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Bauxite ore grade model: construction of a resource and grade
distribution map for block 24-122, Tan Rai bauxite mine
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ABSTRACT

Ore body modeling, particularly the development of grade models for bauxite ore,
provides the foundation for constructing maps of resource and grade distribution, as well as
the spatial variability of mineral components in mining areas. These results support mine
engineers in both long-term and short-term mine planning, ensuring reliable supply of run-of-
mine (ROM) bauxite to beneficiation and refining operations. The bauxite grade model
highlights the distribution of key mineral components to be controlled, including Al;0;, Si0,,
Fe,0s, TiO;, Msi, and LOI, under actual mining conditions. The objective is to secure ROM
bauxite that meets the required mineralogical module specifications, thereby enabling
homogenization and quality blending of ore to provide a stable feedstock for alumina refineries.
The integration of in-pit homogenization with optimized stockpile blending enhances flexibility
and proactivity in raw material supply, contributing to continuous production and the
optimization of mining and processing parameters. This paper presents the bauxite ore body
and grade modeling for Block 24-122, aiming to support both short-term and long-term mine
planning at the Tan Rai bauxite deposit, Lam Dong, Vietham.

Keywords:
Open-pit mining; Ore body modeling; Bauxite mine; Bauxite grade distribution; Stockpile
Management, Tay Nguyen.
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Mo hinh ham lugng quéng bauxite: xay dung ban do phan bo
trir luong va ham lugng quang bauxite cho khoi 24-122,
mo Tay Tan Rai
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TOM TAT

Mé hinh héa than quang, cu thé lam mé hinh ham lwong cdc thanh phan khodng qudang bauxite
la co so xdy dung ban do phan bo trir liwgng va ham liwong quang bauxite ciing nhu cdc thanh
phan khodng khdc trong khu viec khai thac mo. Két qua nay ho tro ky s mo lap ké hoach khai
thdc dai han va ngan han dam bao diéu kién cung cap quang nguyén khai cho khau tuyén
khodng va che bien quang bauxite hi¢u qua. Mé hinh ham ham lwgng quang bauxite gioi thi¢u
sw phan bo cdc thanh phan khodng chinh can kiém sodt gom Al,0s, SiO,, Fe,03, TiO,, Msi va
MKN trong thuc té khai thac quang bauxite. Myc tiéu la khai thdc dwoc quang bauxite nguyén
khai dap ung yéu cau vé cac médun khodng co ban dam bao trung hoa va dong nhat chat lwong
quang nguyén khai cung cap nguon cap liéu on dinh cho nha may alumin. Su ket hop giira trung
hoa ngay tai giwong khai thdc véi toi wu héa cong tdac phoi liéu trong kho chira dwoc si dung
linh hoat, chit dong trong cung cap nguyén li¢u, gop phan duy tri san xuat lién tuc va toi wu cac
théng so cong nghé khai thdc va che bien quang bauxite. Bai bao gioi thiéu mé hinh héa than
quang bauxite khu viec khai khai thac khoi 24-122 bang phan mém SGEMS (phan mém ma
nguon mo), nham muc dich ho tro lap ké hoach khai thdc ngan han va dai han cho mo bauxite
Tdy Tan Rai, Lam Dong.

Tir khéa: Khai thac 16 thién; Mo hinh héa than quing; Mo Bauxite; Phan bo ham lugng quang
bauxite; Tay Nguyén.

1. Mé dau

Trong cong tac thiét ké va lap ké hoach khai thac hiéu qua cac mo quang can thu thap du
liéu lon ve Lh.u lwong quang theo phan bo khong gian dia chat cu thé. Céc dir liéu dia cht mo,
tric dia mo can dugc quan ly thong qua cc cong cu phin mém chuyén dung nhu phan mém
Gemcom Surpac, Mll‘lehlghl Datamine, Micromine, Vulcan, SGEMS, CSMine [1, 2]. Trong bai
bdo nay, nhom tac gia gidi thi¢u phuong phap mo phong trong phan mem SGEMS (Stanford
Geostatistical Earth Modeling Software). SGEMS la phan mém ma nguon mo chuyén dung cho
mé phong dia chat, thuong ding trong céc linh vuce dau khi, khai khoang va thuy van. Chic nang
chinh cua SGEMS thuc hién ndi suy va mo phong khong gian bing cac thudt toan dia thong ké
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(geostatistics), voi cac phuong phap Kriging, Sequential Gaussian Simulation (SGS). Sequential
Indicator Simulation (SIS). Tai li¢u huéng din va tham khao: "Geostatistics Modeling Software:

SGEMS User’s Guide" (c6 san online), 1y thuyét dia théng ké duoc ap dung trong tai liéu
"Geostatistics: Modeling Spatial Uncertainty” (Chiles & Delfiner) [2].

Phan mém c6 kha nang quan ly dir liéu 16n vé cac thong so dir liéu khoan tham do khai
thac mo bauxite mo Tay Téan Rai khu vue Tay Nguyén dugc phan tich va gioi thiéu trong phén
phuong phap va ké qua phan tich mé hinh. Phan tich dir liéu mé hinh cho khu vuc Block 24-122,
mo bauxite Tay Tan Rai vai thong tin chi tiét ham luong cic thanh phan khoang nhu ALOs, SiO-,
Fe:0s, TiO2, Msi, MKN. Thong s6 co ban vé khoi 24-122 vai dién tich 340, 14 nghin m?; trit lugng
quang nguyén khai 1.744.92 nghin tan; quang tinh: 625 nghin tan; ham lugng trung binh Al,05;
50,0%, SiO,: 2.65%, Fe,0z: 17%: MKN (mat khi nung): 26.69%: modun silic (Msi =
Al;05/810,): = 18,87, gidi thi¢u cu theé trén hinh 1.a [3. 4, 5, 6].
: (b)

Phb mau ngudmg gia
1l ham luohg ALZO3

Cac I khoan v har

urong hrong ing

(a) (d)
Hinh 1. Ban do dia hinh, thong so cac [o khoan tham do khu viee Block 24-122 mo Tay Tan Rai (a);
Mat cat dac trung cua khu viee khai thac (b); Thong so kich thioe mao hinh va phan bo cac 16 khoan
(c): Mo hinh vi khoi (khoi lap phwong) ap dung cho khoi 24-122 trong phan mem SGEMS (d).
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M6 hinh dong quéng khi khai thac tai cac khai truong (cac viing, khu vue, bock, cac guong
khai thac cu thé) trong qua trinh hinh thanh cac déng quang nguyén khai. Trong nhiéu truong hop
chat luong cac modun (Al, 05, SiO,, Fe,0s, mddun Al;05/S10;) trong ddng quang nguyén khai
khong dam bao chét lugng trude khi dua vao tuyén khoang. Do do, cic ky su khai thac va tuyen
khoang can tién hanh trung hoa va dong nhét trong 1 hodc nhiéu dong quing nguyén khai dé hinh
thanh dong quing thir cap nhdm dam bao cac médun co ban trong quing bauxite nguyen khai co
thé dua vao khau tuyén va ché blen sau hiéu qua. Ty 1¢ va khdi lugng cac ddng thir cap can duge
trung hoa va dong nhat mét cach 6n dinh [7, 8, 9].

Trong diéu kién giai phong mit bang kho khan nhu o cac mo baqxite khu vuc Diac Nong
va Lam E)E)ng thi giai phap toi wu duge dé xuat la ap dung so d6 chat ‘dong 2 giai doan thay thé
cho so d6 1 giai doan hién dang sur dung cho mo (3, 5]. Giai phap két hop gitra trung hoa chat
lugng quang tai cac guong khai thac va toi wu hoa qua trinh chuan bi phoi liéu tai cac dong trong
kho trir quang nguyén khai va cac ddng quang nguyén khai thir cap dam bao tinh linh hoat va chu
dong trong cung cap nguyén liéu cho nha may alumin hoat dong lién tuc va toi wu hoa cic thong
s0 cong ngh¢. Do do, viée xay dung mo phong mo hinh ham lugng quang bauxite ma cy thé 1a xay
dung duge ban do phén bo trir lwgng va ham lugng quing bauxite cho kh01 24-122, mo Tay Tan
Rai ¢6 ¥ nghia quan trong trong lap ké hoach khai thac va dam bao 6n dinh chét lugng quing
nguyén khai trude khi tién hanh tuyén khoang va ché bién sau quing bauxite.

2. Phuong phap mé hinh

SGEMS Chure nang chinh cua SGEMS  thyc hién ndi suy va mé phong khong gian bang
cac thudt toan dia thong ké (geostatistics), vai cac phuong phap Kriging, Sequential Gaussian
Simulation (SGS), Sequential Indicator Simulation (SIS) [1, 2].

Céc bude mo phong trén SGEMS dugce thye hign theo quy trinh sau:

I. Import dir liéu diém — kiém tra thong_. ké & phan bo ham lugng cac thanh phan trong
quang bauxite cua Block 24-12
Thiét 1ap ludi mé phong 3D cho téng bauxite.

Phén tich Variogram (ALOs, SiO2, Fe>Os, ...) va cac tuy chon chi thi 1op quang, dét phu.
Chuén hoa (Normal-Score) — SGS cho blen lién tuc (A1203) va SIS cho 16p phu.

Chay nhiéu mo phong hién thuc (realizations), tao ban d6 phan bé ngau nhién voi du bio
khéc nhau.

6. Tinh trir lugng/tonnage theo ngudng ham lugng (Cutoff) Al2O3, Si02, va Fe;Os kém do

day cua than quang bauxite (thickness).

Dt licu dugc xdy dung theo dac trung laterit bauxite khoi Block 24-122, mo Tay Tan Rai, Tay
Nguyén lién quan dén $0 licu san xudt dugc lap ké hoach dwa vao khai théc trong thing 7-8/2024.
Cac tham s6 k¥ thuat vé diéu kién mo dija chat tir thuc té tham do duoc thu thap va tong hop trong
pham vi thuc nghié¢m.

3. Két quia m6 phong khu vyc Block 24-122 mé bauxite Tay Tan Rai
3.1. Cdc thong s6 mé hinh Block 24-122

Thong s6 hinh hoc mé hinh Cartesian grid (Iudi 3D) duge dinh danh dudi tén Grid name (tén
ludi cua block 24-122: Grid_Taytanrai), hinh 1.c.

Grid 1a mo hinh 6 khoi (block model) roi rac hoa khéng gian dé ni suy/mé phong thude

tinh (Al;03, Si02, Fe203) trén timg 6.

MGéi 6 ¢6 kich thude ¢ dinh V = dx x dy x dz va trung tdm 0 co toa d() (x,y, z)

Don vi cua Grid = don vi cia dir liéu toa d§ dau vao. Néu diém cac mau ldy mau khoan

dung h¢ don vi mét (UTM), thi dx, dy, dz cling la mét. (thong thudng trong SGEMS sir

dung “unitless”, phi don vi).

LU e — O VS T S |
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Tén doi tugng ludi trong Project, sau khi chay mo phong sé co két qua mo hinh nam tr ong
ludi Grid_Taytanrai. Kich thude cu thé duoc dinh nghia bang cac thong so:

- Grid Dunt,namna (sd 8): Number of cells in X = 100 (sd 6 theo truc X), Number of cells
in Y = 100 (sd 6 the truc Y), Number of cells in Z = 10 (s 6 theo truc Z). Tir d6 mo6 hinh xéc
dinh dugc tong s6 6 trong mo hinh N = 100 * 100 x 10 = 100.000 6 (block).

- Cell Size (kich thuoe 6) theo cac phuong: Size in X = 100 m, Size in Y = 100 m, Size in
Z = 1.5 m tir 6 xac dinh cac thong s6 vé do phu cua céc 6 trong mo hinh véi do phu (coverage)
do Cell Size x s6 6, cu thé nhu sau: theo phuong X: 100 6 * 100 m = 10.000 m; theo phuong Y:
1006 * 100 m = 10.000 m; theo phuong Z: 106 * 1.5m=15m.

- Tinh thé tich va khéi lugng mdi 6 ludi quang: Vi =V x p, tan.
Tinh khoi lugng kim loai Al;O3 (metal content ~ %A1,03/100) tan., trong do thé tich 1
0: Viiock=100%100x1,5=15,000 m’

Néu khoi lugng riéng cua quang bauxite p= 1.7 t/m*, moi 6 tinh khi lugng ~25.50 tan/o,
tur thong sd nay ta ¢o co so khi tinh trir lugng.

Diéu kién thong s cau hinh hop 1y cho ludi:

- Khoang cich khoan tham do cap 122 ¢ kich thude ~200 m (cap tham do 122), do véy ta
chon dx = dy = 100 m ("% spacing) phu hgp voi khu vue Block 24-122.
Tinh trir lugng quang bauxite theo ham luong vai cac thong s6 nhu ham lugng bién cua quing
bauxite (cutoff: AlLO3 > 40% va/hoac S102 < 8.5%). Su dung phuong phap mo hinh vi khoi SIS
(Sequential Indicator Slmulalmn).
Khoi lugng 1 6: tan/block=15.000x1,71= 25,650 t
[IJlm luwong kim loai trong 1 0 (Al (); 42%): AlLO3 t/block=25,650x0,42 = 10,773 t
3.2. Két qua mé hinh tir mo phong ngau nhién
Trong mo phong ngau nhién, cung mot tap hop dir licu ham luong cac thanh ]‘)hd]] khoang
dugc xac dinh trong qua trinh lay mau phan tich khi tham do duge dua vao chay mé phong ngau
nhién. Két qua mo phong ngau nhién véi 50 mé hinh duara két qua co gid trinh trung binh ham
lugng tuong duong nhu nhau. Tuy nhién dudi day la két qua mé phong cua mo hinh dac trung S0
Nol1 nay duoc gigi thiéu cu thé vaoi timg ham lugng khodng dudi déy, hinh 2

a) Phan bo ham lugng Al2O4 b) Phan bé ham lwong SiO»

Hinh 2. M hinh phan bo ham lugng Al>Os,
Si05, SiO2 cua Block 24-122

¢) Phan bo ham luong FexOs
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Céc thong 50 thanh phan khoang dugc phan tich va thong qua biéu do phan b ham lugng
chiing ta c6 thé thay gid tri trung binh cling nhu sai s6 cua moi gia tri la co so giup cho céc ky su
khai thac mo lap ké hoach khai thac dai han, trung han va ngin han dam bao quang nguyén khai
dap img h¢ diéu kién cac thong s6 thanh phan khoang trude khi trung hoa hodc cung cap truc
tiép cho cong tac tuyén khodng va ché blen sau tlep theo, hinh 3 [9, 10, 1 l]

i

Phan bo ham lugng ALO; Phan bd ham lugng SiO:

W
i

Phén b ham lugng Fe,0; “ Phan bé thanh phén mat khi nung TiO>
Phan b ti 1¢ Msi (modul silic) ) Phan bo dd thu hoi trung binh (DTH)

g

Phén b6 chiéu day 16p pht (Phu)

Phan b6 chiéu day than quing (Quang) Phén b chiéu sau than quang bauxite (Sau)

Hinh 3. Céc biéu do phan b ham lugng Al, 05, Si02, Fe203,TiO, Msi (médul silic), DTH,
MKN, Phu doi véi than quing bauxite khu vue 24-122, mo Tay Tén Rai.
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MKN, chiéu day lop phu (). chiéu day than quang (g) va do thu hoi DTH (h) trong céac cac 10

khoan tham do khu vuc Block 24-122

mo Tay Téan Rai.
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Phan bo va tuong quan gitra ham lugng AL:O3 véi cdc thanh phan khoang trong quang
bauxite: ham lwgng SiO-, Fe:03, TiO2, Msi, MKN, Chiéu diy tang phu (Phu), Chiéu day than
quang (Quang), Do thu hoi (DTH) duoc phan tich tr m6 hinh tr cac mau trong 16 khoan trong
Block 24-122. Trong phan tich trén cac chi s6 dugc quan tam va phan tich sau do 1a moi tuong
quan gitra ham lugng AlOs v6i ham lugng SiO», déc trung la chi 50 Msi. Msi trong bauxite thudng
duoc hiéu la “modun silic” (blllCH modulus) - ty $O gitra ham lugng Al,O3 va Si0, (dac biét la

Si0; hoat tinh/*“reactive” néu co):
Al203

Msi = ——————, khong thir nguyén
Si02(reactive)’

Y nghia cong nghé cua gia tri Msi duge dic trung trong quy trinh Bayer, phuong phap tinh
luyén quang tho bauxite (quan;, nguyén khai c6 ham lugng 30-60% Al>O; dé san xuat alumina),
cu thé: Msi cao = quéng “gidu nhom, ngheo silica hoat tinh™ thi — tiéu hao xut (NaOH) thap,
hiéu suat Bayer cao, it bun do; Msi thap = nhiéu silica hoat tinh (thuong do kaolinit) — tang ticu
hao xut, giam hoi thu Alzog, kho tuyenfpha tron. Thong thuong, Al,03 = 48%, SiO, (reactive) =
3% — Msi= 16 (ral t6t); Al,O3 = 42%, SiO, (reactive) = 6% — Msi = 7 (gia tri bién, nén pha
tron va trung hoa chét luong) [9, 10, 11].

Véi két qua phén tich trén, cac k¥ su ¢o thé phan tich xem xét chat luong quing bauxite
nguyén khai duge khai thic va trung hoa ¢ cac guong khai théc khac nhau. Cac khu vyce khai thac
dugc danh gia theo ham lugng cua cac thanh phan nguyén li¢u khodng quan trong khac nhu Fe0s,
TiO2, MKN, DTH (cu thé la quang co cac thanh phan c& hat trén 1mm) dé dam bao ché do lam
viéc cia nha mdy tuyén duge hiéu qua (tich kiém nude, xit, véi,...). Tir co sa do dé xuat dugce
phuong an trung hoa chat lugng quang trén co so cac diéu kién tong thé nhur dia hinh, goc cam,
chleu day va thanh phan c¢& hat bauxit & cac khu vue block khai thac khac nhau.

5. Két luén

Tur két qua mo phong va phén tich cac ham lugng thanh phan khoang co ban cua than
quang buxite khu vic block 24-122, mo Tay Tan Rai, Céng ty TNHH MTV Nhom Lam Pong -
TKV (LDA) cho théy, cac so d6 diéu do vé phan b gia tri Al20s, Si02, Fe203, TiOz, Msi, MKN,..
va moi tuong quan gitra cac gia tri ham lugng nay trong khong quan cua than quing bauxite
s¢ gitp cacky su khai thacmo quyét dinh phuong an vi tri khai thac, phuong én xay dung hinh
thanh cac dong quiang nguyen khai vai chat luong khac nhau trung hoa chat lugng lai guong,
tai dong & kho chira nham dam bao 6n dinh dong quing nguyén khai cung cép cho nha may
tuyén.

Cac mo hinh mo phong trén sé giup cho céc ky su lap ké hoach san xuit nhim dat duoc
san lugng quang nguyén khai 6n dinh tir cac khu vuc khai thac. bay la nhan td co ban dé tién
hanh phan tich va xay dung ké hoach khai thac tir dai han dén ngin han dam bao theo ké hoach
khai thac trong nam. Trung hoa chit lugng quang bauxite nguyén khai can tinh dén céc thong
s6 khai thac chon loc (ton thét, lam ngheo), sur bién dcmg chat Itrorng quéng bauxite ¢ cac vi tri
guong khai thac khac nhau nhu chan doi, suon doi va dinh doi cua cac khu vuc. Phuong an
trung hoa qua diéu tiét nang suat cia may xuc tai grong xdc va 6 to tai tram dap tiép nhan sé
lam giam nang suat cua dong bo va chua pht hop véi muc tiéu ti wu héa qua trinh san xuat
trén mo. Do do6, hinh thanh cac dong quing nguyén khai so b tir do phoi tron trung hoa chat
lugng quéng bauxite hinh thanh dbng quang nguyén khai thir cap dap ung yéu ciu tuyen va
ché bién sau cua nha lay alumin 1a hoan toan phi hop véi thuc té va diéu kién phan bd khoang
sang bauxite cua khu vyc block 24-122, mo Tay Tan Rai.

Ké qua phan tich va tinh cho block 24-122 nhu mot vi du quan trong trong mé phong
va phan tich s6 liéu phan bd ham lugng quang bauxite trong khong gian dia chét, gop phin
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quan trong nham nang cao hi¢u qua hoat dong cua cac doanh nghié¢p do tuy tri dam bao sy
dong nhat vé thanh phan khodng cua dong quang ngay tir khai truong va trong qua trinh hinh
thanh dong nguyeén khai. Cac thanh phan chinh da duoc kiém soat ham luong gom Ale‘;, SIOz,
Fe,05 va Msi. Giai phap trung hoa va dong nhét chat lugng quing trong mot hodc ﬂhlLU dong
nguyén khai dé hinh thanh cac ddng thir cp dugc coi la cin thiét, giip dam bao ngudn cép li¢u
on dinh cho nha may alumin.

Loi cam on

Tap thé tac gia xin tran trong cam on Cong ty TNHH Nhom Lam Dong TKV (LDA) (cac Ky su
Nguyén Van Tinh, Nguyén Dang Hoa, Pham Minh T va nnk) va Pé tai ma so: KC.01. D0O5-
22/21-25 “Nghién ctru hoan thi¢n cong ngh¢ trung hoa quang bauxit phu hop vai dicu kién
phan bé khoang sang va to chire khai thac khu vye Tay Nguyén” (Nguyén Anh Tuin, Pham
Vin Viét, Tran Trung Anh vannk) da tao diéu kién vé co so vat chat va kinh phi dé thu thap du
liéu, xir ly, va két qua cua bai béo nay. bong thoi co su dong gop tich cuc, cing la san pham dao
tao thanh cong cua Pé tai 1a Thac sy Khai thdc mo cho Nguyén Pang Hoa (cap bang
12/9/2023), Ky su ky thuat mo Nguycn Qui Hung (cap biang 18/9/2024) va sinh vién thuc
tap cua CH Phap Noelie Escutenaire (cap bang 18/9/2024 tai CH Phap).
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