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0z
Anahtar Sézciikler: Soma Eynez kémir damarinda (retim farkli seviyelerde katlar olusturularak yapilmaktadir.
Soma Eynez, Damar meyili uygun olan Ust kisimlarda yatay dilimli Gretim yontemi uygulanmistir. Eynez
beton dolgu, damarinin tavaninda saglam nitelikte marn, tabaninda ise sudan etkilenen oldukca zayif bir kil
mekanizasyon, formasyonu bulunmaktadir. Bu kosullar nedeniyle ilk dilim (ayak) kdmdir tavaninda agiimakta ve
dilimli kémdr damari. damar kalinligina gore yeterli sayida diger dilimler tabana dogru agiimaktadir. Tabandaki kilden

daha az etkilenmek amaciyla bir miktar kdmdr birakildiktan sonra (zerine taban dilimi ayag!
olusturulmaktadir.

Sahadaki Uretim verimini artirmak amaciyla farkli Gretim teknikleri konusunda calismalar
yapilmalidir. Sahada heniiz taban diliminde tam mekanizasyon uygulanmadig igin karsilagilacak
sorunlarla ilgili bir tecriibe bulunmamaktadir. Teknik ayrintilarina girilmeden, burada onerilen
yontem ile tim kémurlin mekanize olarak daha hizli ve glivenilir bir sekilde retilmesi olanakli
olabilir. Yontemde taban ayak diliminin dncelikle Uretilmesi ve arkada olusan bosluk gégmeden
beton ile doldurulmasi diistnilmistlr. Bu beton dolgu, Ustiindeki panonun Uretiminde glivenli
sadlam bir taban olarak kullanilacaktir. Onerilen yéntemin uygulanabilir olmasi igin ayrintil
arastirma ve analizler yapilmalidir. Esas olarak bu yazida Soma Eynez sahasi igin farkli bir Gretim
stratejisinin tartismaya agilmasi hedeflenmistir.

ABSTRACT
Keywords: Soma Eynez coal seam is produced by constituting slices at different elevations. Seam inclination
Soma Eynez, in upper parts was suitable for horizontally sliced production method. The hanging wall of the
concrete fill, seam is strong marn whereas the footwall formation is clay with a very low strength and it is
mechanization, considerably affected by water. Therefore, the first slice (face) is operated in the roof contact
sliced coal seam. and the other slices, numbers depend on the seam thickness, are operated towards the floor. To

minimize the effects of clay formation, the last production panel is formed at the bottom on a coal
slice left above the clay contact.

Different production methods must be studied for especially to increase the production rate. A
full mechanization production in footwall panel has not been applied yet in the area therefore the
difficulties in such an application have not been experienced. It is thought that it might be possible
to produce the coal more efficiently and safely by applying the method proposed in this paper.
It is suggested that a longwall panel should be produced firstly at the floor and the gap behind
is filled with concrete preventing roof collapse. This concrete filling will be used as a safe strong
floor for the longwall panel located above. Detailed analysis and studies should be carried out on
the proposed method. In this paper, it is basically aimed to initiate a discussion on an alternative
coal production strategy for Soma Eynez coal field.

" Bu makale, Tiirkiye 24. Uluslararasi Madencilik Kongresi (IMCET 2015) bildiriler kitabinda yayinlanmistir.

This article has been published in the 24" International Mining Congress of Turkey (IMCET 2015) Proceedings’ Book.

*1igili Yazar: hmali@hacettepe.edu.tr
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GiRiS

Soma Eynez sahasi hem kalite hem de kaynak
miktari agisindan tartismasiz Turkiye’nin en
dnemli linyit varh@idir. Tirkiye Kémir isletme-
si'ne (TKI) ait ruhsat siniri ve farkli firmalarin ire-
tim yaptigi saha sinirlari Sekil 1’de verilmektedir.
Soma bdlgesinde 1960’ yillardan bu yana agik
ocak madencilidi ile linyit Gretimi yapilmaktadir.
Acik ocak Uretimi sahanin kuzeyinde yapilmak-
tadir. Ancak bu sahada acgik ocak isletmeciligi-
ne uygun linyit rezervi bitmek Gzeredir. Bununla
birlikte yer alti madenciligi ile yapilan Uretim son

yillarda énemli dlgtide artmistir (Sekil 2).

= TKIRUHSAT SINIRI

OZELLESTIRILEN SAHA
SINIRLARI
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Sekil 1. Eynez bélgesine ait TKi ruhsat siniri ve ézel-
lestirilen saha sinirlari (Unver vd., 2015)
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Sekil 2. Soma bdlgesinde yerUsti ve yer alti Gretim
miktarlarinin yillara gére degisimi (Anon, 2014)

1. SAHANIN GENEL OZELLIKLERI

Soma ydresine ait genellestiriimis stratigrafik ke-
sit goriintiisii Sekil 3'de verilmektedir. igerisinde
kdmur damarlarinin da yer aldigi farkli litolojik
birimler bulunmaktadir. Bu birimler yukaridan

asaglya dogru olmak Uzere su sekilde siralan-
makatadir:

» Serizitli kumtagi-silttagi-alacali kil (P1)

* Orta linyit horizonu (KM3)

+ Kiregtasi (M3)

* Marn (M2)

+ Alt linyit horizonu (KM2)

*  Cakiltagi-Kumtasi-Kil (M1)

« Taban: Kristalize kiregtasi-grovak (Tmk-Tmgr)
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Sekil 3. Soma yoresine ait genellestiriimis stratigrafik
kesit (Nebert, 1978 ve MTA, 2008’den degistirilerek
alinmustir)



Sahada tektonik hareketlere sebep olan c¢ok
sayida faylanmalar sonucunda kdmir damari
bloklara ayriimistir. Sekil 4’'de Eynez sahasi igin
yapilan 3B modelin plan gértntusu verilmektedir
(Tercan vd, 2011). Bu sekilden sahada 6nemli
miktarda faylanma oldugu ve kémirtn bu faylar-
la pargalanmis oldugu anlagiimaktadir.
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3. EYNEZ SAHASINDA URETIME ETKi EDEN
YAPISAL OZELLIKLER

Soma Eynez sahasinda uzun yillardir kdmuir Gre-
timi yapiimaktadir. Bu amagla hem yer alti hem
de yerustl Uretim yontemleri kullaniimaktadir.
Uzun yillardir galisilan bir saha olmasi nedeniyle
tavan tasinin yapisi, kémurtn 6zellikleri, taban
kilinin karakteristigi genel anlamda bilinmektedir.
Yapilan farkh uygulamalar ve Uretim faaliyetleri
suresince elde edilen deneyimlerden ileride uy-
gulanmasi disunulen Uretim yontemi ve strateji-
lerinin nasil olmasi gerektigi konusunda énemli
bir bilgi birikimi olugsmustur.

Sekil 4. Eynez sahasinda faylarla ayrilmis bloklarin
plan goruntisu (Tercan vd., 2011)

2. EYNEZ KOMUR KAYNAK MIKTARI VE
OZELLIKLERI

Sekil 4’de gosterilen bloklara ait yapilan
hesaplamalar ile sahada Uretime uygun
toplam yaklasik 426 milyon ton kémdr varlig
belirlenmistir. Analiz degerlerine goére ortalama
alt 1sil deg@er (AID), kil ve nem icerigi sirasiyla
3187 kcal/kg, %34 ve %14 olarak hesaplanmis-
tir.

Sekil 5’de kémir damar kalinhgina ait blok
model verilmektedir. Ortalama damar kalinligi
yaklasik 20 m olmasina ragmen bazi bélgelerde
damar kalinliginin 60 m’ye kadar yukseldigi
gorilmektedir. Saha kenarlarinda kalinhgin daha
az, kdmur olugsumuna uygun olarak beklendigi
sekilde orta kisimlarda kalinhdin artmakta
oldugu anlagiimaktadir (Tercan vd., 2013).

Kalinlik, m

B o00-s5.00
W s00-10.00 ||

10.00 - 15.00
15.00 - 20,00

20.00 - 25.00

45.00-50.00

50.00-55.00

W s5.00- 60.00
1

Sekil 5. Eynez sahasina ait kalinlik blok model gérun-
tusu (Tercan vd., 2013)

Kémur damarinin kalin damar sinifina girmesi
uretim ile ilgili secenekleri artirmakta ve bir an-
lamda Uretim faaliyetlerini ince damar kémur
Uretimine kiyasla daha karmasik hale getirmek-
tedir. Bu nedenle, secilecek olan uretim yontemi-
nin riski en aza indirecek nitelikte olmasi zorun-
ludur. Eynez sahasi i¢in yapilan ocak planlamasi
ve tasariminda bazi 6nemli noktalar dikkate alin-
maktadir. Ocak planlamasi ve buna bagl olarak
Uretim yontemi sec¢iminde dikkate alinmasi ge-
reken temel parametreler asagida liste halinde
sunulmaktadir (Tercan vd., 2011).
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*  Damar kalinligi ve damar 6zellikleri
» Tavan tasi 6zellikleri
» Taban kili 6zellikleri

+ Komdirin ve yan kayaglarin metan gazi ige-
rikleri

* Yapilmasi planlanan yillik Gretim miktari
« En az kdmur kaybiyla dretim yapiimasi
* Hazirhk galerilerinin konumlari

» Ocak yanginlariyla micadele yontemi

3.1. Damar Kalinligi ve Damar Ozelliklerinin
Etkisi

Yapilan kati model 6zelliklerine goére, sahada-
ki kbmUr damari kalinhigi 1,8-62 m arasindadir.
Kalinhgin degisken olmasi segilecek Uretim stra-
tejisini onemli dlclide etkileyen bir faktor olarak
karsimiza ¢gikmaktadir.

Sahada Uretim temel itibariyla dilimli ve tavan
kédmurdnin ayak arkasindan gogertilmesi sure-
tiyle yapilmaktadir. Mekanize ayaklarda ayna-
da tamburlu kesici, klasik ayaklarda ise delme
patlatma suretiyle kdmir kazilmaktadir. Tavan
kdmurt gogertmeli (top coal caving) yontemde
Uretimin en kritik asamasi tavan kémurinidn go-
certilerek ayak arkasindan kazaniimasidir (Un-
ver, 1996 ve 1997). Diger bir ifadeyle, aynadaki
komdarin kazilmasi genel itibariyla sorun yaratir
nitelikte degildir ve ydntemin verimli ve guvenli
bir sekilde uygulanabilmesi buyuk dlglide tavan
komarinin gogertilerek Uretilmesine baghdir.
Ayna kesimi birka¢ saat icerisinde tamamlana-
bilmekte ve geri kalan slrenin tamami arka ko-
murdnun alinmasi ve ayagin yeni bir ayna kesi-
mine uygun hale getirilmesi icin harcanmaktadir
(Unver vd, 1991). Tavan kémirinin Uretiimesi
sirasinda hem Uuretilen komiure tavan tasi karisa-
rak kémdurl seyreltmekte hem de ayak arkasin-
da 6nemli bir miktarda kémur Uretilemeden heba
olmaktadir. Yapilan isin dogasi geregi ne tavan
tasinin Uretilen kdmdare hi¢ karigsmadigi, ne de
ayak arkasinda hig kdmur birakilmadigi bir yon-
tem olabilir. Ancak bu seyrelme ve kayiplarin en
az duzeyde olmasini saglamak gerekmektedir.

Ayak arkasindan gogcertilen kdmurin kazanilma
verimi tavan diliminde bulunan kdmdarin dizenli
bir sekilde akmasi ile saglanabilir. Bu da tavan
kdmarunin olabildigince homojen bir tane bo-
yunda olmasi ile saglanabilir (Yasith and Unver,
2004; Yasith ve Unver, 2005; Unver ve Yasitl,

2006). Uretimin en az kémir kaybiyla yapila-
bilmesi icin gogertilen tavan kdmurinin dretim
oncesinde zayiflatiimasi seklinde bir sartlandir-
ma yapiimalidir. Kémir damari, farkli 6zellikle-
re sahip damarlardan olustugu ic¢in her kismin
dayanimi farkl olabilmektedir. Eynez sahasinda
kdmur damar yapisi incelendiginde komdar kalite-
sinin damar tavanindan tabanina dogru azaldigi
ve komdar kil igeriginin arttigi goralmektedir. Ko-
mur igerisinde bulunan kil yizdesinin artmasiyla
dayanim dismektedir. KbmUr damar dayanimi-
nin degisken olmasi tavan komurinin gé¢me
ozelliklerini buyUk olglde etkilemektedir. Ayri-
ca kdmir damarinin tavana yakin kisimlarinda
oldukga yuksek dayanima sahip sileks bandi
bulunmaktadir. Sonug¢ olarak, tavan komuri-
ndn kolay akmasini teminen gdécertme oncesi
damar igerisinde gé¢cmeyi zorlagtiran kisimlarin
yapay sekilde (gevsetme patlatmasi benzeri)
zayiflatimasi gereklidir. Bu sayede tavan
kodmurinin daha kolay akmasi saglanarak tretim
hizi ve verimi 6énemli oranlarda iyilestiriimelidir.
Tavan komdrinin goé¢gme mekanizmasi ve
onerilen uygulama ile ilgili ayrintilar yukarida su-
nulan kaynaklarda bulunabilir.

3.2. Tavan Tasinin Yapisi ve Gogme Davranisi

KM2 damari tavaninda M2 marnlari ve daha Ust-
te de M3 kirectaslari bulunmaktadir. M2 marn-
larinin kalinligi, havza genelinde 50-130 metre
arasinda degisim gosterirken Eynez sahasinda
3-120 metre arasinda olup, oldukga masif ve
saglam bir yapiya sahiptir. M2 marnlari tzerin-
de bulunan M3 kirecgtaslari ise genelde 14-120
metre kalinlik gésterirken Eynez sahasinda 1-60
metre kalinhda sahip olup genel itibariyla M2’ye
benzer sekilde saglam bir yapiya sahiptir (Unver,
1995b). Netice olarak, gdgertmeli Uretim yontemi
kullanilmasi sirasinda kémur damari tavan tasi-
nin masif ve saglam olmasi, gé¢me sorunlarina
neden olma potansiyeline sahiptir. Esasen bu
durum gegmiste yapilan Uretim faaliyetleri sira-
sinda net olarak tespit edilmis olan bir olgudur.
Dolayisiyla, gégertmeli bir tretim yontemi kulla-
nilmasinin zorunlu olmasindan hareketle, tavan
tasi gogertilmesini kontrol etmek, secilecek olan
yontemin en Onemli parametrelerinden birisi
olacaktir. Sonug olarak, sahada 6ncelikle tavan
tasinin hemen altinda bir ayak olusturularak
Uretim yapilmasi gerekmektedir. Ayak ilerleme-
si sirasinda goguk arkasinda kalan tavan tasi-
nin dizenli olarak patlatilarak zayiflatiimasi ve
goécmenin duzenli olarak gerceklesmesi saglan-
malidir (Unver, 1995a). Gégmenin nasil gelistigi



Olcimlerle izlenmeli ve ayrica goguk igerisindeki
gaz dzellikleri de mutlaka takip edilmedir.

3.3. Taban Kili Ozelliklerinin Etkisi

Damar tabaninda yer yer kalinhgi énemli mik-
tarlara ulasan M1 kili bulunmaktadir. isletme
sirasinda kaginilmaz olarak ortamda su buluna-
cag! gerceginden hareketle taban kilinin plastik
Ozellige sahip olmasi 6nemli sorunlarin olusma-
sina neden olacaktir. Bu nedenle kémur dama-
rinin taban tagi kontaginda en az 1 m’lik kismin
alinmadan birakiimasi  gerekecektir. Diger
taraftan damar tabaninda olusturulacak olan
son dilimin Uretilmesi sorunlu olacaktir. Tabanda
bulunan M1 kilinin plastik 6zellik gdstermesi
nedeniyle ayak i¢ci mekanize tahkimat tnitelerinin
agirhgini tagsimasi oldukga zordur.

3.4. Metan Gazi Gelirinin Etkisi

Eynez sahasinda projelendirilen derin kisimlar-
da metan gazi gelirinin olacagdi bilinmektedir.
Metan gelirinin hangi seviyelerde olacagini elde-
ki bilgiler 1s1ginda tam olarak sdylemek olanak-
sizdir. Proje uygulanmadan dnce mutlaka kdmar
damari ve yan kayaclarin metan icerikleri belir-
lenmek zorundadir. Kalori, kil ve nem dagilim-
lari gibi metan dagilim haritalar da ¢ikariimali-
dir. Halen yer alti Gretimi devam eden ocaklarda
yapilan ¢alismalarda dnemli miktarlarda metan
gelirinin oldugu tespit edilmistir. Bu ocaklarda
yapilmis olan calismalardan elde edilen bilgi-
ler 1s1ginda metan drenaji yapilmadan ocaktan
kémdar dretimi yapilmasinin riskler tasidigi soy-
lenebilir. Bu nedenle, Uretim dncesi kémur ice-
risinde bulunan metanin mutlaka drene edilerek
riskin azaltilmasi gerektigi uzun sayilabilecek
bir sredir vurgulanmaktadir (Tercan vd., 2011).
Kémur ve/veya yan kayagtan metan gelirinin ol-
masi kesin oldugundan ocak havalandirmasinin
en guvenli bir sekilde yapilmasi zorunludur. Bu
nedenle, ocak planlanirken metan igerecek ha-
vanin diz veya basyukari hareket etmesi pren-
sibi benimsenmelidir. Metan havadan daha hafif
oldugu icin hava dénus yolunda metan icerecek
olan hava mutlaka duz veya yukari gidecek se-
kilde planlanmalhdir.

3.5. Hazirlik Galerilerinin Konumlari

Normal sartlarda kdmur ocaklarinda tim hazirlik
galerilerinin taban tasinda surtlmesi tasman et-
kisinin en aza indirilmesi agisindan tercih edilir.
Eynez sahasinda taban tasi olduk¢ga yumusak
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ozellikli kiltasidir. Sahanin dogu kisimlarinda
M1 kili kalinhdi az olmakla birlikte bati tarafin-
da oldukca fazladir. Bu nedenle, genel itibariy-
la hazirlik galerilerinin tavan tasinda surulmesi,
madencilik geleneklerine goére tercih edilen bir
yontem olmamakla birlikte, Eynez sahasinda bu
bir zorunluluktur.

3.6. Ocak Yanginlariyla Miicadele Yontemi

Eynez sahasinda yapilmakta olan Uretim ¢a-
lismalari sirasinda birgok ocak yangini ile kar-
silagiimistir. Buradan komurin kendiliginden
tutusma riskinin ylUksek oldugu sonucuna kolay-
likla varilabilir. Kalin damar Uretiminde en kritik
konulardan birisi, Uretim alani hemen terkedi-
lemeyerek alt dilimlerin de sonradan uretiimesi
gereginden dolayi, yangin problemidir. Yanginin
Onlenebilmesi agisindan ilerleme hizi artiriimali,
ayak arkasinda birakilan kdmur en az dlizeyde
tutulmali ve gog¢lge hava gitmesi onlenmelidir
(Unver ve Demirbilek, 1994). Sahada bundan
sonra yapilacak olan ¢alismalarin metan riski de
tasidigindan hareketle olabilecek bir ocak yan-
gini ile micadele ¢ok zor ve daha riskli olacak-
tir. Bu nedenle, yangin ¢ikmasini énleyecek her
trli 6nlem alinmalidir. Bu amag dogrultusunda,
her dilimin Uretilmesi sonrasinda termik santral
kili—su karigimi ile dolgu yapilmalidir. Ayrica
ayak arkasindaki goglk icerisinde bulunan or-
tami izlemek amaciyla géglkteki oksijen, metan
ve karbon monoksit degerleri stirekli dl¢tlmelidir.
Ayrica ayak arkasinda sicaklik degerleri de 6lgu-
lerek ileride yangin olusturacak niive erkenden
tespit edilmeli ve bu bdlgeye azot gazi basilarak
yangin daha olusmadan énlenmelidir.

4. MEVCUT URETIM YONTEMi VE
TARTISILMASI ONERILEN DEGISIKLIK

Soma Eynez sahasinda uygulanan Uretim yon-
temi Sekil 6’da verilmektedir. Oncelikle tavanda
bir ayak olusturulmakta, daha sonra ikinci dilim
ve en sonunda ise taban dilimi Uretiimektedir.
Damarin ¢ok kalin oldugu durumlarda tavan ve
taban ayaklari arasinin iki kat halinde alinmasi
seklinde planlama yapilmaktadir. Bu durumda
Uretim toplam olarak dért dilim halinde gercek-
lesmektedir.
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Sekil 6. Eynez sahasinda genel olarak uygulanan Gre-
tim yontemi (Anon, 2014)

Eynez sahasindaki kdmartn kalinhgi, tavan ve
taban Ozellikleri Uretim ydntemini belirleyen en
onemli parametrelerdir. Alt kotlarda metan igerigi
artacag! icin, ocak yanginlari ve metan sorunu
daha belirleyici olacaktir. Tavan tagi altinda bir
ayak olusturulmasi ve bu sayede tavan tasinin
kiriimasi zaten bir zorunluluktur ve bu yontem-
de bir degisiklik yapilmasi uygun olmayacaktir.
Hatta tavan tasinin Ust kotlarini daha iyi kontrol
edebilmek i¢in tavan tagsi icerisine, tavan tasini
zayiflatacak patlatmalarin yapilabilmesi, kil dol-
gusunun daha verimli olarak uygulanabilmesi ve
metan drenajinin yapilabilmesi igin yollar acil-
masi etit edilmelidir.

Eynez sahasinda gecmiste yapilan Uretim calig-
malari esnasinda karsilasilan en énemli sorun
damar tabaninda bulunan M1 kilinin gok zayif ol-
masindan kaynaklanmaktadir. Taban kili sudan
son derece kotu etkilenen ve tasima kapasitesi
dUsuk olan bir yapidadir. Tabanda bulunan kisim
mevcut uygulanan yontemle en son uretildigi
icin yukarida yapilan Uretimler sirasinda basing
dagihmi degismekte ve oOzellikle Ust dilimler-
de yogun olarak karsilasilan suyun bu bolgeye
sizarak taban Kkilini bakir durumuna gére daha
zayif hale getirmektedir. Bu nedenle Eynez sa-
hasindaki taban dilimi mevcut bakis agisiyla ya
¢ok sorunlu bir sekilde Uretilebiler ya da belki
de hi¢ Uretilemez. Bu da Ulkemizin kit kaynak-
larinin yeterince kullanilamamasina yol agabilir.
Taban dilimindeki komur Uretilse bile mekanizas-
yon uygulamasi disiuncemize gore ¢ok zordur.
Mekanizasyon uygulanmadigi zaman bu komur
klasik ve yari mekanize yontemlerle Uretilebilir;
ancak bu durumda da ayagin ilerleme hizi ¢ok
dusuk olacaktir. Killi, 6zellikle sudan etkilenen,
bir yapi igerisinde duraylihdi saglamanin en te-
mel kosulu ilerlemeyi ¢ok hizli yapmak ve bir
an once sorunlu bolgeyi terk etmektir. Ayrica bu
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durum yangin riskleri icin de bdyledir. ilerleme
yavas oldugu surece yanginla karsilasiima riski
¢cok yuksektir. Killi boélgelerde ayak iginin duray-
g1 dnemli olmakla birlikte taban yollarinin du-
rayhligi cok daha fazla 6nem tasir. Taban yollari
sisme 6zelligine sahip kil igerisinde uzun sureler
tutulamayacagi icin gok miktarda tamir tarama
yapllmasi gerekecektir. Bu da Uretimin hem zor
hem de ¢ok maliyetli olmasi demektir.

Yukarida agiklanmis olan nedenlerden dolayi,
uretime mevcut durumda oldugu gibi tavan aya-
giyla baslanmadan, bakir bir sahada 6ncelikle
taban kilinin 1-2 m Gzerinde bir ayak olusturul-
masi ile baslanmalidir. Bu ayak ilerlerken ayak
arkasi gé¢gmeden tamamen beton ile doldurul-
maldir. Bu dilimde ayak arkasi gé¢gmesine izin
verilmeyecegdi icin mumkin oldukga hafif ve
yuksekligi ¢galisma rahatligi saglayacak en du-
sUk miktarda bir mekanize sistem secilmelidir.
Bu bakir sahada taban kdmuru Uretimi yapil-
diktan ve ayak arkasi tamamen beton ile doldu-
rulduktan sonra, mevcut yontemde oldugu gibi
tavan ayagi olusturmak ve tavanin muntazam
bir sekilde kirilmasini saglamak gerekmektedir.
13 Mayis 2014 faciasinda da goéruldugu tzere
tavanin duzenli olarak oturtulmasi biyik énem
arz etmektedir. Bu islem icin yapilacak olan &l-
¢Umler neticesinde belki de tavan tas! icerisine
sirf tavan tasini kirmak igin galerilerin agilmasi
dahi gerekli olabilir. Bu konu bilimsel galismalar
yapilarak degerlendirilmelidir. (Sekil 7)

Sekil 7. Beton dolgulu taban ayak Uretiminin sematik
gésterimi (Unver vd., 2015)

Tavan dilimi normal olarak uretilirken tavan tasi
zayiflatilmasi icin tavana deliklerin delinmesine
ek olarak tabanda bulunan kémdr icerisine de
yogun bir sekilde midahale ederek hem metan
drenajinin saglanmasi hem de altta olusturula-
cak olan ayagin Uretimi sirasindan tavan kému-
rintn kolay akabilmesi igin sartlandirma yapil-
masI mutlaka gerekecektir. Bu ydntemin ayrinti-



lari ve saglayacag faydalar literatlirde verilmistir
(Yasith and Unver, 2004; Yasith ve Unver, 2005;
Unver ve Yasitli, 2006). Kémir damari kalin ol-
masI nedeniyle dusey kesiti boyunca hem kalo-
rifik deger hem de dayanim agisindan sabit 6zel-
liklere sahip degildir. Damarin gé¢gme sorunu ya-
ratacak kisimlari 6nceden tespit edilerek tavan
dilimi Uretimi sirasinda kiuguk catlaklandirma
patlatmalari ile zedelenmelidir. Bu sayede esas
Uretimin yapilacagi alt ayakta kdmurun rahat bir
sekilde akmasi temin edilmelidir. Metanin drene
edilmesi ve damarin sartlandirmasi gerek gorul-
diigu takdirde bakir sahada ilk defa Giretime bas-
lanan beton dolgulu taban ayak tavaninda da
uygulanmalidir. Bu sayede beton dolgu Uzerinde
olusturulacak olan ana Uretim ayagi igin tavan
kdmurl hazir hale getirilmis olacaktir. Tavan di-
limi Uretilirken ve Uretildikten sonra ayak arkasi

mutlaka kul ile doldurulmahdir (Sekil 8).

Sekil 8. Tavan ayak Uretiminin sematik gosterimi
(Unver vd., 2015)

Tavan dilimi Uretimi tamamlandiktan sonra ta-
bandaki beton dolgu Uzerine ana Uretim ayagi
yerlestiriimelidir (Sekil 9). Ana Uretim ayaginin
taban yollari da beton dolgu lGzerinde olmalidir.
Bu nedenle ana Uretim ayaginin uzunlugu ta-
ban yollari beton dolgudan yeteri kadar igeride
olacak sekilde secilmelidir. Ana Uretim ayaginda
mutlaka ¢ift konveydr bulunmalidir. Bu ayaktan
¢ok ylksek Uretim yapilacak sekilde tasarim ya-
pilmalidir. Esasen beton dolgulu taban ve tavan
tasini kirmaya yonelik olarak olusturulan tavan
ayak bu ayakta yapilacak olan uretime bir gesit
hazirlik niteliginde olacaktir.

Beton dolgu Uzeri ana dretim ayagi tavan ve ta-
ban dilimi arasini bir defada almak Uzere tasarla-
nabilir. Kbmir damarinin kalin oldugu kisimlarda
gerekli goéruldigu takdirde halen sahada uygu-
landigi sekilde tavan dilimi altina bir dilim daha
eklenerek onerilen yéntem uygulanabilir (Sekil
10). Bu sayede bir defada gogertilecek olan ta-
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van kdmurl kalinhgini azaltmak mumkuin olabi-
lir. Onerilen yénteme ait pano enine alinmis olan
kesit gortinti Sekil 11°de verilmistir.

Dolgu Ustii Ayak
o aa AT
Taban

: A Wit ok e B A & 3
Sekil 9. Dolgu uzeri ana Uretim ayadinin sematik gos-
terimi (Unver vd., 2015)

Sekil 10. Yiksek damar kalinlklarinda uygulanabile-
cek alternatif (iretimin sematik gosterimi (Unver vd.,
2015)

Metan drenaji
ve kbmirin
gocebilmesi
icin
sartlandirma

Q Ust Ayak Q

Metan drenaji
ve komarin
gdcebilmesi
igin

sartlandirma

| i S AN LA e, S R ‘:ﬁ‘
Sekil 11. Onerilen (retim yénteminin kesit goriinisi
(Unver vd., 2015)

Degisik dilimlerdeki panolarin geometrik konumla-
ri en uygun basing dagiliminin olusmasi ve kdmur
kazaniminin saglanmasi dikkate alinarak belirlen-
melidir. Burada verilen sekillerdeki pozisyonlar bu
parametreler dikkate alinmadan, genel Uretim fel-
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sefesini agiklamak amaciyla olusturulmustur.

Beton dolgu uzerine olusturulacak ana Uretim
ayagi ilerleme yonu ayrintili bir calisma sonra-
sinda belirlenmelidir. Bu ayak dogrultu boyunca
ilerletilebilecegi gibi meyil asagi da calistirilabi-
lir. Bu durumda arka kdmurtnin alinmasi daha
etkin ve verimli olarak yapilabilir. Sonu¢ olarak
bu tlr ayrintilarin dikkatlice etlid edilmesi 6ne-
rilmektedir.

SONUCLAR

Eynez sahasinda tam mekanize Uretim yontemi-
nin uygulanma ge¢gmisi fazla degildir. Manuel ve
yarl mekanize ydntemlerde kasilasilan sorunlar
tam mekanize ydéntemdekinden ¢ok farkli olabi-
lir. Sahada yuksek verimlilikte Gretim yapmanin
on kosulu mekanize ydntemleri kullanmaktir.
ileride daha fazla mekanizasyon kullanmay! he-
deflerken bu uygulamanin kendine has birgok
sorunu da beraberinde getirecegini distinmek
gerekmektedir. Bu nedenle, madencilik bilim ve
teknolojisi tam olarak uygulanmadan bu isin ba-
sarili olabilmesi mimkun degildir. 13 Mayis 2014
faciasinin temel nedenlerinden birisi budur; bir
kac yUz bin ton dretim yapmak igin gerekli olan
arastirma, projelendirme ve uygulama, yilda 3,5
milyon tonluk tretim yapilan bir ocaktakinden ta-
mamen farkli olmak zorundadir.

Sonug olarak burada Eynez sahasinda uygu-
lanabilme kosullarinin tartismaya acilabilmesi
amaciyla yeni bir Gretim yontemi yaklasimi su-
nulmaktadir. Onerilen Uretim ydéntemindeki tim
ayrintilar belirlenmis olmamasina ragmen yonte-
min konu ile ilgili herkes tarafindan 6nce tartisil-
masi ve sonra gerekli bilimsel ¢calismalarin yapil-
masi hedeflenmektedir. Yontemin ayrintili olarak
calisilmasi ve gerekli ayrintida sayisal modelle-
rinin yapilmasi neticesinde detaylarinin belirlen-
mesi mumkun olacaktir. Bunu yapabilecek bilgi
birikimi tlkemizde yeterince vardir. Hem Soma
hem diger madenlerimizle ilgili temel ¢bziimlere
blylk olgtide lGlkemizde yapilacak arastirmalar,
bilgi birikimi ve tecrlbe ile ulasilabilecegdi bilin-
meli ve bu yonde gerekli diizenlemelerin acilen
yapllmasi gerekmektedir.
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ABSTRACT

Mining wheel loaders loading haul trucks, in contrary to earthmoving equipment which have 360
degrees slewing capability of upperframe, have an entirely different cycle time phases: Travel
to dig (TTDG), Dig (DG), Travel to dump (TTDMP), and Dump (DMP). Therefore, the cycle time
(CT) of @ mining loader is comparatively higher than that of an equivalent sized excavator with a
rotating upper frame. However, whenever mobility and versatility of the loading tool is essential
such as selective mining applications the wheel loaders are favoured. Investigating cycle time
segments may give qualitative and quantitative hints for improving the cycle times of the loader
applications upon changing the operators and the truck spotting layouts. Therefore, studying
cycle time statistics and cycle time frequency distribution curves are important. In the article, two
cases are explored one being from Brasil, the other one is from Turkey. Sample CT segments and
CT distribution curves are investigated and discussed

0z

Kazdiklarini kamyona yiiklemekte olan tekerlekli maden yukleyicilerinin déngu stiresi evreleri
kule donuslu makinalardan bitiinGyle farklidir. Bu evreler kaziya gidis, kazi, bosaltmaya gidis
ve bosaltma evrelerinden olusur. Bu nedenle maden yukleyicisinin is donglst esdeder kule
dénuslu yerkazardan daha uzundur. Ancak segmeli kazi gerektiren madenlerde oldugu gibi ok
gezingenlik ve esneklik gereken uygulamalarda yiikleyiciler yeglenir. Is déngiisii evrelerinimn
incelenmesi is dongiisiini gelistirme yéniinde nesnel ve nicel ipuglari verebilir. Ozellikle operator
degisikliklerinde ve kamyon yanastirma duizeni degistirildiginde, bu evreler incelenmelidir. Bu
yizden is dongust istatistiklerini ve is dongust dagilim egrilerini incelemek olaganistl énemlidir.
Bu makalede biri Brezilya'dan biri de Tiirkiye'den olmak iizere iki olay calisiimistir. Ornek is
dongusu evreleri ve is dongust dagilim egrileri arastiriimis ve tartisiimistir.

* Corresponding author: metinozdogan@gmail.com
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INTRODUCTION

Traditionally wheel loaders are used in auxili-
ary works in mining such as spoil heap loading
of ore and coal and as backup equipment. The
growing size of the off-highway trucks necessia-
ted the development of larger mining size wheel
loaders in recent years. The large wheel loaders
are used in overburden and/or ore digging and
loading operations wherever the conditions are
favourable and benches are blasted. The wheel
loaders are capable of load haul and dump of the
material to the bunkers if the hauling and dum-
ping distances are favourable and to haul trucks.

The wheel loader application necessiates more
bench space for manoevouring (wider benches);
needs a level and stable floor in order to protect
tyres which is a big investment item. Floor must
be flat and dry due to the fact that traction force of
the tyres is a key factor in wheel loader operation.
Wheel loader application needs stronger floors
ie higher ground pressure of 0,41 MPa to 0,552
MPa (4,22 kg/cm? to 5,62 kg/cm? (Grant, 2016).

Electric Wheel Mining Loaders: Today both me-
chanical wheel loaders (MWL) and electric whe-
el loaders (EWL) are available for mining size
applications. Electric wheel loaders are mainly
favoured instead of equivalent mechanical drive
loaders because of the fuel economy which is
45 to 60 % less than the mechanical one depen-
ding on the application (Norris, 2013). Lubricant
consumption amount is smaller since it has not
got any gearboxes and conventional transmissi-
ons. Furthermore, less number of components
means less parts consumption. Because of its
simple structure, repair and maintenance expen-
ditures are less. Eventhough the first capital in-
vestment is a little bit higher with respect to equ-
ivalent mechanical drive ones, this difference is
compensated in a short while with the lower cost
of operation (Ozdogan and Ozdogan, 2015a).

The electric wheel drive system consists of a
brushless switched reluctance motor combined
with high-power semiconductor switches and
digital controls. The SR motor includes a rotor
with no magnets or windings and a stator who-
se poles contain a winding, similar to a field of
a DC motor. The SR system employs the prin-
ciple of magnetic attraction to move the motor’s
rotor from pole to pole creating rotation (Fleet,
2012). SR motor achieves rotation by the sequ-
ential energizing of stator poles. When the stator
pole winding is energized, the nearest rotor pole
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is attracted into alignment with that stator pole.
The rotor will follow this sequence, attempting
to align rotor poles with energized stator poles.
However, as the rotor and stator poles align,
the stator poles switch off and the next group of
stator poles switch on, continuing the rotation of
the rotor (Fleet, 2012). The switched reluctance
motor generates continuous movement by con-
secutively switching the currents on and off, thus
ensuring the poles on the rotor are continually
chasing the stator current. The movement achie-
ved is a function of the current flowing through
the winding and the characteristics of the iron in
the rotor (Fleet, 2012).

Atypical electric wheel loader loading cycle is ide-
al for capitalizing on capturing regenerated power
with multiple braking. Utilising switched reluctan-
ce system allows power generation to be fully
regenerative, resulting in a very efficient wheel
loader operation. During braking or retarding ele-
ctrical motors become generators and feed power
back into the generator which is connected to the
diesel engine. Ultimately, this causes the gene-
rator to operate as a motor and turns the diesel
engine (Ozdogan and Ozdogan, 2015b).

One of the reasons why electrical Wheel loa-
der is preferred by the mine sites is the fuel sa-
ving achieved by the equipment. It regenerates
power in breaking or retarding during the phases
of cycle time; as motors behave as generators
and pump the power back to the generator; ge-
nerator acts as motor and drive the prime mover
diesel engine. That is how the major fuel saving
is achieved.

Technical Specifications of the Electric Wheel
Loaders Examined are given in Table 1, See
Photograph 1.

Table 1. Some technical specifications of L-1350 Ele-
ctric Wheel Loader (Anon a, 2016)

Specification Standard Lift Model  High Lift Model
Country Brasil Turkey
Engine, KW 1193 1193
Breakout Force, kN 961 987
Operating Weight, t 184 186
Static Tipping Load, t 102 95
Bucket Capacity, m3 23 21
Payload, t - 31
Payload Limit, t - 34
Overload Limit, t - 374
Critical Overload Limit, t - 40.8




Photograph 1. L-1350 is loading to Hitachi
EH400AC-3 truck at the gold mine
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Technical Specifications of the off-highway tru-
cks loaded by the 21 m?® electric wheel loaders
are as follows:

Table 2. Some technical specifications of the trucks
being loaded by L-1350s

Specification Cat785C  EH400 AC-3 Cat 793
Country Turkey Turkey Brasil
Engine (kW) 1082 1864 1693
Nominal Payload (t) 136 212 227
Loading Height (m) 497 6.13 13.14
Operating Weight (t) 250 384 386
Operating Width (m) 6.64 7.29 13.41

Loader and Truck Spotting layouts: Wheel lo-
ader operators should also be trained on truck
spotting techniques to have shorter cycle times.
Truck spotting is the responsibility of the loader
operator, (Anon.a). The hands on training cour-
ses cover the truck spotting layouts and tech-
niques which are illustrated below. It is one of
the important factors impacting the cycle time
improvement.

As depicted in Figure 1, V-type truck spotting
and loading is to be favoured. Operator to make
a tight V-pattern between the material, wheel lo-
ader pivot point and the truck (Anon. a, 2016).

Figure 1. Wheel loader and truck spotting layouts
(Anon. b, 2016)
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Sometimes there are situations where it is diffi-
cult for the loader to work left to right. In these
cases it is best to perform parallel digs, which
run right to left, See Figure 2. The dig face is nar-
row. In a parallel dig, there is usually no pocket,
so position the trucks at 15 to 20 degrees from
perpendicular. That sets up the V-pattern for the
loader (Anon. b, 2016).

o
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Figure 2. Wheel loader’s paralel dig layout (Anon. b,
2016)

Cycle Time Segments of Earthmoving Equip-
ment: Hydraulic shovels, electric rope shovels
and walking draglines have rotating upper fra-
mes; swing roller assembly swings on swing
roller path and the upper frame is slewed by
swing pinion thru a swing ring gear. Therefore,
the cycle time segments of these equipment ha-
ving slewing roller assembly between lower and
upper frames are basically digging, swinging to
load or dump, dumping and swinging back to di-
gging. However, this is not the case with wheel
loaders; in order to complete the cycle the equ-
ipment has to travel back and forth. In contrary to
revolving frame shovels, wheel loaders have dif-
ferent cycle time segments: Travel to dig (TTDG),
Dig (DG), Travel to dump (TTDMP), and Dump
(DMP). Ozdogan and Ozdogan (2015b) studied
the cycle time phases of electric wheel loaders.

Cycle time distribution curves and cycle time
segments statistics give clues about the perfor-
mance of the equipment and the operator and
the success of the present truck and loader la-
yout at the bench. Thus give hints to improve the
cycle times; naturally, improving cycle times imp-
ly shortening the cycle times.
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1. ELECTRICAL WHEEL LOADER CASES
MONITORED

The electric wheel loaders in question have on-
board PreVailSystem® monitors. The wheel loa-
ders have mainly two types of applications: The
major application is to dig and dump to a hauler.
Minor application is dig, haul and dump to a bun-
ker, to as spoil heap or to a in pit dump area. In
the monitored cases, the loaders were loading to
off-highway mining trucks. If the loader is dum-
ping to a truck tray, the dump segment includes
raising of full bucket beyond the level of truck
body. Therefore, it is expected that dumping time
is higher than that of a dig-haul and dump to an
in-pit spoil area application.

1.1. An Iron Ore Mining Application of Mining
Loader

The first electric wheel loader investigated is a
high-lift electric wheel loader (L-1350) having a
21m3 bucket operating at an iron ore digging in
Brasil and loading into 200 tonnes range off-hi-
ghway trucks in 8 passes. The average payload
of the bucket is 29 tonnes and the average cyc-
le time is 44,74 seconds for the case explored.
Average truck filling time is 7,25 minutes (KIlink,
2015).

Cycle time of a wheel loader comprises of Travel
To Dig (TTDG), Dig (DG), Travel To Dump (TTD-
MP), and Dump (DMP) phases. Duration of seg-
ment times depends on the truck loader layout at
the face, skill and experience of the operator and
design features of the equipment, pit geometry
and blasting. See Table 3, 4 and Figure 3 and 4.
Please note that in the cases explored the wheel
loaders were loading haul trucks; therefore tra-
vel to dump phase should be understood as tra-
vel to truck to unload the bucket.

Figure 3 depicts the percentages of the seg-
ments of the cycle time as a result of a week’s
observation, see Table 1, too. Cycle time con-
sists of 21,9 % Travel to dig segment, 9,7 % Dig
segment, 49,7 % Travel to dump segment and
18.7 % Dump segment. Travel to dump segment
takes the highest time among the segments
as expected because in this segment the equ-
ipment travels towards the haul truck with full
bucket. The second highest time is consumed
in Travel to dig segment, which should not take
such a high percentage; | think it due to the la-
yout of truck and loader with respect to the bank.
The third highest time consuming segment is
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Dump with 18.7 % which is expected to be a time
consuming segment because the full bucket is
lifted up to a higher level than the truck body for
dumping. It is a difficult segment due to the fact
that the loader is overcoming the gravity of the
earth. The digging time is the shortest with 9,7
% indicating that muckpile is good fragmented.

Cyele Time [CT) Segments of the Case From Brasil L1350
{#1 cwm) for a Week in 2015, lron Ove Mine

@ T
8 0G
@ TTOMP
@ ovP

Figure 3. CT segment percentages of the mining loa-
der in the iron mine

Table 3. A week’s CT statistics of Feb 24—March 2015
L-1350 (an iron mine in Brasil)

Shifts (8h) TTDG(s) DG(s) TIDMP(s) DMP(s) CT(s)

Shift 1 9.76 4.34 22.14 8.33 44.53
Shift 2 9.19 5.00 22.71 9.50 46.42
Shift 3 7.62 4.83 22.88 7.87 43.28
Mean 8.86 4.72 22.58 8.57 44.74

Monitoring cycle time segments is important;
analysis of time of each segment gives hints on
the layout of the loader and haul truck, skill and
experience of operator, fragmentation of the mu-
ckpile etc. By analyzing the cycle time phases
one may have clues on how to shorten the cycle
time.

1.2. A Gold Mining Application of Mining
Loader

The second electric Wheel loader studied have
a 21m?® bucket and a highlift one (L-1350) ope-
rating at gold mine in Turkey. The loader opera-
tes in digging rock and ore and load 150 tonnes
rock trucks in five passes whereas loading 220
tonnes trucks in 7 passes. Average bucket pay-
load is about 30 tonnes; average cycle time was
in the range of 45 seconds (Anon a, 2016). The
rock material is of volcanic origin with a loose



density of 1,30 tonnes/ m3 and it is very abra-
sive. It is a hardrock operation and the banks
are blasted. The deposit is a porphyry gold de-
posit formed beneath coeval Miocene volcanic
complex in western Anatolia. It is a low-grade,
bulk-tonnage open pit mining operation; gold re-
covery is by heap leaching. Haul road distance
to dump area varies from 1,5 km to 3 km; grade
varies from 3% to 7% depending on the depth of
operation in the pit.

CT Segments of the Turkish Case L-1350 for a Week in
2016. TTD (Travel To Dig), DG (Dig), TTDMP (Travel To
Dump), DMP {Dump)

@T11D

@ DG

@ TTDMP
@ DMP

Figure 4. CT segment percentages of the mining loader
in the gold mine

Segment time percentage sequence of the app-
lication in Turkey is TTDG-15.6 %, DG-12,7%,
TTDMP-51,7 % and DMP-19.9 %, See Table 4
and Figure 4. As expected the most difficult (time
consuming) segments are the ones performed
with the bucket having payload in it in other wor-
ds travel to dump and dump to haultruck tray
segments, assuming operators are skilled and
experienced and layout of loader, haultrucks,
and position of the loader with respect to the
bank are allright.
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Table 4. A week’s CT statistics of year 2016 (L-1350)
of a gold mine in Turkey

Days (24h) TTDG(s) DG(s) TTDMP(s) DMP(s) CT(s)

Day 1 7.33 5.80 24.80 8.19 46.19
Day 2 719 6.21 20.95 9.30 43.65
Day 3 7.25 5.55 23.12 8.78 44.72
Day 4 7.32 5.80 24.80 8.19 46.19
Day 5 6.18 5.26 21.94 9.16 42.61
Day 6 6.32 5.24 21.78 9.29 42.78

6.93+ 5.64+ 22.90+ 8.82+  44.36%

Mean 049 034 149 0.48 147

2. CYCLE TIME DISTRIBUTION CURVES

Cycle time distribution curves and cycle time
segments statistics give clues about the perfor-
mance of the equipment and the operator and
the success of the present truck and loader la-
yout at the bench. Thus give hints to improve the
cycle times; naturally, improving cycle times imp-
ly shortening the cycle times.

21. Samples of Normal
Distribution Curves

Travel to Dig (TTDG), Travel to Dump (TTDMP)
segments of the cycle time (CT) is associated
with speed and manuevering specifications of
the equipment, bench geometry and the layout of
truck w.r.to loader. Dump (DMP) segment time is
associated with the design features of the bucket
and size of the truck (dumping height). However,
Dig segment is mainly associated with the frag-
mentation performance of blasting rounds.

(Bell-Shaped)

The sample illustrated in Figure 5 is a two shift a
day operation, See Table 5. The daily cycle time
distribution curve indicates that the operators of
the both shifts managed to have an average of
about the same cycle times. Vertical axis depi-
cts Frequency of cycle times in counts, whereas
horizontal axis depicts frequency range of total
cycles, See Figure 5.

2 3 4

5 6 7

Total Cycles

Figure 5. Daily Cycle time frequency distribution curve of Oct 15-16, 2016 (PreVail System®)
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Table 5. Cycle time segments statistics of Oct. 15-16,
2016

Shifts (12)  TTDG(s) DG(s) TTDMP(s) DMP(s) CT(s)

(07AM-07PM) 7.03 5.14 21.84 875 4283
(07PM-07AM) 5.32 5.37 22.04 956 4238
Mean 6.18 5.26 21.94 9.16  42.61

Table 5 and Figure 5 depict a good example of
sucessful operators’ cycle distribution. The fol-
lowing sample, Figure 6 and Table 6, is also a
good distribution curve indicating a steady and
smooth operation in both shifts.
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2.2. Samples of Skewed Cycle Time
Distribution Curves

As mentioned earlier, qualitative analysis of cyc-
le distribution curves may indicate how good the
performance of operator in different shifts. Some
of the cycle time distribution curves are skewed
ones, Figure 7, Figure 8, and Figure 9. Skewed
CT distribution curves imply that the operator of
each shift has had two different average of cycle
times. Eventhough, it is not a good performance
for the operators, it is not uncommon especially
in two shift a day applications.

In the sample curve above, Figure 7, there exist
two peaks; which implies one of the operators

2 3 4 5

6 7 8 12 15

Total Cycles

Figure 6. Daily Cycle time frequency distribution curve of Oct. 16-17, 2016 (PreVail System®)

Sample no. 2, depicts that then both operators of
the two shifts are good performers, even better
than the first sample; deviation from the mean
cycle time value is narrower. The smaller the
deviation from the mean value is, the better the
performance and productivity of the equipment
and the team are.

Table 6. Cycle time statistics of Oct. 16-17, 2016

Shifts (12h) ~ TTDG(s) DG(s) TTDMP(s) DMP(s) CT(s)

(07AM-07PM) 71 513 21.45 9.05 4292
(07PM-07AM) 5.53 5.34 22.10 953  42.64

of the shifts achieved shorter average of cycle
times than the other one, See Table 7. Figure
7., is a sample for a distribution curve skewed
to left.

Table 7. Cycle time segments’ statistics of Sept. 01-
02, 2016

Shifts (12n) TTDG(s) DG(s) TTDMP(s) DMP(s) CT(s)

(07AM-07PM) 8.12 5.48 21.10 872 4346
(07PM-07AM) 6.38 5.61 25.14 884 4598
Mean 7.25 5.55 2212 878 4472

Figure 8, is a sample of cycle time distribution
curve of skewed to right. The curve has two pe-

Mean 632 524 21.78 929 4278 T . . e

aks again implying two different distinctive cyc-

le time averages for the two shifts worked. The
120
100
o 80
3 60
© 40
20
0
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Figure 7. Daily cycle time frequency distribution curve of Sept 01-02, 2016 (PreVail System®)
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1 3 4 5
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Figure 8. Daily cycle times’ distribution of L-1350 EWL on March 2-3, 2016 (PreVail System®)

operator working in shift 07AM-07PM achieved a
mean cycle time of 42,39 seconds; whereas the
other operator working in shift 07PM-07AM had
an average of 48,43 seconds, See Table 6.

This type of distribution curve is seen in the
operations held in two shifts; distribution curve
skewed to right. It has two mediums; two opera-
tors have different medians, Figure 8.

Table 8. Cycle time segments statistics of March 2-3,
2016

Shifts (12h)  TTDG(s) DG(s) TTDMP(s) DMP(s) CT(s)
(07AM-07PM)  12.48 4.14 17.78 797 4239
(07PM-07AM) 848 5.21 25.82 889 4843
Mean 10.48 4.68 21.80 843 4541

TTDMP time reflects how good the truck spotting
is with respect to the EWL. In shift 07AM-07PM
truck spotting seems to be better because travel
to dump time is comparatively shorter.
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3. CYCLE TIME AND PRODUCTIVITY
PARAMETERS OF LOADING EQUIPMENT
(DISCUSSION)

Singh & Narendrula, (2006) cited the factors af-
fecting the productivity of loading equipment in a
comprehensive manner. The productivity of the
loading equipment is influenced by primary and
secondary parameters.

The primary parameters are Cycle time (CT),Bu-
cket Fill Factor (BFF), Tonnes per Hour (TpH),
Power (Fuel) Consumption), Utilization (U) %,
Equipment Wear. The secondary parameters
are Loading Equipment Design Features, Loa-
ding Geometry and Practice, Muckpile Charac-
teristics, Operating Conditions.

Normal distribution curve, Figure 9a, indicates
that the performance of the operators in both
shifts are about the same achieving more or less
the same mean cycle time values

2 3 4 )

6 7 8 12 15

Total Cycles

Figure 9 a. Normal cycle time frequency distribution curve (PreVail System®)
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Figure 9b. Cycle time distribution curve skewed to right (PreVail System®)
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Distribution skewed to right, which is seen (com-
mon) in two shift a day operations. One can see
qualitatively that one of the shifts had longer cyc-
le times than the other, Figure 9b.

Loading Equipment Design Feature factors com-
prises of Bucket size and shape, Breakout force,
Digging Trajectory, Machine size, Capacity and
power. Loading Geometry and Practice factors
comprises of Loader and Muckpile Orientation
(positioning), Machine Dimensions and Loading
Area, Maneuvering space, Strategy for Muckpi-
le attack, Strategies for oversize material hand-
ling. Muckpile Characteristic factors are Rock
fragmentation, Muckpile Geometry, Looseness,
Flow Characteristics, Angle of Repose. Opera-
ting Conditions factors are Training and expe-
rience of operator, Floor Conditions, Moisture
content, Loading frequency.

Distribution skewed to left, which is seen (com-
mon) in two shift a day operations. One can see
qualitatively that one of the shifts had longer cyc-
le times than the other, Figure 9c.

of the loader and hauler operators qualitatively.
Smooth bell-shaped distribution curves indicate
a steady operation with steady cycle times. The
curves with two peaks indicate that cycle time
averages achieved by the two operators are not
alike.

Travel to dig, travel to dump to truck segments of
the cycle time is associated with speed and ma-
nuevering specifications of the equipment, ben-
ch geometry and the layout of truck with respect
to loader. Dump to truck tray segment time is as-
sociated with the design features of the bucket
and size of the truck (dumping height). Dumping
period may be effected by unconformity of the
height of the truck body and lifting height of the
mining loader. However, Dig segment is mainly
associated with the fragmentation performance
of blasting rounds.

In loaders, the crowd force is generated by the
traction of the tyres and hoist force is represen-
ted by the curling motion of the bucket. For this
reason, a sound and dry and a flat bench floor is
a requisite for loader application in mines. The
loaders and trucks did not encounter with anv
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Figure 9c. Cycle time frequency distribution skewed to left (PreVail System®)

CONCLUSIONS

For the cases studied total cycle time segments
percentages are as follows in sequence of the
Brasilian and the Turkish cases: TTDG : 21,9 %
and 15,6 %; DG : 9,7 % and 12,7 %; TTDMP :
49,7 % and 51,7 %; and DMP : 18,7 % and 19,9
%. Eventhough, the operational conditions are
entirely different except the brand and capacity
of the two loaders and the capacity of the haul
trucks, it is interesting to note that the hardest
segments of the cycles are travel to dump and
dump phases which are the segments perfor-
med with full buckets. The Brasilian case have
travel to dig phase time higher than the travel
to dumptime, it might be due to the loader truck
layout.

Cycle time distribution curves of loaders are
handy in quick evaluation of the performance
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water problem. Breakout force of wheel loader
is created by lift and tilt cyclinders wheras crow-
ding force is dependent on traction force.

Exploring the cycle time segments of mining loa-
ders are important because they may have hints
for the field engineer to improve the cycle time;
thus, in turn improving the productivity of the lo-
ader.

The major factors in improving the productivity of
a mining loader is to have optimum bucket fill fa-
ctors and shorter dig times which are mainly go-
verned by the mean muckpile particle size and
its’ distribution. Therefore, there is need for a
good cooperation between the pit engineer and
the blasting engineer for a sound and productive
operation.

The effect of bucket dumping height on cycle
time of the wheel loaders, and the effect of loa-
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der and haul truck size match on cycle time and
its segments are the topics recommended for
future studies.
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Yenilenebilir enerji teknolojileri gelismesine ragmen, halen fosil yakitlara olan bagimliigimiz
devam etmektedir. Fosil yakitlar igerisinde, verimliligi ile fiyati en uygun yakit komrdur. Endistri
devrimiyle beraber koémir kullanan buhar makinelerinin yayginlasmasi kdmur ihtiyacini da
arttirmistir. Kdmire olan ihtiyag kdmdar Gretimini fazlalastirmis, kdmir madenciligi nedeniyle olusan
cevresel sorunlar gogalmistir. Bu sorunlar arasinda bagi hava kirliligi gekmektedir. Ozellikle agik
ve yeralti madenciliginde meydana gelen Partikil Madde (PM) ve Metan (CH4) gazi emisyonlari
onemli bir yer teskil etmektedir. Bu galismada, dlnya Uzerindeki komir madenlerindeki PM ve
Metan gazi emisyonlarinin durumu ve alinmasi gereken onlemler literatlir arastirmasi yapilarak
aciklanmis, yapilmasi planlanan diger galismalara kaynak olmasi hedeflenmistir.

ABSTRACT

In spite of development of renewable energy technologies, our dependence on fossil fuels still has
been continuing. Coal is the most suitable fuel in terms of price and efficiency in fossil fuels. With
the industrial revolution, coal using steam engines increased and as a result of this, coal demand
increased. The need for coal makes coal production increased and so, environmental problems
increase because of coal mining. One of these problems is air pollution. Especially Particulate
Matter (PM) and Methane (CH4) emissions which occurred in open and underground mining
represent major place. In this research, PM and methane emissions situation and precautions
in coal mines around the world are explained by making literature review. Also, this research is
intended to be resource to other planned studies.

*1igili Yazar: onurdemirarslan@artvin.edu.tr
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GiRiS

Yasayan tum bitkiler fotosentez olarak bilinen bir
sureg ile gunes enerjisini bunyelerinde depola-
maktadirlar. Bitki 6ldugu zaman depolanan bu
enerji gezegene ¢urime yoluyla tekrar geri ve-
rilmektedir. Diger yandan farkli bir kazanim ola-
rak uygun formasyonlar altinda bu ¢iriime azal-
makta ve bitkinin canliyken depoladidi enerjinin
blyudk bir kismi kdmdr olarak depolanabilmis ve
halen bu depolanmis enerji insanoglu tarafindan
kullanilmaktadir (URL-1). Kémdarin ana bileseni
karbon olup, ayrica igerisinde hidrojen, oksijen,
kukart gibi farkli miktarlarda bilesenleri de ba-
rindirmaktadir (URL-2). Fosil yakitlar icerisinde
en ¢ok bulunan ve tiketilen kdmurin kullanim
tarihi gcok eskilere dayanmaktadir. Ancak endust-
ri devrimi ile birlikte kullanim miktari ile kullanim
alani daha ¢ok artarak 6nemli bir noktaya gel-
migstir (URL-3). Gunumuzde ise gelisen teknoloji,
sanayi ve kentlesme ile yasam standartlarinin
artmasi enerji ihtiyacini yiksek seviyelere gikar-
mistir. Ozellikle enddistriyel prosesler sirasinda
mevcut enerji kaynaklarinin tek baslarina yeterli
olmamasi, 6zelinde elektrik enerjisine gevrilme-
sinin gerekliligi, enerji ¢cevrimi sirasinda gesitli
fiziksel ve kimyasal islemlere ugrayan hammad-
delere duyulan gereksinim hala fosil kdkenli ya-
kit kullanimi ile kargilanmaktadir (Cukuroglu ve
Besim, 2015).

Bunun sonucu olarak dinya birincil enerji arzi
1973 ve 2011 yillari arasindaki 38 yilda iki kat-
tan fazla artarak 2011 yil itibariyle 13.113 mtep
(milyon ton esdeger petrol) diizeyine ulagmistir.
2011 yilindaki artis orani bir dnceki yila gore
%3,1 dizeyindedir. 1973-2011 yillari arasindaki
doénemde; petrolin payl %46,0'dan %31,5’e di-
serken, dogal gazin payi %16’dan %21,3’e, nik-
leer enerjinin payi %0,9'dan %5,1’e ve hidrolik
dahil yeni ve yenilenebilir enerji kaynaklarinin
payi ise %1,9'dan %3,3’e ylkselmistir. Ayni do-
nemde koémarin payi 4,2 puan artisla %24,6’dan
%28,8 dlizeyine ulagmistir. 2011 yilinda diinya-
daki toplam kémUr arzi ise bir 6énceki yila goére
%38,8 diizeyindeki ylksek bir artisla 3.777 mtep
olarak gergeklesmistir (Komir Sektér Rapo-
ru, 2014). 2015 yihna bakildiginda petrol kire-
sel enerji tuketiminin % 32,9'u ile dinyanin en
onemli yakiti olurken, kdmur ise Pazar pay iti-
bari ile % 29,2 ile en blyuk ikinci yakit olmustur.
Uglinci sirada ise % 23,8 ile dogalgaz gelmek-
tedir (URL-4).

Dunyadaki kdmdur Uretimi ise 1972’ de 3 Gigaton
(Gt), 1983'de 4 Gt, 2003’ de 5 Gt, 2006'da 6 Gt,
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2010 yilinda 7 Gt ve 2013 yilinda ise 8 Gt olarak
kaydedilmistir. Dinya Uzerindeki énemli kémur
Ureticisi Ulkeler ve yillara gore urettigi komur
miktarlari incelenirse Cizelge 1'deki degerler
elde edilir (URL-5).

Bircok maden igletmesinde oldugu gibi kémur
madenciligi de ¢evre Uzerinde olumsuz etkilere
sahiptir. Bu etkiler arasinda su kirliligi, yesil do-
kunun zedelenmesi, toprak kirliligi, gorantu kirlili-
gi, asit maden drenajlari, maden aktiviteleri sira-
sinda meydana gelen emisyonlar, tarim alanla-
rinin azalmasi gibi etkenler siralanabilmektedir.
Bunun yaninda da birgok orman alani, maden
aktiviteleri sonucunda yok edilmekte o6zellikle
toprak profilinin bozulmasi, agik madencilikte
yapilan ylzey topraginin siyrilmasi dogdal toprak
karakteristigini kotl yonde etkilemektedir (Neu-
feld ve Chappelka, 2007; URL-6).

Cizelge 1. Diinya Uzerindeki 6nemli kdmur Ureticisi Ul-
keler ve yillara gore Urettigi kdmir miktarlari

Ulke 2012 (Mt) 2013 (Mt) 2014 (Mt) 2015 (Mt)
ABD 932 904 916 820
Almanya 197 191 187 186
Avustralya 431 459 491 471
Gek Cumh. 56 49 47 46
Gin 3678 3749 3651 3538
Endonezya 444 488 471 387
Gliney Afrika 259 256 253 248
Hindistan 603 610 668 764
ingiltere 17 13 12 8
Kanada 66 69 69 62
Kazakistan 121 120 115 107
Kolombiya 89 85 89 86
Polonya 144 143 137 136
Rusya Fed. 331 328 335 349
Tirkiye 71 60 64 45
Ukrayna 68 69 54 33
Diinyada 7938 8019 7975 7686

Hazirlanan birgok raporda dinyadaki kémur
madenciliginin habitat ve  biyocesitlilik,
toprak kaybi ve bozulmasi Uzerine birgok
olumsuzluklarina  deginilmektedir  (Colagiuri
vd., 2012). Ozellikle acik maden isletmelerinde
kémur hazirlama ve toz emisyonlarinin kont-
roliinde oldukga blylk miktarda su kullaniliyor
olmasi ylzeysel sularda sediment birikimi gibi
problemlere de yol agabilmektedir (URL-7). Ay-
rica yine agik isletmelerde dekapaj malzemeleri-



nin toplandigi yerlerde olusan tepeler nedeniyle
topografya bozulmakta habitat yeniden sekillen-
meye zorlanmaktadir. Bu da onlarca yila mal
olmaktadir. Yeralti maden igletmelerinde komu-
rin alindigi yerlerde ¢okuntiler meydana gele-
bilmekte ve kédmir gazlarindan meydana gelen
grizu ve kdmur patlamalarina neden olmaktadir
(Kigukonder, 2014).

Kémudr dretiminin gevreye olan hasarina ek ola-
rak kdmurin hala yakit olarak kullaniliyor olma-
sinin da 6zellikle sera gazi saliniminda énemli
etkisi oldugu bilinmektedir. Ayrica birgok maden
aktivitesi, hava kirliligi Gzerinde dogrudan ve do-
layli yollardan etkili olabilmektedir. Kémur ma-
denciliginden kaynakh cevresel etkilerin 6nem-
lilerinden biri de hava kirliligidir. Soludugumuz
hava, gaz, kati ve sivi partikil karigimlarindan
meydana gelmektedir ve insan saghgini etkile-
yen en Onemli ¢cevresel faktorlerden bir tanesi-
dir. Hava kirleticileri gaz, kati partikuller ve sivi
damlaciklar seklinde olabilmektedir. Hava Kkirli-
ligi ise bu kirleticilerin dogal olaylar veya insan
faaliyetleri sonucunda olugan, atmosferin dogal
bilesimini degistiren, yodunlugu ve atmosferde
kaldiklari sureye bagl olarak insan ve hayvan
sagligi ile bitki ve esyalara zarar verecek kadar
artmasi olarak tanimlanabilmektedir (Egri, 1997;
Yucedag ve Kaya, 2016; Sharma ve Siddiqui,
2010; Roy ve Singh, 2014) ve hem havada do-
gal olarak bulunmayan maddeleri hem de dogal
olarak bulunmasina karsin normalden daha yuk-
sek konsantrasyonlara erisen ya da normalde
bulunmamasi gereken yerlerde bulunan dogal
bilesenleri de tanimi kapsamina almaktadir (Ev-
yapan vd., 2012). Hava kirliliginin ¢evre Gzerin-
deki etkileri yerelden boélgesele ve son olarak ku-
resel dlgceklerde meydana gelebilmektedir. 2011
yili Diinya Saglk Orgiiti (WHO) verilerine gore,
hava kirliliginin dinya ¢apinda ¢cogunlugunu orta
gelirli Glkelerin olusturdugu yilda 1,3 milyon ki-
sinin 6lumune neden oldugu rapor edilmektedir
(Cetin ve Demirci, 2016). Havay! kirleten en
Onemli olay, yanma faaliyetleridir. Fosil yakit ola-
rak taninan petrol, gaz ve kdmurin yakilmasi si-
rasinda ¢ikan gazlar hava kirlenmesinin énemli
sebeplerinden biridir (Ciftci vd., 2013).

Bu calismada, kdmir madenlerinde Uretim
esnasinda meydana gelen partikiil madde (PM)
ve metan gazi (CH,) emisyonlarinin olusma saf-
halari, atmosfer Uizerine etkileri ve alinacak on-
lemler Turkiye’de ve dinyada bu konu hakkinda
yapilan ¢alismalar titizlikle taranarak ortaya kon-
mustur.
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1. KOMUR MADENI
KiRLETiICi EMISYONLAR

Kémr endustrisi, modern teknolojinin dnemli ih-
tiyacidir. Ancak sonug olarak dogrudan veya do-
layh sekilde atmosfere énemli dlglide toz ve gaz
emisyonlari salinmaktadir. Bu kirleticiler sadece
maden ¢alisanlarina zarar vermemekte, ayni za-
manda, meteorolojik kosullara bagl olarak yerle-
sim yerlerinde yasayanlara ve tarimsal alanlara
zarari bulunmaktadir (Kund ve Pal, 2015; Pan-
dey vd., 2014). Kémur madenciliginde secilen
uretim metotlari, maden alaninin jeolojik ve je-
omorfolojik yerlesimi hava kirletici emisyonlarin
tard ile miktarini 6nemli derecede etkilemekte-
dir. Kémur uretiminde meydana gelen Onemli
emisyonlar partikil madde (PM) ve metan gazi
(CH,) olurken kdmurin yanmasi sonucu gikan
emisyonlar ise kikurt oksitler (SO ), azot oksit-
ler (NO,), karbon dioksit (CO,), karbon monoksit
(CO), agir metaller, polisiklik aromatik bilegikler
(PAH) ve atik 1s1 olarak siralanabilir (Ghose ve
Majee, 2001; Pandey vd., 2014; Warhate vd.,
2015). Bu emisyonlar ise ¢cogunlukla delme, pat-
latma, nakliye, ytkleme bosaltma, depolama ile
kémirin yanmasi iglemleri sonucunda meydana
gelmektedir (URL-6).

KAYNAKLI HAVA

1.1. Kémiir Madenciligi ve PM Emisyonlari

Partikil maddeler, hava Kkirleticiler igerisinde
onemli bir yere sahiptir. Partikil madde terimi,
havada askida halde bulunan kati ve sivi mad-
deleri belitmekte olup; bu kirleticilerin etkisi in-
sanlarin yas ve saglik durumlarina gére degi-
sebilmektedir. PM emisyonlari, farkli c¢aplarda
ve konsantrasyonlarda olabilmekte, kémur ma-
denciliginde ise bu emisyonlarin en zararlisini
kémlr tozu olusturmaktadir. Hem yeralti hem
aclk ocak isletmelerinde meydana gelen PM
emisyonlarinin yayillimi ve dagilimi kirleticinin
cap ve sekli ile yerel meteorolojik sartlara bagli
olarak degismektedir. Ozellikle ¢capi 2,5 ym ve
daha az g¢apa sahip PM kirleticileri havada uzun
sire kalarak uzun mesafelere kadar tasinmakta-
dir (Gautam vd., 2012; imal vd., 2013; Naghade-
hi vd., 2014). PM Kkirleticisinin ¢api ile meydana
getirdigi saglik problemleri arasinda dogrudan
bir iliski bulunmaktadir. Cap1 10 ym ve daha az
olan kirleticiler, akcigerlere rahatlikla ulasmak-
ta ardindan kana karisarak ciddi problemlere
neden olmaktadir. Yapilan birgcok galismada bu
kirleticilerin, kalp ve/veya akciger rahatsizlikla-
rindan erken olimlere, kalp ritminde dizensiz-
liklere, astim krizlerine, akciger fonksiyonlarinda
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azalmalara, solunum gugligu gibi rahatsizlikla-
ra neden oldugu belirtiimektedir (Demirarslan,
2016).

Ozellikle yeriistii madenciliginde meydana gelen
PM emisyonlar literatirde kagak emisyonlar
olarak adlandiriimakta ve maden sahalarinda
taneli pargaciklarin mekanik olarak asinma-
sl, ruzgar etkisi sonucunda serbest bir sekilde
atmosfere yayillmasiyla olugsmaktadir. Bu
sahalarda ortaya ¢ikan PM emisyonlarinin
olusmasi asagidaki gibi aciklanabilmektedir (Be-
sir, 2015; Dang vd., 2002).

Madencilik iglemleri  sirasinda  uygulanan
mekanik kuvvet ile olusan pulverizasyon ve ylzey
malzemenin asinmasi (tekerlek, kesiciler vs.).

Tarbllansh hava akimi sebebiyle toz pargacik-
larinin surtklenmesi. Ayrica hafriyat malzemesi
ile pasa yiginlari 6zellikle meteorolojik kosullar
gibi dogal olaylar sonucunda pargalanarak daha
kiicik boyutlara ufalanmakta ve bu prosesler
sonucunda olusan PM’ler birkag hafta icerisinde
cevreye yayllmaktadirlar.

Ghose ve Majee (2001) ise acgik isletme maden-
ciliginde cevhere ulagsabilmek ve buyuk miktar-
larda 6rtl tabakasinin kaldirilmasi i¢in ekskava-
tor, tasiyici, yikleyici gibi gereclere ihtiya¢ du-
yuldugunu ve bu araglarla yapilan islemlerin ise
ortd topragindan olusan buylk miktardaki PM
emisyonunun atmosfere verildigini belirtmektedir
(Ghose ve Majee, 2001). Bunun yaninda delme
islemi acgik ocak igletmelerinde partikil mad-
de olusturmada ikinci sirada yeralmaktadir. Bir
diger islem ise patlatmadir. Kisa streli partikil
madde emisyonu olussa da kirletici konsantras-
yonu bir hayli yiksektir (Gautam, vd. 2012).

Kémur madenciligi kaynakli partikil madde ¢ap-
lari ve bilesimleri, madencilik faaliyet tirG ve
alanin jeolojisine bagl olarak degisiklik goste-
rebilmektedir. Tipik olarak bir igletmede partikil
madde caplari 1 ym ile 100 ym arasinda degis-
mektedir. 1 ym ve daha kuguk ¢aph Kkirleticiler
toplam emisyonun %0,2’sini, 2,5 ym olanlar
%2~5 ‘ini, 2,5 pm ile 10 ym olanlar toplam emis-
yonun %15~45 ini son olarak da 10 ym ve Uzeri
capa sahip partikil maddeler %50~70 ini olus-
turmaktadir (URL-8).

Yapilan arastirmalara gore; PM kontrolUnun ya-
pilmasina ragmen acik madencilikten kaynakla-
nan kacak PM’nin en fazla gorildiga alanin sta-
bilize nakliye yollari oldugu da belirtiimektedir.
Ayni calismada maden sahalarinda olusan ka-
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cak tozun %12’sinin stok yiginina bosaltilirken,
%33’Unun rizgar erozyonu sonucunda, %15’inin
stok yiginindan yUklenirken, en yuksek oran olan
%40’ 1nin ise stok alaninda ekipman ve araglarin
hareketi sirasinda olustugu belirtiimistir (Besir,
2015). Acik isletmelerde 6zellikle tagimaciliktan
kaynakli olarak 6nemli miktarlarda partikal mad-
de atmosfere verilmekte ve bu emisyonlar hava-
daki toz miktarinin %80’ini olusturmaktadir. Tasi-
ma kaynakli emisyonlarin %50’ si kamyon nak-
liyati sirasinda, %25’ i ise yukleme ve bosaltma
sirasinda meydana gelmektedir (Chaulya vd.,
2011). Warhate ve digerleri, 2015’'de yapilan bir
calismada klguk bir maden isletmesinde 100
m?lik bir alan igerisinde m?de 215,28 mg parti-
kil madde birikimi oldugunu belirtmistir (Warha-
te vd., 2015).

Literatir arastirmalarina dayanilarak cesitli Ul-
kelerdeki kdmir madenlerinde yapilmis Olguim-
ler incelenmistir. Buna goére; Aneja vd., 2012;
Pless-Mulloli vd., 2000; Hykysova ve Brejcha,
2009; Onder ve Yigit, 2009; Tecer vd., 2008;
Ghose ve Majee, 2002; Dubey ve Pal, 2012 ta-
rafindan yapilan ve dinyadaki farkli agik kémar
madenleri yakinlarinda o6lgtilen PM10, PM2,5
degerleri Cizelge 2’'de verilmigtir.

Cizelge 2. Dunyadaki farkl agik kdmir madenleri ya-
kinlarinda élgiilen PM10, PM2,5 degerleri

Bolge Siireg PM2,5 PM10
(ug/m?)  (ug/m’)
Kuzey Dogu ingiltere Ortalama - 22,1
Isitma periyodu - 37
- Isitmasiz periyot - 26
Gok Cumhuriyet Déniisiim Periyodu . 3
Yillik Ortalama - 33,5
Delme - 3080
Komdr ¢ikarma - 1840
Turkiye Depolama - 1670
Tasima - 1350
Yikleme-bosaltma - 1300
Kis 34,17 63,59
Zonauldak Bahar 29,84 59,16
g Yaz 2503 41,83
Sonbahar 23,03 39,66
Jharia, Hindistan Ortalama
Dhanbad, Hindistan Ortalama - 194+32
) Campell alani - 250,2
Appalachia, ABD Willis alani - 1448

Tuarkiye'de, Cevre ve Sehircilik Bakanligi tara-
findan 03/07/2009 tarih ve 27277 sayili resmi
gazetede yayimlanan Sanayi Kaynakl Hava Kir-
liliginin KontrolG Yonetmeligi (SKHKKY, 2009) ne
gore (Ek-1, Tablo 2:2) ise PM10 igin sinir deger-
ler Cizelge 3 deki gibi verilmistir.



Cizelge 3. SKHKKY'ne gore (Ek-1, Tablo 2:2) PM10
icin sinir deg@erler

Yillar 24 Saat (ug/m®)  Yillik (ug/m3)
2014 100 60
2015 90 56
2016 80 52
2017 70 48
2018 60 44
2019-2023 50 40
2024 Sonrasi 50 40

1.2. Komir Madenciligi ve Metan gazi
Emisyonlari

Metan gazi sera gazlan igerisinde 6énemli bir
yere sahiptir ve antropojenik sera gazi salinim-
larinin %16’sini meydana getirmektedir. Kiresel
Isinmaya katkisi yillarca degismemistir ve bu
gazin atmosferdeki orani son ylzyilda iki kati-
na c¢ikmistir. Kiiresel metan salinimlari incelen-
diginde % 60’inin insan kaynakli, % 40’inin ise
dogal kaynakli oldugu goérilmektedir (Aydin vd.,
2015). Dogal ve yapay metan gazi emisyonlari-
nin kaynaklari ise Sekil 1’ de verilmistir (URL-9).

3%

16%
1 Batakliklar 1 Okyanuslar
u Termitler uHayvansal Atiklar
0 Attksu Aritma Tesisleri u Kati atik depolama
Biyokitle Piring Tarimi
Giftlik Hayvanlan Kémir madeni+petrol kuyulari/dogal gaz

Sekil 1. Dinyadaki metan gazi kaynaklari

Yeralti kbmur madenleri, maden kaynakli metan
gazi emisyonlarinin baslica kaynagidir. Bu ne-
denle dinya Uzerinde bulunan kémir madenci-
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liginin, toplam metan gazi emisyonunun %8’in-
den sorumlu oldugu belirlenmistir. Atmosferdeki
metan gazi emisyonu halihazirda CO,den 21
kat daha fazla sera etkisine sahiptir. Yapilan
arastirmalara gore Giney Afrika’da bulunan
madenlerden bir yilda 7 milyon ton CO,'ye es-
deger metan gazinin atmosfere salindigi he-
saplanmistir. US EPAnin tahminlerine gore ise
2010 yilinda kdmUr madenlerinden 27,8 milyon
metrik ton (MMT) civarinda metan gazi atmos-
fere salinmistir. Oksiiz tarafindan 2012 yilinda
yapilan ¢alismaya goére Turkiye Tagkémura Ku-
rumu faliyetlerine bagh yillik hesaplanan metan
gazi salinimi 48455064 m?3/yil'dir ve bu deger
de 145714 — 437142 ton karbona esdegerdir
(Banks, 2012; Lloyd, 2004; Oksliz, 2012). Yeralti
madenciligi ile atmosfere karisan metan gazi
emisyonu miktari, kdmartin c¢ikanldigi derin-
lik, madencilik metodu gibi nedenlerden dolayi
farklihk gosterebilmektedir ve derinlere inildikge
kdmurlerdeki metan gazi igeriginin artmasindan
dolay! yeralti madenlerinden g¢ikan metan gazi
emisyon miktari agik ocak isletmelerinden bir
hayli yuksektir (Irving vd., 2001). Metan gazi ise,
kémurun kokeni olan ve su altinda havasiz kalan
bitkilerdeki karbon, hidrojen ve oksijenin birbirleri
ile yaptiklari kimyasal tepkimeler ile olusur. Bu
kimyasal tepkimeler neticesinde karbon oksijen
ile birleserek (CO,), oksijen hidrojen ile birlese-
rek (H,O) ve hidrojen karbon ile birleserek (CH,)
meydana gelmektedir. Metan gazi olusumunda
biyojenik ve termojenik olmak Uzere iki temel
mekanizma bulunmaktadir. Biyojenik metan
gazl olusumu bitki kdkenli organik maddelerin
kémirlesmesinin ilk asamalarinda ve 50°C’ lik
bir ortam sicakliginda, mikrobiyolojik ayrismalar
sonucunda meydana gelir.

Termojenik mekanizmada ise fosil biyojenik me-
tan gazi birikimleri ¢ok ender gorulur ve ancak
¢ok hizli ¢oken az sayida havzada salinirlar.
Gaz olusumunun kinetigine bagli olmakla birlikte
yaklasik 55°C’ den itibaren karbondioksit, 100°C’
den itibaren de metan ve azot gazlar olusma-
ya baslar. Artan kdmdurlesmeyle birlikte olusan
metan gazi miktari da artar. Yeraltinda bulunan
metan gazinin miktari da basinca ve gevresini
saran kaya formasyonlarinin cinsine bagl olarak
degismektedir. Yeraltinin derinliklerine inildikge
tutulmus olan metan gazinin fazla olmasi dola-
yisiyla yeralti kdmir ocaklarinda ¢ok miktarda
metan gazi emisyonu olmasi dogaldir ve bu
oran agik isletmelere gdre oldukca fazladir (Ok-
suiz, 2012; Irving vd., 2001). Kémurun kolloidal
bir yapiya sahip olmasi, birim kémur hacminin
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1~40 kati arasinda metan gazini banyesinde tut-
masina izin vermektedir. Yeraltindaki ylksek ba-
sing nedeniyle kdmur ve metan emisyonu denge
icerisindedir. Bu basincin miktari ise ortamdaki
komurlesme derecesine, damarin derinligine
ve kdmur ylzeyinin gdzenekliligine baghdir. Ye-
raltt kdmur damarlarinda depolanmis olan me-
tan, catlaklarda, kiriklarda ve makro gézenek
icerisinde serbest olarak, catlaklarda ve mikro
gbzeneklerde adsorbe gaz olarak ya da su igeri-
sinde ¢6zunmus durumda olabilmektedir. Metan
gazi emisyonu agisindan bu durumlardan ilk ikisi
onem teskil etmektedir (Aydin, 2008).

Bir kdmdr isletmesinde ise metan gazi emisyon-
lari asagidaki operasyonlarda ve kaynaklarda
meydana gelmektedir (Banks, 2012):

* Yeralti kdmur madenciliginde metan drenaj
sistemlerinden,

* Yeralti kdmur madenciliginde havalandirma
sistemlerinden,

+ Kapatilmis madenlerden,
* Acik igletmelerden,

» Maden Oncesi uygulanan islemlerdeki kacak
emisyonlardan.

Acik ocak isletmelerinde ise, yeni agilan kémur
katmanlarindan ve patlatma operasyonu ardin-
dan icerisinde kdmur bulunan yiginlardan atmos-
fere karismaktadir. Ek olarak ust ortl topraginin
kaldinimasi sirasinda da CH, meydana gelebil-
mektedir. Bu topragin kaldiriimasiyla, i¢ taraftaki
kayalar Uzerindeki basing ve stres azalmakta;
sonu¢ olarak metan gazi serbest kalmaktadir.
Yukarida da acgiklandigi Gzere yer alti madencili-
ginde dretilen 1 ton kdmur basina meydana ge-
len metan miktari, agik ocaklara nazaran daha
yuksektir (Irving vd., 2001).

Madencilik aktivitelerinden énemli miktarda me-
tan gazi emisyonu olussa da, Uretim sonrasinda
komur icerisinde hala az da olsa metan buluna-
bilmektedir. Kalan bu metan kdmdartn islenme-
sinde, depolanmasinda ve tasinmasinda ortaya
cikabilmektedir. Bu iglemlerde meydana gelen
metan miktari kémuarin karakteristigine ve ya-
pilan iglemlere gore degisiklik gdstermektedir.
Uretim sonrasinda olusan ve parca kémir emis-
yonu olarak isimlendirilen bu emisyonlar, ko-
murdn g¢ikarilmasindan itibaren aylarca surebil-
mektedir. Ayrica terk edilmis maden sahalari da
metan gazi emisyonu olusturabilmektedir (EPA,
1999).
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1.3. Emisyon Azaltim Teknikleri

Kémir madenciliginde meydana gelen PM
ve metan gazi emisyonunun bertaraf edilme-
si dunya Uzerinde farkli teknolojilerle gergek-
lestirilebilmektedir. PM emisyonunda azaltma
yontemlerini delme patlatma islemleri, madde
ayristirma, nakliye, depolama islemleri sirasinda
alinacak 6nlemler olarak siralayabiliriz.

Delme ve patlatma igslemleri sirasinda asagidaki
onlemler alinabilmektedir (URL-9):

* Madenlerdeki patlatmalar gunlik meteorolo-
jik kosullara bakilarak yapilmalidir.

* Bu turiglemler yapilirken, yerel hava tahmin-
lerinden yararlaniimalidir.

Ozellikle acik ocaklarda yapilan ilk islem,
ust topragin is makineleriyle kaldirilarak
araclarla tasinmasidir. Kaldirllan bu materyal
maden sahasinda bulunan baska bir noktaya
nakledilmektedir. Burada vyapilan, ayirma,
tasima, yukleme ve bosaltma iglemleri potansiyel
toz emisyonuna yol acmaktadir. Toz emisyonu
kémuar damarinin ayristirilmasi sirasinda da or-
taya cikabilmekte olup; olusan bu toz emisyonu
kuru ve ruzgarh havalarda oldukca artmaktadir.
Bu nedenle:

* Toz kontrolliinin yetersiz oldugu alanlarda,
yuksek rizgar kosullarinda bu islem yapilma-
malidir (URL-10).

Ayristirilan materyal genellikle islenilecek nokta-
ya kadar kamyonlar ile taginmaktadir. Bu iglem,
kémar madenlerindeki 6nemli toz emisyonla-
rindan biridir. Bu yollarin, tasarimi, bakimi ve
yodnetimi toz emisyonunu azaltmakta énemli bir
etkendir. Nakliyedeki bu kagak toz emisyonlari,
yolculuk mesafesine, yol ylzeyinin durumuna,
tasima igin kullanilan kamyonlarin hizina bagli
olarak miktarlari degismektedir (URL-10).

Diger kontrol yontemleri ise asagidaki gibi sira-
lanabilmektedir:

* Operasyon standartlarinin uygulanmasi,

» Hava kosullarinin takibi, buna gdre islemlerin
uygulanmasi,

» Kot hava kosullarinda islemlerin kisittanma-
sI veya durdurulmasi,

* Patlama alanlarinin kisitlanmasi,
¢ Toz onleme sistemlerinin sik sik denetimi,

* Malzeme tagima yollarinin en kisa slrede va-
rabilecek sekilde tasarimi,



* Depolama alanlarinin hakim rizgara en az
maruz kalacak sekilde tasarimi,

* Depolama sahasinin gegici olarak bitkilendi-
rilmesi,

» Eleklerle kiricilarin Gzerlerinin kapatiimasi,
» Taslyici bant Gzerlerinin kapatiimasi,

« Tasima esnasinda kamyonlarin asiri yiklen-
memesi,

* Tasima yollarinin sik araliklarla dizeltilmesi,

* Ruzgérlarn 6nleyecek yesillendirme yapilma-
sl,

* Su puskurtme sistemlerinin kurulmasi.

Ozellikle yeralti madenlerinde daha ¢ok gérilen
metan gazi madencilik agisindan dnemli
tehlikeler meydana getirmektedir. Bu nedenle
metan gazinin maden ortamindan alinarak uzak-
lastirilmasi gerekmektedir. Ancak hem kullanilan
bu yontem hem de kdmur dUretimi esnasinda agi-
ga cikan metan gazi emisyonu klresel Isinmaya
neden oldugu igin tehlike arz etmektedir. Diinya
Uzerinde metan drenajinda birgok farkh teknolo-
jiler kullaniimaktadir.

Uretim Oncesi islem; Bu islemde kémir
madenlerinin isletiimeye baslamasindan onceki
bu sure farkli kaynaklarda 2 ila 7 yil 6nce olarak
verilmektedir. Acilan sondajlarla metan gazi
alinabilmektedir. Bu ydntemin avantaji, metan
gazinin saf olarak elde edilmesi ve bu nedenle
ylksek kalorifik degere (32-37 MJm-?) sahip ol-
masidir. Bu yéntemin diger bir avantaji hem ye-
ralti hem de acik isletme madenciliginde uygula-
nabilmesidir (Williams ve Mitchell, 1994; Dursen
ve Yasun, 2012).

Uretim Sirasinda Acilan Drenaj Delikleri; Damar
icerisine yatay, dikey, capraz sekilde acgilan son-
dajlarla yapilan metan drenajidir. Maden ocagin-
daki calisilan bdlgeye muhtemel gaz sizmasini
Onleme amaciyla uygulanmaktadir. Metan dre-
naji sadece kazilmamis kémir damarinda ya-
pildigindan ve drenaj zamani kisa oldugundan
dolayi bu ydntemin verimi dusuktir. Ancak ele
gecirilen metan gazi miktarinin az olmasina kar-
sin gazin kalitesi bir o kadar yiiksektir (Oksiiz,
2012).

Terk Edilen Madenlerde Metan Drenaji; Uretimi
tamamlanan alana dik ve/veya acili olarak agi-
lan sondaj kuyulari sayesinde metanin drenaiji
saglanir. Yontemde metan gocik bdlgesinden
deliklerle emilir ve boru hatti boyunca hareket
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ederek ylzeye ulasir. Yontem dusey kuyularla
karsilastirildigi zaman bazi dezavantajlara sa-
hiptir. Bunlar; yuksek gaz igeriginden yoksun
olmalari, nispeten kisa Uretim yasami ve Ureti-
min sadece cevreleyen tabakalardan gercek-
lestiriimesidir. Uretim sirasinda goglk arkasina
birakilan borulardan da drenaj yapilabilmektedir
(Okstiz, 2012).

SONUGLAR

GlnudmUizde gelisen teknoloji ve artan enerji ih-
tiyaci fosil yakit tiketimini arttirmistir. Fosil ya-
kitlardan biri olan ve enerji tUretiminde kullanilan
Onemli bir kaynak da kdmurdir. KOmdirin elde
edilme prosesleri ise agik madencilik ve yeralti
madenciligi olmak Uzere iki sekildedir ve bu yon-
temlerdeki tercihler kdmur yatagindaki jeolojik
yapilya goére degisiklik gostermektedir. Her iki
madencilik yénteminin g¢evreye karsi olumsuz
etkileri olmaktadir. Bu olumsuz etkiler arasinda
hava kirliligi en 6nemlilerinden birisidir. Kémur
isletmeciliginde meydana gelen baslica emis-
yonlar partikil madde (PM) ile metan gazi (CH,),
kémir kullaniminda ¢ikan emisyonlar ise kukurt
dioksit (SO,), azot dioksit (NO,), karbon dioksit
(CO,), karbon monoksit (CO), agir metaller, po-
lisiklik aromatik bilesikler (PAH) ve atik 1sI ola-
rak siralanabilir. Sayilan emisyonlar arasinda
partikil maddeler ve metan gazi énemli bir yer
olusturmaktadir. Partikiil maddelerin tasinimi
ile maden ve cgevresine etkileri olmakla birlikte
metan gazi emisyonlarinin da atmosferde kire-
sel Isinmaya ¢ok blylk katkilari bulunmaktadir.
Dinyadaki birgok kémdar igletmesi bu iki emis-
yonlarin azaltilmasi icin degisik teknolojiler ve
Onlemler gelistirmislerdir. Bu dnlemler arasinda
PM emisyonlari i¢in patlatma alanlarinin kisit-
lanmasi, maden cgevrelerinin gegici olarak bit-
kilendirilmesi, nakliye yollarina, stok alanlarina
ve tasima bantlarina su puskurtme iglemlerinin
uygulanmasi sayilabilir. Metan gazinin maden
sahasindan uzaklastiriimasi igin ise kullanilan
en yaygin yontem meydana gelen metan gazi-
nin yakilarak atmsofere verilmesidir. Bu sayede
atmosfere CO, ve H,O(gaz) emisyonlar veril-
mekte ancak sonug olarak CO, den daha fazla
sera etkisi gosteren metanin gazinin salinmasi
onlenmis olmaktadir.

Tarkiye'de ve dinyada anlik kullanima sunulmus
enerji ihtiyaci, Uretimi ve tuketimi gin gectikce
artan sekilde devam etmektedir. Olusan enerji
aciginin kapanmasi igin ginimuzde alternatif
enerji elde etme ydntemlerinde gelisme kayde-
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dilmesine ragmen, hala ylksek kalorili olmasi
ve digerlerine nazaran ucuzlugu nedeniyle ko-
mur énemini korumakta ve yaygin olarak kulla-
nilmaktadir. Bu nedenledir ki kdmur madenciligi
vazgecilemez bir endustridir. Ancak kémur Ure-
timi ile gevreye verilen zararlar yadsinamaz se-
kilde 6numuzde durmakta bu zararlarin en aza
daha dogrusu kabul edilebilir dizeyde tutulma-
sina 6zen gosterilmelidir. Bu konuda gunumiz
cevre teknolojileri olusabilecek zarari en aza
indirme konusunda énemli Ustlnliklere sahiptir.
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The Australian mining industry is responsible for more than 50% of the export revenues and is the
largest exporter of black coal and the second largest exporter of iron ore in the world. As a major
export player on the world minerals markets, the Australian mining industry delivers significant
benefits to the Australian economy. Graduating good quality engineers for such an important
industry requires world-class education. Mining Education Australia (MEA) was developed to
deliver a common undergraduate curriculum in mining engineering across Australia. This unique
initiative was developed in response to increased demand for mining industry professionals
in an environment of limited funding within the traditional university environment and a critical
shortage of suitably qualified academic staff. MEA is an unincorporated joint venture between
The University of Queensland, The University of New South Wales and Curtin University in
Western Australia. In 2009, The University of Adelaide became a member of the MEA Program.
This paper discusses the history and governance of MEA as well as the structure of the common
curriculum and teaching innovations adopted.

0z

Avustralya madencilik sektort, ihracat gelirinin %50'den fazlasini karsilayan ve dinyanin en
biyk beg Ureticisinden biri olan 6nemli bir sektordir. Boyle 6nemli bir sektére maden mihendisi
yetistirmek icin, dlinya kalitesinde bir egitim gerekmektedir. 1996 yilinda, Avustralya ¢apinda
standart bir maden muhendisligi egitimi imkani sunacak, orijinal adi Mining Education Australia
(MEA) olan Avustralya Madencilik Egitimi adi altinda ulusal bir maden okulu kuruldu. MEA'In
kurulug amaci, maden bdliimlerine verilen maddi destegin azalmasi, 6gretim tyelerinin sayisindaki
azalmaya karsin maden endlstrisinin artan miihendis ihtiyacini karsilamak ve daha kaliteli
miihendis yetistirmekti. Kurucu Giyeler Queensland, New South Wales ve Curtin Universiteleriydi.
2009 yilinda Avustralyanin dérdiincii biiyiik maden okulu olan Adelaide Universitesi de MEA'ye
katildi. Bu makale, MEAnin kurulus tarihgesini, olusturulan ortak ders programini ve egitim ve
ogretimde getirilen yeni standartlari ve metotlari kapsamaktadir.

" This article has been published in the 24" International Mining Congress of Turkey (IMCET 2015) Proceedings’ Book
Bu makale Tiirkiye 24. Uluslararasi Madencilik Kongresi (IMCET 20195) bildiriler kitabinda yayinlanmistir.
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INTRODUCTION

The global mining education institutions, especi-
ally in the developed countries, faced a number
of challenges between 1985 and 2003. These
included an acute shortage of talented academic
staff, small number of student enrolments, high
relative costs, making mining programs vulne-
rable to closures, when universities were under
extreme cost pressures, and most importantly
under-resourcing of mining departments becau-
se of their comparatively small size, making the-
se departments incapable of delivering top class
teaching in all aspects of their courses, despite
being excellent in some areas. In Australia, this
concern was felt more by the industry when it
was realised that a number of mining depart-
ments across the world had already been clo-
sed down as shown in Figure 1 with exception of
Chile, South Africa and Australia. The mining in-
dustry through its representative body, the Mine-
rals Council of Australia (MCA) set up a task for-
ce to review the state of the minerals education
in Australia. The findings and recommendations
from this review was published in a report cal-
led “Back from the brink” in 1998 (MCA, 1998).
In response to industry’s concerns the National
Tertiary Education Taskforce established the fol-
lowing Mission.

“The Development of World-Class Education for
a World-Class Minerals Industry”

Chile
South Africa
Australia
Canada
United Kingdom
USA

-10 -8 -b -4 -2 0 2
Number of Mining Programs

Figure 1. Change in number of mining programs
between 1985 and 2003.

The Australian minerals industry’s main concern
was that, new industry professionals needed to
be better educated to deal with emerging chal-
lenges of the industry such as globalisation,
competition, and rapidly changing technologies.
The industry was seeking to ensure that there
were sufficient technically capable graduates
available to meet its needs, that these gradua-
tes valued continuing professional development
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and that they had sufficient exposure to industry
workplaces to ensure they were aware of bro-
ader issues such as safety, environmental care
and commercial aspects of their work (MCA,
1998). This resulted in establishment of the Mi-
nerals Tertiary Education Council (MTEC) which
is a division of the Minerals Council of Australia
(MCA) in October 1999. Since this time MTEC
has been a major driver in establishing three
national higher education programs in Mining
Engineering, Minerals Geoscience and Metallur-
gy across 15 Australian universities, which now
produce the bulk of new, highly skilled technical
professionals from those disciplines (MTEC,
2015). One of the MTEC initiatives was to sup-
port the establishment of Mining Education Aust-
ralia (MEA).

1. MINING EDUCATION AUSTRALIA

Soon after establishing MTEC, the industry star-
ted supporting the mining schools by sponsoring
two academic positions at each institution and
financially supporting the key course develop-
ment. While this support helped to sustain the
minerals education institutions, it did not provide
the kind of improvement in the education system
the industry was hoping for. Therefore, the dis-
cussions for establishing a national mining scho-
ol started in 2004 which resulted in the establis-
hment of the Mining Education Australia (MEA).
MEA was developed to meet the increasing de-
mand for mining industry professionals in an en-
vironment where limited funding exists within the
conventional university system and to maintain a
critical mass of suitably qualified academic staff.
The initiative was stimulated by support and fun-
ding from the MCA representing the Australian
mining industry. The MCA remains committed to
the on-going financial support of MEA to deliver
a world class program of undergraduate educa-
tion in mining engineering.

MEA was set up as a joint venture between three
major mining education providers in Australia,
namely; the University of Queensland, the Uni-
versity of New South Wales and Curtin Univer-
sity. In 2008, the University of Adelaide became
a member of the MEA Program. MEA provides a
common curriculum for 3rd and 4th year mining
engineering, as shown in Figure 2.

The development of MEA was supported by a
$1.3 million grant from the Federal Government
through the Collaboration and Structural Re-
form funding scheme. Funds from a government
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SEM MINING ENGINEERING UNDERGRADUATE PROGRAM 2015
ENGG1100 MATH1051 ERTH1501 ENGG1400 Engineering Mechanics:
1 By Calculus & Linear Algebra I Earth Processes & Geological Statics and Dynamics
9 9 9 OR Elective Materials for Engineers OR Elective
ENGG1200 MATH1051 MATH1052 ENGG1400 Engineering Mechanics:
2 Introduction to Engineering Problem Calculus & Linear Algebra I vyl Statics and Dynamics
; . Multivariate Calculus & ODEs !
Solving OR Elective OR Elective
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3 MINE2105 MECH2410 Aot 2201 | Structural MATH2000
Introduction to Mining Fundamentals of Fluid Mechanics %’ci Data 9 Mechanics in Calculus & Linear Algebra IT
: Mining
MINE2201
CIVL2210 . . MINE2106
4 h . Physical & Chemical . ELECTIVE
Soil Mechanics Processing of Minerals Resource Geology & Surveying
MINE3120 MINE3121 MINE3122
5 Resource Estimation Mining Geomechanics Mining Systems ELECTIVE
MINE3123 MINE3124 MINE3125
6 Mine Planning Mine Ventilation Rock Breakage ELECTIVE
7 MINE4120 MINE4122 MINE4124 ELECTIVE
Mine Geotechnical Engineering Mining Research Project I Hard Rock Mine Design & Feasibility
MINE4121 MINE4123 MINE4125
8 Mine Management Mining Research Project II Coal Mine Design & Feasibility EESIIVE

Figure 2. The University of Queensland’s Mining Program showing common 3rd and 4th year MEA courses (MEA electi-
ves includes: Surface Mining Systems, Underground Mining Systems, Mining Asset Management and Services, Socio-Environmental
Aspects of Mining, Advanced Mine Geotech Eng, Mining in a Global Environment and Advanced Ventilation).

grant have permitted new mining courses and
resource materials to be developed to a world
class standard. Advanced tools and systems are
being applied to the management and delivery
of the Joint Venture’s teaching resources and
innovative delivery and assessment techniques
have been developed and are being adopted in
all courses. The experience gained from these
activities is being shared with others through an
active dissemination program including publica-
tions. These achievements have been under-
taken in a strong interactive environment that
forms a model for future cross-university colla-
boration.

The following is a chronology of the develop-
ment of MEA.

2004
¢ Initial discussions for MEA started.
« MEA was established.

* |dentified common courses.
» Established a common program structure.

¢ |dentified course convener and local coordi-
nators.

2005

» Established a common program.

» Established new courses at local universities.
» Detailed course content.

» Developed course profiles.

» Identified course delivery mechanisms.

» Test run of some common courses.

2006

* Inclusion of details in Universities’ Handbo-
oks.

e Transition run.
2007

» Australian undergraduate school of mining
was fully operational.

2008

» MEA produced first graduates.
» Adelaide University joined MEA.
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2. BENEFITS OF MEA

Mining Education Australia is a first and unique
educational initiative in the world which standar-
dised the mining education across the country
through industry, government and university
collaboration. It has provided many benefits to
the universities, students and the industry, which
includes (Tuckwell, 2004):

» improved quality of graduates;
* increased quantity of graduates;
» allowed sharing academic expertise;

» provided a common education standards (ac-
ross universities);

» sustained viability of programs — opportunity
for growth;

* increased the quality of teaching courses and
materials;

* access to marketing strategies — broad and
focused;

e international market; and

* new generation academics.

The major benefits MEA program provides for
mining engineering students includes:

* a nationally recognized, comprehensive edu-
cational program covering all aspects of mi-
ning engineering, technical, operational and
social/community issues;

» access to national group of mining academic
staff with skills in all major areas;

« exciting new and innovative teaching and le-
arning programs, including collaborative stu-
dent activity across four member university
nodes;

* opportunities to undertake exchange semes-
ters among member universities; and

» a world-class degree and industry-supported
national program.

Since the setup of MEA, the number of mining
graduates produced by the member universities
for the mining industry has more than tripled
from 72 in 2007 to 250 in 2014 as shown in Fi-
gure 3. Today, MEA provides 90% of Australia’s
mining engineering graduates.
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Figure 3. Total number of mining engineering gradua-
tes from the MEA members’ universities.

3. MAJOR CHALLENGES IN SETTING UP
MEA

Mining academic staff at all four member univer-
sities played a major role in preparing for and
establishing the MEA joint venture, aligning cur-
ricula among the MEA universities and develo-
ping courses to be taught at all four institutions.
Major challenges and obstacles were identified
and addressed during the establishment of MEA
included different program structures at each
university, variations in teaching styles, the need
for specialised courses, the number of courses
offered, course weightings, pre-requisites, time
table incompatibilities, lack of commonality in
delivery and assessment mechanisms, electi-
ves, and laboratory facilities. In order to overco-
me these challenges and develop a climate of
collaboration, MEA developed and implemented
a range of collaborative strategies.

These include:

* a joint venture agreement between the four
universities;

¢ collaborative course teams;

* implementation of tools to support cross uni-
versity teaching and assessment;

* implementation of tools and processes for
cross university student collaborative assess-
ment, moderation and evaluation processes;

* program leaders committee, and

» twice yearly academic workshops.

4. MEA MANAGEMENT STRUCTURE

The management structure of MEA is shown
in Figure 4. It has a governing board, executi-
ve committee, program leaders committee and
course leaders and course coordinators.
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Figure 4. MEA Management Structure

5. GOVERNING BOARD

The MEA Governing Board has a member from
each member universities, three members from
the industry, the MEA Director and the director
of MTEC, meets once a year and oversees the
direction and operation of MEA. In particular, it:

» sets the strategic direction of MEA;

* is responsible for the financial management
of MEA;

» sets goals and key performance indicators
for MEA;

* approves the annual operating plan and bu-
dget;

* appoints the Director;

e approves the curriculum and the program
content and structure; and

» develops and oversights student recruitment.

The Governing Board appoints a Director who is
a senior academic of one of the Members. As a
general rule, the appointment will rotate between
academics of the Member Universities. The ap-
pointment may be on a part-time basis and is for
a three year term, which may be renewed.

5.1. MEA Executive Committee

The Executive Committee is chaired by the Exe-
cutive Director of MEA and comprises senior te-
aching nominees from each participating univer-
sity and the Chairman of the Program Leaders’
Committee. The committee meets at least four
times a year and is responsible for implementing
the business plan approved by the Board and
pursuing the strategic objectives defined by the
Board.

The MEA executive committee:

» develops and is responsible for the imple-
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mentation of a business plan;

» implements the strategic directions and mar-
keting plan;

* monitors and reports to the Board on the per-
formance of MEA against the key performan-
ce indicators and goals set by the Governing
Board; and

» Considers recommendations brought forward
by the Program Leaders Committee regar-
ding academic matters.

5.2. MEA Program Leaders Committee

Each university appoints a senior teaching aca-
demic as its Program Leader responsible for co-
ordinating the undergraduate teaching program
at that university. The Program Leaders are rep-
resented on the MEA Executive by their chair-
man and responsible for:

» designing and reviewing the program struc-
ture, content, delivery and resource require-
ments and allocation;

* approving course outlines, learning guides
and assessment schedule;

* implementing and monitoring an assessment
moderation process;

» approving the exchange of students between
MEA partners;

* monitoring the level of collaboration within
each of the course teams;

* reviewing and researching potential innova-
tive teaching and learning technologies and
encouraging their adoption in the MEA Prog-
ram.

5.3. Course Leaders and Coordinators

The Program Leaders appoint Course Leaders
at each university to be responsible for the deve-
lopment and delivery of each MEA course. For
each course the Course Coordinators from each
university work as a team under the leadership
of the Course Leader.

5.4. MEA Academic Staff Workshops

Twice yearly all academic staff of MEA come
together for three day workshops. This works-
hop is held in Sydney, Brisbane and Perth (or
Kalgoorlie) in a rotating fashion. This workshop
enables all participants to discuss different aspe-
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cts of the project, participate in staff development
workshops, assess the progress of the project,
deal with any issues that might be impeding the
project and build an understanding of the com-
mon goals and values of MEA. This workshop is
a major change management strategy (Andrews
and Lind, 2007).

5.5. Course Development and Improvement

MEA currently supports 12 compulsory common
courses during the final two years of mining en-
gineering program at each member university
complemented by a number of more specialised
elective courses. Member universities continue
to be responsible for the more general engine-
ering education during the first two years of the
degree.

MEA takes a collaborative approach to course
development, delivery and assessment. Each
course is developed by a team of academics
consisting of a representative from each part-
ner institution and includes a nominated course
convenor and three node co-ordinators. Under
the guidance of an educational consultant, a ri-
gorous course development process ensuring
alignment between course objectives, teaching
and learning activities, graduate attributes and
assessment was introduced and is an integral
part of the development of all courses. This ap-
proach to course development was new to most
of the academics in MEA and required them to
build capacity to undertake the collaborative
development essential for MEA's common cur-
riculum and to design course that met industry
requirements that specifically requested the de-
velopment of workplace skills such as team work
and communication.

In order to address regional differences and
specialities, 80% of the content is core and 20%
complimentary. Regular meetings occur betwe-
en the course teams and the twice yearly work-
shops enable the course team members to work
together to maintain high academic standards
and implement any minor changes required. This
rigorous approach to course design is now an
integral part of MEA course development activi-
ties, with existing academics demonstrating high
levels of expertise in the MEA curriculum design
process and providing support in this regard to
new academics coming into the program. This
ensures the high standard of curriculum design
implemented for the MEA course development
process continues.

38

Course materials (learning guides, readers, sli-
des, etc.) are professionally developed, reviewed
by the industry and UQ’s Teaching and Educatio-
nal Development Institute (TEDI) and published
for students. The materials are provided to stu-
dents in the first week of each semester.

5.6. Course Evaluation and Improvement

MEA has implemented a comprehensive course
evaluation and improvement process. Feedback
is received from the students for every course
through end of semester evaluations. Course le-
aders collect the survey results from all MEA uni-
versities and analyse the results to identify any
issues, develop an action plan to resolve these
issues and report back to the Program Leaders
Committee for implementation.

5.7. Collaboration Process

MEA offers a unique opportunity for students at
the partner institutions to access a much larger
pool of expertise than is available through sing-
le institution programs. Academic staff who are
expert in their teaching areas are called upon by
other MEA universities to give a set of lectures
to share their expertise with all MEA students.
Using a range of technologies, including colla-
borative teaching tools such as Moodle, video
conferencing and SparkPlus™, staff are able to
teach across the institutions providing access to
a rich pool of expertise and addressing shortfalls
in expertise at individual institutions. The colla-
boration also enables cross-institutional student
projects and other learning activities.

5.8. Quality Assurance and Moderation
Process

In order to ensure standardisation of assess-
ment across the program, MEA developed stan-
dard criteria for projects, group work, presenta-
tions and assignments, with the ability to adapt
for specific circumstances within the individual
course. It was also recognised that is some ca-
ses course teams would need to develop criteria
for specific assessment items not covered by the
generic tools. This work was largely carried out
by the program leaders committee with feedback
from other staff. A moderation process for assig-
nments and courses was also developed. It was
decided that a sample of individual and group as-
sessment items in three of the courses would be
reviewed against the standardised assessment



criteria developed for each assessment item. An
individual assignment, a group assignment and
an individual examination made up this process.

5.9. Student Conference

MEA holds a student conference each year whi-
ch showcases the best of high quality research
projects undertaken by students enrolled in MEA
mining engineering programs across Australia.
The location of this conference is rotated each
year between members’ universities.

Up to five students selected from each univer-
sity who are sponsored by MEA and their home
university to attend and present their paper at
the conference. In addition to each student re-
ceiving a certificate of participation and their pa-
per published in the MEA journal, the best three
presentations are awarded prizes. The judging
panel comprises programme directors from each
of the MEA universities for the selection of award
winners.

The conference is telecast live and students at
each university are encouraged to engage in
the Conference. Students in Years 3 and 4 are
particularly encouraged to view the telecast and
participate during question time.

5.10. Journal of Research Projects Review

All papers presented at the MEA Student Con-
ference are automatically eligible for inclusion in
the journal of MEA Research Projects Review,
following a peer review process. This journal is
circulated to the industry and other stakeholders
to highlight the quality of research projects un-
dertaken by MEA undergraduate students by
publishing a selection of only the best research
papers.

The Course Convenor at each university may
nominate up to two further papers for inclusion
in the journal. Each submitted paper must be
reviewed and co-authored by the student’s su-
pervisor.

5.11. MEA Student Exchange Program

As 3rd and 4th year curriculum of every MEA
university is the same, any student from an MEA
university can study at another MEA university
as an exchange student for a semester or two
in their 3rd or 4th year of study program. As the
offered courses are the same at each institution,
students have no problems with course selecti-
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ons/ compatibility.

This exchange study program offers many bene-
fits for students, including:

» spending one or two semester(s) at an MEA
institution other than their home node;

+ opportunity to meet and work with other stu-
dent groups; and

 living and studying in different location;

» possibility to link in with summer industrial
work experience.

CONCLUSIONS

Mining Education Australia was developed to
meet the increasing demand for mining industry
professionals in an environment where limited
funding exists within the conventional university
system and to maintain a critical mass of suitab-
ly qualified academic staff. The initiative was sti-
mulated by support and funding from the MCA
representing the Australian mining industry. The
MCA remains committed to the on-going financi-
al support of MEA to deliver a world class prog-
ram of undergraduate education in mining engi-
neering.

MEA is unique from a world-wide perspective.
Approximately 30 academics across four institu-
tions develop and deliver a common curriculum.
Commonly, academics develop and deliver their
programs either individually or in teams within
their own institutions. Developing an environ-
ment that encouraged collaboration between the
different institutions and enabled the develop-
ment of an agreed curriculum has been essential
to the success of MEA.

MEA has become a successful initiative with su-
perior education outcomes, including:

» a comprehensive educational program cove-
ring all aspects of mining engineering, techni-
cal, operational and social/community issues.

* improved and enhanced student experience
through access to a combined national co-
hort of mining academics at four institutions
and alternative and innovative delivery and
learning methods; and

+ student access to well prepared, up-to-date
and quality assured teaching materials inc-
luding course profiles, learning guides, rea-
ding material, slides, videos, mining industry
software packages, and laboratories.
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The success of the MEA was commended in the
recent Accreditation Report by Engineers Aust-
ralia to the School of Engineering, citing “Team
skills, project management, sustainability and et-
hics are all well covered throughout the program,
and the implementation of MEA has assisted in
mapping graduate attributes well to course con-
tent”. MEA provides industry with graduates equ-
ipped with professional skills, life-long learning
capabilities and exposure to a standard curricu-
lum.
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