivenligi  uzmani olarak da  gorev
yapabilirler ve isyerlerinde yaptiklar

inceleme ve gozlemlerde, is sagligt ve
giivenligi yoniinden tehlikeli bir durumun
varligimni tespit etmesi ve hemen tedbir
alinmasinin miimkiin olmadiginin
belirlemesi durumunda, isletme faaliyetini
tedbir alinincaya kadar durdurma yetkisini
kullanarak ilgili kuruluglara bildirebilirler.
“Is Giivenligi ile Gorevli Miihendis veya
Teknik Elemanlarin  Gorev, Yetki ve
Sorumluluklari ile Calisma Usul ve Esaslari
Hakkinda Yonetmelik” kapsaminda 1is
giivenligi uzmani olarak gdrevlendirilen
maden mithendisleri, is sagligi ve giivenligi
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mevzuatina uygun olarak isyerinde gerekli
caligmalarin yapilmasini saglamak,
igyerindeki tehlikelerin tanimlanmasint ve
risk degerlendirmesi ile bunlarin ortadan
kaldiritlmast  hususunda igverene rapor
vermek, tehlikeleri kaynaginda yok etmeye
yonelik Olclimlere dayali degerlendirme
yaparak uygulamalarin takibini yapmak,
1syerinde yapilacak periyodik kontrol, bakim
ve Olglimleri planlamak, hazirlanan planlarin
uygulanmasint  saglamak, acil durum
planlarin1 hazirlamak ve gerekli tatbikatlarin
yapilmasin1 saglamak, yangindan korunma
ve yanginla miicadele  caligmalarini
yonetmek ve ilgili kayitlarin tutulmasini
saglamak, is sagligi ve giivenligi kurulu
toplantilarina katilmak, isyerinde olabilecek
kaza ve meslek hastaliklarini isyeri hekimi
ile  degerlendirerek  diizeltici  faaliyet
planlarint  yapmak ve uygulanmasini
saglamak, yeni bir sistem kurulmasi veya
makine ya da cihaz alinmasi halinde tekrar
risk  degerlendirmesi  yapmak, uygun
nitelikteki kisisel koruyucularin se¢imi,
saglanmasi, kullanilmasi, bakimi ve test
edilmesi ile ilgili bilgi ve dnerileri hakkinda
igverene rapor vermek ve isyerinde saglikli

ve giivenli bir caliyjma  ortaminin
olusturulmas1 ve gelistirllmesi amaciyla
verilecek egitimlerin belirlenmesi

gorevlerini yerine getirmekle ylikiimliidiirler.

30 Haziran 2012 Tarih ve 28339 sayili
Resmi Gazete’de yayimlanarak yiriirluge
giren 6331 sayil Is Sagligi ve Giivenligi
Kanunu”nun 8. maddesinde, isyerlerincit
gorevlendirilen igyeri hekimler1 ve is
giivenligi uzmanlarimin goérev ve yetkiler
yeniden tamimlanmistir. Yaymlanan bu
kanunla, 4857 sayili Is Kanunu’nun 2 ile
105. maddelerine kadar olan bazi maddeler
yiirtirlikten kaldirilmistir.

2 6331 SAYILI IS SAGLIGI VE
GUVENLIGI KANUNU VE MADEN
MEVZUATINA ETKIisi

2.1 6331 Sayih is Saghg ve Giivenligi
Kanunu

Is saglig1 ve giivenligi konusunda ilk kanun
olan 6331 sayili kanun, kamu ve 6zel sektor

ayrimi yapmadan tim caliganlar
kapsamaktadir.

Is%/erlerini, yapilan isin  tehlikesinin
niteligine gore simiflara ayiran bu kanun ile

kazalari, meydana gelmeden, kaynaginda
Onleme c¢aligmalar1 esas alinmaktadir. 10
kisiden az ¢alisanin bulundugu isyerleri igin
is giivenligi hizmetlerinde devlet destegi ve

ilk kez bir kanun metnine girmesi agisindan
onem arz eden risk degerlendirmesi, kanun
icerigi acisindan dikkate degerdir. Cevre
acisindan ciddi ve biiyiik kaza riski olan
isletmelerin giivenlik raporu ve kaza dnleme
politika belgesi olmadan ise
baslayamayacaginin belirtilmesi de kanunun,
calisma hayatina getirdigi yeniliklerdendir.
Kanunun 36. maddesi geregi, televizyon ve
radyo kuruluslarina ayda en az 1 saat, is
saglig1 ve giivenligi, calisma hayatinda kayit
disihigin 6nlenmesi, sosyal giivenlik, is¢i ve
igsveren iliskileri konularinda uyarict ve
egitici mahiyette yayinlar yapma
zorunlulugu getirilmistir. Kanun geregi, is
sagligt ve guvenligi ile ilgili c¢alismalar
yapmayan, engel olan ve gerekleri yerine
getirmeyenler  i¢in  idari ceza  ve
yiikiimluliikler artirilmistir.

6331 sayili kanunun yiiriirliige girmesi ile
daha once is gilivenligi konusunda
yayimmlanmig yonetmeliklerde degisiklikler
yapilmast ve bazi yeni yoOnetmelikler
cikarilmast  zorunlulugu dogmustur. Bu
kapsamda, 29 Aralik 2012 tarih ve 28512
sayili Resmi Gazete’de; Is Giivenligi
Uzmanlarinin Goérev, Yetki, Sorumluluk ve
Egitimleri Hakkinda Yo6netmelik, Is Saglig
ve Giivenligi Hizmetleri Yonetmeligi ( Bu
iki yonetmelik, 31 Ocak 2013 tarih ve 28545
saylll Resmi Gazete ile degistirilmis) ve Is
Saglig1 ve Giivenligi Risk Degerlendirmesi
Yonetmeligi, 18 Ocak 2013 tarih ve 28532
sayili Resmi Gazete’de; Is Saghigi ve
Guivenligi Kurullarni Hakkinda Yonetmelik,
25 Ocak 2013 tarih ve 28539 sayili Resmi
Gazete’de; Asbestle Caligmalarda Saglik ve
Giivenlik Onlemleri Hakkinda Yonetmelik
ve 5 Subat 2013 tarih ve 28550 sayilt Resmi
Gazete’de; Ulusal Is Sagligi ve Giivenligi
Konseyi Yonetmeligi yayimlanarak
yurilirlige girmistir.

2.2 Is Kanunu’na Etkisi

Is Kanunu’nun 5. bolimii, is sagligi ve
giivenligi ile ilgilidir ve 6331 sayilh Is
Saglig1 ve Giivenligi Kanunu ile bu boliimiin
tiim maddeleri yiiriirlikten kaldirilmustir.
Yirurlikten kaldirilan 77. maddede,
isveren ve isgilerin is saghigi ve giivenligi
konusundaki | yukiimliliiklerinden
bahsetmektedir. Isverenlerin is giivenligi ile
ilgili her tiirli onlemi almak, egitimleri
vermek, mesleki risklere karst tedbirler
almak ve tespit edilen herhangi bir meslek
hastaligr ve 15 kazasii en gec iki isgiinii
igerisinde bakanliga bildirme ve ¢alisanlarin
da bu oOnlemlere uymak ve egitimlere
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katilmakla yiikiimli oldugundan
bahsetmektedir. 6331 sayili kanunda 1sveren
ve is¢ilerin yiikiimliiliikleri ayr1 maddeler
halinde tanimlanmaktadir. Kanunun 4.
maddesine gore isverenin is giivenligi ile
ilgili yikiimliiliikleri ¢ok degismemekle
birlikte, risk degerlendirmesi, c¢alisanin
saglik  ve gilivenlik yOniinden ise
uygunlugunun goz oniine alinmasi, hayati ve
Ozel tehlike bulunan yerlere calisanlarin
girmemesi icin gerekli tedbirlerin alinmasi
ve  alman  tedbirlerinin  maliyetinin
calisanlara yansitilamamasi yikiimliliikleri
ile daha detayli bir hal almistir.

Yirtrliikten kaldirilan 78. madde, saglik
ve giivenlik, tiizik ve yoOnetmeliklerinden
bahsetmektedir. 6331 sayili kanunun 30.

maddesinde ise bakanligin  ¢ikaracagi
yonetmelikler ile bunlarin  kapsamlari
detaylandirilmustir.

Yuriirlikten kaldirilan ve igin

durdurulmasi ile ilgili 79. maddede, s6z
konusu tehlike giderilinceye kadar, kidemli
is miifettisi baskanligindaki ve isyerlerini is
saglig1 ve giivenligi bakimindan
denetlemeye yetkili iki miufettis, bir is¢i ve
bir igveren temsilcisi ile Bolge Miidiirtinden
olusan bes kisilik bir komisyon karariyla,
tehlikenin niteligine goére i tamamen veya
kismen  durdurulmakta  veya  isyeri
kapatilmaktaydi. 6331 sayili kanunun 25.
maddesinde ise komisyon ve tespit
zorunluluguna deginilmeden, tehlikeli bir
durum tespitinde 1sin bir zorunluluk olarak
durdurulmasi gerektigi belirtilmekle birlikte
is saghigr ve giivenligi bakimindan teftise
yetkili ii¢ is mufettisinden olusan heyetin, is
sagligt ve giivenligi bakimindan teftise
yetkili is mifettisinin tespiti lizerine ve
gerekli  incelemeleri  yaparak,  tespit
tarihinden itibaren iki giin igerisinde isin
durdurulmasina karar verebilecegi hiikme
baglanmistir. Ancak, isin durdurulmasi
kararinin yerine getirilmesi, ilgili miilki idare
amiri tarafindan yirmi dort saat iginde
gergeklestirilebilecektir.

Yiriirliikten kaldirtlan 80. maddedeki is
sagligi ve giivenligi kurullar ile ilgili elliden
fazla sayida caligan1 bulunan ve alt1 aydan
fazla devam eden islerde kurul olusturma
zorunlulugu ayni kalmakla birlikte 6331
sayili kanunun 22. maddesinde, bu kurullarin
olusturulmasinda asil ve alt igveren iligkileri
diizenlenmis ve sanayiden sayilan ibaresi
kaldirilmistir.

Yirtrlikten  kaldirilan ~ ve  igyeri
hekimlerinin gorev, yetki ve sorumluluklar
ile ilgili 81. maddesinde, isyerlerinin hekim
caligtirma sartlart ve gorevleri kisaca
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tanimlanmaktaydi. 6331 sayili kanunun 8.
maddesi ile isyeri hekimleri ve is giivenligi
uzmanlarimin gorev, yetki ve sorumluluklari,
aynt baglik altinda detaylandirilmistir. Bu

madde, gorevlerin, mesleki bagimsizlik
icerisinde  yiriitilmesi ve  uygunsuz
durumlarin diizeltilmemesi halinde
bakanligin ilgili birimlerine dogrudan
bildirimde bulunma yetkisinden
bahsetmektedir. Bununla birlikte,

hizmetlerin yiiriitilmesi ihmallerinden dolay1
igverene karsi sorumlu olduklarindan ve bu
ithmaller sonucu, 6liimlii ya da uzuv kayiph
bir is kazas1 veya meslek hastaligi meydana
gelmesi sebebiyle yetki belgelerinin de
askiya  alinabilecegine  deginilmektedir.
Ayrica, kamu kurumlarinda ¢aliganlarin, 6zel
sektorde calisma sartlar1 da bu maddeyle
diizenlenmistir.

Is kanununun yiriirliikten kaldirilan §83.
maddesi, is giivenligi acisindan is¢ilerin
haklarindan bahsetmekteydi. 6331 sayili
kanunun 13. maddesi, igerik olarak ayni
kalmakla birlikte, baslik olarak isten
kaginma hakki olarak degistirilmistir.

Is kanununun yiriirlikten kaldirilan 84.
maddesindeki i¢ki ve uyusturucu madde
kullanma yasagi, 6331 sayili kanunun 28.
maddesinde, igerik olarak ayn1 kalmakla

birlikte, baslik olarak bagimlilik yapan
maddeleri  kullanma  yasag1  seklinde
degistirilmistir.

Ulkemizin 1992 tarihinde kabul ettigi 59
sayili ILO so6zlesmesinde, on bes yasin
altindaki ¢ocuklarin kamu ve 6zel sektor
sanayi isletmelerinde ya da bunlarin alt
birimlerinde istihdam edilemeyecegi veya
calistirllamayacag1  belirtilmektedir. I
kanununun  yiirtrlikten kaldirilan ~ 85.
Maddesinde, gen¢ isciler on alti yasmni
doldurmamis isciler olarak
tanimlanmaktayken, 6331 sayili kanunun
tanimlar iceren 3. Maddesinde geng ¢alisan
tanimi, on bes yasini bitirmis ancak ons
sekiz  yasimi doldurmamus seklinde
degistirilmistir.

Is kanununun yiiriirlikten kaldirilan 86 ve
87. maddelerinde, agir ve tehlikeli islerde,
ise giris ve periyodik muayeneler ile on
sekiz yasindan kigiik iscilerin raporlarinin,
isyeri hekimi, is¢i sagligi dispanserleri,
bunlarin bulunmadig1 yerlerde sirasi ile en
yakin Sosyal Sigortalar Kurumu, saglik
ocagi, hiikiimet veya belediye hekimleri
tarafindan yapilabilecegi belirtilmekteydi.
6331 sayili kanunun saglik gézetimi ile ilgili
15. maddesinde, kanun kapsaminda alinmasi
gereken saglik raporlariin, isyeri saghk ve
giivenlik birimindlz: veya hizmet alinan ortak
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saglik ve giivenlik biriminde gorevli olan
igsyeri hekimlerinden alinacagi, seklinde
degistirilmistir.

Is kanununun yirirliikten kaldirilan 88.
maddesinde, gebe ve ¢ocuk emziren
kadinlarin durumlarinin bakanligin
cikaracagl  yonetmelikle  belirlenecegi
belirtilmekteydi. 6331 sayili kanunda 10. ve
30. maddelerde, gebe ve emziren kadinlarin

durumlar1  seklinde  degistirilmis  ve
durumlarinin bakanligin cikaracagi
yonetmelikle belirlenecegi ibaresi aym
kalmustir.

Is kanununun yiiriirliikten kaldirilan gesitli
yonetmelikler baglikli 89. maddesi, 6331
sayili kanunun 30. maddesi ile kapsam
olarak daha da genisletilmistir.

Is kanununun yiiriirliikten kaldirilan diger
merciler tarafindan yapilan teftisler baslikli
95. maddesinde, Calisma ve Sosyal Giivenlik
Bakanliginca kurma izni ve isletme belgesi
verilmemis igyerlerine, belediyeler veya
diger ilgili makamlarca kurma veya agilma
izni verilemez ibaresi, 6331 sayili kanunda

er almamakta ve teftis ve idar1 yaptirimlar
%ashkh 24. maddeden baslayip 27. maddeye
kadar devam eden dordiinci bolimde, tim
teftislerin  bakanlik¢a yetkilendirilmis 1is
miifettigleri tarafindan gerceklestirilebilecegi
belirtilmektedir.

Is kanununun yiirtirliikkten kaldirtlan 105.
maddesindeki idari para cezalari, 6331 sayili
kanunun 26. maddesi ile giincellenmistir.

Is kanununun, 1475 sayili eski kanuna
gore diizenlenmis, yonetmelik ve tiiziiklerle
ilgili 2. gegici maddesi, yirlirlilkten
kaldirilmistir. 6331 sayili kanunun 30.
maddesi ve gecici 2. maddesinde belirtilen
sartlarda ¢ikarilan ve ¢ikarilacak
yonetmelikler ytirtirliige girmistir.

2.3 Maden Kanunu ve
Yonetmeligine Etkisi

Uygulama

Maden Kanunu Uygulama Y6netmeligi’nde,
isletmede daimi istihdam edilen maden
mithendisinin, 4857 sayili Is Kanununda
belirtilen is giivenligi uzmani olabilme
sartlarin1 saglamasi halinde ayn1 zamanda is
glivenligi uzmani olarak da  gorev
yapabilecegi  belirtilmekte  ve ayni
yonetmeligin tanimlar baslikli 4. maddesinde
1se i giivenligi uzmani; Calisma ve Sosyal
Giivenlik Bakanlig1 tarafindan
sertifikalandirilmis is giivenligi ile gorevli
maden mithendisi seklinde
tanimlanmaktadir. 6331 sayili  kanunun
gecici 1. maddesinde, diger mevzuatta is
sagligr ve giivenligi ile ilgili olarak 4857
saylll Kanuna yapilan atiflar bu kanuna

i);apllmls sayllmaktadir. Kanunun tanimlar
aslikli 3. maddesinde, 6zel alanlar igin
herhangi bir sart aranmaksizin is giivenligi
uzmani, i sagligi ve gilivenligi alaninda

gorev yapmak lizere Bakanlikca
yetkilendirilmis, is giivenligi uzmanlg1
belgesine sahip miihendis, mimar veya

teknik eleman olarak tanimlanmaktadir.

3 SONUCLAR

Maden Kanunu Uygulama Yonetmeligi’nde,

daimi nezaretcilik ile gorevli maden
miithendislerinden is gilivenligi uzmam
olabilme sartlarim1  saglayanlarin, aym

zamanda, is giivenligi uzmani olarak da
gorev yapabilecegi belirtilmekte ve maden
isletmeleri igin is glivenligi uzmani, Calisma
ve Sosyal Gilivenlik Bakanhigi tarafindan
sertifikalandirilmis is gilivenligi ile gorevli
maden miihendisi seklinde
tanimlanmaktadir. 6331 sayili kanunda ise
herhangi bir 6n kosul aramadan, bakanlik
tarafindan yetkilendirilmis ve uzmanlik
belgesine sahip tiim miihendis, mimar ya da
teknik  elemanlarin  uzman olabilecegi
belirtilmektedir. Bu kanun dogrultusunda
cikarillacak  yeni  yonetmeliklerde de,
calisilacak alana Ozel sartlar getirilmemesi,
Ozellikle madencilik ve diger bazi 06zel
teknik bilgi gerektiren alanlarda istthdam
edilecek is giivenligi uzmanlan ile ilgili

cesitli ~ sorunlar  yasanmasina  sebep
olabilecektir. Maden kanunu uygulama
yonetmeliginin de, yeni kanun

dogrultusunda yeniden diizenlenmesi, ileride
yasanabilecek karigikliklar1 6nleyebilir.

Her ne kadar kanunun 8. maddesinde, is
giivenligi uzmanlarinin mesleki etik ilkeler
ve bagimsizlik esasina gore caligacagi
belirtilmis olsa da, ayni maddenin 4. fikras1
geregi, hizmetlerin ylriitiilmesindeki
ihmallerinden dolay1 igsverene karsi sorumlu
olduklarinin belirtilmesi ile bagimsiz ¢alisma
sartlar1 etkilenebilecektir. Bu kapsamda,
kanunun bu maddesi ve fikralarindaki
sartlarin yeni bir yonetmelikle ya da kanuna
ek maddelerle netlestirilmesi gerekmektedir.
Bu haliyle adli olaylarda, kimin hangi
merciye karst  sorumlu tutulabilecegi,
yoruma agik hale gelmektedir.
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Kanunda, daha 6nce 4857 sayili is kanunu
ve ilgili yonetmeliklerde belirtilen isci
kavrami, calisan olarak degistirilmistir.
Ayrica calisan, kendi 6zel kanunlarindaki
statiilerine bakilmaksizin kamu veya Ozel
igsyerlerinde istihdam edilen gercek kisi
seklinde tanimlanmistir. Tiim isyerlerinde,
isin yiiriitimiinii saglayan ve gorev tanimi
belirli olan tiim ¢alisanlarin (vasifli, teknik
eleman, mithendis vs.), bu tanim igerisinde
de, en azindan c¢alisma seklini ve isyerindeki
statiisiinii belirtecek sekilde
tanimlanmasinin, 06zlilk haklar1 agisindan
onemli oldugu diisiiniilmektedir.

6331 sayili kanunun 27. maddesine gore,
bakanlik, bu Kanuna gore yapilacak is ve
islemlere ait her tiirlii belge veya bilgiyi,
elektronik ve benzeri ortamlar {izerinden
isteyebilmekte, arsivleyip, bu ortamlar
iizerinden onay, yetki, bilgi ve belge
verebilmektedir. Calisma ve sosyal gilivenlik
bakanliginin teskilat ve gorevleri hakkinda
kanunun 22. maddesinde ise bu islemlerin,
Idari ve Mali isler Dairesi Baskanligmin
gorev ve yetki smirlart igerisinde oldugu
belirtilmektedir. Bu sekildeki 6zel verilerin
saklanma ve korunma sekillerinin, hangi
sartlarda ve hangi mevzuat dogrultusunda
yapilacaginin  belirtilmemesi,  gelecekte
yasanabilecek veri kayiplart ya da koti
amagli saldirlar  diisliniildiigiinde, ciddi
sorunlara yol agabilir. Bu amagla, kanunun
ilgili maddesinde, veri saklama ve koruma
sekillerinin nasil yapilacaginin, en azindan

hangi  mevzuata  goére  yapilacaginin
belirtilmesinin gerekli oldugu
diisiiniilmektedir.
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Kuzey Kibrista Tas Ocaklarinda Is Saghgi ve Giivenligi
Uygulamalari

Application of the Occupational Health and Safety at the
Quarries in Northern Cyprus

H.i. Erdim

TASOVA (Tas Ocaklar: Vakfi)
A Tirkman
Lefke Avrupa Universitesi

OZET KKTC’nin dogal yapist nedeniyle tasocaklari onemli bir kapasiteye sahip olup,
1940’11 yillardan itibaren igletilmektedir. Tas ocaklari halen KKTC ekonomisine katki
saglayan onemli sektorlerden bir tanesidir. .

Kuzey Kibris Tiirk Cumbhuriyetinde Tag Ocaklartyla ilgili yasa, Ingiliz somiirge
doneminden kalma Fasil 270 Maden ve Tag Ocaklar1 Yasasidir. Bu yasa ile birlikte yine
Inglhz somiirge doneminden kalma Fasil 54 Patlayici Maddeler yasasi, (gevre Koruma Yasasi
(1997) ve Is Saghgt ve Giivenligi Yasast (2009) da tas ocaklarmin yonetiminde
kullanilmaktadir.

2004 yilina kadar kontrolsiiz bir sekilde gelisen sektorti, biraz olsun kontrol edebilmek i¢in
bu tarihte teraslama sistemi getirilmis, galeri patlatmalar1 yasaklanmis, 2006 yilindan
itibaren ise ruhsatlandirma slresinin tespitinde Jeoloji ve Maden Dairesi Miidiiriiniin
yetkileri 9 kisilik bir komisyona devredilerek puanlama kriterleri uygulamaya sokulmustur.

Bu calismada KKTC’de Tasocaklarinda Is Sagligi ve Giivenligl mevzuati hakkm(?a bilgi
verilerek mevcut uygulamalar degerlendirilmis ve yeni gelismeler dogrultusunda yapilmasi
gereken islemler ile ilgili Oneriler verilmistir.

ABSTRACT In Northern Cyprus
and they are operated since 1940
sectors 1n Northern Cyprus. ) o L .

The regulations related to quarries originate from English times; the first one is called Fasil
270, Mines and Quarries Regulation. ~ At that time Explosives Regulation, (Fasil 54) has
been prg)mulzgated and later Environmental Protection Law (1997), and Health and Safety
Regulation (2009) have been promulgated. ) )

In order to control mining and quarries sector new regulations has been approved an with
this approach, terracing has been started, galleria explosions have been banned. After 2006,
in llcer;51n(§ procedure, to determine duration of license, a commission of 9 people has been
determined as responsible, and they apply grading criteria. ]

In this study, some information will be ig1ven about the occupational health and safety
procedure applied in the Turkish Republic of Northern Cyprus quarries. Also some
suggestions will be given for better health and safety applications.

quarries have a big capacity due to the islands structure

s At present quarries is one of the important economical

o baslanmistir. Bununla birlikte 1992 yilina
1 GIRIS kadar kirma tas isletmeciligi gelismemistir.
Cilinkii s6z konusu tarihe kadar beton
islerinde kullanilan agrega, deniz kiyisindan
temin  edilmekteydi. Deniz kiyisindan
malzeme ¢ikarmak yasaklandiktan sonra
buradaki igletmecilere Besparmak daglarinda

Tasocaklart Kuzey Kibris’ta Onemli
sektorlerden biridir. Kuzey Kibris’ta kirma
tag ocaklar1 1974 yilinda agilmaya
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ruhsat  verilmis, bdylece kirma tag
ocaklarinin  sayisinda  ve iiretim
miktarlarinda 6nemli artiglar meydana
gelmistir.

KKTC'de halen 56's1 faal toplam 69
ruhsath tasocagi, 15'i faal 19 ruhsath kirma
cakil-kum iretimi yapan ocak
bulunmaktadir. Artan talepler dogrultusunda
bu  saymin  artmasi  beklenmektedir
(www.kktcjmd.org).

Kuzey Kibris’ta  tas ocaklart derken
agirlikli - olarak  kirma  tag  tesisleri
kastedilmektedir. Bunlarin yaninda dogal
yap1 taglari, karomozaik hammaddesi igin
isletilen rekristalize kire¢ tasi ocaklar1 ve
stabilize malzeme ¢ikarilan havara ocaklari
ile al¢1 tas1 ocaklar1 bulunmaktadir. Is saglhig
ve giivenligi acisindan en fazla 6nem arz
edenler agrega tireten kirma tas ocaklaridir.

2 KKTC’DE TASOCAKLARI iLE
ILGILI MEVZUAT

Kuzey Kibris’ta tag ocaklaryla ilgili
mevzuat, Ingiliz déneminden kalmadir. Tas
ocaklarinda kullanilmakta olan iki mevzuat
¢ok onemlidir.

a) Maden ve Tas Ocaklar1 Yasasi (Fasil:
270)

b) Patlayict Maddeler Yasasi (Fasil: 54)

Bu iki mevzuat, 1997 yilina kadar tas
ocaklarinda kullanilmis olan iki yasadir.
1997 yilinda Cevre Yasasi yiiriirliige girmis
ve tas ocaklarinda da uygulanmaya
baglamistir. 2009 yilinda yiiriirliige girmis
olan Is Saglig1 ve Giivenligi Yasasi, heniiz
tam olarak uygulamaya sokulmamustir.
Oniimiizdeki dénemde bu yasanin da tas
ocaklarinda uygulanmasi beklenmektedir.

Fasil 270 Maden ve Tas Ocaklarinin
ruhsatlandirilmasini ve denetimini
kapsamaktadir. Bu yasa igerisinde is sagligi
ve givenligi ile ilgili maddeler de
bulunmaktadir. Patlayici maddeler yasasi,
patlayict maddelerin depolanmasi, taginmast
ve kullanilmasiyla ilgili kurallar1
kapsamaktadir. Cevre Koruma Yasasi,
cevresel konularla ilgili olsa bile, meslek
hastaliklar1 agisindan konuyla ilgisi vardir.
Is Saglig1 ve Giivenligi Yasasi ise diger
sektorlerde oldugu gibi tas ocaklarinda is
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saghigin ~ ve  giivenligi  standartlarinin

yiikselmesine katki koyacaktir.

3 KIRMA TAS OCAKLARINDA i$

SAGLIGI VE GUVENLIGI
UYGULAMALARI
Tas ocaklarinin ruhsatlandirilmast

sathasinda Jeoloji ve Maden Dairesi gerekli
gordiigii kosullar1 ruhsat sahibine yazili bir
direktif olarak vermekte ve denetimleri de bu
direktifler 15181nda gerceklestirilmektedir.
Burada verilen direktifler arasinda, ruhsat

sinirlarinin belirlenmesi, iscilerin
giivenligine  dikkat edilmesi, acilan
¢ukurlarin isletme siiresi sonunda

kapatilmasi, yetkililerin sahaya girmesi igin
izin verilmesi, isletme icerisinden gegen
yollarin siirekli gegislere acik tutulmasi gibi
direktiflerdi. Bunun disinda mevzuata
uyulmast ve Fasil 270 yasa metninin
isletmede bulundurulmasi talep ediliyordu.

Fasil 270 Jeoloji ve Maden Dairesine ¢ok
biiyiikk yetkiler vermektedir. Daire miidiirii
yaptig1 denetimlerde giivenligi tehdit eden
bir durum oldugu taktirde:

- Islerin giivenlik iginde yiiriitiilmesi igin
onlem alimmasmi emredebilir ve {igiincii
sahislardan hizmet alinmasi durumunda
bedeli ocak sahibinden alinir. Yahut

- Tas ocagmin bir kismin1 veya tamamini
kapatabilir.

Bu durumda tas ocagi ruhsati sahibinin
yapabilecegi tek sey, Bakanlar Kuruluna
itiraz etmektir. Bakanlar Kurulu karar
verinceye kadar Jeooji ve Maden Dairesinin
karar1 uygulanir.

Direktifleri  siirekli
ocaklardaki faaliyeti
durdurabilir.

Ingiliz somiirege doneminde (1960
oncesi) yapilmis olan bu yasada baz
bosluklar ~ bulundugu  ve  uygulama
asamasinda bazi sorunlar ortaya ¢ikabilecegi
ongorilmiis ve Bakanlar Kuruluna tiiziik
yapma yetkisi verilmisti. Ancak 60 seneden
bu yana bu tiiziikklerin yapilmasi igin higbir
girisimde bulunulmamustir.

Is saghgi ve giivenligi agisindan tiiziik
yapilmasi dngoriilen bazi konular sunlardir:

olarak ihlal
Bakanlar

eden
Kurulu
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- Oliimlii veya agir yaralanma ile sonuglanan
is kazalarinin Jeoloji ve Maden Dairesine
bildirilmesi
- Bu kaza ile ilgili olarak sorusturma
acilmasi, yeminli sehadet alinmasi, tanik
¢agrilmasi ve tanik masraflarmin alinmasi

Is saglig1 ve giivenligiyle ilgili olarak yeni
bir yasa ¢iktigi icin bu konuda artik Calisma
Dairesi yetkili kilindigindan, Fasil: 270
altinda bdyle bir tizik c¢ikmast artik
beklenemez. Bunun yerine, Calisma Dairesi
tarafindan uygulanacak olan Is Sagligi ve
Giivenligi Yasast ve Tiiziikleri
kullanilacaktir.

4 PATLATMALARDA i$ SAGLIGI VE
GUVENLIGI

Tas ocaklarinda giivenlik agisindan en
onemli faaliyet, patlatmalardir. Gegtigimiz
yillarda patlatmalardan kaynaklanan 6liimciil
is kazalari yasanmustir. Patlatma giivenligi

acisindan  alimmakta olan  Onlemlerin
baglicalar1 sunlardir:

e Patlayict maddelerin  depolanmasi

merkezi depoda  yapilmaktadir.

Kapsiiller, patlayicilar, fitiller ayr
boliimlerde depolanmaktadir.

e Depolarda 24 saat bek¢i bulunmakta
ve kameralarla kayit yapilmaktadir.

e izinsiz depoya girilememektedir.

e Depoya girerken statik elektrik
bosaltilmaktadir.

e Patlayict maddeler Tas Ocaklari
Birligi (Tas ocagi isletmecileri
tarafindan kurulmus olan ve resmi
makamlara kars1 patlayict maddelerin
depolanmasindan sorumlu olan
dernek) gorevlisi tarafindan teslim
edilmektedir.

e Patlayici maddeler depodan
¢ikarildiktan sonra ilgili tag ocagina
gidip deliklere dolduruluncaya ve
patlatma gerceklestirilinceye kadar
Patlayict  Maddeler  Miifettisligi
(Patlayict  maddelerle ilgili  tim
iglemlerden sorumlu olan devlet
kurumu) gorevlileri ve polis nezaret
etmektedir.

e Atesleme ehliyetli personeli olmayan
tas ocagl bulunmamaktir.

e Patlatma giinii ve saati i¢in patlayici
maddeler miifettisinden ve polisten
izin alinmaktadir.

e Deliklerin doldurulmasi sirasinda cep
telefonu, GPS ve uydu ile iletisim
kurmaya c¢alisan cihazlar doldurma
alania yaklastirilmamaktadir.

o Deliklere sarj yapilirken sikilama araci

olarak metal ¢ubuk
kullanilmamaktadir.

e Patlatmadan Once tiim iiniteler ikaz
edilmektedir.

e Patlatma saatinde c¢evreye gozciiler
konmakta, yollar trafige
kapatilmaktadir.

e Her ocak igin tespit edilmis olan
emniyetli patlayici miktarinin
asilmasina izin verilmemektedir.

e Patlatma yapilmadan 6nce patlayici

devreleri, 6zel patlatma ohmmetresi
kullanilarak kontrol edilmektedir.

e Patlatma sirasinda patlatmay1 yapacak
olan  gorevliler disinda  herkes
yeterince uzaklastirilmaktadir.
Patlatmay1 yapacak olan personel de
siginaga girip ateslemeyi oradan
yapmaktadir.

e Patlamayan delik varsa, yanina baska
delik agilmakta ve yeni agilan delikler
patlatilmaktadir.

e QGaleri patlatmalar1 yasaklanmustir.
Cok 6zel durumlarda sadece Jeoloji ve
Maden Dairesinin izni ve kontrolii
altinda yapilabilmektedir.

5 MEVZUAT VE
CELISKILER

UYGULAMADA

Fasil: 270’in gilincellenmemis olmasi, yani
gerekli tiiziiklerin hazirlanmamis olmasi, Is
Saglig1 ve Giivenligi uygulamalariyla bazen
celiski yaratabilmektedir.. Ornegin ruhsat
verilmesi asamasinda Jeoloji ve Maden
Dairesi tarafindan sart kosulan “Ruhsat
alamindaki gecigler siirekli olarak trafige
actk olacakur” direktifi, is sagligt ve
giivenligi a¢isindan sorun yaratmaktadir.

Ruhsat alani igerisinde trafige siirekli agik
yol bulunmasi, is sagligt ve giivenligi
uygulamalarint  olumsuz etkilemektedir.
Yolu kullanan araglarin is yerindeki is
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sagligi ve giivenligi kurallarina
uymamasindan dolay1 yasanacak
olumsuzluklardan igletme  sahibi sorumlu
olmakla birlikte, isletme, kendisine ait
olmayan bu araclart kontrol etmekte
zorlanabilir.

Bir diger husus, tas ocaklarinda is sagligi
ve giivenligi konularindan, daha 6nce fenni
nezaretgiler (ki bunlar genellikle maden
mithendisligi diplomasina sahip
miihendislerdi) sorumlu iken, bundan sonra
is saghgir ve gilivenligi uzmanlar1 sorumlu
olacaktir. Bu durumda isletmeler hem
isletme miihendisi, hem fenni nezaretgi hem
de is saghgt ve giivenligi uzmam
bulundurmak zorunda kalacaklardir.

6 YENI MEVZUAT

1997 yilina kadar sadece Jeoloji ve
Maden Dairesinin denetimine tabi olan tas
ocaklarina Cevre Koruma Dairesi
kurulduktan sonra , CED raporlar1 nedeniyle
Cevre Koruma Dairesi de tas ocaklarindaki
uygulamalara (¢evresel konular agisindan da
olsa) miidahale etmeye baslamistir. Boylece
galeri  patlatmalar1  yasaklanmig, teras
sistemine gecilmis, teraslarin yiiksekligi 10
metreyle sinirlandirilmis, toz emisyonu
acisindan bazi kurallar getirilmistir.

Fasil 270 disinda Fasil 54te tas
ocaklarinda ¢ok kullanilan bir yasaydi. Bu
yasa, patlayici maddelerin ithalini, imalini,
satigin1, depolanmasini, tagmmmasimi  ve
tasarrufunu  diizenleyen  yasaydi. Tas
ocaklarinda patlayict kulanimi da bu yasayla
diizenlenirdi. Halen bu yasa yaygin olarak
kullanilmaktadir.

Bunun disinda tas ocaklarinda atesleyici
olarak calisacak kisilerin “atesleyici” ehliyeti
olmasi1 gerekmektedir. Bu kisiler, Patlayici
Maddeler Miifettisi tarafindan smava tabi
tutulur ve simavda basarili olanlara ehliyet
verilir. Atesleyici ehliyetli personel
calismayan ocaklarda patlatma yapilamaz.
Ancak bagka bir ocaktan atesleyici ehliyeti
olan birisi gelip patlatma yapabilir.

Mevzuatta yer almayan kriterler asagida
verilmisgtir.

Tas  ocaklarinda bu
uygulanirken, 2008  yilindan

mevzuatlar
itibaren
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“puanlama sistemi” denen kriterlerin
uygulamasina gegilmistir. Bu sistemde
isletme, yirittigii faaliyetler agisindan

cesitli kriterlere gore degerlendirilmektedir.
Bu degerlendirmeye gore yiiksek puan
alanlarin isletme ruhsati 5 yil, diisiik puan
alanalarin ise bir y1l uzatilmaktadir.

Eskiden sadece Jeoloji ve Maden Dairesi
miidiiriiniin 6nerisi dogrultusunda ruhsatlar

yenilenirken, bu uygulama  basladiktan
sonra bu yetki, bir komisyona
devredilmistir.

Puanlama sisteminde yer alan 40’a yakin
kritere is sagligir ve giivenligiyle ilgili bazi
basliklar da dahil edilmistir. Bunlarin
bazilar1 agsagida belirtilmistir.

- Ocakta teknik nezaretgi ¢aligmasi
- Toz emisyonunun 6nlenmesi
-ISO  belgeleri (ISO 9001,
bulunmasi

14001)

7 ONERILER

Tas ocakeiligi sektoriinde is sagligi ve
giivenligi uygulamalarmi  gelistirmek igin
tas ocaklarinda puanlama sistemi ve bu

sistemdeki kriterler yeniden
diizenlenmelidir. Bu kapsamda;
a) Fasil 270 gilincellenmeli, gerekli

tiiziikkler yapilmalidir.

b) Kullanilmakta olan puanlama sistemi,
Fasil 270’e dahil edilmelidir.

¢) Puanlama sistemindeki kriterler de
giincellenmelidir. Yasaya gore yerine
getirmesi gereken faaliyetleri yiiriitenlere
puan verilmesi dogru degildir. Yasaya
uymayanlara ise cezalandirilmalidir.

d) Puanlar, sektoriin gelismesine ve
denetimine  katkida bulunacak kriterlere
verilmelidir. Bu kriterler arasina ISO 9001
ve ISO 14001 ile birlikte OHSAS 18001 de
dahil edilmelidir.

e) Puan verecek kisiler haksiz ve tarafli
uygulamalarda bulundugu taktirde
cezalandirilmahdir.  Ornegin, bir 6nceki
doneme ait ve giincelligini yitirmis olan
isletme planini, yeniymis gibi kabul edip
puan veren komite liyesi, sahtekarlik suguna
ortak olmus sayilmali ve yasal takibata
alinmalidur.
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8 SONUCLAR

Sonu¢ olarak mevzuatin uygulanmamasi
nedeniyle tag ocake¢iligi sektorii istenildigi
gibi yoOnetilememis, bunu saglamak i¢in de
mevzuati etkin kilmak yerine yeni mevzuat
hazirlamak secenegi kullanilmustir.

En iyi mevzuat bile, uygulanmadigi veya
yanlis ellerde bulundugu siirece etkili
olmayabilir. Onemli olan yasalar1 dogru
uygulamak ve eksiklikler icin
giincellemektir.

Mevzuat ruhsatlandirma, denetleme ve
cezalandirma acgisindan revize edilmelidir.
Mevzuat kapsaminda denetimlerin nasil
yapilacagi konusunda kesin ifadelere yer
verilmelidir.

Mevzuatin hem giincellenmesi, hem de
dogru bir sekilde uygulanmasi is saghgt ve
giivenligi konusuna katkida bulunacaktir.
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Tirkiye Komir Isletmeleri (TKI) Komiir Ocaklarinda I
Kazalaria Bagl [s Giinili Kayiplari ve Analizi

Workforce Loss Caused By Work Accidents and Its Analysis in
the Coal Mines of Turkish Coal Enterprise (TCE)

M. Taksuk
TKI, GLI Miiessese Miidiirliigii, Kiitahya

O. Uysal, S. Beyhan, S. Yuvka
Dumlupinar Universitesi, Maden Miihendisligi Boliimii, Kiitahya

OZET Madencilik dogasi geregi is kazalarmin en sik rastlandigi is kollarmm basinda
gelmektedir. Bu kapsamda, sektorde ¢alisan teknik elemanlara 6nemli gorevler diigmektedir.
Bu caligmada, iilkemizin en bilyiik madencilik kurulusu olan Tiirkiye Komiir Isletmeleri
Kurumu biinyesinde bulunan yeralt1 ve agik ocaklarda 2005-2010 yillar1 arasinda meydana
gelen is kazalar incelenmis ve bu kazalarm ekonomik boyutu ele alinmustir. Ayrica soz
konusu yillar arasindaki degisimlerin nedenleri hakkinda degerlendirmelerde bulunulmustur.

ABSTRACT Mining is the sector which has highest risk rate in terms of occupational
accidents due to its nature. Therefore, technical staffs who are working in the sector have to
be aware of their responsibilities and roles. In the present study, occupational accidents that
occurred in the underground and open pit mines of Turkish Coal Enterprise - the biggest
mining enterprises in Turkey - were examined for the period of five years (2005 -2010) and
these accidents were brought to focus in relation to their economic dimensions. In addition,
technical evaluation was performed for determining the reasons of changes in accidents for
the mentioned years.

1 GIRIS

Giiniimiizde teknolojideki bas dondiiriicii
gelismeler, {iretimin ve rekabetin biiylik
Olciide artmasi, ¢aliganlarin sagligina ve is
giivenligine yonelik tehlikeleri daha da
artirmaktadir. Bu itibarla; Isyerlerinde isin
yiiriitiilmesi ~ sirasinda dogan olumsuz
sartlardan c¢alisanlar1 korumak, tiretimin
devamini saglamak ve verimliligi artirmak
icin yapilan calismalari ifade eden “is
saghgi ve giivenligi” (ISG) kavramu,
sanayinin ve teknolojinin gelismesine
paralel olarak 6nem kazanmistir. Ancak,
bilimsel ve teknolojik gelismeler, ayni
zamanda bu tehlikelerin  Onlenmesi
konusunda yeni imkanlarda sunmaktadir.
Bu bakimdan, is kazalar1 ve meslek
hastaliklart olarak ifade ettigimiz bu

tehlikeler, calisanlar ve igyerleri igin bir
kader degildir; olmamalidir. Is saghigi ve
giivenligi ekonomik boyutlar1 bir yana
sosyal boyutlar1 itibariyle de iilke
kalkinmasi acgisindan hayati 6neme haiz
toplumsal bir olgudur. Saglikli ve giivenli
bir igyeri ortami daha verimli ¢aligmanin 6n
kosuludur ve o&zellikle gelismekte olan
iilkelerde toplumsal kalkinmanin belirleyici
unsurlar1 arasinda yer almaktadir.

Is kazalar1 sonucunda meydana gelen
maddi zararlar; goriinen (dogrudan) ve
goriinmeyen (dolayl1) zararlar olmak {izere
iki ana grupta toplanabilir. Burada 6zellikle
goriinmeyen zararlarin hesaplanmasi ¢ok
giictiir. Ancak Uluslararas1 Calisma Orgiitii
(ILO) verilerine gore endiistrilesmis
iilkelerde is  kazalarn ve  meslek
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hastaliklarinin ~ toplam  maliyetinin, bu
iilkelerin Gayr1 Safi Yurt i¢i Hasilalarmin
(GSYIH) % 1’i ila %3’ii oraninda degistigi
belirtilmektedir. Gelismekte olan {ilkeler
icin ise bu kayiplarmmn GSYIH'larmin
yiizde 4'ii kadar oldugu tahmin edilmektedir
(ILO, 2009). Ulkemizde, Tiirkiye Istatistik
Kurumu Ulusal Hesaplar Daire
Bagkanligindan alinan 2009 yili verilerine
gore GSYIH 953, 974 Milyar TL’dir. Bu
rakama gore iilkemizde ILO kriterlerine
gore is kazalar1 ve meslek hastaliklarinda
katlanilacak ~ maliyet; %4  iizerinden
yaklagik yilda 38 milyar TL olarak tahmin
edilebilir. Yani ilkemizde bir yilda
meydana gelen is kazalarmin sebep oldugu
ortalama 1000 civarindaki 6liim vakalarimin
disinda milyarlarca dolarla ifade edilebilen
bir maddi boyutu da vardir (SGK, 2010).
Uluslararas1  ¢aligma  orgiiti  ILO’nun
verilerine gore; diinyada her yil 337 milyon
i kazasi meydana gelmektedir. Bu is
kazalar1 sonucu 2 milyon 310 bin kisi
hayatin1 kaybetmekte ve 160 milyon kisi ya
yaralanmakta ya da meslek hastaligina
maruz kalmaktadir. Bu  kazalarin
dogurdugu maddi kayip 1,2 Trilyon $
olarak tahmin edilmektedir (ILO, 2010).
SGK 2009 yili istatistiklerine gore ise,
iilkemizde 64316 is kazasi, 429 meslek
hastaligi vakasi tespit edilmistir. Bunlarin
1171't oliimle sonuglanirken, 1885 kisi
stirekli is goremez hale gelmistir. 2009
yilinda is kazalari ve meslek hastaliklar
sonucu kaybedilen ig gilinii sayist ise 1
milyon 533 bin 749'dur (SGK, 2010). Bu
rakamlardan da anlasilacagi iizere; is
kazalart ve meslek hastaliklar1 sonucu
olusan maddi ve manevi kayiplar {ilke
ekonomisi agisindan ¢ok onemli boyutlara
ulagmaktadir. Bu sebeple, is saghigt ve

giivenligi  alaninda kalici  ve etkin
Onlemlerin  alimmasi  zorunluluk arz
etmektedir.

Madencilik  ve  ozellikle  komiir
madenciligi is kazalarmm ve meslek
hastaliklarinin en yogun olarak yasandigi
sektorlerin basinda yer almaktadir. Yeralti
ve yeriistli maden igletmeleri, is sagligi ve
glivenligi acisindan, calisanlarin yagami
icin Onemli riskler tasimaktadir. Sosyal
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Giivenlik Kurumu Istatistiklerine gore
ilkemizde, yeralti ve yeriisti maden
isletmelerinde 2008 yili igerisinde toplam
7,638 is kazasi meydana gelmis olup bu
kazalardan 64’u Olumle, 257’si ise siirekli
is goremezlik ile sonuc¢lanmstir. Yeralt1 ve
yeriisti maden isletmelerinde meydana
gelen ve oliimle sonuglanan is kazasi sayisi,
ilkemizde Oliimle sonuglanan toplam is
kazalar1 sayisinin %7,4 gibi bir oranini
teskil etmektedir.

Bu c¢alismada, Tiirkiye ~ Komiir
Isletmeleri Kurumu biinyesinde bulunan
yeralt1 ve acik ocaklarda 2005-2010 yillar
arasinda meydana gelen i3 kazalan
istatistiksel olarak incelenmis, is giinii
kayiplar1 ve olusan kazalarm maliyetleri
degerlendirilmistir. Ayrica s6z konusu
yillar arasindaki degisimlerin nedenleri
hakkinda degerlendirmelerde
bulunulmustur.

2 CALISMA SAHALARI

Tiirkiye ~Komiir  Isletmeleri Kurumu
Tiirkiye’nin iireticilerinden biri konumunda
bulunmaktadir. Calismanin yapildig: yillar
itibartyla ~ biinyesinde 4  Miiessese
Miidiirliigii ve 4 Isletme Miidiirliigii
bulundurmaktadir. Bu isletmelerden
GLI’'nde hem vyeralti hem de agik ocak
tretim yontemi ile diger isletmelerde ise
acik ocak iiretim yontemleri ile komiir
iiretilmektedir. 2010 yili i¢in TKI toplam
tuvonan linyit iiretimi 33.327.000 ton
mertebesindedir. TKi biinyesinde ¢alisan
toplam is¢i sayist 2005 yilinda 9472 iken
bu sayt 2010 yilinda 6033 kisiye
diismiistiir.

3 TKI’'DE MEYDANA GELEN i$
KAZALARI _ VE
DEGERLENDIRILMESI

En riskli is kollarindan biri olan madencilik
alaninda faaliyet gosteren TKi’de 2005-
2010 yillar1 arasinda meydana gelen is
kazasi sayilar1 ve yillara gore degisimi
Sekil 1°de verilmistir. Sekilden goriildiigi
gibi 2005 yilinda 350 olan kaza sayis1 2010
yilinda 92 olarak gergeklesmistir (TKI,
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2011). Buradan 5 yil boyunca kaza
sayisinda Onemli oranda azalma oldugu
goriilmektedir. Bu azalmanin  gercek
anlamda bir deger kazanabilmesi igin bu
stire zarfindaki is¢i sayisindaki degisimde
onemlidir. Sekil 2’de 2005-2010 yillan
arasindaki is¢i sayisi ve kaza sayisindaki
degisim birlikte verilmistir. Sekilde kaza
sayisindaki azalmanin yami sira yillar
itibartyla is¢i sayisindaki azalma da dikkati
¢ekmektedir.
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Sekil 1. TKI’de Meydana Kaza Sayilarinin
Yillara Gore Degisimi

350 9000
8000
300
7000
50 1 6000

~8—Kaza Sayisi=#— Isci Sayis|

Kaza Sayilart

isciSayisi

2005 2006 2007 2008 2009 2010

Sekil 2. 2005-2010 yillar1 arasinda isgi
sayis1 ve kaza sayisindaki degisimler

Meydana gelen bu kazalarin olumsuz
etkilerinden birisi de is gilinii kayiplaridir.
Sekil 3’de TKi’de meydana gelen is
kazalar1 nedeniyle yillar itibariyla olusan is
giinii kayiplar1 verilmistir. Bu bakimdan
degerlendirildiginde 5 yil igerisinde ciddi
bir azalma olmasina ragmen, 2010 yili
itibartyla hala yaklasik 10.000 is giinii/yil
mertebesinde bir is ginii kaybi1 soz
konusudur (TK1, 2011).

—m— 0lumia kazalar dahil
—&— Olumlu kazalar harig
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Sekil 3. 2005-1020 yillar1 arasinda is
kazalar1 sonucu olusan is gilinii kayiplar

3.1 Kaza Sikhik Oram ve Kaza Agirhk
Oram

Yillara goére 1is kazast verileri, kaza
sayisinin mutlak bir deger olmasindan &tiirii
kiyaslama yapmak i¢in yeterli degildir. Bu
nedenle karsilagtirma yapabilmek i¢in
kullanilan temel veriler is kazasi siklik
orani ve is kazasi agirlik oranidir.

Kaza siklik orani (KSO), bir milyon
efektif calisma  saatine  diisen is
goremezlikle sonuclanan kaza sayisi olarak
tanimlanir (Kiilah¢ioglu, 1984 ).

KSO= (Kaza Sayis1*1000000)/(Calisma
Saatleri Toplami)

Kaza agirlik orani ise (KAO), takvim yili
icerisinde olimli ve/veya 6liimlii olmayan
mesleki yaralanmalardan dolay1 toplam
kayip glin sayisinin, ayni yil igerisinde
referans grupta yer alan isgilerin calisma
saatlerinin toplamina boliinmesiyle elde
edilen degerin 1000 katsayis1 ile
carpilmasiyla hesaplanir.

KAO=(Kayip Is Giinii*1000)/(Calisma
Saatleri Toplami)

Yukaridaki tanim ve formiillerden hareketle
hesaplanan yillara gore Kaza siklik orani
degisimi Sekil 4, Kaza agirlik orani
degisimi ise Sekil 5’de verilmistir. Kaza
Siklik Oraninda ve Kaza Agirlik Oraninda
yillar itibariyla 6nemli derecede bir diisiis
yasandig1 goriilmektedir (TK1, 2011).
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Sekil 4. Kaza Siklik Oraninin Yillara Gore
Degisimi
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Sekil 5. Kaza Agirlik Oraninin Yillara Gore
Degisimi

4 TKI’'DE MEYDANA GELEN i$

KAZALARININ CESITLI
KRITERLERE . GORE
DEGERLENDIRILMESI

Isletmede meydana gelen kazalarn, farkli
kriterlere gore degerlendirilmesi kazalarin

hangi gruplar ve nedenler {izerinde
yogunlastigini belirlemek acisindan
onemlidir. Bu sekilde bundan sonraki

siiregte is kazlarin azaltilmasi ve dnlenmesi
acisindan yapilacak c¢aligmalarda hedef
belirlemek kolaylasacaktir. Bu bdoliimde
isletmede olusan kazalar, yas gruplarina,
saat dilimlerine, vardiyalara, uzuvlara,
giinlere, kaza tiirlerine, kazanm olustugu
yerlere gdre incelenecektir.

4.1 is Kazalarmm Nedenlerine Gore
Dagilim

Bu bélimde TKi’de 2005-2010 yillart
arasinda meydana gelen is kazalarmin
nedenleri gruplandirilmistir. Bu

1952

gruplandirma yapilirken yer alt1 ve yertistii
isletmeleri ayr1 ayr1 degerlendirilmistir.
Sekil 6’da yer alt1 isletmelerinde, Sekil 7°de
de acik isletmelerde meydana gelen is
kazalar1 nedenlerine gore gruplandirilmistir.
Sekillerden goriildigi  gibi, yer alt1
isletmelerinde en fazla kaza gogiik ve elle
tagima seklinde olurken agik igletmelerde
ise i3 makinelerinin neden oldugu kazalar
bas1 ¢ekmektedir. Sekil 8 ve Sekil 9°da ise
kazalarin meydana gelis yerleri ile ilgili
bilgiler verilmigtir. Buna gore yeraltinda en
fazla kaza ayak iclerinde meydana gelirken,
yerlistii isletmelerinde ise en fazla kaza agik
ocaklarda goriilmektedir (TKI, 2011).
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Sekil 6. Yer alti Isletmelerinde Meydana
Gelen Is Kazalarinin Nedenlerine Gore
Dagilimi
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Sekil 7. Acik Ocaklarda Meydana Gelen Is
Kazalarinin Nedenlerine Gére Dagilimi
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Sekil 8. Yer alti Isletmelerindeki Is

Kazalarinin Meydana Gelis Yerlerine Gore
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Sekil 9. Yer alti Isletmelerindeki Is
Kazalarinin Meydana Gelis Yerlerine Gore
Dagilim

42 is Kazalarmm Uzuvlara Géore
Dagilinm

Is kazalarmin analizinin yapilmasinda
onemli verilerden biri de hangi uzvun
kazalandigidir. Sekil 10’da TKi’de 2005-
2010 yillar1 arasinda is kazalarmin
meydana  geldigi uzuvlarin  dagilim
goriilmektedir. Buna gbére en fazla
kazalanan uzuvlarin el ve ayaklar oldugu
goriilmektedir. Bu uzuvlarn goévde takip
etmektedir.

30 - 28,68

Bag El Ayak Kol Bacak Govde Muhtelif |

Sekil 10. TKi'deki 1Is Kazalarinin
Kazalanan Uzuvlara Gore Ortalama
Dagilim

4.3 is Kazalarimin Saat Dilimlerine Gore
Dagilim

Maden isletmeleri genellikle 24 saat ve 3
vardiya olarak calismaktadir. Dolayisiyla
giiniin her saatinde c¢alismalar devam
etmektedir. Bu acidan diisiiniildiigiinde
uykusuzlugun getirdigi riskler de goz oniine
alindiginda gece vardiyalarinda kazalarin
daha fazla olmasi gerektigi distiniilebilir.
Ancak TKI maden ocaklarinda en fazla
kaza 10.00-12.00 saatleri arasinda meydana
gelmistir. Bunu 08.00-10.00 saatleri takip
etmektedir (Sekil 11). En az kaza ise 00.00-
02.00 ve 04.00-06.00 saatleri arasinda
meydana gelmistir (TKi, 2011). Bu
sonuglar da gilindliz saatlerinde s
cesitliliginin ve i3 yogunlugunun fazla
olmasinin etkili oldugu disiiniilebilir.
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Kaza Saatleri

Sekil 11. TKi'deki Is Kazalarmin Saat
Dilimlerine Gore Ortalama Dagilimi
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4.4 s Kazalarinin Yas Arahklarma Gore
Dagilim

Meydana gelen is kazalari yag araliklarina
gore degerlendirildiginde en fazla kazaya
maruz kalan yas araligmin 40-45 oldugu
goriilmektedir (Sekil 12). Bu aralig1 45-50
yas arasindaki isciler takip etmektedir. Yas
araligr kiiglildiikce kaza sayisinda da
azalma dikkati g¢ekmektedir. Bunun en
onemli nedeni geng¢ isgilerin verilen
egitimlerle biling diizeylerinin en {ist
seviyelere ¢ikarilmis olmasidir. Diger
taraftan tecriibe arttikca is¢ilerin
kendilerine olan asir1 gliveni artmakta
tehlikeli tavir ve davranislar1 da buna
paralel olarak artmaktadir (TKI, 2011).
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Yas Gruplari

Sekil 12. Kazalanan Iscilerin Yaslarma
Gore Ortalama Dagilimi

5 is KAZALARININ TKi’YE

MALIYETI

Is kazalar1 hem isciyi, hem isvereni ve hem
de milli ekonomiyi ¢ok yakindan
ilgilendiren Onemli bir olaydir. Her
kazanin, kisinin kendine, ailesine ve
topluma getirdigi kayiplarin yani sira
O0denen maddi ve manevi bedelin miktari
iilke ekonomisi yoniinden oldukca fazladir.
Bu kayiplar1 Goriinen ve goriinmeyen
maliyetler olmak iizere iki baslik altinda
toplamak miimkiindiir.
Goriliniir Maliyetler;
e {lk miidahale, ambulans ve tedavi
masraflari,
e Gegici veya siirekli is goremezlik ve
6liim ddemeleri,

1954

e lIsciye veya yakinlarma &denen
maddi ve manevi tazminatlar

e Sigortaya 6denen tazminatlar

Indirekt (Gdriinmez) Maliyetler;

e Isletmenin, makinalarin, prosesin ya
da fabrikanin bir boliimiiniin yada
tamaminin kaybedilmesi,

o Iscinin tiretimde ¢alismamasi
nedeniyle is giicli ve maliyet kayb1,
Adli masraflar (Mahkeme)

Ise yeni bir iscinin alinmasi
gerekiyorsa veriminin diistik
olmasinin getirdigi maliyet,

e Kazanin getirdigi fazla mesainin
maliyeti,

e Kaza esnasinda, bu boliimde isin
durmasi nedeniyle zaman ve maliyet
kaybi,

e Proses, makina veya tezgahin kismen
ya da tamamen zarar goérmesi
nedeniyle tamir ya da yeni makina
alimimin getirdigi maliyet,

e Uriiniin ya da hammaddelerin zarara
ugramasl,

e Calisanlarin moral bozuklugu
nedeniyle dolayli ya da dolaysiz is
yavaglatmalari,

e Yeni is¢i alimi gerekiyorsa, isciye
verilen egitim ve iscinin  isi
O0grenmesi esnasinda gegen siirenin
getirdigi maliyet

e Biirokratik islemlerle ilgili harcanan
zaman ve maddi kayip,

Siparisin zamaninda teslim edilememesi
nedeniyle ugranilacak kayiplar

6 SONUCLAR VE ONERILER

Yukaridaki bolimlerde ayrintili  sekilde
aciklandig1 gibi, is kazalari hem calisanlar
hem sirketler hem de Ulke ekonomisi
agisindan ¢ok ciddi zararlara neden
olmaktadir. TKI biinyesinde is kazalari
istatistikleri dikkate alindiginda, alinan
Onlemlere paralel olarak is kazalar1 ve yol
actig1 maliyetlerde ciddi azalmanin oldugu
goriilmektedir. Bu siirecte TKI biinyesinde
is giini kayiplarmin 4 kat azaldigi, buna
bagl olarak isgiinii kayiplarindan dogan
maliyetlerin de yaklasik 3 kat azaldigi
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belirlenmistir. Bundan sonraki siiregte;
alman oOnlemlere paralel olarak asagidaki
hususlarda yapilacak iyilestirmeler ile is
kazalarinin ve getirdigi maliyetlerin daha
asagilara cekilmesi miimkiin olabilecektir.

Bu kapsamda atilmasi gereken adimlar
sOyle siralanabilir;

e Caliganlarin 6zellikle malzeme tasima
konusunda egitilmesi, zorunlu haller
disinda elle tagimanin 6niine gegilmesi,

e Acik ocaklarda is makinelerinin
Onleyici bakim ile desteklenmesi,
otomatik  koruyucu sistemler ile
donatilmasi, bu makineler ile c¢alisan

isgilerin  egitimlerinin  siirekliliginin
saglanmast,
o Ogzellikle ig¢ilerin makinelerdeki

kumanda odasi, kabin gibi alanlarin
hem ergonomik olarak hem de daha
giivenli hale getirilerek dis etkilerden
etkilenmeyecek sekildeki ekipmanlar
se¢im yapilmalidir.

e Koruyucu donanim konusunda isgilerin
aligkanliklarimin saglanmasi

e Ulkemizdeki meslek hastaliklar1 tan
sistemlerinin gelistirilmesi,

e Ulkemizde kamu eliyle yiiriitilen iSG
teknik destek hizmetlerinin artirilmasi.

e ISG egitimlerinin personelin yasinin
gozetilmeden tekrar edilmesi,

e Meslek hastaliklarina neden olabilecek
toz, giriiltii ve ergonomi bozuklugu
gibi nedenlerin ortadan kaldirilmas,

e Saglik denetimlerinin siklagtirilmasi,
iscilerin saglik kontrolleri yapildiktan
sonra iscilerin saglik durumlarina gore
gorevlendirilme yapilmasi,

e Zaman zaman anketler yapilarak
is¢ilerin durumlar1 hakkinda arastirma
yapilmast ve daha bilimsel olarak
calisilmalidir.

Sonug¢ olarak, ama¢ 6demek degil,
onlemek olmalidir. Onlemek 6demekten
hem daha insancil hem daha ekonomiktir.
Almacak onlemler  ve onlemlerin
uygulanmasinda gosterilecek dikkat ve
titizlik ile is kazalarimin sayisinda ve
maliyetinde ciddi azalmalarin yasanmasi
kaginilmazdir.
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