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Lap ké hoach khai thac dai han cho cac md da véi la nhiém vy can thiét nham cung cap ngudn
nguyén liéu bén vitng cho céc nha méy xi mang. Théng thuong, viéc 1ap ké hoach duoc thuc hién
bang céac tinh toan dwa trén cac phuong phap thi céng dam bao cac diéu kién ky thuat va cong nghé
khai thac dé véi. Cac phuong phép nay thuong tén nhiéu cong sirc, gia tdng chi phi str dung phu gia
ciing nhw chét lvong sén phdm khéng déng déu. CAc mad khai théc dé véi hién dai str dung cac mé
hinh khéi (block model) két hop véi cac thuat toan téi wu tich hop trén cac phdn mém may tinh nham
gidm thiéu cac sai sot nay. Tuy nhién, do sw khdng chédc chan vé cac yéu té dia chét van dan dén su
khéng én dinh trong chét lrong nguyén liéu khai thac, tham chi la thiéu hut ngudn nguyén liéu trong
mét thoi gian nhat dinh. Nghién ctu nay dé xuat mét phuong phdp méi nham gidm thiéu céac yéu td
bét loi trén. Péng thoi, mét img dung duwoc phét trién dua trén phuong phép nay duwoc phét trién

nhdm danh gié cac két qua thu duroc khi &p dung vao mé da voi Ta Thiét sé duoc dé cap.

T khoa: md da véi, lap ké hoach khai thac dai han, nguyén liéu thd, phu gia xi méng, tbi wu

héa, m6 phdng

1. DAT VAN PE

Lap ké hoach san xuét dai han cho cac mé
da xi mang khéng phai la mot cong viéc dé
dang. Nguoi lap ké hoach thwdng gdp khé khan
khi tinh toan nhdm dam bao cac yéu cau vé phéi
trén nguyén liéu thé va cac thong sb khai thac
md, dong thoi lai can ddm bao ngudn nguyén
liéu dwoc cung cép lién tuc. Cac chét phu gia
nhw d& véi ham lwong cao, bau xit, quang sat
ho&c cat thuwong duwoc dwa vao dé bu dép cho
sy thiéu hut hodc can bang chét lwong nguyén
liéu khai thac tr mé da. Cac phwong phap lap
ké hoach khai thac chd yéu la tha coéng, dwa
trén cac bang tinh hoac kinh nghiém cta chuyén
gia lap ké hoach. Do vay, d6 sai léch la khéng
thé tranh khéi, dan t&i lam ting chi phi, gidam
tinh lién tuc va lam can kiét ctia nguyén liéu dau
vao. M6t hé théng lap ké hoach khai thac mét
cach théng minh Ia yéu cau quan trong va cép
thiét trong nganh céng san xuét xi mang.

Hién nay, c6 rat nhiéu phdn mém thuong
mai dwoc st dung trong nganh mé dé lap ké
hoach khai thac dai han. Tuy nhién, phan I16n

cac ng dung nay duoc thiét ké riéng cho khai
thac cho cac mé quang véi muc tiéu va div liéu
dau vao khac biét véi cac md da xi mang. Trong
khi cac phdn mém nay tap trung vao viéc tbi wu
gia tri hién tai dong (NPV) clia dw an khai thac
mad, 1ap ké hoach cho cac mé da xi mang lai c6
muc tiéu t&i wu chi phi va kéo dai tudi tho md,
mang lai loi ich tbi da khi dau tw cho cac nha
may xi mang [1]. Vi vay, cac phdn mém (ng
dung cho cac mé da xi mang khong nhiéu va
thwong tao ra cac phwong an khai thac khéng
kha thi khi chay trén cac phan mém tdi wu cho
cac mé quang [2]. M6t vi du la phwong phap
tinh toan str dung céng cu MS Excel hoac la v&i
sy tro giup cla cdng cu dé hoa AutoCAD. Mot
trong nhixng phan mém dau tién 12 QSO Expert
(Quarry Scheduling and Optimization) duwgc
phat trién béi tap doan Holderbank (hién tai 13
LafargeHolcim) dwoc st dung ndi bé.

Céac phan mém lap ké hoach hién dai st
dung cac md hinh khdi dia chat (block model)
vén dwoc xay dwng bang cac phwong phap
danh gia va théng ké. Cac phwong phap wéc
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lwong nay st dung cac div liéu dia chat co dac
trwng 13 tinh khéng chéc chan va cé do sai léch
khi danh gia cling la nguyén nhan dan toi sy sai
I&ch va khdng chinh xac khi 1ap ké hoach khai
thac [3]. Cac thuat toan mé phdng cé diéu kién
(conditional simulation) cho phép mé phdng
hang loat cac két qua tinh toan dia chéat véi xac
suat xuat hién gan véi thuc té 1a mot trong cac
phwong phap tét nhat hién nay dé giai quyét van
dé trén [4].

Trong bai bao nay, nhém nghién ctru dé xuét
mot phwong phap 1ap ké hoach khai thac dai
han cho cac mé da vo6i xi mang véi muc tiéu tbi
wu chi phi, gidm thiéu va kiém soat do sai léch
do céac yéu t6 khong chac chan va dia chat. Ung
dung Quarrier dwgc phat trién dwa trén phuong
phap nay va dwgc dwa ra thir nghiém va danh
gia tai mé da véi xi mang Ta Thiét, tinh Binh
Phudrc.

2. LAP KE HOACH DAl HAN CHO CAC MO
DA LAM NGUYEN LIEU SAN XUAT XI MANG

5 Phan nhom

Y
Toi wu héa
S

Khoanh khai thac

M8 hinh dia chat

Hinh 1. Phwong phap lap ké hoach khai thac
dai han cho cac mé da dung lam nguyén liéu
san xuét xi mang

Phwong phap dwoc nhém nghién ctru dé
xuét gébm 3 bwdc chinh: (i) xdy dwng cac mé
hinh mé phéng dia chat, quan ly tinh khéong chéc
chan cuta di liéu; (ii) xay dwng cac khoanh khai
thac phu hop véi cac théng sb khai thac va dam
bado yéu cau khai thac chon loc; (iii) t6i wu hoa
ké hoach khai thac dai han, xem Hinh 1.

2.1. M phéng dia chat

Khoang sang da véi dwoc xay dwng trén co
s& di liéu cac 16 khoan tham do, théng thuwéng
bao gdbm céac théng tin vé ham lwong, loai dat
da, ... Phuwong phap mé phdng dia thdng ké
theo th&r bac (hierarchical simulation) dwgc st
dung dé& danh gia tinh khéng chac chén cla di
liéu. Trong d6, cac lop dat da sé dwoc mo
phdng trwdc bang ky thuat Sequential Indicator
Simulation (SIS) theo sau bang la phan bé ham
lwong st dung ky thuat Sequential Gaussian

Simulation (SGS). Két qua cta bwdc nay tao ra
hang loat cac mé hinh khéi khoang sang da voi
v&i xac suat xuat hién cao trong thuc té.

2.2. Phan nhom thanh cac khoanh khai thac

O buwéc nay, cac khdi trong mé hinh khai
thac sé dwoc nhém vao véi nhau tao thanh cac
khoanh khai thac dwa trén cac thong sb khai
thac thuc té, tinh chon loc va ddng nhat vé chat
lwong nguyén liéu trong cac khoanh. Cac nhém
c6 it bién dong vé dia chat cling sé& dwoc wu tién
nhém cung v&i nhau. Cac ky thuat phan nhom
nhw k-mean ciing s& dwoc st dung. Thong sbé
vé chat lwong, loai dat da, vi tri trong khong gian
clia cac khoanh khai thac sé dwgc st dung lam
dtv lidu dau vao cho md hinh tdi wu héa & bwéc
tiép theo.

2.3 T6i wu héa ké hoach san xuét dai han

Trong bwéc nay, mé hinh téi wu héa ngau
nhién phirc hop sé nguyén (stochastic mixed
integer programming — SMIP) sé duwgc xay dwng
dé t6i wu hoa ké hoach san xuét dai han cho md
da xi mang. M6 hinh nay téi wu 3 yéu tb chi phi
trong qua trinh cung cap nguyén liéu thé cho
cac nha may xi mang: (i) téi thiéu héa chi phi
khai thac nguyén liéu tai cac md da xi mang; (i)
tbi thiéu hoa chi phi phu gia danh cho phéi tron;
(iii) t6i thiéu héa chi phi sai léch do sy khéng
chac chan vé tham do, danh gia trir lwong. M6
hinh ciing thiét lap cac rang budc trong qua trinh
khai thac va phéi tron nguyén liéu thé trong san
xuat xi mang bao gdém: (i) rang budc vé san
lwong yéu ciu san lwong nguyén liéu thdé can
cung cép cho nha may xi mang; (ii) rang budc vé
chét lwong nguyén liéu phéi tron; (iii) rang budc
vé san lwgng md; (iv) rang budc vé trinh tw khai
thac; (v) rang budc vé trir lwong khai thac. Két
qua thu dwoc tr mé hinh t6i wu hda sé bao gébm
cac thong sb vé san lwong, trinh tw khai théc,
khéi lwong va chi phi cho phu gia.

3. TOlI VU HOA KE HOACH KHAI THAC DAI
HAN CHO MO PA VOI TA THIET, BINH
PHUOC

Trong nghién clru nay, mé da véi Ta Thiét,
nam cach thanh phé H& Chi Minh 80km vé phia
nam, thudc tinh Binh Phuéc sé dwoc sir dung
dé danh gia tinh hiéu qua ctia md hinh dé xuét.
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Hién tai, céng ty xi mang Ha Tién dang khai thac
mé nay st dung phwong phap khai thac 16
thién, cung cap nguyén liéu thé cho nha may xi
mang Binh Phuéc cach dé khoadng 7,5 km. Ung
dung Quarrier dwoc xay dwng va phat trién dé
tich hop phwong phép lap ké hoach da dé xuét
& trén.

3.1. M6 hinh héa dia chat mé da véi Ta Thiét
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D@ liéu tv 194 16 khoan tham do dwoc thu
thap, phan tich cho thdy khoang sang da voi Ta
Thiét bao gdm 4 loai dat da chinh, bao gébm da
voi (limestone), sét (clay), laterit (laterite) va dat
(soil), cung v&i 6 nhém ham lwong chinh anh
hwéng t&i chat lwong nguyén liéu da vao, dé 1a
CaO, Si02, Al203, Fe203, MgO, and LOI (méat
khi nung). Hinh 2 biéu dién dir liéu thu thap
dworc tr cac 16 khoan tham do.
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Hinh 2. Biéu dir liéu 16 khoan tham do thu thap dwoc bao gom loai dat da (bén trai) va ham
lwong CaO (bén phai)
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Hinh 3. Mé hinh mé phéng téng quat phan b dat da (da véi (limestone), sét (clay), laterit
(laterite) va dat (soil) va ham lwong cho khoang sang da véi Ta Thiét, Binh Phwéc

D liéu nay sau dé sé dwoc md phéng va
tinh toan xac suat xuat hién. Pau tién, 20 mod
hinh dat da s& dwgc moé phdng truéc bang ky
thuat SIS. Trén mdi mo hinh dét da twong (ng,
20 m6 hinh ham lwvgng dwgc mé phdng str dung
ky thuat SGS [5]. Kich thwdc cla méi khéi khai

thac dwoc st dung la 50x50x10m [6]. Hinh 3
mé hinh mé phéng tdng quat phan bd dat da (da
voi (limestone), sét (clay), laterit (laterite) va dat
(soil) va ham lwong cho khoang sang da voi Ta
Thiét, Binh Phuérc.

3.2 Phan nhém khoanh khai thac
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Céc thuat toan phan nhém duoc st dung dé
nhém 14554 khéi khai thac thanh 1019 khoanh
khai thac nham tang tinh kha thi cho ké hoach
khai thac [6]. Hinh 4 minh hoa cac khoanh khai

thac dwoc xay dwng st dung thuat toan nhém
da dé xuét. bay sé la div lieu dau vao dé téi wu
ké hoach khai thac dai han & buwéc tiép theo.

Khoanh khai thac

1.297

1.299

1.298

Y

Hinh 4. Xay dwng khoanh khai thac chon loc

3.3. T6i wu hoéa ké hoach khai thac dai han

Quy trinh khai thac ctia mé Ta Thiét co st
dung bai thai dé& chira phan dat phuc vu cho qua
trinh hoan nguyén. Mé duwoc khai thac bang
phuwong phap 16 thién véi chiéu cao tang trung
binh 10 va géc déc be cong tac 20 dd. Ty lé thu
hdi 80% dwoc ap dung trong qua trinh toi wu.

Mb&i hinh khdi trong mé hinh sé& dwoc gan mot
chi phi khai thac dwa trén loai dat da va vj tri.
Bang 1 va 2 téng quat cac théng sb phu gia va
rang budc can thiét cho qua trinh 1ap ké& hoach
khai thac dai han.

Bang 1. Chat lwong va chi phi phu gia ($/tan)

Phu gia Chi phi | CaO | SiO2 | Al203 | Fe203 | MgO | LOI
Sét 4 527 | 60 2.14 15 0.5 | 30
Laterit 6 0.72 8 47 194 1.06 | 20
ba vbi ham lwong cao 4 65 5 1 0.5 1.06 | 32
Quaéng sat 8 1.69 | 10 | 1.07 70 1.32 | 10
Bang 2. Thong s6 rang budc ctia mé hinh toi wu hoéa
Rang buéc Gia trj
Sé chu ky ké hoach can lap 10
Sén lwong mé (triéu tan) 12+ 15
San lwgng nguyén liéu thod (Mt) 10
Cao (%) 58 + 69
SiOz (%) 14 + 28
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Al,Os (%) 4+10
Fe20s (%) 05+5
MgO (%) 0+3
AM = Al,O4/ Fe;03 1+3
SR = SiO2/( Al,03+ Fe203) 1+3
LSF = CaO/(2.8* SiO,+1.18* Al,03+0.65* Fe,0s) | 0.485 + 1

Bang 3 thé hién ké hoach khai thac t6i wu theo 10 chu ky s& dung phan mém CPLEX [7] va mé
phdng MATLAB [8]. C6 thé thdy rang ké hoach duworc tao ra cé kha nang cung cap lién tuc 100 triéu
tAn nguyén liéu thé cho nha may xi mang dén thdi ddm bao chét lwgng nguyén liéu nhw muc tiéu da
dé ra trong Bang 2.

Bang 3. K& hoach san lwgng va chat lwgng nguyén liéu tho sau khi dwgrc téi wu hoa

Chu ky Sanlwong | CaO | SiO; | AlO3 | Fe20O3 | MgO sr | aM | LsE
(Mt) %) | (%) | (%) | (%) | (%)

1 9.81 58.00 | 1785 | 439 | 436 | 2.25 | 2.06 |1.01 | 1.00

2 9.92 58.09 | 17.86 | 441 | 440 | 2.21 | 2.04 | 1.00 | 1.00

3 9.87 58.02 | 17.87 | 437 | 434 | 217 | 2.07|1.01 | 1.00

4 9.96 58.00 | 17.84 | 442 | 437 | 202 | 2.05|1.01 | 1.00

5 9.88 58.00 | 1785 | 440 | 434 | 198 | 2.06 | 1.02 | 1.00

6 9.86 58.00 | 1795 | 4.26 | 4.16 | 2.02 | 2.15| 1.03 | 1.00

7 9.73 58.00 | 1795 | 428 | 414 | 203 | 2.15|1.04 | 1.00

8 9.70 58.00 | 1799 | 425 | 4.01 | 2.09 | 2.21 | 1.09 | 1.00

9 9.75 58.00 | 18.04 | 4.17 | 3.92 | 2.10 | 2.25|1.08 | 1.00
10 9.67 58.00 | 18.12 | 4.13 | 3.67 | 2.23 | 2.35|1.15| 1.00
Tong/Trung binh 98.15 58.01 1793 | 431 | 417 | 2.11 | 2.14|1.04 | 1.00

Hinh 5 biéu dién trinh tw khai thac trong khéng gian 3 chiéu. Khac véi cac phwong phép thi cong,
phuwong phap dé xuét viva dam béo trinh tw khai thac vira quan tam dén cong tac phdi tron nhién liéu
sao cho hop ly.
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Hinh 5. Trinh tw khai thac sau khi dworc téi
wu trén hinh phéi téng thé (a), mat cat phia

Bac (b) va phia Tay (c)
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Hinh 6. Hén hop nguyén liéu thu dwoc sau
qua trinh t6i wu hoa

Mot kha nang niva cila moé hinh d6 la kha
nang giai quyét cac van dé lién quan t&i sw
khéng chac chan vé mat dia chat bang cach
thiét 1ap cac trinh tw khai thac it rii do nhat ddng
thoi dy doan dwoc dd sai léch vé san lwong va
ham lwong cé thé xay ra trong twong lai, gitp
ngwdi quan ly co k& hoach sén sang phan (ng
v&i cac nguy co nay. Hinh sb 7 cho thiy dw bao
cla md hinh v&i san lwgng mé va nguyén liéu
thd qua cac chu ky. Cé thé thay xac suat cao md
sé khai thac ding céng suat khac dé ra trong khi
san lwong nguyén liéu thé sé cd sy sai léch
nhat dinh d&c biét & cac giai doan vé sau do
théng tham do chwa chac chan nhw cac chu ky
dau.

20

10 =f= -8 -

" San lugng nguyén liéu (triéu tan)

- = muc tiéu

Hinh 7. Dw bao dé sai léch cta san lwgng moé va nguyén liéu thé

4. KET LUAN

Su thanh céng ciia mét dw an xi mang phu
thudc rat nhidéu vao kha nang dam bao bén virng
nguén nguyén liéu thé. Trong nghién cru nay,
nhém nghién clru dé xuat moét phwong phap lap
ké hoach dai han md&i dwa trén cac thuat toan
moé phéng dia chat, phan nhém khoanh khai
thac cling nhw tdi wu héa ngau nhién. Phuwong
phap nay quan tdm dén cac yéu té khai thac va
phdi trén mét cach déng thdi, cho phép gidm téi
da khéi lwong nguyén liéu phu gia. Phwong

phap nay con cho phép quén ly va tbi thiéu hoa
céac sai léch vé khdi lwong va chat lwong do tinh
khéng chac chén cla céc yéu tb dia chét.
Phwong phap nay da dwoc tich hop vao
cbng cu mang tén Quarrier cho phép ngudi
dung moé phdéng than khoang sang, lap ké
hoach, phan tich cac rdi ro sai léch. Cac hinh
trén day 1a mot vi du vé giao dién clGa Quarrier.
Tuy nhién, cling nhan thay rdng mé hinh mai
dirng lai & viéc t6i wu héa cho mot mé da don
I&. Chinh vi vay, xay dwng mét mé hinh maoi
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quan tam t&i nhiéu mé cung cung cip nguyén  thoi la hwong phat trién trong twong lai cua
liéu cho mét hodc nhiéu nha may xi mang déng  nghién ctru nay.
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ABSTRACT:

Long-term mining production planning for cement limestones quarries is a vital task to supply a
sustainable raw materials for cement plants. In normal cases, quarry production planning is
completed by manual calculations which meetss technical and technological mining conditions.
However, this method is worthly efforts and results in the increase of expenses for purchasing
additive materials while varying cement product quality. To eliminate these shortcomings, most
cement quarries have applied deposit block models which integrate with optimization algorithms
operating in computers. Nevertheless, geological uncertainty leads to the unsustainability and in
some cases the deplition in raw material supply. This research proposess a new solution to mitigate
those drawbacks. In addition, an application has been introduced based on this solution to evaluate
its efficiency in a case study in Ta Thiét limeston quarry.

Keywords: limestone quarry, long-term mine production planning, raw material, additives,
optimization, simulation
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