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Chi phi khoan — né min thuong chiém 30% dén 40% chi phi khai thac mo, viéc tiét kiém chi phi nay sé cé y
nghia 16n nham giam gi4 thanh khai thac, ting loi nhuan cho mé. Mo quing ddng Phukham thudc cong ty Phubia
Mining (CHDCND L&o) la mét mo 16n véi tdng trit lwong dia chit 227 triéu tin quang, do vay viéc tiét kiém chi phi
khoan — né min c¢6 ¥ nghia 16n ddi vai cong tac khai thac mo. Xuét phat tir yéu cau mirc do dap vé, mirc do khé nd cua
dét d4 mo, bai bao gidi thiéu phuong phap x4c dinh thong sé nd min hop ly cho mé trén co s phan tich dy béo thanh
phan c& hat dit d4 nd min Kuz-Ram. Phuong phép nay cho thiy su phi hop va kha thi vai diéu kién thuc té cua mé.

Tir khéa: Thong s6 nd min, mé Phubia, né min, ¢& hat dat d4 ndé min

1. Pit véan dé

Mo quang dong Phukham thudc cong ty Phubia Mining (Tap doan Panaust, Australia), nam trong mot
ddi nli phia Tay caa Ban Phavolo, huyén Xaysomboun, tinh Xaysomboun ( Trung-Bic L&o) va cach Thu
d6 Viéng Chan vé phia Bac khoang 120km. Mo ¢ dién tich khai truong 2,631 km2, chiéu sau két thdc muc
+230mRL, diém cao nhét ciia ndi +700mRL, chiéu dai theo phuong 1975m va chiéu rong mé 1160m. Toa
d6 khu vuc bién gigi mé duoc gidi han dia trén UTM 48N va ban db vi tri khu moé (Universal Transverse
Mercator 48 North) dugc trinh bay trong bang 1 va hinh 1, tuong ung.

Bdng 1. Toa dé khu vuc bién gidi mo

Toa dd Phia Bic A Phia Tay B Phia Nam C Phia Pong D
X 279839 279471 279857 208857
Y 2089810 2088952 2088184 2089281
NG cooaNSEP
TN
Semarags
e S&

‘ ~ Hinh 1: Ban do vi tri khu mo w o
Mo quang ddéng Phukham c6 tat ca 5 via chinh, cac via c6 chiéu day thay doi tir 5-150m, c6 thé nam

déc nghiéng vé phia Tay-Nam véi do ddc thay doi tir 45-70 do. Tong trir luong dia chét la 227 triéu tin



quing va tng trir luong khai théc 1a 176 triéu tin quang. DAt d4 cua mé co do kién cb f=8+14 va ty trong
trung binh cua dat d4 1a 2,5 tin/m3.

Mo duoc thiét ké sir dung hé thng khai thac xudng sau hai b cong tac — bai thai ngoai, lam toi dat da
bang phuong phap khoan n min, xdic bc bang may xtc thuy luc gau thuan va giu nguoc c6 dung tich gau
xuc tir 6,5 m3 dén 15,8m3 va van tai truc tiép bang 6 t6 CAT 100 tin. Nang suat khai thac trung binh
quang hang nam 17,1 tr.tAn/nam va dat da 18,4 tr.tin/nam.

Cong tac 1am toi d4t da bang phuong phap khoan noé min duogc mo sir dung chu yéu va véi yéu cau cia
day chuyén san xuat thi chat luong dap vo phai dam bao kich thudc cuc da 16n nhat cho phép 1a < 50cm
dbi véi quang va <120cm dbi véi dat da. Hién tai trén mo dang sir dung 2 loai méay khoan, loai may khoan
nho ROC-L7 co6 duong kinh 127 mm va loai may khoan Ién DM45 c¢6 duong kinh 200 mm, ning suat
thuc té khoan tai mo la 35+40 m/gio.

M6 quing ddng Phukham str dung thudc nd nhii twong dé phéa nd dat da tai mo (70% Bulk Emulsion +
30%AN), ¢6 ty trong 1,15 glcmd, &p luc nd 12 36628 bar, ning lwong nd 3.87 MJ/Kg va tée do nd 4200m/s.
Nap min phuong phép co gidi hda truc tiép bang xe MMU.

Phuong phap nd min 1a phuong phap nd min vi sai phi dién. Sir dung may PED ST dé kich nd tir xa.

Céc phuong tién nd dang st dung tai mo c¢6 nhu sau:
e Kip né dung trén mat: Kip né 100 ms, 67ms, 42ms, 25ms va 17 ms.
e Kip nd xudng 16 min: Kip nd 400ms, 450ms va 500ms.
e Sir dung loai mdi nd 400g
e Daynd 5+10 g/m
e Thudc nd nhii twong bao gbi (Package Emulsion) ding chii yéu né pha da qua c&
e May diéu khién n6 PED TS + Pau phat tin hiéu voi khoan cach xa dén 1.6km

Bdng 2. Bang téng hop cac thdng sé khoan né min
Théng s6 Ky hiéu Pon vi Gia tri

d =127mm d =200mm
Chi tiéu thudc nd q Kg/m? 0,5 0,7
Chiéu cao tang H m 10 10
Goc nghiéng suon tang o do 45+ 70 45+ 70
Khoang cach an toan tir mép tang dé 15 [ m 2 2
khoan hang ngoai
Khoang céch giira cic hang 16 khoan a m 3,5 6
Khoang cach giira céac 16 khoan b m 4 7
DPuong kinh 16 khoan d mm 127 200
Chiéu sau 15 khoan L m 11,5 11,5
Chiéu sau khoan thém Lit m 15 15
Gac nghiéng 16 khoan B do 90 90
Chiéu dai bua Lo m 3 5
Luong thude nd trong 1 16 khoan Qi kg 119 218,50

Trong thyuc té cong tac nd min tai mo quang dong Phukham cho thay: nhiéu vu nd van xay ra hién tuong
phut bua s6m, hién tuong d4 vang, con ton tai nhiéu da quéa c& va dé lai md chan tang. Do vay, viéc nghién

ctru xac dinh cac théng s6 nd min hop 1y cho mé 14 rat can thiét.

2. Co so phwong phap xac dinh cac théng sé né min hep ly cho mé quing déng Phukham



Khi sir dung phuong phép khoan — nd min trong cong tac phé v dat dé, chi phi tong cong — hiéu qua
cuia hoat dong san xuit Ia twong thich vai su tdi wu cua cong tac khoan va ndé min. Cac chi phi xdc béc, van
tai va nghién sang giam xudng vai sy tang 1én ciia mirc d¢ dap v, trong khi chi phi khoan nd tang 1én voi
su tang 1én ciia mirc d6 dap vd. Mirc d6 dap vo dat da duoc xem la mot van dé quan trong nhat trong khai
thac quang vi né anh huong truc tiép dén hiéu qua va chi phi khoan nd min, cac khau cong nghé tiép theo
nhu xtc bdc, van tai va nghién dap.

Chi phi khai thac tong cong c6 gia tri nho nhat tai kich thudc ¢& hat dap v tdi wu (Mackenzie 1967).
Viéc duy bao kich thudc ¢& hat dap va ti wu s& gitp ngudi quan Iy mo lya chon dugc cac thong sé né min
t6i wu nham pha v ra nhitng kich ¢ vat liéu da hoac quang theo yéu cau véi mét chi phi da biét va trong
viéc lya chon cac hé théng may nghién va bang tai khac. Kich thudc ¢& hat toi wu c6 thé khdng phai la kich
thudc ¢& hat yéu cdu nhung biét dugc kich thude ¢& hat tdi wu va sy phan b c& hat dat da nd min, ngudi
diéu hanh mo s& diéu chinh céc thong sé nd min hop 1y dé dat dugc cac muc tiéu dé ra (Morin and Ficarazzo
2006). . Méi quan hé giita khau khoan né min véi céc khau cong nghé khac dén mirc do dap v dit da va
chi phi dugc biéu dién trong hinh 1 (Jimeno, Jimeno et al. 1995). Ta thay, cac chi phi khoan nd min, xtc
bdc va van tai, dap vo lan hai hop thanh chi phi khai thac tong cong (duong cong 4). Pudng cong nay chi
ra rang mién B c6 chi phi tong cong giam dén muc téi thiéu trong pham vi cd thé chip nhan dugc. Ngoai
pham vi ndy (ving A va ving C) cac chi phi don vi ciia mot hodc nhiéu khau khai thac tao thanh chi phi
khai thac tong cong qué mic hoic rét cao.

4 1. Chi phi khoan va né
2. Chi phi xdc bdc va van tai
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Kich thudc ¢ hat 16n nhat

Hinh 1. Su thay déi cdc chi phi don vi va kich thieéc c& hat dap vé 1én nhat dén chi phi khai thac
tong cong (Jimeno, Jimeno et al. 1995)

Céc théng sé nd min hop ly cho mé quing dong Phukham duoc xac dinh dya trén muc d6 dap v yéu
cau va chi phi khoan né min nho nhat. Bén canh d6, cac chi phi cua day chuyén san xuat twong wng voi
murc d6 dap v do céc thdng sé thiét ké lya chon mang lai dat muyc tiéu chi phi thip nhit. So d6 cac budc
hoan thién cac théng sé nd min hop ly cho moé dugc biéu dign & hinh 2.

Pé du bao kich thudc c¢& hat sau khi nd min, mé hinh Kuz-Ram thudng duoc sir dung. Mé hinh Kuz-
Ram la mé hinh dy bdo muc d6 dap va thuc nghiém dua trén co s6 md hinh cia Kuznetsov (1973) va
Rosin&Rammler dugc didu chinh bai Cunningham (1983, 1987), bit ngudn tir mirc d6 ddng déu trong cong
thirc cia Rosin&Rammler xé4c dinh tir cac thong sé nd min. Céc tinh chét cua d4, cac tinh chat cua chat nd

va cac bién sb thiét ké duoc két hop trong phién ban hién dai caa mé hinh du bdo murc d6 dap v Kuz-Ram.



Céac thong s6 nd thiét ké

N2

Xac dinh kich thudc c& hat bing mo hinh dy bao
Kuz-Ram

NS

Toi ru hda cac thodng s6 thiét ké nd min dya trén mire 86 dép
v& yéu cau, chi phi khoan nd va chi phi ciia diy chuyén san
xuét 12 nho nhét

NS

Hinh 2. So' d6 hoan thién cac thdng sé né min cho mé quang dong Phukham

Dua trén cac cong thirc da chon, cac thdng s6 né min hop 1y duoc tién hanh xac dinh théng qua mé hinh
dy béo mirc d6 dap vo dat da sau nd min Kuz-Ram, tir ¢ danh gia dugc kich thude ¢ hat trung binh sau
khi nd, kich thirc ¢& hat dic trung va kich thudc ¢& hat P80 (80% lot sang).

X = AK —O.8QE,167 (115/ SANFO )0.633 (1)

O day: Xm 1a kich thudc ¢& hat trung binh (cm), A la chi sb d6 khé né cua da, K 1a chi tiéu thude nd (kg/md),
Qe-Khéi luwgng chét né dugc sir dung (kg), Sanro 1a kha ning cong nd theo trong lugng ciia chat nd (so sénh
v6i ANFO).

Chi s d6 kho nd A dugc tinh toan dé diéu chinh mic d6 dap va trung binh trén co so loai da va huéng khai
né (Lilly 1986).
A =0.06(RMD + JF + RDI + HF) (2)

& day A la chi s6 do kho nd, RMD la chi s6 mé ta khdi da, JF 1a hé sb do nut né, RDI 14 chi s6 mat do
clia d4, HF 1a hé sb d6 cang. Céc hé sé nay duoc tinh toan tir cac dir liéu dia chat nhu: kich thudc khbi tai
thuc dia, khoang cach gitra cac khe nirt, huéng khe nit, ty trong cua dam, mé dun dan hoi, d6 bén nén cua
da,...

Kich thudc c& hat phan b cua cac vt lidu duoc tinh toan tir cong thirc Rosin & Rammler ¢é dang:

—100(1— —(X1Xc)"
y=100(1-e ) A3)

& day y 1a ty 1& phan tram c& hat it hon kich thude X (%), X 1a duong kinh cua cuc da (cm), Xc la kich
thudc ¢& hat dic trung (cm), n 12 hé s6 muc do ddng déu, va e 1a co sb logarit ty nhién.

Vi cdng thirc Kuznetsov da dy bao kich thuéc ¢& hat trung binh X, ma ¢ng véi né 50% vat liéu c6 thé
di qua, kich thudc ¢& hat dac trung duoc tinh toan tir kich thudc ¢& hat trung binh dé sir dung cho cong thirc
Rosin & Rammler bang céch thay X = Xm vay = 0.5 vao cong thirc 3, ta cd thé tim thay:
X m

1
0.693n (4

Kich thudc ¢& hat trung binh cua vat liéu dat duoc tir mot vu nd 1a khong di théng tin trong viéc giai

thich hiéu qua cia vu nd d6. Co thé 1a ¢ hai ddng d4 pha v& c6 cung kich thuéc ¢& hat trung binh nhung



ching c6 thé cé su phan kich thuéc c& hat khéc biét. Cac hat rat to va cac hat rat min c6 thé dwa lai mot
kich thudc ¢& hat trung binh chap nhan dugc nhung c6 thé gay ra céc van dé trong céc hoat dong khai thac
tiép theo. Sy phan bd c& hat ddng déu 1a mot thong sé quan trong phai dugc xem xét.

Hé s6 mirc d6 ddng déu n duoc tinh toan tir cdng thire duoc phét trién bai Cunningham (1987). Hé sé
mirc 46 dong déu n ddi voi cong thire Rosin & Rammler dugc danh gia nhu sau:

05
1+i

W W E, L

n=(22-14— 1-—)(—

( o -5

®)
O day W 1a duong can (m), a 1a khoang céch giira céc 16 min (m), d 1a duong kinh 16 min (mm), E 1a d6
léch tiéu chuan khi khoan (m), L l1a tong chiéu dai lugng thudc nd (m), va H Ia chiéu cao ting (m).

Cunningham (1987) d4 chu ¥ rang hé sé mirc do dong déu n thuong thay doi trong khoang 0.8 va 1.5.

3. Xic dinh théng sé né min hep Iy cho mé quiang ddng Phukham

Pé t6i wu héa duoc cac thong s nd min hop ly cho cong tac nd min tai mé quang dong Phukham, 05
thiét ké nd quang véi duong kinh 16 min 127mm v dugc tac gia dua vao xem xét. Cac thiét ké duoc dua
vao tinh toan du bo mirc do dap va trong md hinh Kuz-Ram roi rit ra thiét ké hop ly nhat dam bao kich
ca kich thudc ¢ hat hop ly va chi phi day chuyén san xudt pht hop nhat. Trong céc thiét ké nay sir dung
thudc nd nhii twong, quing cé hé sé a6 khd nd A = 6,9. Yéu cau kich thudc ¢& hat Ién nhat déi véi quang
1a 50cm dé dua vao tram dap. Gia thanh chat nd, phuong tién nd, chi phi khoan dwoc lay theo béo gia vat
liéu nd cung tng cho mo quing dong Phukham tai thoi diém tinh toan. Céc thong sb thiét ké né min trong
quing duoc trinh bay trong bang 3. Bang 4 trinh bay két qua tinh toan du bao mic do dap v va chi phi
khoan n cho thiét ké nd phéa quang. Két qua du béo thanh phan ¢ hat cua céc thiét ké no trong quang duoc
biéu dién dudi dang duong cong phan b thanh phéan c& hat cia bai nd. Hinh 3 biéu didn mot duong cong
phan bé bd thanh phan c& hat cho thiét ké né trong quiang Q5.

Bdng 3. Tong hop cac thdng sé né thiét ké trong quang

Théng sé Ky Pon Gia tri
hiéu vi Thiét | Thiét | Thiét | Thiét | Thiét
ké | kéQ2 | kéQ3 | kéQ4 | Ké
Q1 Q5
Chiéu cao tang H m 10 10 10 10 10
Goc nghiéng suon tang o do 80 80 80 80 80
Chi tiéu thudc nd q Kg/m3 | 0.47 | 057 | 049 | 051 | 0.64
Pudng can chan tang W m 4.4 4.4 5 5 4.4
Khoang céch giira cac 16 min a m 5.3 4.8 5 5 4.4
Khoang cac gitra cac hang 16 min b m 4.6 4 4.5 4.3 3.8
Chiéu dai bua Lb m 3.8 3.8 3.8 3.8 4
Chiéu sau khoan thém Lkt m 1.3 1.3 1.3 1.3 1.3
Chiéu cao cot thudc Lth m 7.5 7.5 7.5 7.5 7.3
Chiéu sau 16 khoan Lk m 11.3 | 11.2 11 11.3 | 113
Strc chira thudc nd trong mot mét 16 P Kg/m | 145 | 146 | 146 | 146 | 146
khoan
Lwong thudc nd cho mét 16 min Q Kg/Ld | 109 | 109 | 109 109 | 106




Bdng 4. Két qud tinh toan dir bo mite dé dap vér va chi phi khoan né cho thiét ké ng phéa quéng

Théng sb Ky hiéu Gia tri
Thiétké | Thiétké | Thiét Thiét | Thiét
Q1 Q2 kQ3 | kéQ4 | kéQ5

Kich thudce ¢ hat trung binh (tinh | Xm, cm 30 26 28 28 24
theo Kuznetsov)
Hé s6 mirc d6 dong déu (Rosin & n 15 1.35 1.45 1.49 1.5
Rammler)
Kich thudc ¢ hat dac trung Xc, cm 39 33 38 36 33
Kich thuéc ¢ hat P80(80% lot | P80, cm 54 45 53 49 43
sang)
Chi phi khoan dé¢ dap v& 1 m3 dat | Ck, d/md 2243 2700 2325 2433 3129
da
Chi phi n6 min Cn, d/m® 7218 8768 7486 7830 9800
Chi phi khoan né tong cong Cun, d/m® | 9462 11468 9807 | 10263 | 12929

Duong cong phan bd c& hat dw bio
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Hinh 3. Burong cong dir bao phan bé thanh phan cé hat cho thiét ké né Q5.
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Hinh 4. Két qua so sanh chi phi khoan né cua 05 thiét ké né pha quéng dé xudt
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Hinh 5. Két qud so sanh kich thuéc ¢ hat trung binh Xm, kich thuéc ¢ hat ddc trung Xc va kich
thuéc co hat P80 (80% lot sang)

4. Két qua va thao luan

Két qua tinh toan chi phi chi phi khoan né tong cong (hinh 4) va du bao kich thudc ¢ hat trung binh
Xm, kich thudc ¢& hat didc trung Xc va kich thude ¢d hat P80 (80% lot sang) (hinh 5) cho thiy: thiét ké co
két qua dam bao kich thudc ¢ hat trung binh Xm, kich thudc ¢& hat dic trung Xc va kich thuéc ¢& hat P80
(80% lot sang) 1a c6 thiét ké thir Q2, Q4 va Q5 con thiét ké Q1 va Q3 thi khong dam bao kich thudc ¢& hat
P80 (P80%> 0.5m). Xét vé chi phi khoan né téng cong caa 03 thiét ké trén, thiét ké Q4 c6 chi phi khoan
nd tdng cong nho nhat nén tac gia lua chon thiét ké tha 4 1a thiét ké hop 1y cho cong tac khoan nd quing
tai m6 quang dong Phu Kham.

Bang 5. Téng hop céc thong s6 thiét ké ng qudng dirot lura chon cho cong tac né min tai md qudng dong Phukham

Thdng s6 Ky hiéu Pon vi Giatri
Chiéu cao tang H m 10
Géc nghiéng sudn tang a do 80
Chi tiéu thudc no q Kg/m? 0.51
Puong can chan tang W m 5
Khoang céch giira cac 16 min a m 5
Khoang céc gitra cac hang 16 min b m 4.3
Chiéu dai bua Lo m 3.8
Chiéu sau khoan thém Lit m 1.3
Chiéu cao cot thude L m 75
Chiéu sau 16 khoan Lk m 11.3
Strc chira 1 mét 16 khoan P Kg/m 14.6
Luong thudc nd cho mot 16 min Q Kg 109

5. Két luan

M© hinh Kuz-Ram 1a mé hinh dy bao chét lugng dap v& dat da sau khi né min phd bién trén cac mo 16
thién I6n trén thé gioi hién nay. Trén co so ly thuyét va mdi quan hé rang budc I1an nhau gitra cac thong sé,
c4c chi tiéu, tinh chit co 1y va mirc 46 dap v& yéu ciu cuy thé, sy anh hudng 13n nhau cua khau khoan nd
min dén cac khau trong day chuyén san xuat, thiét 1ap méi quan hé cua chiing vé céc chi tiéu va chi phi,
dua vao md hinh du bao va danh gia mirc 46 dap v va chi phi tdng cong cho day chuyén san xuét hop Iy.
Viéc sir dung mo hinh du béo chét lwvong dap v& cua dit da sau khi nd Kuz-Ram di trg gitip cho viéc lua

chon thiét ké nd phi hop véi cac yéu cau mirc do dap v va chi phi. M6 hinh nay 1a md hinh du béo hiéu



qua va kha thi vi két qua t6i uu hoa théng s6 nd min cho mé quing ddng Phukham — CHDCND Lao. Cac
két qua lya chon thiét ké n s& tro gidp hiéu qua cho cdng tac nd min phéa quang tai mo. Phuong phap va
mo hinh &p dung nay can duoc danh gia cac qua nd thyc té dé c6 su diéu chinh md hinh du bao ngay cang
st thuc té hon.

Lol cam on

CA4c téc gia xin trn trong cam on su giup d& ctia cdn bd, nhan vién céng ty Phubia da gitip d& trong thoi
gian thuc tap va nghién ctru tai mo.
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ABSTRACT

Phuong phép xac dinh thdng sé né min hop Iy cho mé quing dong
Phukham — CHDCND Lao

Method for determining suitable blasting parameters for Phukham
cooper mine — Lao people’s Democratic Republic

Leepor Vaxingxong?, Pham Van Hoa?
'Phubia Mining Limited — Lao people’s Democratic Republic
2 Hanoi University of Mining and University

Drilling and blasting take about 30% to 40% of mining cost, saving this cost has a great meaning in
reducing production cost, increasing mining profit. Phukham surface copper mine belongs to Phubia
Mining Limited (Lao people’s Democratic Republic) is a large mine with ore reserve of about 227 milllion
tons, therefore, saving the drilling and blasting costs will reduce the mining cost. Based on the requirement
of fragmentation, the blastability of rock masses, this paper presents the method for determining the suitable
blasting parameters by using Kuz-Ram method to predict the fragment distribution of blasted rocks. The

Kuz-Ram method shows the relevance and feasibility to practical conditions of the mine.

Keywords: blasting parameters, blasting of rock, rock fragmentation



