Noranda madeninde tatbik edilen ufki ara-kat madencilik usulu

ONSOZ

Bu yazi 1941 yazinda, muharrir No-
randa madeninde (Kanada'da) calismakta
iken hazirlanmisti. Yazidan maksat bil-
hassa biliylik masif cevher Kkitlelerinin
isletilmesine elverisli modern bir maden-
cilik usuliiniin karakteristik taraflarinin
tarifidir. Bu yazinin M.T.A. dergisinde
cikmasiyla, memleketimizde metal ma-
denciligi ile alakadar olanlarin, modern
metal madenciligi tekniginin Turkiye'de
tatbikinde rol oynayabilecek faideli mal{i-
mat bulacaklar1 timit edilmektedir.

Bu makalenin hazirlanmasinda isti-
fade edilen maltimat ve resimlerin kulla-
lanilmasina miisaade etmek lGtfunda bu-
lunmalarindan Noranda Madeni Direk-
torliigline ve basmiihendis Mr. Eilertsen'e
derin tesekkiirlerimi sunarim.
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I. GIRIS
Noranda madeninde gerek sulfiir

cevher Kkitlesinde ve gerek riolit (rhyo
lite) kitlesinde kullanilan, esas kabul edil-
mis magara acma usulli, bu madendeki
cevher Kkitlelerinin seraitine gore degise-
bilen bir «ufki ara - kat» magara agma u-
suludur. Boylece, halihazirda tatbik edi-
len usul, ufki ara-kat usuliiniin bir cin-
sidir ve buna da «cemberleme perforas-
yon usulii» ismi verilmistir. Bu yazidan
maksat, bu magara agma usuliinii, No-
randa madeninde halen tatbik edildigi gi-
bi tarif etmek ve evvelce kullanilmig olan
«Kademe Usulii» ile mukayese etmektir.
Yeni usuldeki baglica farklar kademelerin
yerine ara - kat galerilerinin kullanilma-
s1 ve elmasli perforator ve seksiyonlu ce-
lik perforatorleri kullanarak uzun delik-
ler delinmesidir.

Il. MAGARA ACMA USULUNUN
TARIHCESI

Noranda'da ilk aramalar 1922 ile 1925
seneleri arasinda yapilmisti.. Elde edilen

neticeler, cevherin ne sartlar altinda bu-
lundugu hakkinda tam bir fikir vermemis-
ti. Blylk silflir cevher kitlelerinin algak
tenorlii oldugu bilinmiyordu ve karl islet-
meye elverigli, yiliksek tenorlii cevher ih-
tiva eden kii¢lik kitleler de diabaz dayklari
ve entriizyonlar1 ile karigmig bir vaziyet-
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te idi. O zamanlar, yalniz fazla cevher ih-
tiva eden ve altin muhteviyat1 yiuksek o-
lan Kkitlelere tesadiif etmek iimit ediliyor-
du. 1928 de agilmakta olan 3 numarali ku-
yu yuksek tenorde bakir ve altin ihtiva
ettigi tesbit edilen H. kitlesine girdi (se-
kil 1 ve 2 ye bakiniz). 1000 ayak seviye-
sinde bir istasyon acild1 ve galeri acilmasi
ve maden alinmasi bunu takip etti. 100
ayak genigliginde ve 500 ayak uzunlugun-
da bir sahanin cevherle kapli oldugu tes-
bit edildi.

H - kitlesinin bulunusundan sonra
madenin alinmasi biiyiik terakki ile iler-
ledi. Bu safthada, meyilli basyukarilar
(inclined raises) ve kademeler (benches)
kullanilan bir usul yukart H - Kkitlesini is-
letmede tatbik edildi. (sekil 2) 1930-31 ve
32 iktisadi buhran senelerinde, bu meyilli
bagyukarilarla acilmis olan sahada yalniz
yuksek tenorlii altin cevheri ihtiva eden
kistmlar isgletilmisti. Madenin daha alt ki-
simlarinin igletilmesine de 1934 de alti-
nin fiyatr artmasiyla baglandi. Asagi H -
kitlesinin isletilmesine  kademe usuliiyle
karigik bir ufki ara - kat usulii ile baslan-
di. Dokuzuncu igletme yili olan 1936 se-
nesinin sonunda Noranda madeninde 2
mil kuyu, 34 mil galeri, 40 mil bagyukari
acilmis ve 80 mil elmashi perforatér de-
ligi tamamlanmis ve 11 milyon ton (ame-
rikan tonu = 2000 Ilibre) cevher cikaril-
mustir.

1940 ekim ayinda 6 numarali dahili
kuyunun agilmasina 25 inci kattan bas-
lanilmist1. Halihazirda bu dahili kuyu yer
yuzinden 5700 ayak derinlige varmig bu-
lunuyor. Bu kuyu madende derinlemesine
yapilan aramalar i¢in kullanilmaktadir.
Bu aramalardan elde edilecek neticelere
bagli olarak yeni magaralar agilacak ve
6 numarali kuyu da istihsal i¢in kullani-
lacaktir. Nakliyat yapilan en alt kat 3000
ayak derinliktedir. Halen magaralarin
kismi kiillisi «cemberleme sondaj» (Ring
drilling) usuliiyle isletilmektedir. Birkag
magarada «gekilme usulii»  (Shrinkage
method) en elverigli usul olarak tatbik
edilmektedir.

1. JEOLOJI

Noranda madeni riolit akintilari
(flows) tiifler ve aglomeralardan miite-
sekil bir sahada bulunup, simalde Horne
deresi fay1 ve diger li¢ cihette de andezit
ile ¢evrelidir (Sekil 1). Riyolitlere, fayin
simalinde, ve andezit mintakasinin gi-
ney-dogu, gliney ve giiney batisinda da
tesadiif edilmektedir. Horne rioliti ile an-
dezit kontaginda bir kayma mintakasi te-
sekkiil etmistir. Riolit ic muhtelif safha-
da, Kuarts - diorit, siyenit ve gen¢ gabro
tarafindan delinmistir (intruded). Cevher
daha genc bir sathada yukari cikan sicak
mahliillerden teressiip ederek birikmis ve
«breccia» haline gelmis riolitin yerini tu-
tan masif siilfiir kitlelerini meydana ge-
tirmigtir. Pirit ve kalkopirit disemine bir
sekilde, ince taneli riolitin icinde de birik-
mistir. Stilfiirlerin, riolitin yerine gecme-
si daha ziyade kayma mintakalarinda vu-
kubulmustur.

Kullanilan magara ac¢ma usuliini
tetkik ederken jeolojisini nazar1 itibare
alacagimiz baglica kisim cevher Kitlesi-
dir. Madende dort mubhtelif cinste cevher
mevcuttur. Birincisi, yukar1 H- ve asagi
H Kkitleleri gibi en genis cevher kitlelerini
teskil eden, masif siilflir cevheridir (se-
kil 2). Bu cevher kitlelerinin ekserisinde
kalkopirit, pirit ve pirotit baslica metalik
muhteviyat1 teskil etmektedir.

H. kitlesinin alt kisimlarinda silis
miktar1 artar ve cevher izabede kendi
kendini eritici (Self - fluxing) bir hale
gelir. Bu mintakalardan maada diger ki-
simlarda gang'a nadiren tesadiif edilir.

Ikinci tip cevher, silislesmis bir rio-
littir, ve bunun iki tiirlisiine tesadif edi-
lir: altin ihtiva eden fondan cevheri, ba-
kir ihtiva eden fondan cevheri. Bu her iki
cins cevherde de silfiirler riolitin ince
catlaklart icinde disemine olmustur. Bu,
ikinci tip cevher Kkitleleri biliylik eb'adda
olmakla beraber H - cevher kitlelerinden
cok kiigiiktiir.

Ucgiincii tip cevher, riolit ve metadia-
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bazin alterasyon mahsulii olan kloritli bir
kaya icinde disemine olmus kalkopirit, pi-
rit, pirotit, altin ve teliir bilesiklerinden
mitesekildir. Bu cins cevheri ihtiva eden
iki kitle mevcuttur. Bu Kkitleler ince taba-
ka halinde sakuli istikamette yayilmiglar-
dir. Dordiincii tip cevher, sfalerit, piritli
riolit ihtiva eder ve ehemmiyeti haiz de-
gildir.

IV. MADENCILIK USULUNU SECME-

DE MUESSIR OLAN AMILLER

Madenin jeolojisi hakkinda yukarda
verilen izahatta goruldigu gibi, gerek
sulfiir cevheri ve gerek altin ihtiva eden
«fondan» cevheri biiyiik kitleler halinde
bulunmaktadir. Silfiir cevher Kkitleleri,
cevherin tenorunun sayani ehemmiyet bir
derecede diismesine sebep verecek kadar
gang maddesi ihtiva etmediginden ve «fon-
dan» cevherinin altin ihtiva etmesi bile,
izabede ise yarayacagindan her bir cevher
kitlesini tamamiyla isletip c¢ikarmak sa-
yani tercihtir. Su halde secilecek olan ma-
dencilik usulii, kabil oldugu kadar az is-
cilikle, buyik miktarda cevher istihsal e-
debilecek bir usul olmalidir. Bu husus
da ancak kabil oldugu kadar genis maga-
ralar acmak suretiyle basarilabilir.

Uzerinde durulmasi lazim gelen di-
ger amiller, yerin dayaniklili§1, isletme
masraflar1 ve patlatma deliklerinin derin-
ligidir.

(a) Yerin dayamkhihg:

Sulfiir cevherinin gerek izabeye ta-
bi tutulan ve gerek konsantre edilen cins-
leri sert ve dayaniklt olup kesif Kkit-
leler teskil eder. Bu Kkitleler iyi sikismis
bir halde olup ayrica mesnetlere ihtiyac
kalmaksizin, olduk¢a genis acgikliklarda
¢okiintii emaresi gostermez. Binaenaleyh
kuyular, istasyonlar, siitler (chute) ve
bagyukarilardan maada hi¢ bir yerde,
agac mesnetler kullanilmaz. «Fondan»
cevheri de, sert ve dayaniklidir ve genis
acikliklarda mesnetsiz dayanabilir. Son-
daj bakimindan siilfiir cevherinden daha

serttir ve sondaj deligi kuarts damarina
tesadif ettigi takdirde giicliiklerle karsi-

lasilir. «Fondan» cevherinde siilfiir cev-
herinden daha sik kaymalara tesadif edi-
lir. Kaya «kabuklanip soyuldugu» takdir-
de, hususi bir ¢imento olan «Gunite» kul-
lanilir. Fazla tazyikli mintakalarda ve
bilhassa kuyu ve istasyonlarda, kaya so-
munu (rock bolt), betonarme ve «Gunite»
fazla kabuklanmaya mani olmak icin kul-
lanilan muhtelif vasitalardir.

(b) Emniyet sartlarn:

Arazinin evsafi, ¢okiintii tehlikesine
maruz kalmaksizin, acik magaralarla ma-
deni isletmeye miisaittir. A¢ik magaralar-
la isletme usulii Noranda madeninin ilk
giinlerindenberi muhtelif sekillerde tat-
bik edilmistir. Ilk kullanilan usul bir me-
yilli dehlizler ve kademeler sisteminden
ibaretti. Bu dehlizler 45° meyilli olarak
acilmisti ve butin islerde sureti mahsu-
sada staj gOrmiis amele kullanilmasini
icap ettiriyordu. Bu usulde tehlikeye kar-
s1 kéafi derecede emniyet mevcut degildi.
Ikinci usul olarak «ufki ara - kat» usulii
tatbik edilince amele icin daha emin ca-
lisma gartlart elde edilmis oldu. Daha
sonra, kademeler tlzerinde c¢aligmanin
tehlikesi nazari itibara alinarak, bu usul
«¢emberleme sondaj» 1n ilavesiyle daha
emin bir sekle sokulmustur. Boylece, ha-
lihazirda biitiin ameliye madenin en emin
yerleri olan galerilerin i¢inde yapilmak-
tadir. Galerilerin emniyeti, «sirt» daki
gevsek kaya parcalarint koparmak sure-
tiyle bir kat daha arttirilir. Kademelerin
tamamiyla emniyetli yerler olmayisinin
sebepleri sunlardir: genis bir saha kapla-
yan magara sirtinda daima kaya parcalari
gevseyip dusebilir, cevher kitlesindeki
catlaklardan dolayr kademenin kendisi
¢okiip gidebilir.

Yukaridaki izahattan anlasilacagi gi-
bi, c¢emberleme sondaj usulii dogrudan
dogruya tatbik edilmis degil, fakat tehli-
kenin Oniline ge¢cmek icin diger usullerin
terakki ettrilmesinden dogmustur. Haliha-
zirda standard olarak kabul edilmis usul
de budur, ciinkii azami emniyet ve asga-
1 maliyet ile kabili tatbiktir.
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V. MAGARA ACMA USULUNUN
ESASLARI

(1) MAGARA ACMA SARTLARI:

Madenin jeolojisinde gosterildigi gi-
bi, muhtelif evsafi haiz cevher kitlelerini
isletmek icin bir standard tip magara kul-
lanilmaz. Degisik sartlara uygun muhtelif
tipte magaralar su sekilde tasnif edilebi-
lir:

(1) Seksiyonlu celikli (yani muhtelif
parcalarin eklenmesiyle meydana gelen
mihveri havi) kaya delme makinelerinin
kullanildigr muntazam siilfiir cevheri ma-

garalari.

(2) Elmasli sondaj makinelerinin
kullanildig1 fondan cevheri magaralari.

(3) Her iki nevi sondaj makineleri-

nin kullanildig1 gayrimuntazam magara-
lar.

Nakliyat katlarinin ve ara Kkatlarin
planlanmas1 ve madeni agcma ve asil islet-
me safhalarindaki ameliye sirast her lg
sinif magara i¢in de aymdir.

(2) ARA - KAT ACILISI (Sekil - 6)

Magara istihsale baslamadan evvel
tamamlanmasi icap eden ihzari ameliye-
den biri de ara katlarin acilisidir. Ameliye
siras1 sOyledir:

3 numarali kuyu civarinda, miistak-
bel magaranin alt kismina isabet eden
nakliyat katindan st kismina isabet eden
nakliyat katina kadar bir sakuli «bagyu-
kar1» (raise) aciir. Bu bagyukarit her
ara-kat seviyesinde ufki galerilerle 3 nu-
marali kuyuya baglanir. Bundan sonra
«basyukar» aicilma devresinde c¢ikan tag-
larin nakli i¢in kullanilir. Butiin ara kat-
larin acilmasmna li¢ numarali kuyudan
baglanir. Uc¢ numarali kuyu 4 numarali
kuyuya baglanir. Cevher kitlesinin bir ba-
sindan diger basina dogu-bati istikame-
tinde bir galeri acilir. Bu galerinin ebadi
4X7 ayakdir ve ismi «topuk galerisi»
dir.  Cevher Kkitlesi bu ara kat seviye-

sinde elmasli sondaj makineleri ile bir
eksplorasyona tabi tutulur. Bu ista kulla-
nilan sondaj makineleri kocan ¢ikaran tip-
dendir. Her 50 ayak mesafede her iki du-
vardan almak suretiyle galeri 7 ayak ge-
nigliginde acilir ve bu sekilde sondaj is-
tasyonlar: icin kafi derecede genis yer te-
min edilmis olur. Bu eksplorasyon delikle-
ri ufki ve «topuk galerisine» amut istika-
mettedir. Her deligin istikametinde cevher
kitlesinin hududu bu suretle tesbit edilir.
Ayni zamanda «topuk galerisi» ile cevher
kitlesinin miicavir kaya ile kontakti ara-
sindaki mesafede cevherin  muhteviyati
hakkinda kafi derecede maliimat elde edi-
lir. Ameliyatin bu safhasinda, magara ve
topuklarin aranjmanini takarriir ettirecek
kafi derecede malimat toplanmis olur.
Sekil - 6 gayrimuntazam magara agma
sartlar1 altinda yapilan aranjmani goster-
mektedir.

(3) STANDARD MAGARA PLANI
(Sekil - 3)

40 ayak genigliginde tuldni bir to-
puk, hudutlart tdyin edilmis olan cevher
kitlesinin takriben ortasinda sarktan gar-
be uzanir. 4X7 ayaklik galeri bu topugun
merkez hattin1 takip eder. Magaralarin
tuldni istikameti simalden cenuba dogru-
dur. Ekseri muntazam magaralar 60 ayak
genisliginde olup aralarinda 40 ayak ge-
nigliginde bir topuk bulunur. Uzunluklar,
tulani topukla kontakt arasindaki mesa-
feye tabi oldugundan degisir. Magaranin
irtifar arazinin dayanikliligina gore degi-
sir. Standard sulfiir cevheri magaralari
175 ayak irtifaindadir ve her 35 ayakta
bir ara - kat bulunur; riolit magaralar: ise
320 ayak yiikseklikte olup, her 60 ayakta
bir ara - kat vardir. «Tuldni topuk» a
amut ve 60 ayak genisliginde bir «kuyu
topugu» 3 numarali kuyunun muhafaza-
s1 icin birakilmistir. Bu, ayn1 zamanda iki
magara arasinda topuk vazifesini de go-
rir. Bir magaranin tabani ile alttaki di-
ger bir magaranin sirt1 arasinda ufki bir
topuk birakilir. Buna «taban topugu» is-
mi verilir ve 60 il4 70 ayak kalinliginda-
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Noranda madeni teknik miihendis biirosunun miisadesiyle alinmistir. Taken by permission from Noranda Mines Engineering office.



dir. Seraitin icabatina gore 35 veya 60 a-
yakta bir ara - kat acilir. Biitiin ara - kat-
larda misabih isler yapilir. Topuk gale-
risine amut istikamette 7X7 ayaklik ve
kontakt mintakasina kadar uzanan galeri-
ler acilir. Bu galeriler birbirinden 60 ayak
mesafede olup magaranin yan duvarlari-
n1 tayin ederler. Bu galerilerin son nok-
talar1, kontakt: takip eden diger bir galeri
ile baglanir. Biitlin bu galeriler topuk ga-
lerisinden daha genistir, ¢linkii sondaj
istasyonlar1 arasinda mesafe ¢ok kisa ol-
dugundan galeriyi yalniz sondaj nokta-
sinda genigletmenin manasi kalmaz.

(4) MAGARA TABANI:

Magara tabaninin (Stope floor) acil-
masina, magaranin kontakt noktasindan
baslanir ve magara gerileyerek acildikca
genisletilir. Magaranin kenarini takip e-
den ve iskara basyukarilarini birlestiren
4X7 ayaklik bir galeri acilir.  (Sekil 95).
«Magara taban acikligi» na, kontakt'da bu
galerinin nihayet noktasindan baglanir.
«Yarik bagyukarisi» nin agilmasi da ame-
liyatin bu safhasinda vukubulur. Magara
taban1 ag¢ikligi magaranin biitiin genisli-
gince imtidat eder ve magara yiiziinden
(face) 30 ayak ileride olarak agilir. Ma-
gara ylizlintin alt kosesi alinir. Bu ameli-
ye magara tabanindan yapilir. Iskara
bagyukarilart magara tabani agilmadan ta-
mamlanmig bulunur. Bu bagyukarilarin
magara tabanina acilan yukari noktalari
genisletilip huni sekline sokularak cevher
gececek delikler haline getirilir.

(5) «<YARIK» (SLOT) IN ACILISI:

Butun ara - kat galerileri acildiktan
sonra yapilan ilk is cevher kitlesinin kon-
taktt boyunca bir «yarik» a¢maktir. Bu
safhadan sonra da magara, cemberleme
perforasyon usulil ile igletilmeye hazir-
dir. Magara tabani katindan magara ytk-
sekliginde ve biitlin ara - katlardaki dip
galerilerini (kontakt boyunca olan gale-
riler) baglayan 6X6 veya 7X7 ayaklik bir
sakuli bagyukar1 acilir (Sekil 4). Yarik'in

delinmesi isi her ara kattan yapilir. Ara-
zinin sertligine gore, delme ameliyesi sek-
siyonlu celik perforatorler yahut elmash
perforatorler veya her ikisi ile yapilir.
Ug yukart delik ve ti¢ asagi - delik bir
«sira» teskil eder. Bir sira teskil eden de-
likler ayni sakuli planda delinir. «Sira-
lar» arasindaki mesafe iki ayaktir. Dina-
mitleme baslanmadan evvel biitliin «ya-
rik»1in delinme ameliyesi tamamlanir. Ay
n1 siradaki biitiin delikler, ayni zamanda
dinamitlenir ve patlatilir ve boOylece 2 a-
yak kalinliginda, her ara - kattaki dip ga-
lerilerinin genigliginde ve magaranin yuk-
sekliginde bir parca koparilmis ve parca-
lanmig olur. Bu parg¢alanmadan cikan ka-
ya «cekis delikleri» (draw - holes) ve is-
karalardan gecerek alt nakliyat katinda
kuyuya sevk olunur. Cevher Kkitlesinin
kontakt1 ekseri sakuli degildir. Fakat ma-
gara duvarlarinin sakuli olmasi arzu edi-
lir. Bu husus da, ileri ¢ikan ara katlarini
sakuli magara yiizii hizasina getirmek su-
retiyle basarilir. Bunun i¢in iki usul tat-
bik edilir.

(i) Ayn1 patlatma

Elmash perforatorler kullanilir. A-
ra-kattan ara-kata yalniz asagi - delikler
delinir. «Yarik» ilk evveld en asagi ara
katta tamamlanir. Bundan sonra ileri dog-
ru ¢ikinti teskil eden arakat cevher alin-
mak suretiyle sakuli magara ylizii hizasi-
na getirilir.

(ii) Beraberce patlatma

Seksiyonlu celik perforatorler kulla-
nilir. Asagi - delikler ve yukar1 - delikler
delinir. Mubhtelif ara katlarda ayni sirada-
ki delikler beraberce patlatilir ve biitiin
yarik ayni zamanda gerileyerek agilir.

Yukarda zikredilen her iki wusulde
de ileri c¢ikint1 teskil eden ara katlan sa-
kuli magara - ylizline irca etmek i¢in ila-
ve delikler delinir (sekil 4). Magara yuzu
sakuli plana getirildikten sonra standard
delme projeleri tatbik edilir.
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STANDART SULFUR MAGARASININ NidAYET NOKTASININ PLAN VE KESIMULERI .
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YARIGIN PERFORASYONUNU GOSTERIR

PLAN AND SECTIGNS AT THE END OF A STANDARD SULPHIDE STODE.
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(6) CEMBERLEME PERFORASYON
Cemberleme perforasyon, bu magara
acma usuliiniin en karakteristik tarafidir.
Ara katlardan delinen mubhtelif uzunluk-
lardaki delikler biitiin «yiiz» e simetrik bir
sekilde dagilmak tizere, yelpaze gibi aci-
lirlar (sekil 7+8). Deliklerin tevzii pro-
jesi, en az kirma maliyeti verecek sekilde

¥ 23 e Hat . AT L et B l

JANBARD £0O FT. STOPE
DIAMIND DRL. N6
[ ows Bredosi |

W GENISLIGINDE STANDART MAGARA
ELMASIS PHEFOR: SYDH
[ dsafe 't Aivess’ )

SEK.8: BIR FONDAN CEVHERI MAGARASININ ONDEN GORUNUSU

FIG.8: FRONT ELEVATION OF A FLUX ORE STOPE

o

Noranda madeni teknik miihendis biir
Taken by permission from Noranda Mines Engineering office.
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TiPIK GAYRIMUNTAZAM MAGARA_ CELIKLi PERF.
(ASAGIHKITLESI)

TYPICAL IRREGULAR STOPE, ROCK DRILLING
(LOWER H OREBODY)

Sek. 7 : Bir siilfiir magarasinin 6nden goriiniisii
Fig. 7 : Front elevation of a sulphide stope
Noranda madeni teknik miihendis biirosunun
miisaadesile alinmustir.
Taken by permission, from Noranda mines
engineering office.

hazirlanir. Siralar arasindaki mesafe 2
ayaktir ve topuk hattina yakin noktalar-
da iki yardimci delik acilir. Teodolit ciha-
71 ve serit kullanilarak «sirarlarin yerleri
tdyin edilir ve galerinin her iki duvarina
beyaz boya ile isaret edilir. Bir «sira»daki
biitiin delikler ayn1 sakuli plan dahilinde



delinirler. «Yiiz» U diizeltmek icap ettigi
zaman kismi bir sira delinir.

(a) Seksiyonlu celik perforatorler:

Arazinin nisbeten yumusak oldugu
ve 20 ayakdan uzun deliklere ihtiyac ol-
madig1 sulfiir cevheri magaralarinda, ce-
lik perforatorler kullanilir. Yatik «asagi -
delikler» ve buittin yukart delikler icin
«drifter» tipinde perforatorler kullanilir.
Dik asag1 - delikler icin «plugger» tipin-
de perforatorlerden istifade edilir. Per-
foratorler 20 ayak wuzunlugunda kollar
ve sakuli siitunlar vasitasiyla tespit edi-
lir. Seksiyonlu celik dairevi maktada olan
celik peforatdor c¢ubuklarindan miitesek-
kildir. Bu c¢ubuklar en fazla 6 ayak uzun-
luktadir, ve 2 1/4 pus uzunlugunda ve
1 1/2 pus harici kuturda vanadium celi-
ginden mamul parcalarla birbirlerine ek-
lenirler. Kullanilan makkaplar delinmege
baslanirken 2 pus ve Dbitirilirken 1 1/16
pus kutrundadir. Dinamit ¢ubuklar1 1 1/8

pus kutrundadir.
Delme hassalan:

Deliklerin azami uzunlugu «Fondan»
cevherlerinde 14 ayak, siilfiir cevherinde
32 ayaktir. 8 saatlik bir vardiyede 70 ayak
uzunlugunda delik delinebilir, 1 ayak de-
ligin vasat1 maliyeti 0,28 dolardir. (Kana-
da dolar1). Bu miktara, amele, celik ve
tamirat masraflar1 dahildir. 1 ayak uzun-
lugunda delik basina takriben 4.5 ton (A-
merikan tonu = 2000 libre) cevher kopa-
rilmig ve kirilmis olur. Bu sekilde bir del-
me vardiyesi basina her magarada 200 ton
cevher diser.

(b) Elmash perforatorler:

Daha sert olan riolit cevherinde el-
masli perforatorler kullanilir, zira bu ma-
kineler celik perforatorlerden iki misli
siiratle delerler ve bu evsaftaki arazide
daha az masrafla ig goriirler. Magaralar
silfiir cevherinde oldugundan daha genis-
tir (sekil 8). Boylece 100 ayak genisligi
olan magaralar isletilmistir. Stlfiir cevhe-
ri magaralarina kiyasen, bu magaralarin
ara - kat mesafelerinin 60 ayak olusu ve
biitlin ebadin artmis olusu acma masraf-
larinda bir azalmayi intaceder. Delme pro-

jelerinin hazirlanis1 ve «sira» larin arazi-
ye isaret edilisi sulfiir cevherinde oldugu
gibidir. Uzun deliklerin diiz gitmesi icin
lazim gelen ihtimam gosterilir. Magara
duvarina miitecavir yalniz bir yardimci
delik delinir. Kiiciik 6lgiide tazyikli hava
veya elektrik ile isleyen makineler kulla-
nilir. Kullanilmakta olan perforatorler
Longyear - Electric, Boyles, Heath ve
Sherwood ve Holman gibi muhtelif mar-
kalardir. Fazla ihtizazdan dolayr perfo-
ratorler galeri istikametine amut ve ga-
leri duvarlarina sikistirilan bir kizak tize-
rine oturtulur. Bu sekilde kizagin bir tes-
bitinde ancak bir «sira» delinebilir. De-
likler 1 3/16 pus kutrundadir. Makkap cu-
buklar1 1 1/8 pus kutrunda ve 2 1/2 ayak
uzunluktadir. Cubuklar 1 1/2 pus uzun-
lugunda vidali parcalar vasitasiyle birbi-
rine eklenir. Mubhtelif tipte kocan veya
karot c¢ikarmayan makkaplar kullanilir.
Bu cins makkaplarin delig siirati, kocan
cikaran makkaplardan daha azdir. Fakat
delikten kocgan cikarmak isi bertaraf edil-
digi icin hayli zaman kazanilmis ve neti-
cede vardiye basina daha fazla delik de-
linmis olur. Kogan ¢ikarmayan makka-
bin diger bir ustliinligh de daha uzun
miiddet dayanabilmesidir.  Elmaslar1 ta-
mamiyle eskimeden bir makkap riolitde
vasati 60 ayak delebilir. Perforatériin de-
vir adedi ve ilerleyis slirati iyi kontrol
edilmedigi takdirde fondan cevherinde te-
sadiif edilen kuarts damarciklari makkabi
¢ok cabuk eskitebilir.

Delme vasiflan :

Riolit'de vardiye basina vasati 35
ayak delinir. Siulfiir cevherinde ise bu
uzunluk kolayca 100 ayagi bulabilir. El-
maslt delmenin maliyeti bir ayakda 0.33
dolardir.

(7) PATLATMA

«Magara yiizii» niin patlatilmasi ma-
dende basgka faaliyet olmadi§i cumartesi
aksamlar1 vukubulur. Galeri ve basyuka-
rilarda patlatma her giin aksam vardiye-
sinin sonunda yapilir. Celik perforator
delikleri ile elmasli perforator delikleri a-
rasinda bazi farklar vardir.
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(I) Seksiyonlu celik perforatorlerle,
yani silfiir cevheri magaralarinda, her
patlatmada biitiin magara «ytlizii» ni kap-
layan 6 ayak kalinliginda bir dilim kopa-
rilmis olur. Bu patlatma neticesinde tak-
riben 8000 ton cevher ¢ikar. Magara yuizii-
niin patlatilmasi baglamadan evvel biitiin
magaradaki deliklerin delinmesi tamam-
lanmig olur. Yiizde 40 standard «forcite»
dinamiti kullanilir. Dinamit ¢ubuklari
1 1/8 pus kutrunda ve 8 pus uzunlugunda
olup 110 ¢ubuk 50 libre gelir. Dinamit cu-
buklarinin kagidr iki defa yarilir ve boy-
lece dinamit delige daha sikisik olarak
yerlesebilir. Celik perforator delikleri pek
muntazam olmadigindan ve dinamit cu-
buklarindan daha biiylik bir kuturda ol-
duklarindan boyle bir tedbir yerindedir.
Mafsalli «doldurma» degnekleri ile dina-
mit deliklerde sikistirilir. Bu ilk patlat-
ma tamamiyle elektrikle yapilir. 1 libre
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dinamit basina 3,5 ton cevher koparilmis
olur.

(IT) Elmasl perforator deliklerini pat-
latma ameliyesindeki degisiklikler baz1 te-
ferruattan ibarettir. Magara «ylzil» niin
her bir patlatilisindan 12.000 ton cevher ¢i-
kar. Yiizde 40 «forciete» dinamiti kullani-
Iir, dinamit ¢ubuklarinin kdgidini yarmaya
liizum yoktur. Dinamitle beraber «ara
cubuklar1» kullanilmaz. 1 libre dinamit
basina 5 ila 6,5 ton cevher koparilmis olur.

(8) ISKARA VE SUTLER:

Noranda madeninde iki tip 1skara
vardir: Cift iskaralar ve tek iskaralar. Se-
kil 9 bir ¢ift 1skara gostermektedir. Tek
1skaralar da bundan pek farkli degildir.
Agaclar yerlestirilmeden beton temel in-
sa edilir. Iskara traversleri 12X12 pusluk,
usti ve her iki kenar1 c¢elik levhalarla
kapli agaclardan ibarettir. Traverslerin
arasindaki agiklik «cekis deligi» tarafin-
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da 20 pus i1skara odasinin merkezinde 22
pustur. Ikinci patlatma 1skara odasinda
vukubulur. Birinci patlatmadan ¢ikan bii-
yik kaya parcalart «cgekis deligi» ni
tikayabilirler. Bu takdirde dinamit
kille yapistirilmak suretiyle bu kar
yalar alttan patlatilir. Bundan husule
gelen parcalar 1skara traversleri arasin-
dan gecmezse tekrar dinamitlenir ve pat-
latilir. Bu patlamalarda icap ederse
«plugger» perforatorler kullanilir. Sekil
9 bir standard siit gostermektedir. Siitte
calisan ameleler raylardan 4 ayak yuk-
sekte bir iskelede dururlar. Burada iki

amele calisir. Bunlardan birisi bir mani-
vela vasitasiyle vagonu siitiin hizasinda
durdurabilir. (Sekil 10).
VI. BOSLUKLARI DOLDURMA
Bosluklar1 doldurma usulii, topuklari

isletmek ve boylece orada kalan cevheri
almak hususu ile yakindan ilgili oldugu
icin tatbik edilen usuliin burada kisaca
tarifi faydali olur. Doldurma ameliyesi
desteksiz magara isletmesi ile topuklarin
isletilmesi arasinda vukubulur. Doldurma
maddesi, kaya, izabe clirufu ve «tailling».
lerden (konsantratorden c¢ikan i1skarta)
miitesekildir. Mayi halindeki izabe ciiru-
fu suya bosaltilmak suretiyle 2 pusluk ta-
neler halinde donar. Ciruf demir oksidi
ve silikat ihtiva eder. «Tailings» de piro-
tit ve silisten mitesekkildir. Magaralara
dokuldigi zaman bu iki madde karisir ve
danelenmis ciiruf pargalarinin aralarinda-
ki bosluklar1 doldurmak suretiyle «tail-
lings» har¢ vazifesini goriir. Boylece kon-
santratorden cikan siilfiirler cimento va-
zifesini ifa eder. Doldurma maddesinin
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muhteviyatinin en randimanli nispetleri
tayin icin tecriibeler yapilmistir. Cimento
vazifesini gorecek kafi miktarda «tail-
lings» mevcut olmalidir. Fakat oksidas-
yondan ileri gelen hararetin Oniine gec-
mek i¢in sulfiir nispeti asgari olmalidir.
Cilruf taneleri daha ufak olursa daha az
miktarda «tailings» cimento vazifesini
goriir. En elverisli neticeler su karistirma-
dan elde edilmistir:

% 50 Danelesmis ciiruf

% 38 Danelesmis ve kirilmig clruf

% 12 Pirotit'li «tailings»

Magara doldurulduktan sonra dur-
madan hararet intisar eder ve siithunet
200° F'a cikar.

Konsantratorden cikan «tailings» yer-
yluziinden magaralara acilan elmasli perfo-
rator deliklerine bosaltilir ve bu deliklerden
muhtelif magaralara tevzi olunur. Bu de-
liklerin her birinden saatte 25 ton «taillings»
gecebilir. Danelesmis ciiruf magaralarin
sirtina  agilan  «basgyukarilar» vasitasiyla
ithal edilir. Bu doldurma maddesi takri-
ben 3 senede donar ve madenin tabii ara-
zisi sertligine gelir. Boylece dolma minta-
kalarinda desteksiz galeriler acilabilir.
Bu doldurma usuliiniin avantajlart sunlar-
dir: «Taillings» ve ciirufu bosaltacak yer
tedariki meselesi ortadan kalkmis olur ve
bilakis bu maddeler de bir ise yarar. Cev-
herin yerini tutan madde cevher kadar
sert olup ayni emniyetli sartlar icinde is-
letme firsatini verir.

VIl. ISTIHSAL ve MALIYET (*)

Haftada 6 giin olmak lizere, giinde
6500 ton cevher cikarilir. Konsantratér ve
izabehane haftada 7 giin isler. Gilinde 3000
ton cevher konsantratorden, 1400 ton
sulfir cevheri ve 1400 ton fondan cevheri
de izabehaneden gecer.

Kuyudan ¢ikan cevherin bir tonu-
nun maliyeti:

(*) Bu kisimda verilen maliimat ya evvelce
nesredilen makalelerden alinmis veya muharririn
kendi tahminleri olup halihazirdaki igletme sart-
larina tekabiil etmeyebilir.
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Magara isletme 0,90 dolar
Istahsalden evvel galeri acma 0,30 "
Bosluklar1 doldurma 0,10 "
Harpten dolayr maliyet ve
glindeliklerde yiikselis 0,10 "
Yekiin: 1,40 dolar
VIII. NETIiCE

Noranda madenindeki mevcut sartlar
altinda, daha baslangictan, bir desteksiz
magara usuliinin tatbik edilmis olmasi
barizdir. Sulfiir cevherinde bir «cekilme»
usulti (shrinkage method) kullanmak dog-
ru olmazdi, ¢iinkii siilfiirlerin oksidasyonu
konsantrasyona tesir ederdi ve oksidas-
yondan cikan hararet yangin tehlikesine
sebep olabilirdi. Yukar1 H - kitlesinde kul-
lanilan standard kademe usulii tatmin edi-
ci neticeler vermistir ve ¢emberleme per-
forasyon usuliinden pek geri kalmaz. Ka-
deme usulii daha fazla hazirlik galerileri-
ne ihtiya¢ gosterdi, fakat bir magaradan
daha biuiyiik hacimde cevher cikarildig:
icin, yine karli bir usuldii. Arazinin da-
ha az dayanikli olmasindan ve kaya taz-
yikinin artmis olmasindan asagi H - kit-
lesinde boyle genis magaralar acilamaz. Bu
sekilde, asgari hazirlama galerileriyle kii-
ciik cemberleme perforasyon magaralari
bu sartlar altinda en muvafigidir.

Cemberleme perforasyon usuliiniin
baslica avantajlart sunlardir:

(a) Delme ve patlatma isleri made-
nin en tehlikesiz yerleri olan galerilerden
yapilir. Galeriler amele ve malzeme igin
kolayca erisilebilen yerlerdir.

(b) Biitiin hazirlama ve delme ame-
liyeleri duvar ve topuklarin zayifligindan
dogabilecek tehlikeli serait husule gelme-
den tamamlanir.

(c) Magara ylziiniin patlatilisi cu-
martesi aksamlar1 yapildigindan, pazar-
tesi sabahi calismaya devam edildigi za-
man maden gaz ve tozdan aridir.

(d) Delme igleri tamamlandiktan
sonra, istihsal siirati yalniz cevheri cekip
nakletmek stiratiyle tahdid edilmis olup,
kademe usuliindekinden daha fazladir.

Ankara. Subat 1945



The horizontal sub-level sloping method practised at
Noranda mine

PREFACE

This paper was first arranged during the
summer of 1941, while the author was em-
ployed by Noranda Mines Limited (in Ca
nada). The aim of the essay has been to
describe the outstanding features of an in-
genious mining method, particularly  sui-
table to large massive ore bodies. It is ho-
ped that, by the inclusion of this essay in
the mining periodical M. T. A., those en-
gaged in the metal mining industry of this
country will find useful data which may
play a role in the application of modern
metal mining technique in Turkey.

The author is deeply grateful to the
management of Noranda Mines Limited and
to Mr. Eilertsen, the chief engineer, for
their kindness in alowing permission to
use the information and drawings on which
this paper is based.
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I. — INTRODUCTION

The standard stoping method used
throughout Noranda Mine, both in sulphide
ore and rhyolite flux ore is a horizontal
sub - level stoping method modified to suit
the conditions of the orebodies in that mi-
ne. Thus the mining method practised at
present is a particular case of horizontal
sub - level stoping, and is called «The Ring
Drilling Stoping Method». It is the purpo-
se of this paper to describe this stoping
method as practised to-day at Noranda,
in order to compare it to the origina
«Benching Method». Differences in the new
method mainly consist of the replacement
of benches by sub-level drifts and the in-
troduction of long hole drilling with dia
mond drills and sectional steel rock drills.

[I. — HISTORY OF STOPING

The early exploration work at Noranda
took place between 1922 and 1925. The re-
sults obtained did not give a clear idea
about ore conditions. The larger sulphide
ore - bodies were known to be low grade
and the small ore bodies which contained
valeus high enough for profitable mining
were intermixed with diabase dykes and
intrusions. Then, it was only hoped to stri-
ke large ore - bodies with high ore content
and high gold values. In 1928 No. 3 shaft,
then being sunk, entered the H ore - body
which was found to have a relatively high
copper and gold content (see figs. 1 and 2).
A station was cut at the 1000 - foot level and
drifting an mining followed. An area of ore
100 ft. wide and 500 ft. long was determined.
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After the discovery of the huge H ore - body,
rapid progress in mining followed. At this
stage, a stoping method which was charac-
terized by the use of inclined raises and
benches was used to mine the Upper H
ore - body (see fig. 2). In the depression
years 1930, 1931 and 1932 only high gold-
bearing sections in this structure of incli-
ned raises were mined. The development of
the lower parts of the property started
when the higher price for gold came in 1934.
The mining of the lower H-ore-body has
been carried on by a horizontal sub - level
method combined with a benching method.
At the end of 1936, the ninth operating year
of the company, Noranda had sunk about
2 miles of shafts and driven 34 miles of
drifts, 40 miles of raises, had completed 80
miles of diamond drilling and had mined 11
million tons of ore. In October 1940 the
sinking of No.6 shaft was started from the
25 th level. At present this winze has rea
ched a depth of 5700 ft. below the surface.
It is being used for further exploration. De-
pending on the results obtained from these
explorations new stopes will be opened and
No. 6 shaft will be used for production. The
lowest haulage level is at a depth of 3000
ft. To- day, the majority of stopes are being
mined by the Ring Drilling Method. In a
few stopes the shrinkage method is found
most convenient.

1. — GEOLOGY

Noranda mine is situated in an area
of rhyolite flows, tuffs and agglomerates,
in contact on the North with the Home
Creek fault and on the remaining three
sides with andesite (see fig. 1). Rhyolites
also occur North of the fault, and to the
South - East, South and South - West of
the andesite zone. A shear zone has formed
at the contact of the Home rhyolite and the
andesite. The rhyolite was intruded at three
different periods by quartz diorite, syenite,
and younger gabbro. The ore was deposited
from hot ascending solutions at a later pe-
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riod, forming massive sulphide bodies as
replacement of brecciated rhyolites. Pyrite
and chalcopyrite were aso deposited, dis
seminated in afine - grain rhyolite. Repla-
cements occurred in shear zones.

The ore - bodies are the main geologi-
cal features to be considered in a discus
sion of stoping practice. There are four dif-
ferent kinds of ore. First, is the massive
sulphide ore which forms the largest ore -
bodies such as the Upper H and the Lower
H ore-bodies (see fig. 2). In the majority
of these ore - bodies, chalcopyrite, pyrite
and pyrrhotite are the main metallic cons
tituents. Gangue material is rare, except
in the lower parts of the H ore - body, whe-
re the siliceous content increases and the
ore becomes«self-fluxing». The second
type of ore is a silicified rhyolite, of which
two kinds occur, viz. gold - bearing flux
ore and copper - bearing flux ore. In both
kinds of ore sulphides are disseminated in
fine fractures in the rhyolite. The ore- bo-
dies of the second type are aso of conside-
rable size, but much smaller than the main
H - ore - bodies. The third type of ore con-
sists of chalcopyrite, pyrite, pyrrhotite, gold
and tellurides disseminated in a chlorite
lock which is an alteration product of rhyo-
lite and metadiabase *). Two ore - bodies
of this type have been found. They are thin
horizontally and extend vertically. The
fourth type of ore contains sphalerite and
pyrite in rhyolite, and is not important.

IV. — GOVERNING FACTORS IN THE
CHOICE OF STOPING METHOD

The foregoing outline of the geology of
the mine shows that both the sulphide ore
an the flux ore, the latter being gold - bea
ring, occur in large bodies. Since sulphide
ore - bodies contain little gangue material

(*) The term metadiabase was introduced by
Mr. H. M. Butterfield and refers to a group of
rocks of granular diabasic texture and of diabasic
composition but altered to secondary minerals.



which would decrease the grade of the ore
considerably; and also, because al the flux
ore, whether it is gold - bearing or not, is
required by the smelter, it is desired to mi-
ne out each ore-body entirely. Therefore
the mining method selected must be one that
can handle large amounts of ore requiring
as little labour as possible. This can be do-
ne by mining the ore in the largest possible

stopes.

Other factors to consider are the safety
cinditions, ground strength, mining costs
and depth of blast holes.

a) Ground Strength:

The sulphide ore, both the smelting ore
and the concentrating ore, are quite hard
and tough, and constitute massive ore - bo-
dies. These ore-bodies are of a compact
character and stand up very well over a
fairly long span without any support. The-
refore no timber support is used, except in
shafts; one or two timber sets in stations,
chutes and cribbed manways. The ore is of
medium hardness for drilling. The fluxing
ore is hard and strong, it stands up well over
a considerable span without support. In dril-
ling it is much harder than the suphide ore,
and more difficulty in drillin is encounte-
red when the hole strikes a quartz stringer
or vein. Slips are more frequent in the flu-
xing ore than in the sulphide ore. When
the rock spawls (or peels), «Gunite» is
used to cover the surface. In heavy ground,
particularly at shafts and stations, rock
bolts, reinforced concrete and «gunite» are
the various means of preventing excessive
peeling of the ground.

b) Safety Conditions:

Ground conditions permit open stope
mining without any danger of caving. Mi-
ning in open stopes has been carried on in
different ways since the early days of No-
randa. The first method practised consisted
of a system of inclined raises and benches.
These raises were driven at 45° to the ho-

rizontal and required specialy trained men
for all operations. The method did not pro-
vide sufficient safety. When the horizontal
sub - level stoping, with benches, was. in-
troduced as a second method, greater safety
for men was provided. Later, the danger of
mining on benches became more apparent,
and this method was improved a step fur-
ther by the introduction of ring drilling.
Thus, at present, all operations in this la-
test type of stopes are carried out in drifts,
which are the safest places in the mine. Sa
fety in drifts is improved by scaling the
loose rock from the back. Benches are not
entirely safe for two reasons. first, the
back spreading over a wide span has aways
some loose rock; secondly, the bench may it-
self cave, due to cracks in the ore. As is
evident from the above discussion, «ring
drilling» could not be adopted as the stan-
dard method in the early days of Noranda
Mine, because it is an improved form of
the other methods previously used. It is the
standard method to - day, because it affords
maximum safety and minimum cosis.

V. — OUTLINE OF STOPING METHOD
1) STOPING CONDITIONS :

As is evident from a study of the geo-
logy of the mine, one standard type of stope
cannot be used to mine the numerous ore -
bodies occurring under different conditions.
The different types of stopes being used to
meet these conditions can however be clas-
sified as follows:

() Regular sulphide- ore  stopes,
using rock drills with sectionad
stedl.

(I Fux - ore stopes using diamond
drills for drilling blasting holes.

(111) Trregular stopes using both dia

mond drills and rock drills.

Layouts of haulage levels and sub - le-
vels, and the sequence of operations in de-

velopment and actual mining are the same
for al the above three classes of stopes.
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2) SUB-LEVEL DEVELOPMENT
(SEE FIG. 6):

Development of sub - levels conditu-
tes part of the preparatory work done befo-
re the dope can enter production. The
sequence of operations is as follows:

A vertical raise, near No. 3 shaft, is
driven from the haulage level below the
proposed stope to the haulage leved above.
This raise is connected to No. 3 shaft by
horizontal manways at the elevation of each
sub - level. From here on, the raise is used
for transferring development muck. All
sub - levels are opened starting from No. 3
shaft. No. 3 sharft is connected to No. 4
shaft. An East - West drift is driven, ex-
tending to the limits of the ore-body in
both directions. This drift is 4 by 7 ft,, and
is cdled «the pillar manway». The ore-
body is explored at the horizon of that sub -
level by drilling diamond drill holes. Co-
ring type of drills are used for the purpose.
Walls are dashed at 50-foot intervals
along the pillar manway, widening it out
to 7 ft. for the purpose of providing suffi-
cient space for set- ups a diamond drill
gations. These exploration holes are hori-
zontal and at right angles at the pillar man-
way.The limit of the ore-body in the di-
rection of each bore hole is determined. Al-
S0, sufficient information is obtained as to
the camposition of the ore between the
pillar manway and the contact of the ore
with surrounding rock. At this stage of the
operations sufficient information is obtained
and necessary development work comleted
to decide the arrangement of stopes and, pil-
lars. Fig. 6 shows this arrangement under
irregular stoping conditions.

3) STANDARD STOPE LAYOUTS
(SEE FIG. 3) :

A 40 - foot wide longitudina pillar ex-
tends in the East- West direction appro-
ximately at the middle of the outlined ore
-body. The 4 by 7 foot manway is at the
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centre line of this pillar. The stopes extend
lengthwise from North to South. The gene-
ral regular stopes are 60 ft. wide with a
40 - foot pillar between them. Their length
varies, it is the distance between the con-
tact with the country rock and the longi-
tudinal pillar. The height of the stope va
ries according to ground strength. Standard
sulphide stopes are 175 ft. high with 35 -
foot sub - leve intervals, whereas rhyolite
flux stopes have a height of 320 ft. with
sub-levels at each 60-foot interval. At
right angles to the longitudina pillar a 60
foot wide shaft pillar is left for the safety
of No. 3 shaft. This latter also serves as pil-
lar between two stopes. Between the floor
of a stope and the back of the next lower
stope a horizontal pillar is left. This is cal-
led the «floor pillar» and it is 60 to 70 ft.
thick. Sub - levels are opened a 35 or 60
ft. intervals as the ore conditions may re-
guire. Smilar operations are carried out on
every sub- level. At right angles to the
central pillar manway 7 by 7 - ft. drifts are
driven to the contact area of the ore and
rock. These drifts are 60 ft. apart so that
they determine the side walls of the stope.
Their ends are connected by a drift dong
the contact. All these drifts are wider than
the longitudina pillar manway, because di-
amond drill set- ups are at very short in-
tervals and consequently having a narrow
drift and slashing for diamond drill stations
is impracticable.
4) STOPE FLOOR :

The dope floor is begun from the
«contact end» of the stope, and is opened
up in the same direction as the stope face
retreats. A 4 by 7 - foot drift isdriven aong
the side of the stope and connecting the
tops of the grizzly raises (see fig. 5). The
sope floor undercut is started at the con-
tact from the end of this drift. The opening
of the dot raise takes place an this dage
of operations. The stope floor undercut ex-
tends the whole width of the stope and is
advanced with the stope face being kept



30 ft. ahead of it. The bottom corner of the
stope face is taken down for block holing.
This operation is carried out from the stope
floor. Grizzly raises are already driven be-
fore the development of the stope floor ta-
kes place. The tops of these raises that open
into the stope floor are funnelled out to
form draw holes.

5) CUTTING THE SLOT :

After al the sub- leve drifts are ope-
ned the next step is to cut dot aong the
contact between theone- body and he coun-
try rock. Then the stope is ready to be mi-
ned out by ring drilling. A vertica raise,
6 by 6ft. or 7by 7ft. is driven from the sto-
pe floor level to the height of the stope and
connecting the end drifts (or drifts aong
the contact) on dl the sub - levels (see fig.
4). The dot is drilled off from each sub - le-
vel. Drilling operations are performed with
either sectional steel rock drills or diamond
drills, or both, according to the hardness
of the ground. Three up - holes and three
down - holes constitute a line. Holes for-
ming a line are drilled in the same verti-
ca plane. Lines are a 2-foot intervals.
The dot is entirely drilled off before com-
mencing the blasting, Holes on each line
are charged a a time and blasted, thus
breaking a dab of ore 2 ft. thick, the width
of the end drifts on the sub- levels and
extending the height of the stope. Muck
from this breaking is drawn through draw
- holes and grizzlies and transported on the
lower haulage level. As it frequently is
the case, the contact between ore-body
and rock may not be vertical or nearly
vertical (see fig. 4). But it is desired to ha
ve the stope vertical. This is achieved by
bringing back the projecting sub - levels
to the vertical stope face, by:

(1) Separate Blasting

Diamond drills are used. Only long
down - holes are drilled from sub - level to
sub - level. The dot is first completed on

the bottom sub - level. Then the projecting
sub - level is brought back to the vertica
stope face before the dot above is blasted.

(I1) Simultaneous Blasting

Sectional steel rock drills are used.
Up - holes and down - holes are drilled. Cor-
responding holes in the dot on dl suble-
vels are blasted together and the whole
dot is retreated at a time.

In both the above methods, partia li-
nes are drilled to bring the projecting sub
- levels back to the vertical stope face (see
fig. 4). After the vertical face is obtained
the standard drilling layut applies.

6) RING DRILLING:

Ring drilling is the most characteristic
feature of this stoping method. Holes of va
riable length drilled from the sub - levels
fan out so that they are distributed sym-
metrically over the entire face (see figs. 7
and 8). This drilling layout is designed to
give the lowest primary and secondary
breaking cost. The lines are 6 ft. apart with
two helper holes close to the pillar line.
The lines are laid out by transit and tape,
numbered and marked on both walls with
white paint. All holes in one line are dril-
led in the same vertical plane. When it is
required to sguare up the face a partial li-
ne is drilled.

a) Sectional Sted Rock Drills:

In sulphide stopes where the ground is
comparatively soft and the holes required
do not exceed a length of 20 ft., rock drills
are used (see fig. 7). For flat down-holes
and for al the holes above the horizontal
drifters are used. For steep down-holes plug-
gers are used. Set - ups are made with arms
20 ft. long and vertical columns. Sectiona
gsed is made up of circular drill stee up
to 6 ft. in length. These sted rods are at-
tached to one another by couplings made of
vanadium sted, 2-1/4 in. long and 1-1/2
in. outside diameter. The starting gauge of
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the bits is 2 in. the final gauge being 1-
116 in. The powder sticks are 1-1/8 in.
diameter.

Drilling Duty:

The maximum length of holes that can
be drilled is 14 ft. in the flux ore and 32 ft.
in the sulphide ore. An average of 70 ft.
can be drilled per shift. The average cost
of drilling is 28 cents per foot. This inclu-
des labour, steel and repairs. About 4,5
tons of ore is broken per foot of hole. This
results in 200 tons of ore in one stope per
drill shift.

b) Diamond Drills:

In the harder rhyolite ore diamond
drills are used for stoping, because they
have twice the drilling speed of rock drills
and give a lower cost in this ground. The
stopes are wider than in the sulphide ore
(see fig. 8). Up to 100 ft. wide stopes have
thus been mined. The entire increased size
of stopes with 60 foot sub - level intervals,
as compared to sulphide stopes, results in
a decrease in development cogts. Drilling la
youts are prepared and the lines marked
as in the case of sulphide stopes. Specid
attention is paid to keeping the longer ho-
lesin line. A practical method of surveying
diamond drill holes has been devised at
Noranda, for this purpose. Only one helper
hole is drilled close to the wall. Small com-
pressed air - driven or electrically - driven
machines are used. Longyear Electric, Boy-
les, Heath and Sherwood, and Holman are
the different makes in use at present. Due
to excessve vibration, set - ups are  made
on cross- bars. Thus only one line can be
drilled from one st - up. The drill holes
have a diameter of 1- 316 in. The rods
used are 1-18 in. diameter and 2- 1/2
ft long. Rods are attached to one another
by 1 - 22 i,n. long couplings of the same
diameter as the rods and threaded inside.

Non - coring bits of various designs
are used. The drilling speed with these bits
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is lower than with a coring type of bit. But
considerable time is gained due to the fact
that core remova is eliminated, and this
results in higher footage drilled per shift.
Another advantage is that the non- coring
bit has a longer life than the coring bit. In
rhyolite an average length of 60 ft. can be
drilled with the same bit before the dia-
mond is «polished» Quartz stringers met
with in the flux ore, will rapidly polish
the bit if the rotating speed and the feed of
the drill are not properly controlled.

Drilling Duty:

An average of 35 ft. per drill shift is
obtained in rhyolite. In the sulphide ore
this footage can easily reach 100 ft. The
cast of diamond drilling is 33 cents per fo-
ot.

7) BLASTING :

The blasting of the stope face is done
on Saturday nights when no other opera-
tions are resumed in the mine. Blasting in
drifts and raises is performed daily at the
end of the afternoon shift. Blasting of the
rock drill holes and diamond drill holes
are somewhat different.

(i) With sectional sted drills, that is
in sulphide stopes, a 6 - foot thick dice
extending over the whole face is broken at
each blast. This gives about 8000 tons of
one The entire stope is completely drilled
off before the face blasting is begun. Stan-
dard 40 per cent forcite is used. The pow-
der sticks are 1-1/8 in. diameter, 8 in.
long, 110 of them weighing 50 Ibs. The pa
per is dit twice, this secures more compact
leading, since the rock drill holes are not
quite uniform and have a larger diameter
than the powder sticks. Tamping is done
with jointed loading sticks. This primary
blasting is entirely elecric. 35 tons of ore
are broken per pound of explosive.

(if) With diamond drill holes, the blas-
ting practice differs only in minor details.
At each blasting of the face about 12000 tons



are broken. 40 per cent forcite is used, the
dlitting of the paper is not necessary. No
gpacers are put. 5 to 6,5 tons of ore are
broken per pound of explosive.

8) GRIZZLING AND CHUTES :

There are two types of grizzlies at No-
randa Mine, double grizzlies and single
grizzlies. Fig. 9 shows a double grizzly. In
a sngle grizzly the main features do not
differ. Cancrete foundation is put in before
the timbering is begun. Grizzly bars are
of 12 by 12 in. timber with sted plates co-
vering the top and the two sides. The spa
ce between them is 20 in. at the draw-hole
end and tapers out towards the centre of
the grizzly chamber to 22 in. The secondary
blasting takes place in the grizzly cham-
ber. Large pieces of rock as broken by face
blasting may not pass through the finger
raise above the grizzly and jam the flow of
the muck. These are blasted from under-
neath, generally by sand blasting, and
brought down into the grizzly bars, where
another blasting is required if they have
not reached the grizzly size. Pluggers are
used when sand-blast is not sufficient.
The standard chute is shown in fig. 9. Chu-
te pullers stand on a platform about 4 ft.
above the rails. Two men operate the chu-
te. One of them can stop the car in front of
the chute by means of a lever arm which
he operates from the platform (see fig. 10).

VI.—BACK - FILLING

A brief description of the back - filling
method is amost necessary here, since the
process is closaly connected with the sub-
sequent pillar recovery. Back - filling fol-
lows open stoping and preceeds pillar mi-
ning. The filling material consists of was-
te rock, dag, and mill tailings. The liquid
dag is granulated to particles of about 2 in.
size, by being poured into water. The dag
contains iron oxides and dlicates. The tai-
lings contain pyrrhotite and silica. When
poured into the stope, the two mix, the tai-

lings filling the interstitial spaces between
the granulated dag particles, and acting as
mortar. Thus the sulphides of the mill tai-
lings act as a cementing agent. Experimen-
tal work has been carried out for determi-
ning the most efficient proportions of the
constituents of the filling material. There
must be sufficien tailings to produce the
necessary cementing action. But the sulp-
hides must be kept a a minimum to avoid
excessive heat due to oxidation. Finer gra-
nulation of dag requires less tailings to gi-
ve the same cementation. The mog satis
factory results were obtained from the fol-
lowingcomposition:

50 per cent granulated dag

38 per cent crushed dag

12 per cent pyrrhotite tailings

After the filling of the stope, heat is
generated continuoudy and the temperatu-
re reaches a maximum of 200° F. Mill tai-
lings are poured into the diamond drill ho-
les at the surface, which distribute and
bring the tailings into the stope. One drill
hole has a capacity of 25 tons per hour.
The granulated dag is introduced through
raises that lead the roof of the stope. The
back - fill sets comletely in about three
years. At the end of this period drifting can
be done through the fill. Hard rock mining
is practised, no timbering being needed.
The advantages of this method are the fol-
lowing. There is no problem of disposing
of the tailings and dag, rather they are
usefully utilised. The materia replacing
the ore offers the same security for mining
as the ore itself.

VIlI. — PRODUCTION AND COSTS (*)

6500 tons of ore are hoisted per day,
6 days aweek. 5600 tons per day go through
the smelter, 7 days a week. Of this, 3000

(*) Ail figures given here are either obtained
from papers aready published or are only rough
estimates of the author and may not correspond
to the present operating conditions.
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tons are the concentrator run, 1400 tons
the smelter run, and 1200 tons the flux ore.

The cogts, per ton of ore hoisted are:

Stoping 90 cents

Development 30 cents

Back-filling 10 cents

Increase in costs and

wages due to war 10 cents

Tota Dolar 140
VIIl. — CONCLUSION

Under Noranda conditions, it is evi-
dent that some open stoping had to be
adopted at the beginning. A shrinkage met-
hod could not be used in sulphide ore sin-
ce the oxidation of the sulphides would in-
terfere with concentration, and there would
be posshilities of fire due to excessve
heating. The standard benching method
practised in the Upper H ore - body gave
very satisfactory results and can be favou-
rably compared with the ring drilling met-
hod, It required more development, but it
was dill a profitable method, because large
volumes of ore were mined in single stopes.
In the Lower H ore - body such large sto-
pes cannot be mined, due to the decreased
ground strength and the increased rock
pressure. Thus smdl ring drilling stopes
with minimum development are the best

suited under these conditions. The main
advantages of the ring drilling method are
as follows :

(@ Drilling and blasting is done in
the safest places in the mine, viz. the
drifts. The drifts are easily accessible for
men and material.

(b) All development and drilling are
finished before dangerous conditions arise
due to weakness of walls or pillars.

(c) Face blasting being done on Satur-
day nights, the mine is clear of gas and
dust when work is resumed on Monday
morning. Daily handling of powder is di-
minated.

(d) Once the drilling operations are
finished, the rate of production is higher
than in the case of «benching» being limi-
ted only by the rate of drawing the ore.
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