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THONG TIN KHOA HOC CONG NGHE MO A

PANH GIA KET QUA AP DUNG GIAI PHAP XU LY ANH HUONG CUA
NUGC, NANG CAO MUC PQ AN TOAN KHI KHAI THAC LO CHQ
11-1.10 TAI MO THAN HA LAM

TS. Dwong Pirc Hai, TS. P6 Viin Hoang
Vién Khoa hoc Cong nghé Mo - Vinacomin
KS. Vii Ba Trugng

Céng ty C6 phan Than Ha Lam - Vinacomin

Bién tdp: TS. Phan Van Viét

Toém tat:

Trén bé mat dia hinh khu mé Ha Lam ton tai cdac moong o thién da két thiic khai thac va dwoc do
thai san ldp, c6 kha nang tich tu nhiéu nwde, ddc biét vao mia mua. Nam ngay phia dudi, ¢ @6 sdu tiv
80-140m, la cdc via than day, géc déc thodi, diege khai thdc béi cdc 16 cho ha tran thu héi than néc, diéu
khién da vach bang pha hoa toan phan. Qua trmh khai thac hinh thanh cac vung sdp dé, nirt né trong
dia tang c6 kha nang dan nuwée tiv trén bé mdt xuéng khu viee khai thac ham 16, tiém an nguy co mdt an
toan. Thoi gian gan day, tai 16 cho 11-1.10 khu IIl via 11 dd xdy ra sw cé xudt 1§ nede voi heu heong
16n dén 180 m*/gio, bugc phai tam dimng khai thac. Cong ty Than Ha Lam da phoi hop voi Vien KHCN
MG nghién ciru trién khai cdc gidi phdp xir Iy anh hwéng cia nuée, dwa 16 cho tré lai khai thac an toan.

1. Pat van dé

Lo cho gia xich 11-1.10 m&c -175/-180 khu
Il via 11 bat dau khai thac tir ngay 21/8/2024, c6
chiéu dai theo huéng déc 65,5m, dwoc chdng gitr
bang 50 gia xich. Dén ca 2 ngay 07/11/2024, khi
16 cho' da khau dwoc 39m theo phwong, xay ra
hién twong xuét 16 nuwéc tir nén 16 cho tai khu ve
twr gid 01 dén gia 29; tir gid 30 dén gia 50 khong
xuét hién nuwéc. Khu virc mat gwong va noc 16 chg
trén toan tuyén van kho rdo. Luu lwong nwéc xuat
6 do dwoc dao doéng tr 98 + 180 m3/gi&, nwédc
trong, khéng mui, khéng vi. Ngay sau khi xuét hién
nwédc, Cong ty Than Ha LAm da tam ding khéu
than 16 cho, déng thoi 1&p dat bd sung hé thdng
thoat nwée va thye hién khoan thao nuéce trong 10
véi tdng chiéu dai 372m/07 16 khoan. Tuy nhién,
sau hon 6 thang dirng khai thac va theo déi tw
thang 11/2024 dén thang 5/2025, lwu lwong nuwéc
xuét 16 tai 16 cho van duy tri & me trung binh 101
m3/gi®, nén khong thé tiép tuc khai thac. Trwéc
yéu cau cap thiét bao dadm an toan va duy tri san
xuét, tir thang 5 + 6/2025, Coéng ty Than Ha Lam
da phéi hop véi Vien KHCN Mé thue hién “Lap giéi
phap x& ly anh hwdng cla nwéc, nang cao muirc
dd an toan trong qua trinh khai thac 16 chg 11-1.10
murc -175/-180 khu Il via 11”. Két qua nghién ctru
da phan tich, danh gia nguyén nhan xuét 16 nuwéc
va Iya chon cac giai phap ky thuat, cong nghé phu

hop dé x& ly anh hwéng clia nwéc trong qué trinh
khai thac [1]. Sau khi dwgc Tap doan TKV théng
qua, tir thang 6/2025 dén ngay 15/6/2026, Cong ty
Than Ha Ldm va Vién KHCN Mé da phéi hop trién
khai ap dung cac giai phap khdi phuc va khai thac
|6 chg an toan va hiéu qua. Bai bao trinh bay va
danh gia két qua trién khai ap dung thuc té cac giai
phap xt ly anh huwéng clia nwéec taild chg 11-1.10
murc -175/-180 khu Ill via 11.

2. Khai quat vé dic diém diéu kién dia chat
- ky thuat mé va hién trang khai thac 16 cho
11-1.10

L& cho 11-1.10 khai thac via than cé chiéu day
tr 13,4 + 18,2m, trong d6 chiéu cao khau guong
2,2m, chiéu day than néc thu héi tir 12 + 16m; goc
déc via tlr 12 + 21°. Vach trye tiép cha yéu la bot
két; phia trén vach truc tiép la cac 16p cat két, san
két co chiéu day tir 1,5 + 17m. Cac 16p dat da nay
c6 kha nang chiva va dan nwéc. Tai thdi diém xay
ra sw cb xuéat 16 nwdc, 16 cho con khodng 150m
dén ranh gi6i dirng khai thac, véi triv lwong cong
nghiép khoang 200 nghin tan. Dia hinh phia trén
16 cho' 1a moong 16 thién via 14 canh Tay, da két
thuc khai thac tai mirc -50 va dwoc dé thai hoan
nguyén dén cét cao tw chay mic +30 (hinh 1).
Theo tinh toan, moong c6 kha nang chira hon 3
triéu m® nwdc voi cét cao muc nuwdc dat tdi da
+22m. Day moong ndm céch 16 chg 11-1.10 theo

KHCNM SO 4/2026 * CONG NGHE KHAI THAC HAM LO



/11/2024: 5,77 tr.m’
2/5/2025: 2,96 tr.m’

Lo VTt chg 11-1.

9

J6 ey 11-1.9 Lo TG lo ehpr 11-1.10
5 75

anfe -1 75 - -1 80 (Cung 2)

L6 VT 6 che 11-1.100
mafe ~200 -2 -1 73 (Cumg 20

Moong via 14 Cénh Ding
- Céng ty Than Nii Béo

GIT,

L6 VT 1 che 1110
g ~F90 - 200 (Crmg )

Hinh 2. M&t cat mé phéng co ché van déng ctia nuéce vao 1o cho 1.10-11

phwong ding khdng Ién, chi tir 140 + 154m.
Trong pham vi 16 chg 11-1.10 khdng c6 duit
gay cat qua. Tuy nhién, ndm cach phia sau |6 chg
khoang 20 + 30m theo phuong ton tai dit gay
thuan F.M; bén canh con c6 02 16 cho d4 két thuc
khai thac gébm LC 11-1.8 (thang 4/2023) va LC 11-
1.9 (7/11/2024). Trong qua trinh khai thac 16 cho
11-1.8 va 11-1.9 da tirng xuét hién nwéc vao ngay
21/6/2023 (20 m3/h) va ngay 30/6/2023 (50 m3/h).
Diéu nay cho thay qua trinh khai thac céac 16 cho
nay co6 thé da hinh thanh vung nirt né dan nwoc
trong dia tang. Khi 16 chg’ 11-1.10 kh&u duwoc 39m
theo phwong, da dén bwédc gay ctia vach co ban,
tao ra vung n&t né dan nuwéc co chiéu cao 180m
phat trién 1én day moong. Sau do, nwéc tir moong
thdm thau qua khe nit va dia tAng cta cac |op dat

da cha nuwdc phia trén vach via chay vao phia
sau ludng pha hoa 16 chg' 11-1.10 nhw minh hoa
tai hinh 2. Két qua phan tich cho thay, nuwéc xuét
16 tai 16 chg' c6 dd pH va ham lwong sét twong dbi
cao (pH =9, Fe = 15,30 mg/l), kha twong dong v&i
cac chi s6 mau nuwédc duwoc lay trong moong phia
trén. Dong thoi, dién bién muwe nwéc gidm trong
moong t&r ngay 7/11/2024 dén 20/5/2025, c6 mbi
lién hé tuyén tinh v&i lwong nwéc thoat ra tai 16
cho. Pay la co s& bd sung cho nhan dinh nwéc
xuét 16 vao khu vire 16 che 11-1.10 tir dia tAng bén
trén cé nguén cap la nuwéc tir moong bén trén. Néu
tiép tuc khai thac 16 cho ha tran thu héi than néc,
diéu khién vach bang pha hoa toan phan, nguy co
tiém an buc nwdc vao khu vuc 16 cho rat cao, can
nghién ctru Iwa chon cac giai phap ky thuat céng
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THONG TIN KHOA HOC CONG NGHE MO A

nghé phu hop.

3. Dé xuat ap dung giai phap nang cao murc
do6 an toan khi khai thac 16 chor 11-1.10

Trén co s& két qua danh gia hién trang khai
thac, dac diém diéu kién dia chéat thdy van tai
[0 chg’ va kinh nghiém khai thac trong diéu kién
twong tw trén thé gi&i va trong nuwéc, dé xuat ap
dung cac gidi phap sau:

3.1. Giai doan 1 - Khéi phuc 16 cho khai thac

Tiép tuc khai thac thueng ky 16 cho tai khu vwc
khong chiu &nh hwéng clta nwéc tir gia sé 33 + 50.
Ngoai ra, cach vj tri 10 chg dang dirng khai thac
20m theo phuwong tién hanh dao hé théng dwéong
16 (gém 16 thwong phia trwde, 16 doc via trung gian
va 10 thwong men) trong khdi than nguyén, tao
khéng gian an toan thu hdi cac gia dang chiu anh
hwéng cla nuwéc (tlr gia sd 01 + 32) va chuyén
sang lap dat tai 16 thwong phia trudc dé tiép tuc
khai thac. Chi tiét xem tai hinh 3.

Uu diém cla giai phap lwa chon: Thu hbi duwoc
tdi da sd lwong gia tai khu vuwe bi anh huwéng bdi
viéc xuét 16 nwéc; Cach ly dwoc khu vue chiu &nh
hwéng cla nwéc bang tru than chan nwéc dam
bao theo quy dinh tai khoan d Diéu 115 Muc 2
Chwong VIl cia QCVN 01:2011/BCT 21; Lo thwong
men trwdc guwong 10 chg dugc gilr lai dong vai
tro la dwong 10 thoat nwéc, nang cao mirc dd an
toan khi khai thac 16 cho trong giai doan khau than
thwong ky tiép theo.

3.2. Giai doan 2 - Khai thac thuro'ng ky 16 cho

Sau khi khéi phuc 16 che, viéc khai thac can
han ché chiéu cao ving sap db, nit né trong
dia tang khong lién théng dén day moong chira
nuwdc bén trén. Nhém nghién clru da tinh toan cac
trwdng hop khai thac 16 cho véi ty 1 thu héi than
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Khodng céch tir LC dén déy moong

Hinh 4. Chiéu cao vung sap db, niit né khi khai
thac lo cho 11-1.10

ha tran khac nhau tir 10% + 90% [3,4], chi tiét xem
tai hinh 4. Theo do, trong giai doan ban dau khi
khai thac 16 cho tir gia s 33 + 50, dé& xuat chi khau
guong véi chiéu cao trung binh 2,0m va khéng
thu héi than ha trn (chiéu dai theo phuong L =
20m). DBéi véi khodng 35m theo phuwong tiép theo
(béng bwdc gay clia da vach co ban) chi thye hién
kh&u guwong véi chiéu cao tir 2,0 + 2,2m va thu
hdi than néc véi ty 18 tbi da 30%. Déi véi chiéu dai
35m theo phuwong tiép theo, trwdrng hop khong co
nwdc xuat 16 & ludng pha héa va guong 16 cho
kh&u gwong véi chiéu cao twv 2,0 + 2,2m, ¢c6 thé
nang dan ty 1& thu hdi than néc dén 90%. Trong
qua trinh thu hdi than néc néu xuét 16 nwéc cé
nguy co mat an toan, t6 chirc dirng viéc thu hoi
than ndc, tién gwong khi lvu lwong nwdc khéng
anh hwéng Ién dén qua trinh khai thac.

4. Panh gia két qua ap dung giai phap nang
cao murc do an toan khi khai thac 16 cho11-1.10

4.1. Két qua ap dung giai phdp

Trén co s& gidi phap dwoc phé duyét, Vién
KHCN M6 da phéi hop véi Céng ty Than Ha Lam

BINH DO THI CONG DAO LO KHU VUC LO CHO 11-1.10(TL: 1/10)
Lo cho gid xich
LC-11-1.10

5% =
Lo TG 16 chg 11-1.10 P(g
mirc -175/-180 (cung 2)

I

I S|

Thuong khéi diém

Khu vyc da khai thac

Ludi thép + chén

Lo néi van tai

Lo thugng phia trude

“16 cho 11-1.10

N3

-
3
e

Lo thugng phia trude 15 VT 19 chg 11-1.10
/ mirc -190 -:- -200 (cung 1)

i
8 N '
S ‘%\Lb thugng men
& [

Lo nbi N
mirc -210 7'
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Hinh 3. So dé thi céng khéi phuc 16 cho 1.10-11
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trién khai ap dung cac cong viéc khdi phuc 16 chg
khai thac tlr ngay 24/6/2025 dén ngay 17/9/2025.

- Pao 16 thwong lap gia phia trwéc tr ngay
25/06/2025,dé'n ngay 19/7/2025 (S, = 10,6m?, S_
= 8,6m?, chong thép SVP-22, buwdc chong 0,7m/vi,
goéc déc 15°). Chiéu dai thi cong thuc té a 52,8m
(so véi thiét ké 48m).

- Pao 16 thwong men bam tru via tir gia sé 1
dén gia sd 31, chiéu dai 44,5m, thoi gian thuc
hién tr ngay 19/07/2025 g’é’n ngay 08/8/2025 (S,
= 9,4m? S , = 7,8m? chong thép SVP-22, budc
chong 0,7m/vi, géc doc 15°).

- Dao 10 doc via trung gian théng vao 16 chg 11-
1.10 (diém thong 16 vao gia sb 31), chiéu dai 20m,
thdi gian thwe hién tr ngay 08/8/2025 dén ngay
23/8/2025 (Sd = 9,4m2, Ssd = 7,8m2, chéng thép
SVP-22, buéc chéng 0,7m/vi, géc dbc 5°).

- Thu hdi gia xich tlr s6 1 + 32 va cac vat tw,
thiét bj tai 16 cho' 11-1.10 khu Il via 11, thoi gian
thwe hién tlr ngay 09/9/2025 dén ngay 17/9/2025.

- Van chuyén va lap dat gia 31, 32, 30, 1 + 29
tai 16 thwong |1&p dat gia phia trwéc: Thuc té 1ap
d&t 39 bd gia xich, do chiéu dai 16 thwong 1ap dat
gia phia trwéc chiéu dai thay ddi so véi duw kién
ban dau.

Cungvéiquatrinhkhoiphuclocho, contriénkhai
cac cong viéc khoan tham do va thoat nuwéc gdm:

- Khoan tham do phong ngtra buc nwdc: dwoc
tién hanh tir ngay 24/6/2025 dén ngay 12/01/2026.

+ Tram khoan s6 1: (1) LK s6 1 dwoc thi cong
tlr 25/6 + 15/7/2025, da thi cong 90/90m, khdng cod
nwéc chdy ra; (2) LK sb 2 dwoc thi cong tir 17/7

+ 2/8/2025, da thi cong 90/90m, khéng cé nuéc
chay ra.

+ Tram khoan s6 2: (1) LK s6 3 dwoc thi cong tw
ngay 19/8 + 29/8/2025, da thi cong 90/90m khdng
c6 nwdc chay ra; (2) LK sbé 4 dwoc thi cong tir
ngay 18/9 + 20/9/2025, da thi cong 90/90m khdng
c6 nwéce chay ra.

- Pao 16 néi thoat nuéce: Thi cong tr ngay
17/10/2025 + 25/10/2025, da thi cong xong chiéu
dai 16,5m.

Mot s6 hinh anh trién khai ap dung gidi phap
xem tai hinh 5, 6.

Sau khi khéi phuc 16 chg, céng tac khai thac
dwoc tién hanh theo cac giai doan sau (hinh 7):

- Giai doan 1 - Ttr ngay 7/10/2025 dén ngay
23/10/2025: Khéu thwong ky 16 cho tr gia 33 + 50,
chiéu dai theo phwong 20m va khéng thu héi ha
tran than néc;

- Giai doan 2 - Ttr ngay 24/10/2025 dén ngay
5/12/2025: Khau thuwérng ky 16 cho tir gia 01 + 50,
chiéu dai theo phwong 35m va thu héi ha tran than
t6i da 30%

- Giai doan 3 - Ttr ngay 5/12/2025 dén ngay
30/1/2026: Khau thwong ky 16 cho tir gia 01 + 50,
chiéu dai theo phwong 35m tiép theo va thu héi ha
tran than téi da 90%.

Sau d6 tr ngay 1/2/2026 dén ngay 5/5/2026,
16 cho tién hanh khai thac thwong ky, dam bao an
toan. San lwgng than khai thac tai [6 chg 145.025
tan, gép phan hoan thanh ké hoach san xuét kinh
doanh clia Cong ty va ddm bdo céng tac an toan
trong qua trinh khai thac 16 cho'.
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Hinh 7.

4.2. BDanh gia két qua ap dung giai phap

nédng cao murc d6 an toan khi khai thac Io cho
1.10-11

Sau gan mét nam trién khai ap dung cac giai
phap tai via 11, Cong ty Than Ha LAm da mang lai
hiéu qua an toan cho 16 chg 11-1.10 nhw sau:

- Viéc dé lai tru than chén nwéc cé chiéu rong
20m da giup céach ly khu vwc c6 nguy co xuét 16
nwédc tai chan 16 chg. Diéu nay c6 y nghia rat
quan trong, ddm bao an toan khi 16 cho khai thac
thwong ky.

- Dao 16 thwong men chéng st hinh vom truwéc
gwong da tao dwoc khéng gian réng rai va an
toan, giup thu héi dwoc toan bd gia xich tai khu
vie chiu anh hudng cla nwéc. Theo tién do thu
gia, viéc xép bao cat theo quy dinh da gidp phong
tranh trudng hop nwéc chay tir ludng pha hda vao
khu vuc 16 thwong men. Cac dam thép d& noc tai
cdc vi tri thu gia d&m bao lién két chéc chén véi vi
chéng cla 16 thwong men va dwoc danh ganh tang
cwdng. Sau khi hoan thanh céng tac thu hdi gia

h tai khu vue lo cho 11-1.10
: Y " _// { ] \ | fi
Vol Y

1l

= {3

Lm?L—-” f—f
B.840%406 O/ /
20680 /

/ "~/ phia tryéc

Lo tﬁuqng men |/
thu hdfi gid L = 44th
WA Pham/vi xyét 1§ nirée

/ tlrrgia s6 29 +/01

TEm

o thuwong ky

xich, 16 thwong men dwoc gilr lai bang cach xép
clii tdng cwdng va dwng lai cot vi chéng, déng vai
tro 1a 16 thoat nwée phia sau 16 cho, trdnh nguy co
nwéc don vé phia trwdc gwong 16 cho khai thac.

- Cac dwong 10 thi cdng trong khéi than nguyén
phia trwdc gwong twong dbi kho réo, clng vivng
nén ddm bao an toan cho ngwdi lao dong.

- Giai phap han ché chiéu cao khiu guong va
khéng thu héi than ha tran trong giai doan dau da
gitp han ché chiéu cao ving sap dé, nit né lién
théng lén phan dia tang va day moong chiva nwéc
bén trén, ddm bao an toan cho céng tac khai thac
|6 cho' giai doan tiép theo. Ngoai ra, cac bén da
phéi hop va thuc hién hiéu qua mot sé bién phap
k§ thuat - an toan bd sung trong qua trinh khai thac
|6 chg 11-1.10 nhw gidi phap khoan trai 02 woi
thép, thu tach nwéce trong qua trinh khai thac... Bac
biét, luén theo ddi, giam sat chat ché anh hwdéng
cla nwdc dén qua trinh dao 16 chuén bj, thu hdi va
lap dat gia chéng ciing nhw qua trinh khéu 16 cho;
cht doéng cac bién phap xt ly d& dam bao an toan
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cho san xuét va viéc kiém soat ty & thu héi than ha
tran dadm bao theo bién phap thi cong.

5. Két luan va kién nghi

Trwéc hién trang nwéde xuat 16 véi lvu lwong 16n
tai 16 cho' 11-1.10 khu Il via 11 mé Ha Lam, Vién
KHCN M& da nghién ctru dé xuét va phéi hop trién
khai ddng bd hai nhém giai phap: (i) dao 16 thwong
men hinh vom truwdc guwong, tao khéng gian thu
hdi cac gia xich tai khu vwe chiu anh huéng cta
nwéc, déng thoi dé lai tru than chan nwéc rong
20 m nham céch ly khu virc xuét 16 nwéce tai chan
16 chg. Sau khi hoan thanh viéc thu hoi thiét bi, 16
thwong men dwoc duy tri lam dwong 160 thu gom
va thoat nwéc phia sau 16 cho’; (i) kiém soat chiéu
cao khau va ty & thu héi than néc theo tirng buéc
tién gwong, két hop khoan tham do, theo déi dién
bién nuwéc, trai lwdi thép, cling cé gwong va duy
tri hé théng thu, tach nwéc. T ngay 7/10/2025, 16
chg dwoc khoi phuc va dwa vao khai thac tré lai
theo ba giai doan: khoéng thu hdi than néc trong
20 m dau tién; thu héi tdi da 30% trong 35 m tiép
theo; sau d6 nang dan ty & thu héi than néc dén
90% khi diéu kién cho phép. Bén ngay 5/5/2026,
tbng san lwong than khai thac sau khi khéi phuc 16
cho dat 145.025 tan Két qua thuc té cho thay giai
phap duwoc lwa chon phu hop véi didu kién cta
16 cho 11-1.10, gép phan kiém soat &nh hwéng

clia nwéc, bdo ddm an toan san xuét va nang cao
kha n&ng thu hoi tai nguyén than. Két qua ap dung
tai 16 cho' 11-1.10 c6 thé dwoc tham khao khi xay
dwng gidi phap khai thac cac via than nam du6i
moong 16 thién c6 tich tu nwéc, nhwng can duoc
tinh toan va diéu chinh theo diéu kién dia chéat -
thdy van, cong nghé khai thac va hé thdng thoat
nwéc cu thé cta tirng khu vue.
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[1]. Vién Khoa hoc Céng nghé M6 - Vinacomin.
Béao céo gidi phap xtr ly dnh hwdng cta nuwdrc,
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o chg 11-1.10 muc -175/-180 khu Il via 11. Ha
Noi, 2025.

[2]. B& Cong Thwong. Quy chuén ky thuét quéc
gia vé an toan trong khai théc than hém 16 (QCVN
01:2011/BCT). Ha Ngi, 2011.

[3]. Tap doan Cbéng nghiép Than - Khoang san
Viét Nam, Huéng dan tinh toan tru bdo vé céc
céng trinh va déi tuong thién nhién do dnh huéng
cua khai thac than ham lo, 2018.

[4]. Shuning Dong&nnk. Methods and
Techniques for Preventing and Mitigating Water
Hazards in Mines. Professional Practice in Earth
Sciences 2021.

Evaluating the Results of Applying Solutions to Address Water Impaction and
Enhance Safety in Mining Longwall 11-1.10 at Ha Lam Coal Mine

Dr. Duong Duc Hai, Dr. Do Van Hoang - Vinacomin - Institute of Mining Science and Technology
Eng. Vu Ba Truong - Vinacomin - Ha Lam Coal Joint Stock Company

Abstract:

The surface topography of the Ha Lam mining area contains several open-pit mine voids where
mining activities have been completed and the voids have been backfilled and leveled. These areas
have the potential to accumulate large amounts of water, particularly during the rainy season. Directly
beneath these areas, at depths of 80—140 m, are thick, gently dipping coal seams that are extracted using
longwall panels with roof coal caving and full caving for immediate roof control. Mining operations
result in caved and fractured zones within the overlying strata, which may provide pathways for water
from the surface to migrate downward into the underground mining areas, posing potential safety risks.
Recently, a high-volume water inrush occurred at Longwall Panel 11-1.10 in Block III of Seam 11,
with a flow rate of up to 180 m*h, forcing a temporary suspension of mining operations. Ha Lam
Coal Company, in cooperation with the Institute of Mining Science and Technology, conducted research
and implemented measures to mitigate the impacts of water and restore safe mining operations at the
longwall panel.
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DPANH GIA KET QUA AP DUNG CONG NGHE CHONG NEO PUQC THIET
KE THEO LY THUYET CHUYEN VI KHOI PA XUNG QUANH BIEN LO TAI
CONG TY THAN DUONG HUY - TKV

Toém tit:

KS. Nguyén Khic Hung, TS. Nguyén Vin Cong
TS. Nguyén Ngoc Giang, KS. Tran Vin Long
Vién Khoa hoc Cong nghé Mo - Vinacomin

Bién tip: TS. Nhiv Viét Tuin

Huéng din chong 16 bang vi neo hién hanh ciia Tap doan diea trén 1y thuyét vom cdn bang ti nhién
ciia Protodiaconop - T.Ximbarevich qua thoi gian da béc 16 sw han ché, mé hinh tinh todn gidn don,
chua dé cdp dii cac yéu té gdy ra dp liec mo tdc dong lén dwong 16, chia phan dnh hét mire d phirc tap
cuia diéu kién dia chat, kY thudt mo thuc 1é tai cac mé than ham 16. Hién nay tai Lién bang Nga, viéc
xdy ding hé chiéu chong neo da duwoc tinh todan theo Iy thuyét chuyén vi khoi da, hau hét cdc yéu t6 dia
chat, ky thudt mé gay ra tdi trong tac déng lén dwong 1o da dwoc dé cdp va heong héa trong cong thirc
tinh todn, hg chiéu dam bdo do tin cdy, sdt véi thic té va ddp iing yéu cau chong giit. Bai bdo nay tong
hop két qua nghién civu ap dung thie nghiém hg chiéu chong 16 bang vi neo duge thiét ké theo 1y thuyét
chuyén vi khoi da tai Cong ty than Dwong Huy - TKV.

1. D3t van dé

Hwéng dan chéng 16 bang vi neo hién hanh
clia Tap doan dwoc xay dwng dwa trén ly thuyét
vom can bang tw nhién cha Protodiaconop -
T.Ximbarevich (ban hanh ndm 2018), da hé tro tt
cho cac don vi san xuét than ham 16 trong viéc 1ap
thiét ké ho chiéu thi cong dao chéng 16 bang vi
neo. Qua trinh ap dung, bén canh cac déng gop
khong thé phd nhan, ly thuyét nay ciing boc 16 mot
s6 han ché, nhiéu yéu t6 gay ra tai trong tac dong
lén dwong 16 chwa duwoc dé cap, chwa phan anh
hét mirc d6 phirc tap cla diéu kién dia chét, ky
thuat mé thyc té tai cadc mé than ham 16. O Lién
bang Nga hién nay da chuyén dich sang st dung
ly thuyét thiét ké chéng neo theo dich chuyén bién
dang khéi da (ly thuyét chuyén vi khdi da), hau hét
cac yéu td gay ra tai trong tac dong 1én dwong 10
da duoc lwgng hda trong cdng thire tinh toan nén
ho chiéu dam bao dod tin cay, sat véi thuc té hon
va dap ng yéu ciu chbng gi. Trén co s& do,
TKV da giao Vién KHCN M6 nghién clru phuwong
phép tinh toan, thiét ké chdng neo theo ly thuyét
chuyén vi khdi da dé trién khai thir nghiém, theo
ddi, danh gia két qua ap dung lam co s& dé nhan
rong trong TKV nhdm nang cao hiéu qua chéng
gitv clia vi neo. Bai bao nay téng hop két qua
ap dung th nghiém céng nghé tai Cong ty than
Dwong Huy - TKV.

2. Khai quat vé phwong phap thiét ké 16 neo

theo ly thuyét chuyén vi khéi da

Tai Hwéng dan chdng neo hién hanh cia TKV
(ban hanh nam 2018), 4p lwc md dé xay dung
hé chiéu chdng neo duogc tinh toan dwa trén ly
thuyét vom can bang tw nhién ctia Protodiaconop
- T.Ximbarevich, méi trwéng dat da xung quanh
duwong 16 dwoc ly twdng héa & trang thai ddng
nhat, ddng hwéng, cé wu diém la dé tinh toan,
nhwng hién nay da cé su lac hau so véi thé gisi,
nhiéu yéu t6 gay ra tai trong tac déng 1én dudng 1o
nhw ap lwc twa |6 chg, anh hwéng khai thac cac via
gan nhau, chidu sau bé tri dwong 10, thoi gian st
dung dueng 16, anh huéng cla yéu té thay van,...
chwa dwoc dé cap, dan dén ho chiéu chdng neo
duwoc xay dung trong mot s trwdng hop bi thiéu
vé mat do cling nhw chiéu dai can thiét cla cac
thanh neo, kha nang chéng gitr ctia két cdu chéng
bi thiéu so v&i yéu cau thyc té.

Dé& khac phuc céac ton tai ké trén, cac nha khoa
hoc Lién bang Nga nghién ctru, phat trién phwong
phap tinh toan thiét ké két cAu chéng neo theo
chuyén vi dat da bién néc dwong 16 trén co s& ké
thiva ly thuyét vom can bang tw nhién va nguyén
ly treo, ddng théi bd sung co sé tinh toan pham vi
can chdng git¥ va ap lwc mé tac dong Ién dwong
16 theo mirc d6, cwéorng d6 chuyén vi cla khéi da
xung quanh dwong 16. Phuwong phap dwoc ap
dung tai cac mé than hdm 16 clia Lién bang Nga tir
nam 2000 va lién tuc dwoc hoan thién, phién ban
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Bang 1. So sénh giita cac phuong phép tinh toan thiét ké neo

Can cr Ly thuyét tinh toan ap lwc Uu, nhwoc diém
Hwéng dan chéng . Uu diém: Don gidn, da quen thudc
neo hién hanh g % _ _ _ ~ -
ctia TKV theo QD “<\< thqc diem: qhua dé cap dén nhiéu yéu
sb 102/QD -TKV ! td6 anh hl‘,Pé’ng d‘én dwdng 16 nhw ap luc twa,
ngay 23/01/2018 leF(45°-q>/2 2o ashaan nwdc ngam, chiéu sdu dwong 10, ...

Vom ap lwc theo Protodiaconop

Quy dinh hién
hanh cua Nga
(ban hanh 2021)

AKO1, AKOZ__

AKM20.01 KAR

Chuyén vi khéi da xung quanh 1o

Uu diém: da dé cap dén nhiéu yéu té6 anh
hwédng nhw ap lwc twa, chiéu sau dwong 10,
nwdc ngam, chiéu day va géc nghiéng phan
Iép da, chiéu rong tru than bdo vé, phuong
phap dao 1, va khéng giéi han géc dbc, chiéu
day via.

Nhwoc diém: tinh toan phic tap

m&i nhat dwoc ban hanh ndm 2021. Theo phwong
phap nay, cac thong sb clia hé két ciu chéng neo,
gdm chiéu dai neo, mat do neo va kha néng chiu
tai, dwoc xac dinh trén co s& chuyén vj tinh toan
clia khéi da bién noc dwéng 16. Pham vi khéi da
chuyén vi dwoc 14y bang chiéu rong dwong 16 (B),
hoac bang 1,5Bc di voi khu vuc giao cat duong
[o] (Bc la chiéu réng tinh toan ving giao cét), Ion
hon rat nhidu so véi chiéu cao ving sap 16 theo ly
thuyét vom can bang tw nhién. Viéc tinh toan déng
thdi xem xét cac yéu té anh hwdng nhw diéu kién
dia chat - dia co hoc, tinh chat co ly cliia dat da,
chiéu sau khai thac, diéu kién nwéc ngadm, ap luc
twa, kich thwéc dwong 16 va anh hwédng cla cac
cbng trinh 1an can. Ban chat ctia phwong phap 1a
st dung hé théng neo dé lién két cac lop dat da
trong pham vi chuyén vi thanh mét khéi chiu lwc
thdng nhat nhdm han ché bién dang va duy tri 6n
dinh dwéng 16. Trong dd, neo chat déo cbt thép
c6 cwdng dd thap (CDCT) gia cwdng va lién két
cac |op da phia dwdi tao thanh dam da chiu luc;
neo cap treo khéi da da dwoc gia cwong I1én tang
da &n dinh phia trén, hinh thanh hé két cu chéng
neo hai Icrp, tao nen sy phdi hop lam viéc gitra hé
neo ngan - neo ngan va neo ngan neo cap, tr do
hinh thanh ving gia cwdng nhiéu cap, bdo dam
cac phan tl vi chéng neo lam viéc déng bd trong
toan bd pham vi khéi da can chéng gitr.

Trén co s& kinh nghiém thé gidi va phan tich
néu trén, Vien KHCN M6 da dé xuét Tap doan cho
phep str dung phwong phap tinh toan ho chiéu
chong neo theo ly thuyét chuyén vi khdi da dé
trién khai ap dung th» nghiém. So' dd nguyén ly va

wu, nhuoc diém co ban cia hai phwong phap tinh
toan, thiét k& neo thé hién trong bang 1.

3. Panh gia két qua ap dung céng nghé
chdéng neo thiét ké theo ly thuyét chuyén vi
khéi da tai Cong ty than Dwong Huy

3.1. Tém tat thiét ké

Can cr két qua danh gia cac dwdng 16 doc via
than cé tiém nang ap dung ho chiéu chéng gitr
béng vi neo theo phwong phap tinh toan méi,
nhom thwc hién da lwa chon 02 duwdng 16 ap dung
thtr nghiém la (1) 10 doc via van tai |6 chg TT-9-10
via 10 khu Trung Tam va (2) 16 doc via théng gié
|6 chg TT-12-7 via 12 khu Trung Tam. Bac diém
diéu kién dia chat, ky thuat 02 dweng 16 ap dung
nhw sau:

- Béi v6i 16 doc via van tai 16 cho TT-9-10 via 9:

+ Diéu kién dia chat: Lo dwoc dao trong via 9
c6 chiéu day via thay dbi tir 2,07+2,4m, trung binh
2,2m, khéng tén tai da kep; Goc déc via thay déi
tir 4°+8°, trung binh 6°; Da vach truc tiép la 16p bot
két day trung binh 8,1m, cAu tao phan I&p mdng
dén trung binh, phia trén I&p bot két la cac tap da
cat két chiéu day tir 1,0+2,9m, trung binh 1,4m. Da
tru truc tiép 1a 16p bot két day trung binh 10,2m,
cAu tao phan Iép méng dén trung binh; Dd sau bd
tri dwong 16 khodng 300m so voi bé& mat dia hinh,
khu virc hdu nhw khéng chiu anh hwéng béi nuéc
xuét 16 va phay pha, dut gay.

+ Diéu kién ky thuat: dworng 16 dwoc khai dao
tlr 16 thwong thong gio -250/-100 via 9 khu Trung
tam c6 chiéu dai dy kién l1a 416,0m duoc dao gik
hwéng, bam tru clrng. K& hoach ban dau dwéng
16 dwoc dao hinh vom co tiét dién dao S~16,1 m2,
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tiét dién chéng S_=12,5 m?, chdng gitr bang vi thép
SVP-27, buéc chéng 0,5m/vi.

- Péi v6i 16 doc via théng gi6 16 cho TT-12-7
via 12:

+ Diéu kién dia chat:Lo dwoc dao trong via 12
c6 chiéu day via thay dbi tr 2,1+2,7m, trung binh
2,3m, khong tén tai da kep; Goc déc via thay déi
tr 10°+18°, trung binh 16°; D4 vach truc tiép 1a 16p
bot két day tir 1,2 + 3,66m trung binh 2,7m, c4u tao
phan I&p mdng dén trung binh, phia trén I&p bot
két la cac tap da cat két chidu day twr 19,8+28,0m.
Da tru truc tiép la Iop sét két mau xam ti, xam den
c6 chiéu day tr 11,5 + 13,2m, trung binh 12,7m;
Do sau bd tri dwong 16 khodng 233m so véi bé
mat dia hinh, khu viwc 1an can ghi nhan hién twong
nwéc nhéd giot tr néc 16 véi lwu lwong twong ddi
nhd, khong lién tuc. Qua trinh dao 16 dw kién sé di
qua 01 dwt gay nhé.

+ Diéu kién ky thuat: dwong 10 dwoc khai dao
tlr 16 thwong théng gid -100/+38 via 12 khu Trung
tam c6 chiéu dai dy kién 1a 310,0m dwoc dao gitr
hwéng, bam tru clrng. K& hoach ban dau dwédng
6 dwoc dao hinh vom co tiét dién dao §,;=11,2 m?,
tiet dién chong S =8,5 m?, dwgc chong gilr bang vi

Neo CDCT $20
xXb=800x700, L=2350

Xi thép sia cuimg neo cip [—
SVP-17, L=2700

Neo cdp $21.8: L=8000
axa; =1600x1600

Neo CDCT §20
1xb=800x800, L=2350
A,
L
=i el
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h A rd
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a) Lo DVWTLC TT-9-10

thép SVP-22, bwéc chdng 0,7m/vi.

Trén co s& hién trang trang thiét bj dao chdng
16 béng vi neo clia Coéng ty than Dwong Huy, dbi
chiéu vé&i didu kién dia chat, ky thuat dwdng 16 thiét
ké, nhdm thyc hién dé xuét ap dung thir nghiém
02 md hinh céng nghé dao chéng 16 bang vi neo
la: (i) So dd cong nghé dao 16 bang khoan — nd
min, thi céng neo CDCT bdng may khoan MQT/
MYT, thi cdng neo cap bang xe khoan neo CMM1-
18Y hién co clia don vi, ap dung tai 10 DVVT 1o
cho TT-9-10 via 9 khu Trung Tam; (i) So' d6 céng
nghé dao 16 bang khoan — nd min, thi céng khoan
16 neo va I&p d&t neo bang cac thiét bi may khoan
thd cong cam tay, ap dung tai 6 DVTG Id cho TT-
12-7 via 12 khu Trung Tam.

Dé phu hop véi cong nghé ap dung, thiét ké da
tinh toan va lwa chon hd chiéu chéng gitr dwong 16
theo ly thuyét chuyén vi khéi da. Cung véi d6, hinh
dang tiét dién dworc thiét ké theo dang hinh thang
léch, 16 dao bam vach nham gidm dién tich dao va
ty & cat da trén gwong. Chi tiét hd chiéu chéng gitr
béng két cAu vi neo CDCT két hop neo cap xem
tai hinh 1, cac chi tiéu kinh té k¥ thuat chd yéu cla
cobng nghé xem tai bang 2.

Neo cap $21,8; L=6500
ajxa, =1600x800

o
Xa thép gia cuéng neo cap
SVP-17, L=2700

Neo CDCT $20,
a,xb=800x800, =235
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lguriri thép §6. a= 100x100, Neo CDCT $20, Y
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b) Lo DVTG LC TT-12-7

Hinh 1. H6 chiéu chéng git 10 hai duong 16 4p dung thir nghiém céng nghé
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Bang 2. Téng hop chi tiéu KTKT chu yéu cta céng nghé chéng 16 béng vi neo tai 02 duong 16 dé xuét

ap dung cbng nghé

TT Tén chi tiéu, ky hiéu DPon vi Gia tri
Lo DVVT Lo DVVT
LCTT-9-10 |LC TT-12-7

1 | Chiéu day trung binh via than m 2,20 2,30
2 | Goéc dbc trung binh via than do 6,00 16,00
3 | Dién tich dao m? 13,85 9,40
4 | Dién tich sr dung m? 12,80 8,50
5 |Neo CDCT

- | Khoang cach gilra cac vong neo CDCT m 0,80 0,80
- | Sé thanh neo CDCT phan néc trong mot vong thanh 6,00 4,00
- | Chiéu dai neo CDCT phan néc m 2,35 2,35
- | Khoang céch gitra vi neo CDCT phan néc trong mét vong m 0,70 0,80
- | Sé thanh neo CDCT phan héng trong mét vong thanh 7,00 7,00
- | Chiéu dai neo CDCT phan héng m 2,35 1,95

Khodéng céch gitra vi neo CDCT phan héng trong mét vong m 0,80 0,80

6 |Neocap

- | Chiéu dai neo cap 8,00 6,50

- | Sé thanh neo cép trong mét vong 3(2) 3,00

- | Khodng cach gilra vi neo cap trong mét vong 1,60 0,80

- | Khoang cach gilra cac vong neo cap 1,60 1,60

7 | Téc d6 dao chéng 16 mét ngay dém m 2,8 3,2

8 |Sé ngay lam viéc trong moét thang ngay 25 25

9 |Téc dd dao 16 mot thang m 70 80

10 |[Nhan lyc mét ca lam viéc ngu i 7 6

11 | Nhan lwc mét ngay dém nguwoi 21 18

12 |NSLD tryc tiép m/céng.ca | 0,133 0,178

3.2. Qué trinh va két qua trién khai dp dung
céng nghé

Dé trién khai ap dung cdng nghé chéng |6 bang
vi neo vao thuc té san xuét, Vien KHCN Mo da
phdi hop véi Cong ty Than Duwong Huy lap thiét ké
thi cong, trinh xin y kién va dwgc TKV théng qua
tai van ban sb 565/TKV-KCM ngay 29/01/2026.
Trén co s& d6, Vien KHCN Mé da phdi hop voi
Cdéng ty Than Dwong Huy Iap, ban hanh bién phap
thi cong, t6 chirc phd bién, hwéng dan cdng nghé
cho can bo, cdng nhan cac don vi truc tiép thi
cong (Phan xwéng Dao 16 1, Phan xwéng Dao 10
6), chi tiét qua trinh va két qua thi cong neo tai cac
dudng 106 thiét ké nhu sau:

- Tai 16 DVTG chg TT-9-10 (S, = 13,85 m?): thi
cbng tr ca 1 ngay 27/02/2026 — ngay 29/4/2026 do
Phan xwéng Dao 16 1 thue hién. Tdng sb vong neo
thi cong 1a 172 vong, twong (rng chiéu dai 137,6 m.

- Tai 16 DVVT cho TT-12-7 (Sd = 9,4 m2): thi
cbng tlr ca 1 ngay 23/2/2026 — ngay 29/4/2026 do
Phan xwéng Dao 16 6 thuc hién. Tédng s vong neo
thi cdng la 262 vong, twong (ng chiéu dai 209,6 m.

3.3. Bdnh gia két qua trién khai

- Vé diéu kién dia chét: tai |6 DVVT LC TT-9-10,
pham vi thi cong c6 diéu kién dia chéat thuc té co
nhiéu khac biét theo huéng bét lgi hon so voi tai
liéu lap thiét ké, d&c biét 1a chiéu day via va pham
vi da vach truc tiép ngay sat via than. Chiéu day
via than trung binh thuc té tlr 2,5 + 2,8m, cao hon
so véi thiét ké (thiét ké 2,2m). Vach tryc tiép la cac
tap tap sét than mém béd, bot két phan I&p mang,
chiéu day tir 1,0 = 1,5m, lién két yéu, dé boc tach
theo mat I&p. Qua trinh thi céng noc 16 dé xay ra
tut gay réng ndc cuc bd, phai x& ly 1am tang thoi
gian va han ché téc dé thi cong; Dbi véi |6 DVTG
LC TT-12-7, diéu kién dia chét co ban khéng sai
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khac nhiéu so v&i thiét k&. Tuy nhién mot vai vi tri
cuc bd xuat hién cac I6p vach gia |a sét két day tir
0,2+ 0,5m gay tut I&, phai x ly gia cb thém.

- V@& thuc hién hé chiéu va quy trinh thi cong:
tdng thé hd chiéu chéng git tai hai dwong 16 dwoc
thwe hién dung theo thiét ké. Mot vai vi tri tut 1& cuc
bd dwoc tién hanh gia cb bang cach khoan dam
thém cac thanh neo ngay canh vi tri tut I&. Quy
trinh cdng nghé thi cdng dwdi sy hwéng dan, giam
séat trong ca 03 ca san xuat cla cac can bd Cong ty
than Dwong Huy va Vién KHCN Mé da dwoc thuwe
hién tuan tha ding theo hd so bién phap ban hanh.

- V@ céc chi tiéu kinh té ky thuat chu yéu cua
céng nghé:

+ Tai |6 DVVT LC TT-9-10, tdng s6 mét 1o thi
cong 1a 137,6m (tdng 51 ngay thi cong), tbc d6 dao
tr 0,8 + 4,8 m/ngay (twong rng 1 + 6 vong neo/
ngay), binh quan 2,70 m/ngay. Tinh chung ca giai
doan, tbc dd dao 16 binh quan quy déi mét thang
25 ngay la 67,45% m/thang, dat 96,36% so voi
thiét ké (70 m/thang), NSLD thuc té 0,135 m/cong-
ca, dat 101,5% so véi thiét ké (0,133 m/cong-ca).

So véi dao 16 chdng thép trong cung diéu kién tai
Cong ty than Dwong Huy (tbc d6 65,0 m/thang,
NSLD 0,124 m/cong-ca), két qua chéng neo thuc
té dat 1an Iwot 103,77% vé tbc do, 108,87% vé
NSLD. Trong d6 giai doan diéu kién thi cong én
dinh nhét (giai doan 2 tir ngay 11/03 + 15/4/2026),
tbc do binh quan quy ddi 1&n t&i 82,07 m/thang, dat
117,24% v6i thiét ké, dat 126,26% so voi tbc dd
don vi dang thi cdng. NSLD binh quan dat 0,157 m/
cong.ca, dat 117,43% so véi thiét ké va 126,47 so
v&inang suét theo cong nghé don vi dang 4p dung.

+ Tai |6 DVTG LC TT-12-7: tbng sb mét 10 thi
cong 1a 209,6m (tdng 52 ngay thi cong), tbc d6 dao
datttr 1,6 + 4,8m/ngay (twong rng 2 + 6 vong neo/
ngay), binh quan 4,03 m/ngay. Téc dd dao binh
quan quy ddi mot thang 25 ngay dat 100,77 m/
thang, dat 125,96% so véi tbc do thiét k& (80m/
thang) ciing nhw tbc dd don vi dang thi cdng vi
chdng thép. Nang suét lao ddng binh quan ca giai
doan 14 0,264 m/codng.ca, dat 148,30% so v&i thiét
ké (0,178 m/cong.ca).

+ Chi tiéu vé tieu hao vat tw thi cong neo: két
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Hinh 2. Dién bién téc d§ thi céng tai lo DVVT LC TT-9-10
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Hinh 3. Dién bién téc dg thi céng tai lo DVTG LC TT-12-7
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Bang 3. Téng hop két qua téc dé va NSLP thi cong thuc té

. 2 yea . Lo DVTG che | Lo DVVT che
TT Cac chi tiéu DPon vi TT1-9-10 TT-12-7
1 | Dién tich dao m?2 13,85 9,4
2 | Téng mét 16 thi cong m 137,60 209,60
3 ;I'éong sO ngay thi céng khoan chong neo thyc ngay 51.00 52,00
4 | Téc d6 dao binh quan mét ngay (m/ngay) m/ngay 2,70 4,03
5 | Téc dd dao quy dbi binh quan mét thang m/thang 67,45 100,77
6 | Tbc do dao mot thang theo thiét ké m/thang 70,00 80,00
7 To’c dé dag mot thang theo hd chiéu chong mithang 65.00 80,00
thép don vi dang ap dung
8 |Tylé gitra tbc dd dao thyc té va thiét ké (%) % 96,36% 125,96%
9 Ty é g|ue1 toc dg dao th’l_J’C te va toc doé theo o 103,77% 125.,96%
cbng nghé don vj dang ap dung
10 |NSLD
- | NSLD trung binh theo thuc té m/cong.ca 0,135 0,264
- | NSLD theo thiét ké m/céng.ca 0,133 0,178
- | NSLB theo cbng nghé don vi dang ap dung m/cong.ca 0,124 0,178

qua tbng hop vat tw tiéu hao tai hai dwdng 16 cho
thay, da phan khdi lwong cac vat tw tiéu hao déu
twong dwong so v&i thiét ké.

Chi tiét két qua vé nang suét va tbc do thi cong
tai hai dwdng 16 xem hinh 2, hinh 3 va bang 3.

- V& murc dé 6n dinh ctia duong 16 sau thi céng:
t6 giam sat bd tri cac tram do dich dong doc theo
pham vi hai dwéng 16 4p dung thtr nghiém, déi voi
|6 DVVT LC TT-9-10 bé tri 03 tram do (tai vi tri
[1K10, 1IK40, [IK70), déi v&i |6 DVTG LC TT-12-7
bd tri 04 tram do dich dong (tai vi tri 11K10, 11K40,
IIK80, IIK130). Viéc xac dinh cac kich thwédc quan
tréc duoc thuc hién két hop gitra do thd cong kich
thwdc chiéu rong, chiéu cao hong 16 va quan tréc
dich ddng néc 16 bang bo do chi thi mau. Téng
hop két qua theo ddi dich dong néc va bién dang
bién 16 tai hai dwdng 16 cho thay dich ddng bién
dang I&n nhét trong khoang t¥ 10 + 30 ngay sau
thi céng, sau do 6n dinh va di ngang. Ca bién dang
dich déng néc 16 va bién dang chiéu rong dwdng
16 béng do thyc té déu cho thay gia tri bién dang
< 50mm, két hop cuing thuc t& quan sat cho thay
dudng 16 dwoc gitr 6n dinh, két cAu chéng neo lam
viéc an toan, hiéu qua.

- Vé cong téc an toan trong qué trinh thi céng:
Qua trinh thi cong &p dung céng nghé dwoc dién
ra dam bao an toan. Cac nguy co mét an toan phat
sinh trong qua trinh thi cdng nhw tut I& néc do diéu

kién dia chat néc 16 yéu, hinh thanh cac bui than,
da cuc bo tai mot sé vi tri cling dwoc xt ly, dadm
bado yéu cdu ky thuat - an toan. Trong qua trinh
thi cong vao theo ddi ap dung th&r nghiém khoéng
ghi nhan tai nan lao déng nao xay ra. Nhin chung,
cong tac an toan da dwoc thuc hién tot.

- V& hiéu qua kinh té cua céng nghé: bén canh
hiéu qua vé matantoan vaky thuat, cing nhw cac chi
tiéu kinh té k¥ thuat cha yéu, bao cdo tién hanh tinh
toan hiéu qua vé mét kinh té khi trién khai ap dung
coéng nghé trong thuwc té. Két qua tinh toan nhw sau:

+Dbi véi 16 DVVT LC TT-9-10: gia thanh chéng
neo thuc té 1a 36.514.573 ddng/mét, cao hon gia
thanh tinh toan theo thiét ké la 3.875.691 ddng/mét
(twong rng 11,87%) va thap hon gia thanh thi cong
1 mét 16 chéng thép theo phwong an don vi dang ap
dung la 5.844.777 ddng/mét (twong ng 13,8%).

+Dbi véild DVTG LC TT-12-7: gia thanh chéng
neo thuc té 1a 23.513.886 ddng/mét, cao hon gia
thanh tinh toan theo thiét ké la 2.268.300 ddng/mét
(twong rng 10,70%) va thap hon gia thanh thi cong
1 mét 16 chéng thép theo phwong an don vi dang ap
dung la 5.386.014 ddng/mét (twong ng 18,6%).

Nhw vay, cong nghé chdng neo thiét ké theo
phwong phap méi ddm bao hiéu qua kinh té cho
don vi ap dung. Chi tiét gia thanh thi cong dao
chdng 16 theo cac yéu té chi phi xem tai biéu dd
hinh 4.
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Hinh 4. Biéu dé so sanh gié thanh thi céng tai cac duong 10 &p dung thir nghiém

4. Két luan

Ho chiéu chbng gitr dwdng 16 bang vi neo dugc
tinh toan, thiét ké theo ly thuyét chuyén vi khéi da
ap dung thr nghiém tai Cong ty than Dwong Huy
da dat thanh céng budc dau, dudng 16 duy tri tot
muirc d6 &n dinh, dap &ng yéu ciu chéng gitr. Cac
chi tiéu vé toéc do, nang suét lao dong, gia thanh
cling nhuw céc chi tiéu khac vé co ban da dat va
vuot so véi thiét ké. Qua trinh trién khai dam bao
an toan, va cwong do lao dong dwoc cai thién. Nhin

cong nghé chéng neo st dung ly thuyét chuyén vi
khéi da, la tién dé cho viéc nhan rong cong nghé ra
cac don vi san xuét than ham 16 khac trong TKV./.

Tai liéu tham khao:

[1]. Béo céo “Ra soét, danh gia hién trang va
dé xuét hé chidu chéng giir bdng vi neo cho céc
duong 10 doc via than day trung binh, géc déc
thodi dén déc nghiéng tai cac mé than hém 1o
TKV*, Vién Khoa hoc Céng nghé Mé - Vinacomin
(2026).

chung, két qua ap dung tai Céng ty than Dwong
Huy da cho théy tinh kha thi va hiéu qua ky thuat

Evaluating the results of applying anchor support technology designed based on
the theory of rock mass displacement around the mine boundary at Duong Huy
Coal Company - TKV

Eng. Nguyen Khac Hung, Dr. Nguyen Van Cong, Dr. Nguyen Ngoc Giang, Eng. Tran Van Long
Vinacomin - Institute of Mining Science and Technology

Abstract:

The current guidelines of the Group for roadway support using rock bolts are based on the natural
equilibrium arch theory developed by Protodiakonov and Tsimbarovich. Over time, this approach
has revealed certain limitations, as its calculation model is relatively simplified, does not adequately
account for the factors contributing to mine pressure acting on roadways, and does not fully reflect the
complexity of actual geological and mining conditions in underground coal mines. Currently, in the
Russian Federation, rock bolt support passports are designed based on the rock mass displacement
theory, in which most geological and mining factors contributing to the loads acting on roadways are
considered and quantified in the calculation formulas. The resulting support passports provide reliable
designs that closely correspond to actual conditions and meet roadway support requirements. This
paper summarizes the results of a pilot application of roadway support using a rock bolt support system
designed based on the rock mass displacement theory at Duong Huy Coal Company - TKV.
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DPANH GIA KET QUA AP DUNG CONG NGHE CO GIOI HOA PAO LO
THAN TIET DIEN NHO TAI CAC MO THAN HAM LO THUQC TKV

Tom tit:

ThS. Phi Vin Long, KS. Tran Vin Long
KS. Pham Cong Minh, KS. Hoang Phwong Thao
Vién Khoa hoc Cong nghé Mo - Vinacomin

Bién tip: TS. Nhiv Viégt Tuin

Pé ndng cao hiéu qua dao 16 than tiét dién nhé, Tap doan Cong nghiép Than — Khodng san Viét Nam
(TKV) dd giao cho Vién KHCN Mo chii tri thuc hién dé tai “Nghién civu cong nghé co gidi héa dao 10
than tiét dién nhé tai cdc mo than ham 1o thugc TKV”, trong d6 Céng ty than Thong Nhdt la don vi phoi
hop trién khai két qua nghién civu. Pén nay cong nghé da két thiic dp dung thir nghiém tai lo DVTG LC
II-2B-1 phdn via 2B va 1o DVTG LC II-3C-1 s6 2 phdn via 3C khu Lg Tri — Céng ty than Thong Nht,
da dat dwoc két qua buoc dau rdt kha quan, la co so cho viéc nhan rong cong nghé ra cac don vi san
xudt than ham 16 khdc trong Tap doan. Bai bdo nay tong hop va danh gid két qua dp dung thir nghiém

cong nghé.

1. Dat van de

T&» ndm 2019, Coéng ty than Vang Danh béat
dau dwa vao ap dung may combai loai siéu nhe
EBH-45 dé dao cac dwong 16 trong than, dén nay
da dwoc nhan rong ra 11/13 mé than ham 16, voi
tbng s6 17 day chuyén. Két qua ap dung thoi gian
qua cho thdy, may combai EBH-45 kha phu hop
véi didu kién dia chéat - ky thuat ctia cac mé than
ham 16 thudc TKV, tbc dd, nang suét dat tbt hon so
v&i cong nghé khoan nd min. Tuy nhién, thuc té
ap dung thoi gian qua ciing cho thdy, may combai
EBH-45 co ban chi thi cong tai cac duwong 16 céd
tiét dién trén 10,0 m2, hiéu qua hon tai cac guong
16 c6 tiét dién tlr 12,0 m2 va chiéu dai tr 200m tr&
lén. Trong khi do, cac dwong 16 than co tiét dién
nhd (t 8,0 + 10,0 m2, tham chi dén 11,0 m2) va
cac duwong 16 thuan loi vé tiét dién, nhung chiéu
dai han ché (dwdi 100+200m) lai chiém ty trong
I&n tai cac md than hdm 16 ma chwa c6 céng nghé
CGH phu hop dé thi cong, dan dén ty trong mét 16
than thi cong bang CGH cla Tap doan thoi gian
qua mac du cé tbc do tang trwdng cao, nhung ty
trong con thap. Xuét phat tlr cac han ché nay, Vién
KHCN Mb da dé xuéat va dwoc TKV giao thye hién
dé tai “Nghién ctru cong nghé co gidi hoa dao 16
than tiét dién nho tai cac mé than hadm 16 thudc
TKV” nham tim kiém céng nghé, thiét bi phu hop
dé thi cong hiéu qua cac dwdng 16 than cé tiét dién
nhd va/hodc cé chiéu dai han ché d& mé rong

pham vi va tang ty trong mét I thi cdng bang CGH
trong Tap doan.

2. Gi®i thiéu vé cong nghé co gi¢i héa dao
16 than tiét dién nhé trén thé gi¢i

Trén thé gidi, song song véi viéc co gi¢i hda
dao 16 than tiét dién I&n cling nghién ciru phat trién
cac loai may combai va may dao 10 da nang co6
kich thwéc nhd, gon dé thi cong cac guwong 16 han
ché vé tiét dién.

Tai Trung Quéc, thiét bi dwoc phat trién theo
03 loai hinh, gdm may combai tay khau thadng nhuw
EBZ35, EBZ55, EBZ75, EBZ90; may combai tay
khau hai khép co6 kha nang kéo dai nhvw EBH-35,
EBH-45L; may dao xuc da nang dong WPZ. ba
cho phép thi cong hiéu qua cac dudng 16 co tiét
dién nhé nhat dén 7,0 + 7,3 m2 va t¥ 9,5 + 11,0
m2, téc dd thi cong va NSLD dat ky luc t&i 450 m/
thang, 2,29 m/coéng.ca, phd bién déu tdng hon hai
lan vé tbc d6 va NSLD so véi dao 16 bang khoan
nd min [4].

Tai Lién bang Nga, cac dong may combai c&
nhd nhw GPKS, KP-21 cling duwoc st dung dé thi
cbng cac dudng 16 than co tiét dien chitlr 7,2 + 9,0
m?, téc d6 trung binh dat phd bién tlr 120+150 m/
thang, tang tr 15+30% so v&i dao 16 bang khoan
nd min. Khi rng dung t& hop dao 16 nhanh KN-5N
“Kuzbass” gbm may combai dao 16, hé théng gian
chdng tam di déng dé thi cong dwong 1 dién tich
tiét dién dao tlr 7+13 m? tai ving Kuzbass da dat
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tbc dd dao ky luc 675 m/thang, nang suét lao dong
dat 1,8 m/nguwoi/ca [6].

Tai My cac dong may combai dao 10 chuyén
dung, téi gidn vé chiéu cao nhuv Komatsu 14 CM
dwoc str dung dé thi cong cac dwdng 16 dao trong
via than méng, thwc hién déng théi chirc nédng
khai thac va dao 16 trong cong nghé budng - cét,
tbc do dao 16 da dat dén 1.200 m/thang [5].

Qua d6 c6 thé thay, viéc nghién clru (rng dung
céac loai hinh thiét bi, cong nghé co gi¢i héa dao
15 than c6 tiét dién nhd da dwoc cac nwdc cd nén
coéng nghiép khai thac than trén thé gi¢i quan tam
tr sém va da dat dwoc nhiéu thanh cong. Cac
kinh nghiém nay sé la kinh nghiém quan trong cho
viéc nghién ctru dé xuat cdng nghé trong diéu kién
cac mé than hadm 16 ctia TKV.

3. Thiét ké cong nghé CGH dao 1o dé xuét tai
Céng ty than Théng Nhat

Vién da cung Cong ty than Théng Nhéat khao
sat, 1ap thiét ké cong nghé co gi¢i hda dao 16 than
st dung may dao xuc da nang WPZ-5/150 dé thi
cong cho diéu kién dwong 16 tiét dién nhd va/hoac
chiéu dai han ché tai (1) 16 doc DVTG LC 11-2B-1
phan via 2B va (2) 16 DVTG LC 11-3C-1 s6 2 phan
via 3C khu Lo Tri.

3.1. Pdc diém diéu kién dja chat khu vuc
thiét ké

- L6 doc DVTG LC 1I-2B-1 phan via 2B ¢6 chiéu

dai dw kién 138m, thi cong trong phan via 2B c6
chiéu day tr 6,7+10,5m, trung binh 8,6m, trong via
tdn tai 2+4 I&p da kep chiéu day 0,2+0,5m; goc
déc via trung binh 30°; vach truc tiép 1a 16p bot
két c6 chiéu day trung binh 2+3m, tiép dén la I6p
vach co ban gébm chu yéu céac I&p cat két va bot
két rén clrng; tru via 1a cac |op da bot két, déi chd
la cat két; khu vue thi cdng khéng chiu anh hudng
clia nwéc; cAu tao via phirc tap, duong phwong
va huéng dbc via khéng 6n dinh.

-LODVTG LC I1-3C-1s6 2 phan via 3C c6 chiéu
dai dw kién 13 48m, thi cdng trong phan via 3C c6
chiéu day tir 3,86+4,30m, trung binh 4,0m, trong
via ton tai 01 da kep chiéu day t 0,1+0,3m, trung
binh 0,2m; géc déc via thay ddi tir 25°+41°, trung
binh 33°; vach truc tiép I |&p bot két day trung binh
2+3m, tiép dén la 1&6p vach co ban gdm chi yéu cac
|&p céat két va bot két rén cirng; tru via la cac 1op
da bot két, doi chd la cat két; ciu tao via phire tap,
duwdng phuong va huwdng déc via khéng én dinh.

Chi tiét vi tri ap dung xem hinh 1.

3.2. So'dé céng nghé, dong bé thiét bj va ho
chiéu thi céng dwong 16

Theo hién trang va ké hoach dao 16 clia Coéng
ty than Théng Nhét:

- L6 DVTG LC [1-2B-1 phan via 2B: téng chiéu
dai 16 138m, trong do tir IIKO + IIK105 (105m), 6
chéng tiét dién hinh vom, twong théng, dién tich
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Hinh1. So' dé duong 160 DVTG LC 11-2B-1 va Io DVTG LC 1I-3C-1 s 2 4p dung thir nghiém céng nghé
dé xuét
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dao 13,0 m?, chdng vi thép SVP-27, buéc chéng
0,5 m/vi, chén 16 bang tAm chén BTCT (néc chén
kin, hdng chen so le); tr 1IK105 = [IK138 (33,0m),
16 chéng tiét dién hinh vom, twdng théng, dién tich
dao 8,3 m2, chéng vi thép SVP-22, buéc chéng
0,5 m/vi, chén bang tdm chén thép.

- L6 DVTG LC 1I-3C-1 s6 2 phan via 3C: téng
chiéu dai 16 48m, trong dé tir 1IKO + 1IK25 (25m),
16 chéng tiét dién hinh vom, twéng thang, dién tich
dao 13,0 m?, chdng vi thép SVP-27, buéc chéng
0,5 m/vi, chén 16 bang tAm chén BTCT (néc chén
kin, hdng cheén so le); tir 11IK25 + 11IK48 (23,0m), 10
chdng tiét dién hinh vom, twong thang, dién tich
dao 8,3 m2, chéng vi thép SVP-22, buéc chbng
0,5 m/vi, chén bang tdm chén thép.

So dd cong nghé theo thiét ké st dung may dao
xuc da ndng WPZ-5/150 c6 kha n&ng lap hoan ddi
gitra dau khau va gau xuc dé thwc hién chirc nang
dao pha guwong hoac xtc bbc than da tai gwong.
Théng sé ky thuat co ban cla may dao xuc da
nang WPZ-5/150 nhw sau: trong lwgng may 5,0
tan; kich thwéc DxRxC = 6,3x0,9x1,46m; chiéu
rong x chiéu cao khau tbi da = 6,25 x 4,157m; cdng
suat 37 kW; do déc di chuyén dén 20°. Theo tinh
toan, tbc dd thi cong va ndng suét lao dong véi tiét
dién dao 8,3 m2 la 100 m/thang, 0,223 m/céng-ca,
v6i tiét dién dao 13,0 m2 1a 80 m/thang, 0,177 m/
cong-ca. Chi tiét ho chiéu chéng gitr, thong sé ky
thuat thiét bi va cac chi tiéu kinh t& ky thuat cha
yéu clia cdng nghé xem hinh 2 va cac bang 1, 2.

4. Danh gia két qua trién khai céng nghé

4.1. Qud trinh va két qua trién khai

TRAC DOC
<
o 505050, 50 50 08 550 50 50 5050 53

Buong éng théng gio

Vien KHCN M phéi hop cung Coéng ty than
Théng Nhét trién khai 14p dat, van hanh may dao
16 da nang WPZ-5/150, thi cdng dao chdng tai o
DVTG LC 1I-2B-1 va 16 DVTG LC 1I-3C-1 sb 2.
Thoi gian trién khai tir ngay 19/10/2025 dén ngay
21/7/2026, trong do:

- Thoi gian thwe hién cong tac 1&p dat, chay
th&r hwéng dan van hanh thiét bj trén mé&t bang tir
ngay 19/10-23/10/2025.

- Cong tac van chuyén, |&p dat va chay thir
thiét bj trong 10: t ngay 12/04 - 16/04/2026 (tai 16
DVTG LC 11-2B-1).

- Cong tac van hanh dao 16 str dung may dao 1o
da nang WPZ-5/150: tir ngay 17/04/2026 dén hét
ngay 21/07/2026, tbng chiéu dai 16 thi cong bang
may la 111,0 m, trong dé:

*Tai lo DVTG LC lI-2B-1 phan via 2B

Céng tac thi cong 16 DVTG LC 1I-2B-1 tr ngay
01/04/2026 dén hét ngay 9/6/2026, trong dé:

- T ngay 01/04 + 16/04/2026: thi cong dao
chéng 16 bang céng nghé khoan nd min két hop
xuc béc tha céng 1én mang cao. Khéi luwong thi
cong 36,0 mét (ttr [IKOO + [IK36).

- T ngay 17/04 + 04/06/2026: thi cong dao
chdng 16 theo tiét dién dao 13,0 m? s&r dung may
khoan xtGc da ndng WPZ-5/150. Khéi lwong thi
cong 69,0 mét (ttr [IK36 +IIK105).

- Ttr ngay 05/06 + 09/06/2026: thi cong dao
chéng 16 theo tiét dién dao 8,3 m2 sir dung may
khoan xtc da nang WPZ-5/150. Khéi lwong thi
coéng 10,0 mét (tir 1IK105 +11IK115). Dén thoi diém
nay, do gwong 16 thi codng cét da 100% nén coéng

<8000 )
D&m cang xén

L=3--5m

L

2510

A

9 Méng cao

HUONG DI CHUYEN BAU KHAU CUA MAY DAO LO
VA THU TU CAC HANH TRINH DI CHUYEN
CUA DAU KHAU TRONG 1 TIEN BQ

2780 .
|Z=
3>
2780
2510

V| TRI MAY DAO XUC DA NANG VA MANG CAO

Dam cong xon
N - 5m

Sl [

May dao xic da ning £y
WPZ 5-150

MAT CAT
c-c

May dao xic
da nang
WPZ-5/150

Mang cao

Hinh 2. So dé céng nghé thi céng str dung may dao - xuc da ndng (Sd = 8,3 m2)
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Bang 1. Théng sé ky thuat chi tiét may dao xuc da néng WPZ-5/150

TT Cac thong s6 ky thuat Pon vi Tri s6

1 | Trong lwgng may tan 5,0

2 | Kich thwée ngoai (DxRxC) m 6,3x0,9x1,46
3 | Chiéu cao khau tbi da mm 3.657+500
4 | Chiéu rong khau I&n nhat mm 6200450

9 |Chiéu sau khéu nén mm 1500450

5 | D6 clng dat da cho phép MPa <45

6 | Ap suétlam viéc dinh murc MPa 24

7 | Téc a6 dau cat v/ph 150

8 | Goc xoay ngang tay cong tac do 1.

10 | N&ng suét khau clia may m3/h 50

11 | Tdng cong suat may kW 37

12 | Ap lwc nwéc phun swong ngoai MPa 2

13 | Ap luc nén MPa 0,1

14 | Do dbc I6n nhét cé thé di chuyén doé 1Y

15 | Téc d6 di chuyén ciia may m/ph 32

16 | Ap lwc lam viéc hé thdng thay lwc chinh MPa >24

17 |Dong co dién phong nd - -

- |Dién ap \Y 640/1140

Bang 2. Téng hop chi tiéu kinh té ky thuat cho day chuyén céng nghé st dung méy dao xuc da ndng
WPZ-5/150
3 o . Gia tri

TT Cac chi tiéu Pon vi Sd=8.3m? | Sd=13,0m*
1 | Hé sb hoan thanh chu ky - 0,89 0,91
2 | Téc dd dao chbng 16 mot ngay dém m 4,50 3,50
3 | Sé ngay lam viéc trong mot thang ngay 25,00 25,00
4 | Thoi gian mét chu ky gio 24,00 24,00
5 | Sé chu ky mét ngay dém chu ky 1,00 1,00
6 |Téc dd dao mot thang m 100 80
7 | Nhan lwc mét ca nguoi 6,00 6,00
8 | Nhan lwc mét ngay dém nguoi 18,00 18,00
9 |Nang suét lao dong truc tiép m/n.ca 0,223 0,177

ty quyét dinh dirng gwong va dgi hop long v&i mdii
thi céng 10 thwong khai thac LC 11-2B-1 dang thi
cong tw phia 16 DVVT LC 1I-2B-1 Ién trén dé phuc
vu cdng tac chuan bi 16 cho.

* Tai 16 DVTG LC 1I-3C-1 s6 2 phan via 3C

Cong tac thi cong 16 DVTG LC 11-3C-1 sb 2 tw
ngay 25/06/2026 dén hét ngay 21/7/2026, trong do:

- Tlr ngay 25/06 + 6/07/2026: thi cong diém
mé& 16 DVTG LC 1I-3C-1 tir 16 néi théng gi6 LC -
3C-1 theo tiét dién 13,0 m2 bang céng nghé khoan
nd min két hop xuc béc thi cdng 1én mang cao.

Khéi lwong thi cong 19,5 mét (o [1K0O + 11K19,5).

- T ngay 7/7 + 16/07/2026: thi cong dao chdng
16 theo tiét dién dao 8,3 m? sir dung may khoan
xuc da nang WPZ-5/150. Khéi lwgng thi cong 32,0
mét (ttr [1K19,5 +1IK51,5).

- Tl ngay 17/7 + 21/07/2026: Budng 16 dao cét
qua lo ci (16 DVTG LC 1I-3C-1 cli da nén bep), qua
trinh thi cong phai thao d& vi ci, tach pha than da
bang can cubc thi cong két hop né min nén may
dao 16 da nang WPZ-5/150 khoéng thwe hién chire
nang cat ma chuyén sang chirc nang xuc gat dat
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Hinh 3 Hinh &nh qua trinh trién khai tr/en khai cong nghé tai Céng ty than Théng Nhét

da tai gwong. Khdi lwong thi cdng pham vi nay la
6,5 m (tr 11IK51,5 +11K58,0).

Mét sb hinh anh trong qua trinh trién khai cong
nghé& xem hinh 3.

4.2. banh gia két qua trién khai

* Vé diéu kién dia chat: Trong pham vi 111,0
mét thi cong ap dung cdng nghé tai dwong 1o
DVTG LC II-2B-1 va [6 DVTG LC 1I-3C-1 s6 2, diéu
kién dia chét thay ddi theo huéng phirc tap hon
so Vi tai liéu 1ap thiét ké, dac biét Ia chiéu day via
than, thuc té chitlr 1,1 = 2,5m, trung binh tr 1,1 +
1,5m, nhiéu doan guong lo dao 100% qua da, ty
lé c&t da trén gwong trung binh t 60% + 70% da
gay kho khan cho qué trinh ap dung cdng nghé.

* Vé hd chiéu chéng giir: Vé co ban, ho chiéu
chéng git¥ dwoc thuc hién tuan tha theo thiét ké,
tuy nhién pham vi dao chdng clia cac tiét dién 8,3
m2cé sy thay déi. Chiéu dai thi cong tiét dién 8,3
m? tai 16 DVTG LC 1I-2B-1 la 10m (ttr [IK105 +
[IK115) so v&i thiét ké 1a 33m. Déi véi 16 DVTG
LCII-3C-1, tiét dién 8,3m? thyc té thi cong 1a 32 m
(ttr 11IK19,5+11K51,5) so v&i 23m theo thiét ké.

* Vé quy trinh cdng nghé thi céng: Vé co ban
thwc hién theo dung bién phap da lap, tuy nhién
do diéu kién dia chat gwong 16 thay dbi, chiéu day
via mdng cling ty 1& cat da trén guwong Ién dan dén
kha nang lam viéc ctia dau khiu con han ché &
mot s6 vi tri (pham vi tir [IK105+11K115 16 DVTG
LC lI-2B-1 va twr 11IK19,5+1IK25 16 DVTG LC II-
3C-1). Khi do, don vij thi cong phai thwc hién cong
tac nd min tach pha gwong, may dao xuc da ndng
chi dwoc st dung dé& khau mot phan than va thuc
hién nhiém vu gat xuc than da I1én mang cao la
chu yéu.

* V& cong tac an toan trong qua trinh thi
cong: Qua trinh thi céng ap dung cong nghé dao
chéng 16 st dung may dao xic da nidng WPZ-
5/150 dwoc dién ra ddm bao an toan. Cac nguy co
mét an toan nhw cong tac khoan ndé min om hay
xung dét gitra cac thiét bi may dao xuc da néng
véi thiét bi van tai nhu mang cao, ... déu dwoc xir
ly t&t, ddm bao yéu cau ky thuat - an toan. Trong
qua trinh thi cong va theo ddi ap dung th&r nghiém
khong ghi nhan.

* Vé cac chi tiéu kinh té ky thuat chia yéu
cua cong nghé:

a) Tailo DVTG LC /I-2B-1 phéan via 2B

Céng tac thi cdng thwe hién tv ngay 01/4/2026
+ 09/6/2026, tbng mét 16 dao la 115m/tdng sb
138m dw kién. Cong tac thi cong bang may dao 16
da nang WPZ-5/150 thyc hién tir ngay 17/4/2026
+ 09/6/2026, tbng mét 16 dao bang may la 79m,
trong d6 69m dao tiét dién 13,0 m? (tir 1IK36 =+
lIK105), 10m dao tiét dién 8,3 m? (tr 1IK105 +
IIK115). Qua trinh ap dung the nghiém, do diéu
kién dia chat gwong 16 bién dong phirc tap, via
nhiéu da kep, duwdng phwo’ng udn lwon, nén nhiéu
thoi diém gwong 16 phai cat nhiéu da kep, da vach
ho&c da tru, tham chi nhiéu thoi diém guwong 16
d&c da, dan dén cac chi tiéu tbc d6 va nang suét
lao déng chwa dat cao nhw ky vong. Mat khac,
trung v&i thoi diém thi cong cong nghé, Phan
xwéng Dao 16 2 dang duwoc Cong ty than Théng
Nhat giao thwc hién nhiéu gwong 16 trong diém
phuc vu phwong an xudng sau mé Lo Tri, d&n dén
th&i gian thi cong thyc té bj gian doan, nhan lyc
bé tri trong ca phd bién chi tir 4-5 ngwdi/ca, thap
hon yéu cau la 06 nguoi/ca, cling lam giam tbc dé
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thi cong. Dé viéc danh gia cac chi tiéu kinh té ky
thuat phan anh dung ban chét cta cong nghé, dé
tai tién hanh danh gia theo Y giai doan phan chia
theo diéu kién tiét dién gwong 16 cu thé. Chi tiét
trng giai doan nhw sau:

* Giai doan 1 (ttr 17/04 + 04/06/2026, thi c6ng
tiét dién 13,0 m2): Toéng khéi lwgng mét 1o thi cong
giai doan nay la 69m (tir 1IK36+ [IK105). Téc do
thuc té trong qua trinh thi céng dat ttr 1,0 + 4,0
m/ngay, binh quan 2,86 m/ngay, twong ng téc
dd mot thang (25 ngay lam viéc) la 71,5 m/thang,
dat 89,38% so véi tbc do theo thiét ké (trung binh
80 m/thang) va 102,14% so véi téc dd theo cong
nghé do’n vi dang ap dung trong cung diéu kién
(khoan nd min + xdc béc bdng may Ién mang
cao, tbc dd trung binh 70 m/thang). Tinh quy déi
trong trwdng hop bd tri dG nhan lwc thi cong theo
thiét k&, tbc dod binh quan dao 16 sé dat 85,26 m/
thang, bang 106,58% thiét ké va 121,8% so VOi
coéng nghé don vi dang &p dung trong cung diéu
kién. Nang suat lao dong binh quan ca giai doan
la 0,189 m/cong.ca, dat 103,30% so v&i thiét ké
(trung binh 0,183 m/cdng.ca) va dat 119,63% so
v&i nang suét khi thi cong theo cdng nghé don vi
dang ap dung (trung binh 0,158 m/cong ca).

* Giai doan 2 (ttr 05/06 + 09/06/2026, thi céng
tiét dién 8,3 m?): Pham vi dwdng 10 thi cong voi tiét
dién 8,3 m2 c6 chiéu dai 10 m (tir 1IK105+ 11K115)
di hau nhw hoan toan trong da, may WPZ-5/150
khong thé tach pha gwong ma chi lam viéc voi
chlrc nang xuc-gat nén khéng phan anh ding ban
chét cong nghé. Do dé, bao céo khéng dé cap,
danh gia chi tiéu téc do thi cong ctia doan 16 nay.

b) Tai lo DVTG LC 1I-3C-1 s 2 phén via 3C

Cobng tac thi cong thye hién tir ngay 25/6/2026
dén ngay 21/7/2026. Do dwdng phwong cla via
bién dong, gwong 16 thwong xuyén cat da vach,
da tru va/hoac 1+2 I&p da kep trong via day trung
binh 0,2 m, tlr d6 ciing lam gidm n&ng suét cta
dau khau, nhiéu vj tri phai ban min om hé tro dé
lam mém dét da trén guwong. Tdng mét 16 dao 1a
58,0 m/tbng sb 48 m dw kién, qua trinh thi cong
chia lam 3 giai doan nhu sau:

* Giai doan 1 (ttr 25/06/2026 + 06/07/2026, thi
cong tiét dién 13,0 m2): Thi cdng diém mé 16 DVTG
LC 1I-3C-1 tw 16 ndi théng gi6é LC I1-3C-1, dao chdng
16 theo tiét dién dao 13,0 m? bang cong nghé khoan
nd min két hop xuc bdc tht cong 1én mang cao,

khéi lwong thi cong 19,5 m (tr 1IKOO+ 11K19,5).

* Giai doan 2 (tv 07/07/2026 + 16/07/2026,
thi cong tiét dién 8,3 m2): Thi cong dao chéng 16
theo tiét dién dao 8,3 m? str dung may dao 10 da
nang WPZ-5/150. Khdi lwong thi cong 32 mét (tw
1IK19,5 +lIK51,5). Téc dd thuc té trong qua trinh
thi cong dat tir 3,0 + 5,5 m/ngay, binh quan 4,187
m/ngay, twong (ng tdc dd mét thang (25 ngay lam
viéc) 1a 104,67 m/thang, dat 104,67% so v&i tbc do
theo thiét ké& (trung binh 100 m/thang) va 123,14%
s0 v6i téc dd theo cong nghé do’n vi dang ap dung
trong cung diéu kién (khoan nd min + xuc bbc
béng may lén mang cao, tbc dd trung binh 85m/
thang). Nang suét lao ddng binh quan ca giai doan
la 0,249 m/cong.ca, dat 112,15% so v&i thiét ké
(trung binh 0,222 m/céng.ca) va dat 131,94% so
v&i ndng suét khi thi cong theo cong nghé don vi
dang ap dung (trung binh 0,189 m/cdng ca).

* Giai doan 3 (tr 17/07/2026 + 21/07/2026, thi
cobng gap 16 cii): Budng 16 dao cat qua 1o ci (10
DVTG LC 11-3C-1 ci da nén bep), qua trinh thi
cobng phai thao d& vi cii, tach pha than da bang
can cudc thi cong két hop nd min nén may dao 16
da nang WPZ-5/150 khéng thwc hién chirc nang
cat ma chuyén sang chlrc nang xuc gat dat da tai
guong. Khéi lwong thi cong pham vi nay 1a 6,5 m
tr 11K51,5 +1IK58,0).

Do giai doan 1 va giai doan 3 khéng phan anh
dung ban chat cong nghé nén két qua thi cong cong
nghé&bangmaydaolddanangtailoDVTGLCII-3C-1
dwoc nhom dé tai danh gia theo giai doan 2.

Chi tiét téng hop két qua ap dung va moét sb chi
tiéu kinh té ky thuat tai 16 DVTG LC 1I-2B-1 (Giai
doan 1) vald DVTG LC 1I-3C-1 sb 2 (giai doan 2)
xem tai biéu dd hinh 4.

* Vé hiéu qua kinh té khi ap dung cong nghé

Bén canh nhirng hiéu qua vé mat k¥ thuat ciing
nhw cac chi tiéu kinh té k§ thuat chi yéu (téc do,
nang suét,...), viéc ap dung céng nghé con dem lai
hiéu qua vé mét kinh té cho don vi. Cu thé gia thanh
thi cong dao chéng 1 mét 16 trong thuc té theo tdng
hop quyét toan thuc té tai don vi la 28.588.426
dbng/mét 10, thap hon 1.024.861 ddng/mét (twong
ng 3,4%) so v&i gia thanh khi ap dung cbéng
nghé theo thiét ké (29.613.288 déng/m); thap hon
6.340.432 déng/mét (twong &ng 18,1%) so véi gia
thanh thi cong dao chéng 1 mét theo cong nghé
don vi dang thwc hién (khoan né min, xic may,
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céng nghé
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Hinh 4. Dién bién khéi luong, ndng suét dao chéng thuc té khi str dung may dao 1o da nédng

don gia 34.928.588 déng/m). Chi tiét hiéu qua kinh
té xem tai biéu @ hinh 5.
4.3. Dé xuat mét sé giai phdp hoan thién
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Hinh 5. Biéu db6 so sanh gia thanh khi dao 16 st
dung may dao 1o da nang WPZ-5/150

Xuét phat tir ton tai cha thiét bi, cong nghé dwoc
phat hién trong qua trinh ap dung thi nghiém,
nhém tac gid dé xuat mot sé giai phap hoan thién
cbng nghé nhu sau:

- Thay déi két cAu hoan déi dau khéu va gau
xtic: Qua trinh thi cong thuc té cho thay, xuét phat
tr cac nguyén nhan: (i) ket chét co khi do bién
dang, bui ban; (ii) phai st dung bua tay dé& hoan
ddi tha coéng trong khoéng gian chat hep nén thoi
gian hoan déi dau khiu va dau xdc 1&n t&i 30 phat
anh hwéng téi thoi gian t chire thi cong guwong 16.
Déi v&i van dé nay, nhom dé tai dé xuét cai tién co
clu chét co khi sang khép ndi nhanh thay lwc tw

0300

0,250

=
i
=

o7 0.150

0,100

Nimg suit lao ding binh quin (m/céng.ca)

0050

0000

(MVTG O30 50 2

dong. Khép ndi nhanh bao gém: bd ga kep, ngam
cb dinh, ngam trwot va xy lanh thay lwc (hinh 6).
Khi can thdo cac dau chirc nang, xy lanh co lai kéo
ngam trwot vé gan ngam cb dinh, dau chirc ndng
sé ty roi ra. Sau dé str dung ngam cb dinh dé moc
vao chét 1 dau chirc ndng mai, diéu khién xoay bo
ga dé ngam trwot khdp vai vi tri chét 2, diéu khién
xy lanh day ngam trwot ra dé khoa cing va cb
dinh d&u chirc nang. T d6, loai bd hoan toan viéc
hoan déi thi cong, thdi gian khéa/mé chét co khi
giam tlr 35+45 phut xubng con 1+3 phut.

- Bé sung hé théng dap bui: Do may dao 10
da nang WPZ-5/150 khéng tich hop san hé théng
dap bui & dau khau, dan dén trong qua trinh khau
guwong, lweng bui phat sinh kha Ion, tir d6 gay
can tré tAm nhin trong qua trinh lam viéc cla the
lai may cling nhw céng nhan trong gwong, vé lau
dai s& anh hudng dén sirc khde cla ngudi lao
doéng. Do d6 can thiét phai tich hop hé théng phun
swong dap bui truc tiép tai diu cét cia may hodc
hé théng riéng 1& tai gwong (hinh 7). Hé théng dap
bui can van hanh déng bo véi dau khau, khi may
hoat dong, hé théng phun swong sé& hoat déng
ddng thoi, khi may dirng sé tw ngat dé tiéc kiém
nwéc, tranh chdy tran ra nén 10, gay siing nuwéc va
ltn nén khi may hoat déng.

- Bé sung hé théng chiéu séng cho may dao
16: Do may dao 16 khdng tich hop sén hé théng
chiéu sang trén than may, qua trinh lam viéc
trén gwong dwa hoan toan vao anh sang tvr dén
chiéu sang ca nhan clia céng nhan van hanh
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ﬁ&fzj Xy lanh thiy lye
Ngam truot el

"-x Ngim ¢b dinh

Chét 1

Hinh 6. M6 hinh khép néi nhanh dang gé kep thay luc

Hinh 7. Hé théng phun suong dap bui tai dau
kh&u may dao 16

may. V&i anh sang han ché, nguoi lai sé rat
khé quan sat dwoc tinh trang toan bd gwong 10,
kho phét hién kip thdi cac nguy co mat an toan
trong qua trinh thi cdng. Do d6 can tich hop dén
chiéu xa lap dat trén than may (hinh 8) hwéng
vé phia gwong 16 dé soi rd vi tri cat va gom than,
da. Bd sung thém cac dén canh bao phia sau
va 2 bén suwdn may dé canh bao cho céac tho 10
khac khi may Iui hodc quay trong qua trinh khau.

- B6 sung co cau néng xa vi chéng: Dbi voi
cong tac dao chéng 16 sir dung vi thép hién nay,

Hinh 8. Hé théng chiéu séng I&p dét trén than
may dao Io
cong tac 1én dwng vi chéng dang duoc thuc hién

tha cong. Trong do6, cong tac Ién xa dwoc thyc
hién b&ng nang thi cdng 1én hai thanh dam thép
(ddm céng sbn) treo trén cac xa vi chdng lién ké
da dwng tredc d6. Cong tac dwng cot cling dugc
thwe hién thi céng vao 16 chan cot sau do6 ép ghép
vao xa dé 14p dat lien két. Nhw vay c6 thé thay, viéc
van chuyén va lap dwng vi chdng thép & pham vi
guong 16 thye hién thi cong nhw hién nay 1a rat
nang nhoc, tiém an rdi ro va gay khé khan khéng
nho cho viéc gilk chan va thu hut tho 16. Do do, cé
thé dau tw thém dau chirc ndng c6 co ciu nang
ha vi chéng (hinh 9) d& nang cao mirc do an toan,
cai thién dang ké mirc dd nang nhoc cho ngudi lao
déng trong qua trinh 1&p dat két ciu chéng.

Hinh 9. Co c&u néng xa vi chéng

5. Két luan

Viéc st dung may dao xuc da nang WPZ-5/150
tai Cong ty than Thdng Nhat dé tach pha gwong
da cho phép co gidi héa céng tac thi cbng dwdng
16 ¢6 tiét dién nhd, cling nhw dwong 16 ¢6 tiét dién
thuan loi nhwng chiéu dai han ché, nang cao murc
dd an toan, gidam cwong do lam viéc va mrc do
néng nhoc cho nguwoi lao dong, tbc do thi cong va
naéng suét lao dong co ban da dat va vuot so voi
thiét ké cling nhw cdng nghé dao 1o tién guong
bang khoan né min trong cuing diéu kién. Cac ton
tai vé két cau thiét bi, ho chiéu thi cong da dwoc
cac bén lién quan theo dbi sat sao, cung dua ra
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cac giai phap hoan thién d& nang cao hiéu qua
ap dung. Trong d6, cé cac gidi phap hoan thién
da dwoc thwe hién ngay trong qua trinh trién khai
cong nghé, cé cac giai phap dwgc dwa ra lam co
s& dé khéc phuc cho Céng ty than Théng Nhét
cling nhw cac don vi khac khi tién hanh dau tw day
chuyén thiét bj tiép theo. Két qua ap dung tai Céng
ty than Théng Nhat da cho thay tinh kha thi va hiéu
qua k¥ thuat, kinh té ctia cdng nghé co gi¢i hda
dao 10 str dung may dao 16 da nang WPZ-5/150, la
tién dé& cho viéc nhan réng céng nghé ra cac don
vi s&n xuét than ham 16 khac trong TKV./.
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Evaluating the results of applying mechanized technology for driving small-
section coal roadways at underground coal mines under TKV

MSec. Phi Van Long, Eng. Tran Van Long, Eng. Pham Cong Minh, Eng. Hoang Phuong Thao
Vinacomin - Institute of Mining Science and Technology

Abstract:

To improve the efficiency of driving small-section coal roadways, Vietnam National Coal and Mineral
Industries Holding Corporation Limited (TKV) assigned the Institute of Mining Science and Technology
to lead the research project entitled “Research on Mechanized Technology for Driving Small-Section
Coal Roadways at Underground Coal Mines under TKV,” with Thong Nhat Coal Company serving as
the collaborating unit for implementation of the research results. To date, the technology has completed
its pilot application at the DVTG LC II-2B-1 roadway in Sub-seam 2B and the DVTG LC II-3C-1 No. 2
roadway in Sub-seam 3C, Lo Tri area, Thong Nhat Coal Company. The pilot application has achieved
highly promising initial results, providing a basis for replicating the technology at other underground
coal mining units within TKV. This paper summarizes and evaluates the results of the pilot application
of the technology.
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MO HINH QUAN TR] DU LIEU LON VA VAN DE BAO MAT TRONG LINH
VUC KHAI THAC THAN- KHOANG SAN

ThS. Nguyén Kim Quy, KS. Pham Viin Long
KS. Pham Vii Hii, KS. Nguyén Thi Thai
Vién Khoa hoc Cong nghé Mo - Vinacomin

Bién tip: TS. Nhiv Viégt Tuin

Toém tat:

Tai cac mo than-khoang san, nham dam bdo an toan cho con nguoi, thiét bi va phuc vu hoat dong
khai théc hiéu qua, nhitng hé thong giam sat, quan trdc khi mo, canh béo, diéu khién can phdi hoat dong
lién tuc ngay dém. Cdc hé thong nay lién tuc thu thdp, hién thi va leu triv div liéu dwdi nhiéu phirong
thire khéc nhau dé cé thé truy xudt dir liéu phuc vu cdng tac tong hop, diéu phoi, cdi thién, nang cdp hé
théng hodc xir Iy sw ¢o. Tuy nhién, viéc luu triv dit liéu tir do va chwea cé tiéu chudn trong viéc quan 1y
cay dir lieu dan t6i khé khan khi truy xudt hodc bao dam tinh toan ven ciia dit liéu. Khi sé luong thiét bi
ddu cudi ngay cang nhiéu, dit liéu dwge thu thdp cang 16 khién cho nhu cau qudn 1y dit liéu [om tré nén
cap thiét. Sw ra dd’i cua dit liéu lon (Big Data) va dién todan dam mdy va phdt trién manh mé trong giai
doan chuyen d6i s6 dd tré thanh nén tang cong nghé quan trong cia cudc cach mang cong nghzep 4.0.
Su bung né ciia Internet khién viéc luu trit va truy cdp dir liéu theo phuwong thirc vat Iy truyén thong gap
nhiéu han ché, dac biét la khi truy cdp tir xa. Dir ligu phan tan dang dam may (Cloud) ra doi nhu mot
gidi phdp tdt yéu, cho phép két néi va truy cdp dit liéu moi lic, moi noi théng qua giao thirc Internet.
Quan tri dir liéu 16n sé gitip tiéu chudn héa toan bg cdc div liéu s6 tai cde mo than- khodng san, giip
thiét ldp cay quan tri, khung dir liéu dé hé théng héa dir liéu 6 16 chire, trdt tw. Tir 6, c6 thé t6i uu
khong gian lieu trit dit liéu, tang toc truy xudt va dp dung nhitng gidai phdp bdo mdt vao hé thong dir liéu

mot cach hiéu qua.

1. Pat van dé

Lich st phat trién van minh nhan loai cho thay
nganh céng nghiép khal khoang luén glw vai tro tru
cét trong viéc cung cép nguyén liéu nén tang cho
moi nganh san xuét. Tuy nhién, trwéc yéu cau birc
thiét ctia 16 trinh gidm phat thai bang 0 (Net Zero )
va su bung nd cla cudc cach mang cong nghiép
4.0, nganh md hién nay dang dirng truwdc ap lyc
phai thyc hién song hanh chuyén déi s6 va chuyén
ddi xanh. Béi canh nay buédc cac doanh nghiép
md phai tai cAu tric mé hinh van hanh hwéng téi
“Md Xanh — Mé Théng minh”. Bay la mé hinh toan
dién, noi viéc trng dung cong nghé sb dé téi wu
héa chi phi, dm bao an toan lao déng va gidm
thiéu phat thai khi nha kinh dwoc dat lam muc tiéu
chién lwvgc, song hanh cung nhiém vy dadm béo
san lwong [1], [2].

Su bung nb cla ha tang két ndi (cap quang,
Wi-Fi, 3G/4G) cuing cac hé thdng cam bién loT lap
d&t rong khap trong cac mé khai thac than-khoang
san tao ra lwong dir liéu khdng 16 theo thdi gian
thwe. DU vay, phan Ién dir liéu nay hién van bi

phan manh va tén tai dwdi dang hé théng lwu triv
dir liéu doc lap (data silos) gitra cac hé théng tw
doéng hoéa riéng 18. Da sb cac cong ty khai thac mé
van chwa xay dung dwoc mét ha tAng quan ly div
liéu I&n a4 manh dé tich hop chudi van hanh chinh
(dao 10, khai thac, van tai) véi cac hé théng phu
tro' (khi gio, tram bom, khi nén). Viéc nay dan dén
thiéu di cai nhin tbng thé cho coéng tac diéu hanh,
quan tri khai thac md, chwa phan anh dugc mébi
twong quan gitra san lwong khai thac, chi sé an
toan va murc dd tiéu thu nang lvong.

Mac du toan nganh than - khoang san hién nay
bao gdm c& 5 loai hinh hoat déng chinh la: khai
thac than hadm 10; khai thac than 16 thién, khoang
san, sang tuyén - ché bién va dién luc; nghién ciru
nay lwa chon tap trung phan tich chuyén sau cho
loai hinh khai thac than hdm 16. Quyét dinh nay
trwdc hét xuat phat tir thuc té san lwong khai thac
than ham 16 ludn chiém ty trong ap dao, dong vai
trd 1a nguén cung chi luc va cé stirc anh hudng
quyét dinh dén két qua san xuét cling nhu sw phat
trién bén virng cla toan nganh than. Hon thé nira,
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TRUNG TAM DIEU HANH TAP TRUNG (IOC)

- Man hinh SCADA/MES gidm sat todn md théi gian thuc
- N&n tang hién cb, s3n sing md réng tich hop khi ¢é nhu cdu

GIA TR| MANG LAI

Ra quyst dinh nhanh

Gikn SAT TAP TRUNG

SCADA/MES
Thei gian thc

Méy chi dng dyng
Co st ot libu

LUU TRO DO LIEY

Ning cao an toan

TICH HOP BIG DATA quAn TR| anToAN [l BAD CAO & PHAN TicH e

2o [P £ 75 vuvinhanh
e all
6 @ Giimchiphi
Nén ting 9 igu Quin b i ro, i o Dashbosrd, KP1
(8n siing tich hop) Bio cdo an tokn Bdo cda thing ke N7 Phit trén bin vimg

t (D& lidu tap trung)

HA TANG KET NOI & MANG MACH VONG HAM LO

: =
H MANG MACH VONG 4 3 4 Lol
e Mang mach véng cap quang phang nd (Ex) )
- Mang truyén dan khéng day Wi-Fi / 4G / 5G cbng nghigp Wi-Fi 4G/5G CAP QUANG
DAY CHUYEN SAN XUAT CHINH & VAN TAI CAC HE THONG PHU TRO
‘ 1. Bao 16 & Khai théc 16 chg: DO ligu gidm sat 3. Hé théng An toan & Khi gié: - Tram guat gié chinh
e & quat cuc bl
& Mat i (tién 8) v h&\gq o voinan
B Sinluong Khi ty dang (CH,, €O,
R Téigian chéng €0, 03
¥ Dong dign
A 85 rung Tram quat gi6 chinh Quat oye b Cam bién kh -] . . 0

Miy khiu Gidn chng an todn

@ Cimbién

2. Hé théng Van tai lb: D ligu gidm sit:
) Tocds
@D Can bing tii
#  Dong i
[, T it cann bio
an todn
zzzzzz

4. Hé théng tu déng héa:

;
; l

5. Hé thdng camera giam sat him o:

[@:

Céc hi théng ty déng hoa
{PLC, DCS, SCADA, v:v.)

H§ théng camera
gidm sét him 1o

Camera PTZ
phong né (Ex)

Hinh 1. So' dé mé hinh hé thong tw dong héa trong mé than hdm 16

mé ham 16 cling 1a noi ¢6 diéu kién khai thac phirc
tap nhét, s& hivu hang loat hé théng tw déng hda,
giam sat va canh bao an toan van hanh déc lap,
r&i rac. Viéc gidi quyét thanh cong bai toan tich
hop di liéu Ién va bado mat théng tin cho khdi ham
16 khéng chi gitp tdi wu hoa hiéu quéa diéu hanh,
bao vé an toan cho con ngudi va thiét bi trudc cac
nguy co tdn céng mang, ma con tao ra mét md
hinh quan tri di liéu mau dé tir d6 ap dung, nhan
réng cho cac loai hinh san xuét con lai ca TKV.
Tai cac md than ham 19, hé thdng théng tin lién
lac va tw ddng héa ctia md (Hinh 1) bao gdm céac
hang muc chinh: (1) Hé théng dién thoai ndi bo;
(2) Hé théng dinh vi nhan sw, dién thoai di dong
va tram thu phat wifi; (3) Hé théng giam sat diéu
khién tap trung; (4) Hé théng diéu khién gidm sat
bang tai; (5) Hé théng canh bao khi mé tan; (6) Hé
théng diéu khién giam sat hAm bom; (7) Hé théng
didu khién giam sat tram quat gi6 chinh; (8) Hé
théng diéu khién, giam sat tram khi nén; (9) Hé
thdng camera giam sat; (10) Hé théng man hinh
led tai phong diéu khién. Cac hé théng nay lién tuc
cap nhat di¥ liéu thu thap tir cdm bién hién truong,
camera giam sat, bo diéu khién logic kha trinh
(PLC), hé théng diéu khién va giam sat (SCADA)
cung nhiéu thiét bi cdng nghiép khac. Trwéc tién,
di¥ liéu dwoc thu thap va truyén vé trung tam diéu
hanh théng qua ha tAng mang céng nghiép. D
liéu cha cac hé théng nay thwong dwoc lwu triv tai

cac may chu vat ly hoac may chu ao riéng biét va
doc lap gitra cac hé théng véi nhau. Viéc tai st
dung di¥ liéu van hanh gira cac hé théng chua
dwoc thwe hién, dir liéu con roi tac va viéc bao vé
an toan théng tin khéng cao. Diéu nay dan dén rao
can cho viéc khai thac, phan tich di¥ liéu tir cac hé
thdng dé phat hién bat thuong, dw bao sw cb va
hé tro ra quyét dinh trong qua trinh van hanh. Céac
hé théng diéu khién tw dong hién hiru tai cac md
khai thac hoat dong doc lap, Iwu trlr dir liéu tw do
va khéng dwoc té chire theo tiéu chuan.

Do do, viéc nghién ctru giai phap tich hop Big
Data gan lién vé&i bai toan an toan bao mat mang
va t6i wu héa nang lwong 1a yéu cau cép thiét,
déng vai trd quyét dinh cho sw phat trién bén virng
ctia nganh than- khoang san hién dai. Bang cach
phan tich gidi phap tich hop day chuyén san xuét
chinh va cac hé théng phu tro dwa trén mé hinh
tham chiéu ISA-95, nghién ctru chi ra cach thirc
big data thuc ddy chuyén ddi xanh théng qua tbi
wu héa nang lvong va kiém soat phat thai theo
thoi gian thwe, déng thdi dé xuét cac giai phap kj
thuat nhdm bao ddm an toan bao mat cho cong
nghé van hanh (Operational Technology - OT) va
cong nghé théng tin (Information Technology - IT)
trong cac mé khai thac than-khoang san.

2. Di¥ liéu 1&n va mé hinh ISA95

Duwéi sw bung nd ctia cach mang céng nghiép
4.0 khién nhu cau két ndi di liéu moi luc, moi noi
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dem lai nhiéu loi ich va cang tré nén cép thiét, s
lwong thiét bi dau cubi dwoc trang bi cong nghe
m&i nhw loT ngay cang nhiéu doi hdi can cé céu
trac x ly di¥ liéu & quy mo Ién hiéu qua hon. D
liéu 16N ra doi nhw mot thanh phan khéng thé thiéu
cla cach mang 4.0, Big Data la céac tai san théng
tin c6 khdi lwong Ién, tbc d6 cao va/hodc sy da
dang cao, doi hdi cac phwong thirc xt& ly théng
tin sang tao va hiéu qua vé chi phi nham mang
lai nhirng hiéu biét sau séc hon, hd tro ra quyét
dinh va tw dong hoéa quy trinh. Ban chét cta dir
liéu I&n khoéng chi dirng lai & quy mé dung lwong
don thuan, ma la mot hé sinh thai toan dién bao
gdm cac cong nghé, ha tang va phwong phap luan
tién tién nhadm thu thap, lwu trir, xt Iy va phan tich
cac tap di lieu phirc tap. Tién trinh tién héa cla
big data bat dau tir cac hé thdng xt ly dir liéu tha
cobng, co khi dén dién tt, trwéc khi chirng kién
bwéc bt pha manh mé nh& sw bung né cua két
ndi mang va cac thiét bj s6 [1].

Ban dau, Big Data dwoc Doug Laney dé xuét
nam 2001 théng qua mé hinh 3V, bao gém dung
lwong dir liéu (Volume), tbc dd xr ly (Velocity) va
tinh da dang di liéu (Variety). Tuy nhién, cung VO
sy phat trién clta cong nghe sb va nhu cau khai
thac gia tri tv dr liéu, cac td chirc nghién ctru da
mé& réng mo hinh nay. Nam 2012, Gartner — mot
cong ty nghién ctru va tw van cong nghé hang dau
thé gi¢i — bé sung thém cac khia canh vé tinh xac
thwc (Veracity) va gia tri khai thac (Value), hinh
thanh mé hinh 5V (Hinh 2) dwoc st dung rong
réi hién nay. Trong ky nguyén chuyén dbi sb, sw
két hop gitra big data véi hé sinh thai internet
két ndi moi vat (loT), dién toan dam may (Edge
Computing) va cac khung x& ly ludng di liéu thoi
gian thyc (nhw Apache Spark, Storm) da tao nén
nén tdng ha tang vivng chac cho tri tué nhan tao (Al)
va hoc may (Machine Learning) phat trién [2], [3].

$
il

Variety Volume

Velocity

Veracity

[}
il

5
e

Hinh 2. M6 hinh 5Vs — ndm tinh chét ctua Big
data [4]

Dwéi géc dd quan tri va diéu hanh cong nghiép,
di liéu I&n tao ra buwdc ngoat nhé kha nang khép
kin chudi gia tri di¥ liéu (Data Value Chain): chuyén
héa cac ludng di liéu thd phan manh thanh théng
tin minh bach (Information), khai thac tri thic
chuyén sau (Insight) va dinh hinh tw duy quan tri
dwa trén dir liéu (Data-driven Decision Making).
Thong qua viéc két ndi chudi dir liéu nay, Big Data
hé tro cp diéu hanh ra quyét dinh thoi gian thuc,
t6i wu hda quy trinh san xuét, dw bao sém rdiro van
hanh va nang cao nang lyc canh tranh cho doanh
nghiép mo trong ky nguyén Coéng nghiép 4.0.

Source data Data Knowledge
collection structuring discovery
) E'
S
Patterns
@ o
- Relsonsips

Hinh 3. Quy trinh ¢rng dung di liéu Ion [3]

Quy trinh &ng dung di liéu I6n dwoc thé hién
trén hinh 3, quy trinh chuyén ddi di liéu tr cap
hién trwdng thanh tri thire phuc vu diéu hanh san
xuét. V& mat ky thuat, quy trinh nay dwoc trién khai
théng qua moét dwong 6ng div liéu (Data Pipeline)
lién tuc, bao gébm ba giai doan chinh: (1) thu thap
dir liéu da ngudn (Source data collection); (2) tién
xt ly va cu tric héa dir liéu (Data structuring);
va (3) phan tich, khai pha tri tht*c (Knowledge
discovery). Déi v&i di lieu chudi thdi gian (Time-
series Data) dwoc tao ra tr hé thédng PLC va
SCADA, céc gia tri do da dwoc td chirc theo céu
trdc «thoi gian — gia tri», do d6 qua trinh cAu truc
héa dwoc don gidn héa dang ké va di liéu co thé
dwoc dua truc tiép vao cac hé thdng xt ly thdi gian
thwe sau khi hoan thanh buwéc tién xt ly. Ngwoc
lai, cac ngudn di liéu phi ciu trac nhw video tw
camera giam sat hodc tin hiéu am thanh thiét bj
van can trai qua cac buwdc phan loai, trich xuat dac
trwng va lwu trir trén cac nén tang dir liéu cé kha
n&ng mé rong linh hoat, chdng han nhw hé di liéu
(Data Lake) va cac hé théng tinh toan phan tan.

Mac du Big Data cung cap nang luc lwu trir va
xt ly khéi lwong dir liéu rat 16n, ban than cong
nghé nay chwa quy dinh cach thirc té chire, phan
cap va trao ddi thong tin gitra cac hé théng trong
doanh nghiép céng nghiép. Trong mbi trwong san
xuét, noi ddng thoi tén tai nhiéu hé théng didu
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khién, giam sat va quan tri doc lap, viéc trién khai
di¥ liéu I&n khong thé thwe hién mot cach tw phat
ma can dwa trén mot kién tric chudn héa nham
bdo dam tinh lién thong va nhat quan cta di liéu.

Trong bbéi cadnh d6, tiéu chudn ISA-95
(Enterprise-Control System Integration) do Hiép
hoi Tw dong hda Quéc té (International Society of
Automation - ISA) phat trién dwoc siv dung nhw
mot mé hinh tham chiéu dé& chuan hoéa qua trinh
tich hop gitra hé théng diéu hanh san xuét va hé
thdng quan tri doanh nghiép. Tiéu chuén nay xac
dinh rd vai trd cta tirng cip chirc nang, cling nhw
ludng trao dbi di¥ liéu gitra céng nghé van hanh
(OT) va céng nghé théng tin (IT), tao nén tang cho
viéc trién khai cac ing dung di liéu Ién trong moi
trwong cdng nghiép.

V& ban chat, ISA-95 phan chia hé thdng doanh
nghiép thanh 5 tang kién tric chirc nang (tir Level
0 dén Level 4), tao ra mot md hinh hoat déng
thdng nhat, mang lai nhiéu loi ich: (1) Chuén héa
diém thu thap va phan ludng di¥ liéu: ISA-95 xac
dinh rd d¥ liéu thdi gian thwc (Time-series Data)
tr cac cam bién, PLC dwéi ham 16 thudc tAng 0-2
(Field & Control) s& dwoc tdng hop qua tdng 3
(MES - Biéu hanh san xuét) truwdc khi day 1én tang
4 (ERP & Big Data Warehouse) dé phan tich chién
lwoc [5], [6], [7]; (2) Thao g& cac hé théng dir liéu
doc lap (Data Silos): Théng qua viéc dinh nghia
chung bd thuat ngi va giao thirc trao dbi théng tin
chuén hoa, ISA-95 cho phép tich hop di liéu van
hanh (OT) vé&i di liéu quan tri (IT). Day la tién dé
bat budc dé ha tang Big Data c6 thé tdng hop toan
bd di¥ liéu phan manh tr chudi san xuét chinh dén
cac hé théng phu tro; (3) Binh huwéng kién truc
quan tri di liéu (Data Governance): ISA-95 giup
xac dinh rd quyén s& hiru, tinh chu ky va mirc do
wu tién cta di liéu (dir liéu an toan can xi ly tirc
thdi & tAng bién va di liéu hiéu suat can lwu triy
dai han & Tang dam may) [8].

Viéc két hop gitra nang lwc xt ly ctia Big Data
va khung phan tdng chuan héa cla ISA-95 sé tao
nén mét md hinh quan tri di¥ liéu toan dién. Day
chinh 1a nén tang ly luan quan trong dé xay dwng
md hinh tich hgp di¥ liéu I&n phuc vu bai toan van
hanh, an toan va chuyén ddi xanh cho cac mé khai
thac than-khoang san hién dai.

3. Xay dwng moé hinh quan tri div liéu I&n
cho cac mé khai thac than-khoang san

Nhw da dé cap trong phan 1, phan I6n cac hé
thdng trong mé than ham 16 da duwoc két ndi vé

trung tam diéu hanh, tuy nhién di liéu van tén tai
dwoi dang cac kho di¥ liéu déc lap (Data Silos), st
dung nhiéu giao thirc va dinh dang khac nhau. Biéu
nay dan dén tinh trang di liéu bi phan manh, gay
khé khan trong viéc danh gia tdng thé méi quan hé
gitra nang suét khai thac, mie tiéu thu ndng lvong,
trang thai thiét bi va cac chi tiéu an toan cla toan
mé. Coéng tac quan ly hién nay chd yéu dwa trén
cac bao cao theo ca hoac theo ngay, chua phan
anh dwoc mdi quan hé gitra hiéu qua san xuét,
murc tiéu thu nang lwong va cac chi tiéu an toan.
Do dé, viéc xay dwng mot kién trac quan tri div
liéu thédng nhat nham tich hop di liéu tir cac day
chuyén san xuét va cac hé théng phu tro 1a yéu cau
can thiét dé trién khai cac (rng dung phan tich dir
liéu 16N va hé tro ra quyét dinh theo thdi gian thuc.

Trén co s& khung kién tric ISA-95 da trinh bay
& muc trwde, bai bao d& xuat mé hinh quan tri div
liéu I&n danh cho cac mé khai thac than-khoang
sa&n nham tich hop di liéu gitra cac hé théng san
xuét, hé thdng phu tro' va cac ng dung quan tri
doanh nghiép. Day |4 tién dé& dé hinh thanh kho dir
liéu thédng nhat, phuc vu phan tich di liéu Ién, hd
tro ra quyét dinh va trién khai cac (rng dung tri tué
nhan tao trong twong lai.

Kién tric quan tri di¥ liéu I&n cho mé than ham
I6 dwoc thé hién trén hinh 4, kién tric nay duoc
xay dwng trén co s& md hinh tham chiéu ISA-95.
Kién tric dwoc phan thanh ndm cép chirc néng,
tr I&p thiét bi hién trwerng dén 16p quan tri doanh
nghiép, tao thanh mot nén tang tich hop théng nhat
gilra cdng nghé van hanh va céng nghé théng tin.

O cép hién trwong (Level 0 va Level 1), di liéu
dwoc thu thap truc tiép tlr cac cdm bién, PLC, hé
thdng do khi md, camera giam sat, may dao 16,
may khau, bang tai va cac thiét bj phu tro. Tang
nay chiu trach nhiém diéu khién thiét bj theo thoi
gian thuc va bdo ddm hoat dong san xuét dién ra
lién tuc, an toan.

Tai cap giam sat (Level 2), di¥ lieu dwoc tap
trung thdng qua cac hé thdng SCADA, gateway
coéng nghiép va cac thiét bj tinh toan bién. Ngoai
chirc ndng truyén thdng, tAng nay con thwc hién
cac tac vu tién xt& Iy nhw loc nhidu, ddng bd thoi
gian va chuan hoéa dir lieu trwéc khi chuyén 1én
cac cap quan ly cao hon.

Tai cép didu hanh san xuét (Level 3), di¥ liéu
duoc tong hOp dé phuc vy cong tac quan ly san
lwong, diéu phdi sén xuét, giam sat nang lvgng va
canh bao an toan. Cuéi cuing, & cap quan tri doanh
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Hinh 4. Kién trac quan tri di¥ liéu Ién dién hinh tai mé than hdm 16 duwa trén kién tric ISA95

nghiép (Level 4), di¥ liéu dworc tich hop véi cac hé
théngERP, EAMvalOCdéhbtrolapkéhoach, danh
gia hiéu qua san xuét va ra quyét dinh chién luoc.

Viéc phan tang theo ISA-95 khéng chi gitp
chuan héa ludng di liéu gitra cac hé théng ma
con tao diéu kién thuan lgi cho viéc trién khai cac
tng dung di liéu I&n, tri tué nhan tao va md hinh
md théng minh. Khac véi mé hinh ISA-95 truyén
théng, kién tric dé xuét bd sung mét nén tang
quan tri di¥ liéu Ion hoat dong xuyén suot gira
cac cap chirc nang. Nén tang nay bao gdm cac
thanh phan nhuw Data Lake, hé thong quan tri div
liéu, cdng cu x& ly di¥ liéu I&n, nén tang phan tich
va trire quan hoa, tri tué nhan tao, mé hinh song
sinh sb (Digital Twin) va cac cong cu phan tich
nang lvgng, phat thai. Nh& do, div liéu tir cac hé
thdng vén tén tai doc 1ap dworc tich hop vao mét
kho di lieu thdng nhét, tao diéu kién trién khai
cac ng dung phan tich nang cao nhuw dy bao hw
héng thiét bi, t6i wu hda tiéu thu ndng lvong, danh
gia mirc dd an toan va hé tro' ra quyét dinh theo
thoi gian thwe. Bén canh ciu tric phan tang, mé
hinh con mé ta hai lubng théng tin chinh trong hé
théng. Lubng di liéu (Data Flow) dwoc truyén ti
cép hién trudng 1én cac tang quan tri, phan anh

trang thai van hanh cuda toan b mo theo th&i gian
thwe. Ngwoc lai, lubng diéu hanh (Control Flow)
truyén cac ké hoach san xuét, thong sé van hanh
va gia tri dat tr cAp quan Iy xubng hé théng diéu
khién dé thwc thi. Sy két hop gitra hai lubng théng
tin nay tao thanh mét vong I1&p khép kin, giap két
ndi hiéu qua gitra hoat dong san xuét va cong tac
quan tri doanh nghiép. Mac du trén Hinh 4 mo ta
kién tric logic cta hé théng quan tri di liéu Ion
dwa trén ISA-95, viéc trién khai trong diéu kién
thuc té tai cac mé than ham 10, cling nhw cac mé
than- khoang san khac can phai tan dung t6i da ha
tang tw dong héa hién co, ddng thdi bd sung cac
thanh phan tich hop dir liéu va nén tang phan tich
phu hop véi diéu kién san xuat trong nwéc. Trén
co s& db, bai bao dé xuat mé hinh trién khai thyc
té cho doanh nghiép khai thac than ham 1o nhw
dwoc trinh bay trong hinh 5.

M6 hinh hé théng quén tri di liéu I&n cho mé
than ham Id dwoc thé hién trén hinh 5, phwong an
trién khai hé théng quan tri di liéu I&n trong diéu
kién thwc té cha cac don vi khai thac than ham
[6 thudc TKV. Tai I&p hién trwdng, dir liéu dwoc
thu thap tlr hai nhém ngudn chinh, bao gém day
chuyén san xuét (dao 10, khai thac 16 cho va van

KHCNM SO 4/2026 * CACH MANG CONG NGHIEP 4.0



THONG TIN KHOA HQC CONG NGHE MO
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Hinh 5. M6 hinh hé théng quan tri di¥ liéu I6n cho mé than hdm 1o

tai than) va cac hé théng phu tro nhw théng gid,
quan ly khi mé, tram bom, tram khi nén, tram nhi
hdéa va camera gidm sat. Toan bd di¥ liéu du’cyc
truyen tai thdong qua ha tang cap quang phong nd
két hop voi mang truyén théng khong day cong
nghiép dé& dwa vé trung tdm diéu hanh tap trung.
Trong mé hinh dé xuét, trung tdm diéu hanh tap
trung (IOC) khéng chi thyc hién chirc nang giam
sat trang thai thiét bi nhw cac hé théng SCADA
truyén thdng ma con dong vai trd 1a trung tam tich
hop di¥ liéu cia toan md. Théng qua viéc két nbi
di liéu tlr nhiéu ngudn khac nhau, IOC cho phép
theo ddi dong thi cac chi tiéu vé san xuét, ndng
lwong va an toan, giup ngwdi van hanh cé cai nhin
tbng thé vé trang thai hoat dong cla toan bd hé
thdng thay vi chi quan séat trng phan hé riéng 18.
Trén nén tang di¥ liéu tap trung, cac coéng cu
phan tich di liéu I&n va tri tué nhan tao coé thé
dwoc trién khai nham phat hién bat thwong, dw
bao sy cb thiét bi, danh gia hiéu qua van hanh
va téi wu hoéa tiéu thu nang lvong. Day ciing la
co s& dé tirng bwdc trién khai cac ng dung tién
tién nhw bao tri dw doan, mé hinh song sinh sé va
xay dwng mo6 hinh mé théng minh trong twong lai.

Viéc ap dung kién trac quan tri div liéu I&n khong
chi nang cao hiéu qua diéu hanh san xuat ma con
gop phan thuc day qua trinh chuyén dbi sb va phat
trién bén virng trong nganh than tai Viét Nam.

4. Van dé bao mat théng tin

Do thiéu cAu tric quan ly dir liéu sb, hién nay
cac md khai thac than- khoang san méi chi dirng
lai & viéc trang bi phan mém diét virus cho céc
may vi tinh. Tuy nhién, van dé bado mat khoéng chi
dirng lai & viéc chéng xam nhép tr bén ngoai,
ma con bao gém phan cép, phan quyén truy cap
ndi bd, chéng lai viéc truy cap trai phép, ddm bao
moi hoat déng truy cap dir liéu can phai dwoc cap
quyén va cO nguwdi chiu trach nhiém.

Mac du mo hinh quan tri di liéu I&n dwa trén
ISA-95 mang lai nhiéu lgi ich trong céng tac quan
ly va diéu hanh san xuét, qua trinh tri&n khai tai cac
mé than- khoang san van con déi méat véi nhiéu
thach thirc. Thach thirc d4u tién 1a sy khéng dong
nhat vé nén tang céng nghé gira cac hé théng
tw déng hoa hién cé. Cac hé théng dwoc dau
tw & nhiéu thoi diém khac nhau, s& dung nhiéu
giao thirc truyén théng va dinh dang div liéu khac
nhau, gay khé khan cho viéc tich hop va chuan
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héa dir liéu trén mot nén tang théng nhat. Do do,
viéc xay dwng cac chuan trao déi dir liéu, ap dung
cac giao thirc mé va phat trién cac bo chuyén dbi
(Gateway) la yéu cau can thiét. Viéc str dung déng
thai thiét bi clia nhiéu nha san xuét khac nhau voi
nhiéu giao thirc truyén théng va cac hé théng duoc
xay dwng qua nhiéu giai doan ciing lam gia ting
nhirng 16 héng bdo mat tiém an. Viéc két ndi cac
mang cdng nghiép truyén thdng véi nén tang dién
toan dam may va hé théng div liéu Ién ddi héi phai
xay dwng co ché bdo vé nhiéu 16p, bao gdm phan
vung mang, xac thuc ngudi dung, ma héa di liéu,
giam sat truy cap va phat hién bat thuong theo thoi
gian thyc. Do d6, bén canh viéc dau tw ha tang lwu
trlr va phan tich di liéu, cac doanh nghiép khai
thac than can xay dwng chién lwoc bdo dadm an
ninh mang cho hé thdng coéng nghiép, coi day la
mot thanh phan khong thé tach rdi trong qua trinh
chuyén ddi s6 va phat trién mé hinh mé théng minh.

Theo tiéu chudn IEC 62443, viéc tich hop hé
thdng cong nghé van hanh (OT) va cong nghé
thong tin (IT) doi héi phai 4p dung céc co ché bao
mat nhiéu I&p, bao gdm phan viing mang, xac thuc
truy cap, ma héa di¥ liéu va giam sat an ninh mang
theo thoi gian thwe [9]. Qua trinh tich hop di liéu
gitra cac hé théng diéu khién cong nghiép (OT) va
hé thdng cong nghé théng tin (IT) gitp nang cao
nang lwc giam sat, diéu hanh va khai thac di liéu
I&n, nhwng ddng thoi cling 1am gia tang cac nguy
co mat an toan thong tin va tAn cdng mang. Khi div
liéu tlr cac hé thdng PLC, SCADA, camera giam
sat va trung tam diéu hanh dwoc két ndi trén cung
mot ha tAng mang, pham vi &nh hwéng clia cac sy
c¢b an ninh mang khong chi dirng lai & viéc mét div
liéu ma con cé thé tac dong trwc tiép dén qua trinh
san xuét va an toan lao dong.

Cac hinh thirc tAn cong phd bién dbi véi hé
thdng céng nghiép bao gébm tan cong tir chéi dich
vu (DoS), ma ddc téng tién (Ransomware), truy
cap trai phép vao hé théng diéu khién, gid mao dir
liéu cdm bién hodc chiém quyén diéu khién cac
thiét bi dau cubi. Dbi véi cac md than- khoang san,
nhirng cudc tdn cdng nay cé thé lam gian doan
hoat dong ctia hé thdng théng gié, tram bom, hé
thdng giam sat khi mé hoac trung tam diéu hanh,
gay anh hwéng nghiém trong dén hoat déng san
xuét va cong tac bao dam an toan.

Ngoai cac yéu td ky thuat, viéc trién khai md
hinh quan tri di¥ liéu I&n con doi hdi ngudn nhan
lwec co kién thire lién nganh vé khai thac md, tw

ddng hoéa va cdng nghé théng tin. Vi vay, dao tao
ngudn nhan lwc va xay dwng quy trinh quan trj di
liéu phu hop 1a nhitng yéu t6 quan trong quyét
dinh hiéu qua trién khai mé hinh trong thuc té.

5. Két luan

Nghién clru da xay dwng thanh cong giai phap
quan tri di liéu I&n va bao mat thong tin cho nganh
khaithacmd. Cackétluanchinhdwocritranhwsau:

Phwong thirc quén ly di liéu hién hiru tai cac
mé than con phan manh, lwu trlr déc lap gilra cac
hé thdng tw dong hda riéeng 1& va chwa cé tiéu
chuén chung. Piéu nay gay can tré Ién cho viéc
truy xuat, phan tich va hé tro' ra quyét dinh kip thoi.

M6 hinh quan tri di liéu 1&6n dé& xuét dwa trén
khung tham chiéu ISA-95 gitp chuén hoéa 5 cép
chivc nang tir hién trwong dén quan tri doanh
nghiép. Sw bd sung nén tang Big Data xuyén subt
gitp loai bd cac kho di liéu doc lap va téi wu quy
trinh van hanh.

Nghién ctru giai quyét van dé an ninh mang khi
tich hop OT va IT béng cach tuan tha tiéu chuan
IEC 62443. Hé théng thiét lap co ché bao vé nhiéu
I&p, gilp ngdn chan hiéu qua cac cudc tan cong
gay gian doan san xuét va mat an toan lao dong.

M6 hinh hoan toan phu hop va cé tinh kha thi
cao dbi v&i cac mé than hdm 16 cia TKV. Giai
phap cho phép két néi an toan cac day chuyén
san xuat chinh va phu tro vé trung tm IOC nham
tdi wu san lwong 1an an toan khai thac.
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Big Data Governance Model and Security Issues in the Coal and Mineral
Mining Sector

MSc. Nguyen Kim Quy, Eng. Pham Van Long, Eng. Pham Vu Hai, Eng. Nguyen Thi Thai
Vinacomin - Institute of Mining Science and Technology

Abstract:

At coal and mineral mines, in order to ensure the safety of people and equipment and to serve
efficient mining operations, mine gas monitoring, warning, monitoring, and control systems must
operate continuously day and night. These systems continuously collect, display, and store data in
various forms to enable data retrieval for data aggregation, coordination, system improvement and
upgrading or incident handling. However, the free-form storage of data and the lack of standards for
managing the data tree lead to difficulties in data retrieval and ensuring data integrity. As the number of
terminal devices continues to increase, the amount of collected data also increases, making the need for
Big Data management increasingly urgent. The emergence of Big Data and cloud computing, and their
strong development during the digital transformation period, have become important technological
foundations of the Fourth Industrial Revolution. The explosive growth of the Internet has resulted in
many limitations in storing and accessing data using traditional physical methods, especially for remote
access. Distributed cloud-based data (Cloud) has emerged as an inevitable solution, allowing data to
be connected and accessed anytime and anywhere through Internet protocols. Big Data governance will
help standardize all digital data at coal and mineral mines, helping to establish a governance tree and
data framework to systematize data in an organized and orderly manner. Thereby, data storage space
can be optimized, data retrieval can be accelerated, and security solutions can be effectively applied to
the data system.
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NGHIEN CUU UNG DUNG MO HINH TRi TUE NHAN TAO VA THI GIAC
MAY TINH TRONG GIAM SAT AN TOAN TAI CAC MO LOQ THIEN

Tom tit:

ThS. P§ Vin Triéu
Vién Khoa hoc Cong nghé Mo -
TS. Tran Pinh Bio
Truong Dai hoc Mo - Dia chat

Vinacomin

Bién tap: TS. DPoan Vin Thanh

Viéc rng dung thi giac may tinh trong glam sat an toan tai mo 19 thién doi hoi khd nang quan sat lién
tuc trong khong gian san xudt rong, nhiéu thiét bi co glm ngu“m lao déng phan tan va diéu kién hinh
anh thirong xuyén bién doi do bui, dnh sang .. Bai bdo dé xudt mét khung iing dung tri tué nhan tao va
thi giac may tinh theo kién triic mé-dun dé tw dong nhan dién, theo doi va phat hién trang thai khong
tudn thit quy dinh an toan tir camera giam sat. Hé thong sir dung YOLOvSn tién hudn luyén trén COCO

dé phat hién va theo déi ngueoi, két hop YOLOvSn tinh chinh dé nhdn dién; quan hé nguoi —

bdo ho lao

dong duoc xdc ldp bang chi s6 IoA. Két qua hudn luyén cho thdy mikc g chinh xdac dat 93%. Thir nghiém
trén video giam sdt 1.409 khung hinh cho thay hé thong duy tri duoc dinh danh, phdn loai trang thdi
tudn thu bdao hé lao dong va hién thi canh bao. Ket qua thir nghiém 1a co so dé phat trién cac mo-dun

gidm sdt an toan bang camera tai mé 1 thién.

1. bat van dé

Khai thac 16 thién dwoc té chirc trong khéng
gian san xuét réng, noi ngudi lao ddng déng thoi
twong tac véi 6 td, may xuc, thiét bi khoan, khu
vire nd min, tAng coéng tac, bd mé va nhidu ngudn
nguy hiém khac. Cong tac an toan vi vay khéng
chi phu thudc vao thiét ké& ky thuat va quy trinh van
hanh ma con kha nang phat hién kip thoi nguy co
mat an toan. Kiém tra tryc tiép tai hién trwéng van
gitr vai trd quyét dinh, nhwng kho duy tri quan sat
lién tuc déi v&i nhidu khu viee va nhiéu ca san xuét
cung luc. D liéu camera hién c6 tai khai treéng tao
didu kién bd sung mot I&p giam sat tw dong, gitp
sang loc tinh hudng can can bod an toan xem xét.

Sy phat trién cla hoc sau va thi giac may tinh
cho phép nhéan dién nguw&i, phwong tién, trang bi
bao vé ca nhan va mot s6 hanh vi t&r anh hoac
video véi téc dd ngay cang phu hop cho giam sat
coéng nghiép. Cac nghién clru vé& phat hién nguy co
mat an toan da chirng minh kha néng clia mang
no-ron sau tren video giam sat xa [1], trong kh| cac
nghlen ctvu v& nhan dién nhan manh yéu cu phai
lién két dung trang bi v&i tirng nguwdi thay vi chi
phat hién cac dbi twong doc 1ap [2], [10]. Dong md
hinh YOLO tao nén tang thuan lgi cho bai toan nay
nho kha nang phat hién mot giai doan va trién khai
[3]. Theo do6, hwéng nghién clru giam sat vi pham

an toan trong khai thac méd ciing chuyén tr phat
hién déi twong don 1& sang phan tich quy tic va
hanh vi trén camera giam sat [9], cho thay nhu cau
vé kién truc co thé tich hop ddng thoi nhan dién,
theo doi, logic an toan va lwu vét sy kién.

Tuy nhién, viéc chuyén mot moé hinh nhan dién
anh thanh hé théng giam sat an toan trén camera
phat sinh nhiéu van dé ky thuat. Thi nhét, dinh
danh nguwdi, vat thé can dwoc duy tri qua chubi
khung hinh dé tranh dém tring va phuc vu truy vét.
Th hai, két qua nhan dién cé thé dao dong do géc
nhin hodc mét phat hién tam thoi, néu tao canh
bao theo trng khung hinh riéng 1& sé lam tang
canh bao gia. Th& ba, di¥ liéu huén luyén coéng
khai thworng khac didu kién mé thuwe té va co thé
mat can bang hoac thiéu nhan & moét sé 16p. Thi
tw, logic an toan phai dwoc tach khéi I&p phat hién
dé c6 thé hiéu chinh theo tirng quy dinh, khu vuc
va didu kién van hanh ma khong phai huén luyén
lai toan bd chudi xt ly.

Trén co sé& do, nghién clru xay dwng mét khung
giam sat an toan béng tri tué nhan tao va thj giac
may tinh theo cAu tric mé-dun gdm: theo déi phat
hién va theo déi dbi twong trén camera giam sat;
lien két khong gian gitra cac ddi twong; 6n dinh
trang thai theo thoi gian; duy tri dinh danh; kich
hoat canh bao va ghi nhat ky. D& kiém ching kha
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Bang 1. Quy mé va phan bb nhan cua bé di¥ liéu str dung trong nghién ciru

Tap dir liéu S6 anh Head Helmet Person | Téng nhan
Huan luyén 4.000 4.654 15.005 608 20.267
Kiém dinh 1.000 1.131 3.961 143 5.235
Téng 5.000 5.785 18.966 751 25.502

nang lam viéc ctia khung dé xuét, nghién ctru lwa
chon bai toan xac dinh trang thai st dung bao ho
lao ddng trén khai trwdng. Céach tiép can nay cho
phep danh gia dinh lwgng md hinh phat hién va
k|em tra van hanh cta chudi x ly, dong thoi tao
nén tang ky thuat dé bé sung cac quy tac giam sat
khac khi c6 di¥ liéu gan nhan phu hop.

2. Dir liéu va phwong phap nghién ctru

2.1. D& liéu va chuén héa di liéu huan luyén

Bo di¥ lieu dung dé huén luyén mo-dun nhan
dién dworc td chirc ban dau theo dinh dang Pascal
VOC. D@ liéu dwoc ghép cap anh - tép XML, chia
ngau nhién thanh tap huan luyén va tap kiém dinh
theo ty 1& 80/20 v&i seed = 42, sau d6 chuyén
sang dinh dang YOLO bang cach chuan héa tam
va kich thwéc hop gi¢i han theo chiéu réng, chiéu
cao anh. Téng sé nhan ba I&p head, helmet va
person trong di liéu st dung khép véi bo Safety
Helmet Detection gém 5.000 anh. Phan b sau khi
chia d¥ liéu dwoc thé hién tai bang 1.

Bang 1 cho thdy: D& liéu mat can béng ré rét:
helmet chiém 74,37% tbng s6 dbi twong, head
chiém 22,68%, con person chi chiém 2,95%.
Riéng trong tap huan luyén, s6 nhan helmet I&n
hon person khodng 24,7 1an va sé nhan head Ién
hon person khodng 7,7 1an (Hinh 1a). Vi vay, cac
chi tiéu mAP trung binh cia mé hinh ba I&p phai
duoc xem xét cung két qua theo tirng I1&p. Chénh
léch nay ddng thoi 1a co s& dé nghién ctru tach
bai toan thanh hai nhanh: mé hinh tinh chinh dam
nhiém nhan dién trang bi bdo ho, con phat hién va
theo d&i nguwdi st dung YOLOVSn tién huén luyén
trén COCO (Hinh 1b).

2.2. Huan luyén mé hinh Al nhan dién déi
twong an toan

(a) M4t can bang dif liéu huan luyén (b) Hé qua déi véi lya chon mé hinh

15.005
(74.0%)

helmet + head
19.659 nhan

helmet YOLOVBn tinh chinh }

nhn dién helmet

head 4654 (23.0%) person

608 nhan +theo di ng

Két hop hai nhinh
lién két ngusi - trang bj — canh bdo |

volown coco
i

person 608 (3.0%)

0 2500 5000 7500 10000 12500 15000

$6 lugng nhan trong t3p hudn luyén qua it nhiin ~ khong ding Im detector nguéi duy nhdt

L6p person

Hinh 1. Mat can bang di liéu huén luyén va co
s6 lwa chon kién tric tach mé hinh phét hién
nguwoi va nhan dién trang bi bao hé

Mé hinh nén dwgc Iwa chon la YOLOV8N voi
trong s ti&n huan luyén. Qua trinh huén luyén thyc
hién 30 epoch trén CPU, kich thwéc dnh 640%640
pixel, batch = 8. CAu hinh ghi nhan optimizer &
ché do Auto, weight decay = 0,0005, momentum
= 0,937; cac phép ting cwdng gdm bién ddi HSV,
scale, flip va mosaic, trong dé6 mosaic dwgc déng
trong 10 epoch cudi. Cac tham sé chinh dwoc tdng
hop tai bang 2.

Trong giai doan suy luan, nghién ctru té chirc
hai md hinh cé chirc nang khac nhau. YOLOv8n
tién huan luyén trén COCO dwoc dung dé phat
hién va theo ddi I&p person; mé hinh YOLOv8n
tinh chinh chi cung cap I&p helmet cho mé-dun
kiém tra trang bi bao ho. Viéc tach ngudn phat hién
nguwdi khdi md hinh ba 16p gitp tranh lan truyén
han ché cua 16p person trong bo dir liéu huén
luyén sang toan bo chudi giam sat. Ddng thoi, kién
trdc nay cho phép thay thé doc lap mé-dun phat
hién nguwdi hodc mo-dun ddi twong an toan khi cé
di liéu mai.

2.3. Kién tric mé hinh tri tué nhan tao va thj

Bang 2. Tham sé chinh ctia qua trinh huan luyén YOLOv8n

Tham sé Gia trj Tham sé Gia tri
Mb hinh nén YOLOVS8n pretrained Epoch 30
Kich thwéc anh 640 x 640 Batch 8
Thiét bi huan luyén | CPU Optimizer Auto
Seed 0; deterministic loU validation 0,70
Weight decay 0,0005 Momentum 0,937
Augmentation HSV, scale, flip, mosaic | Close mosaic 10 epoch cudi
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Video/Camera
khai trdng

Nhan dign Al Theo dai Lién k“ khang giax
ngui + d6 ding &a a6 tugng & quytic a s
an toan

o A
/
YOLOiC
YOLOvVBn COCO
phat hign/theo ddi
L ngudi

Hinh 2. Kién tric mé hinh Al - thi gidc may tinh va
mo-dun giam sat an toan
giac mdy tinh cho giam sat an toan

Kién trac d& xuét dwoc té chirc theo chubi:
video/camera — nhan dién Al — theo déi da dbi
twong — lién két khong gian va &p dung quy tac
an toan — 6n dinh trang thai theo thdi gian —
canh bao va lwu sy kién (Hinh 2).

Trong cAu tric nay, I&p phat hién va theo dbi
la hat nhan dung chung, quy tac an toan duoc
t6 chirc thanh mé-dun cé thé hiéu chinh doc lap.
Trwdng hop kiém chirng ctia nghién ctvu st dung
hai nhanh song song: nhanh thir nhat phat hién,
theo déi ngwdi va duy tri ID; nhanh th(r hai nhan
dién bdo hd lao déng. Hai nhanh dwoc lién két voi
ddi twong, sau do két qua duwoc lam tron theo thoi
gian trwdc khi tao trang thai cadnh bao.

Vé’i hop gi6i han nguoi P = [x,, y,, X,, ¥,], dat w

-x,h=y,-y vaty s6 hinh hoc g = h/w. Vung
dong R, dwoc xac dinh theo:
r—030neuq>1 r=0,22 néuq<1,;
0,22w (1)

R, = |:xl +p,,, P, +r.h] (2)

Quy tac trén gidm chiéu cao ving dau khi doi
twong co ty so h/w nhd, dong thdi thu hep theo
phwong ngang dé han ché gan nham déi twong

1 (o ° \
N
n (méu) a
atll
w=7
HELMET / NO-HELMET
+log sy kién

0 )
[ | &lll

YOLOVEn tinh chinh
phat hign helmet

| vang ss déng
| +w0azo0a2

6. Odhd na nh
muu khagéhluy

+ histogram loV

p:

lan can. Mot hop H dwoc lién két véi nguoi khi ty
I& dién tich giao trén dién tich hdp m{ dat ngudng:

|HANR,|
=—72>0,12 (3)
||
So v&i loU, loA phu hop hon khi hép mid nhé
nam chd yéu trong ving dau I&n hon, vi dai lwong
nay danh gia truc tiép phan dién tich cia mi duoc
vung dau bao ph.
2.4. On dinh trang thdi va dinh danh theo
thoi gian
Dé gidm trang thai bat lgi khi phat hién 18i trong
nhan dién déi twong trén tirng khung hinh, hé
thdng str dung trong s6 W = 7. Goi z, = 1 khi c6 doi
twong & khung hinh t va z, = 0 khi khong phat hién
déi twong; trang thai lam tro’n dwoc xac dinh theo:

2 =1 néu sz{z} ;

nguoclaiz =0, k=t-W+1,...,t (4)

Canh bao duwogc kich hoat khi trang thai NO
HELMET duy tri lién tiép it nhat 6 khung hinh sau
bwédc bd phiéu. Co ché tré nay nhdm loai bd nhiéu
ngdn han do mét phat hién trong mét sb khung
hinh, thay vi coi m&i [&n mét nhan dién mdi la mot
vi pham déc lap.

Trong theo déi da dbi twong, mot ngudi cé thé
bi c&p ID m&i sau khi bi che khuat ho&c di ra - vao
vung quan sat. Nghién ctru bd sung canonical ID
dé thr ghép lai cac track bi dit. Hai track dwoc
dwa vao xét ghép khi khodng méat khéong vuot qua
30 khung hinh va théa diéu kién loU = 0,10 hodc
khodng cach tam d <120 pixel. D6 twong ddng ngoai
quan dwoc tinh tir histogram HSV ctia phan than
trén. Hé sé twong quan histogram dwoc xac dinh:

(H,—H,).(H,,~H,)
L ®)

\/ (H,,—H," Y (H, ~ H,) |

0A(H ,R);)

Bang 3. Cac nguéng chinh cta m6-dun giam sat an toan trén Camera

Nhém Tham sé Gia tri Y nghia
Phat hién nguwoi | conf_person 0,35 Ngudng tin cdy YOLOv8n COCO
Phat hién ma conf_ppe 0,25 Ngudng tin cay mé hinh PPE
Hinh hoc nguwoi | min height 60 pixel Loai hép ngwoi qua nho
Hinh hoc mi min area 18x18 pixel |Loai phat hién md qua nhd
Lién két loA >0,12 Gan mii vao ving dau
Thoi gian vote_window Lam tron trang thai
Céanh bao grace frames S6 khung hinh NO HELMET lién tiép
Ghép ID gap <30 frame |Khodng méat track toi da
Ghép ID hist correlation =0,85 Nguwéng twong dong HSV
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Chi chap nhan &ng vién khi C 2 0,85. biém
ghép cudi cung dung két hgp twong quan mau va
khodng cach tam:

S = 0,7.C+0,3.[1—min(di),l} ,

dmax = 120 pixel (6)

(ng vién cé S 1én nhat va théa nguwdng twong
quan dwoc gan lai canonical ID cii. Pay 1a co ché
ghép ID nhe, minh bach va phu hgp v&i nguyén
mau; né khodng thay thé mot mé hinh Re-ID sau va
chwa dwoc xem la két qua theo doi dinh danh da
kiém chirng theo chudn MOT.

2.5. Chi tiéu danh gia

Hiéu nang phat hién dwoc danh gia bang
Precision (P), Recall (R), Average Precision (AP)
va mean Average Precision (mAP). V&i TP, FP va
FN 1an lwot 1a sb phat hién dung, phat hién sai va
ddi twong bi bd sét:

TP TP
(TP + FP) (TP+FN)
1
AP=[PRDy ; m,, = %-Z APc (8)
0

Ngoai mAP@Q0,5, nghién ctru st dung mAP =
0,5@0,95 dé phan anh déng thoi kha ndng phan
I&p va dd chinh xac dinh vi hop gidi han. DBéi voi
chudi xt ly video, nghién ctru thdng ké sé ban ghi
canh bao, s canonical ID lién quan va sb doan
canh bao lién tuc thanh.

3. Két qua xay dwng va kiém chirng mé hinh

3.1. Dién bién huéan luyén

Sau 30 epoch, cac ham loss huan luyén va
kiém dinh giam twong ddi &n dinh. Checkpoint
tét nhat theo mAP@0,5:0,95 xuat hién tai epoch
29. Tai epoch nay, Precision tdng hop dat 0,9525;
Recall dat 0,5978; mAP@O0,5 dat 0,6382 va
mAP@0,5:0,95 dat 0,4232. Téng thoi gian huén
Iuyen ghi trong log la khoang 10,68 gi¢ trén CPU.
Dién bién loss va cac chi tiéu danh gia dwoc thé
hién tai hinh 3.

3.2. Két qua nhan dién déi twong an toan va
anh hwéng cua méat can bang dir liéu

DUGNG CONG PRECISION-RECALL
\ | : ::::Z.jea

— person 0021 |

1.0 ——

I3
@
i

|
\ == all classes 0.638 ‘
\ mAP@0.5

Precision
o
@

: 4
kS

4
Y

0.0
0.0 0.2 0.4 0.6 0.8 10
Recall

cn m n mAP@DS\ gid tri AP (mean Average Precision) tinh tai ngudng loU = 0.5.
hién mé hinh phat hién déi tugng c: gn

Hinh 4. Buong Precision-Recall cia mé hinh trén
tép kiém dinh

Puong Precision-Recall tai hinh 4 cho thay
chénh léch I&n gilra ba I&p. AP@0,5 cla helmet
dat 0,963, head dat 0,931, trong khi person chi
dat 0,021; do d6 mAP@0,5 trung binh ba I&p con
0,638. Két qua nay phan anh truc tiép cu trac div
liéu mat can bang va cho thay khéng phu hop néu
st dung I6p person ctia cing mé hinh 1am ngudn

train/box_loss

train/cls_loss

train/dfl_loss

metrics/precision(B)

metrics/recall(B)

1.5

1.4+

1.3

1.2

1.6
1.4
124
1.0
0.81

0.6 1

—e— results
smooth

0.954

0.94 4

0.934

0.924

0.914

0.90 1

0.60

0.581

0.56

0.54

0.521

0 20

val/box_loss

20

val/cls_loss

20

val/dfl_loss

0 20
metrics/mAP50(B)

0 20

1.14
1.09.
0.9
0.8
0.7

0.6 1

1.22 1
1.20¢
1.18 1
1.16 1
1.14 1
1.12
1.101

0.64
0.63
0.62
0.61 1
0.60
0591

0.58 1

0.404
0.381
0.36

0.341

0 20

0

20

0

20

0 20

0 20

Hinh 3. Dién bién loss va céc chi tiéu danh gié trong 30 epoch huén luyén

metrics/mAP50-95(B)
0.421
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Confusion Matrix Normalized
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head 0.34
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-0.0

head
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person

background -

Hinh 5. Ma trén chudn héa trén tap kiém dinh
duy nhat dé theo dai nguwdi. Ngwoc lai, hai lép gén
truc tiép v&i bai toan nhan dién trang bi bao vé dau
dat két qua cao va di co s& dé st dung lam mo-
dun phat hién trong nguyén mau.

Ma tran chuan héa tai hinh 5 cho thay ty 1& nhan
dung theo I6p that ciia head va helmet 1an lwot x4p
xi 0,92 va 0,93; I&p person hau nhu khéng dwoc
nhan dién. T ma tran chwa chuan héa, riéng I&p
helmet c6 Precision x4p xi 0,905 va Recall xap xi
0,933 tai ngwdng dung dé lap ma tran. Két qua
cing cb lwa chon kién trdc hai md hinh: mé hinh
tinh chinh d&m nhiém nhan dién trang bi, con phat
hién ngudi duoc lay tr md hinh COCO dac lap.

3.3. Kiém ching hé théng gidm sat trén

camera giam sat

Hé thdng duwoc kiém ching trén video khai
trudng co6 d6 phan gidi 1.280x720 pixel, tbc d6
danh dinh 30 khung hinh/s, tdng cong 1.409
khung hinh twong &ng 46,97 s. Dau ra gitr nguyén
kich thwéc va sb khung hinh, déng thdi bd sung
hép nguwdi, ving dau, canonical ID, trang thai
HELMET/NO HELMET, sé nguwdi trong khung
hinh va thé canh bao. Cac khung hinh & nhirng
thoi diém khac nhau cho thay hé théng c6 thé hoat
dong khi s6 nguoi va tw thé thay déi trong canh.

Két qua chay thtr nghiém tai bang 5 cho thay,
tép nhat ky ghi 335 ban ghi NO_HELMET & cép
khung hinh, lién quan dén 22 canonical ID. Khi
nhém cac ban ghi lién tiép theo cung ID c6 38
doan canh bao. Cac con sb nay chi phan anh dau
ra cGa thuat toan, khdng ddng nghia véi 335 hodc
38 vi pham déc lap da dwoc xac nhan tha cong.

Hinh 6 ghi nhan két qua tai ba thdi diém trong
chudi video. Hé théng dbng thoi theo ddi nhiéu
nguw®i, gan trang thai HELMET/NO HELMET, duy
tri canonical ID va hién thi canh bao khi chudi NO
HELMET vwot ngwdng thdi gian. Viéc quan sat
nhiéu khung hinh thay vi mét anh don 18 thé hién
rd vai trd cla theo déi da ddi twong va lam tron
trang thai trong bai toan giam sat an toan.

4. BDanh gia kha nang rng dung trong khai
thac 10 thién

Két qua cho thdy déng gép chinh cia nghién
ctru khdng ndm & viéc str dung riéng mot mé hinh
YOLOV8, ma & cach td chirc chudi Al - thi gidc may
tinh thanh cac mé-dun twong wng v&i nghiép vu

Béng 4. Mot sb chi tiéu danh gié chinh ctia mé hinh

Chi tiéu Head Helmet Person Toan bd
AP@0,5 0,931 0,963 0,021 mAP = 0,638
Recall tir ma tran 0,916 0,933 0,000 -
Precision ttr ma tran 0,835 0,905 0,000 -
mAP@0,5:0,95 tai epoch tét nhat - - - 0,423
Bang 5. Théng sé chay thir nghiém trén camera giam sét
Chi tiéu Gia tri
Do phan giai video 1.280 x 720 pixel
Téc dd danh dinh 30 frame/s
Sé khung hinh 1.409
Thoi lwgng video 46,97 s
Ban ghi NO_HELMET cép khung hinh 335
Canonical ID xuét hién trong nhat ky 22
Doan canh bao lién tuc (nhém theo frame lién k&) 38
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Hmh 6 Ket qua giam sét tai ba thoi diém cta video khai truong: nhan d/en ngu’o’/ trang thai trang b/
bédo hé lao dong

giam sat an toan. D liéu SHD cho két qua tbt dbi
v&i helmet va head nhwng rat yéu & person; néu st
dung truc tiép mot mé hinh ba I&p cho toan bod hé
thdng, sai sé cla I&p person sé anh hwéng dong
thdi dén theo ddi, lién két va canh bao. Kién tric
hai mé hinh tach hai ngudn sai sb va cho phép thay
thé tirng thanh phan khi diéu kién dir liéu thay ddi.

O 16p quy téc, viing dau dong va loA tao quan
hé nguoi - trang bi theo cach don gian, cé thé
kiém tra va hiéu chinh bang tham sb. V&i nguéng
7 khung hinh va duy tri 6 khung hinh bién két qua
nhan dién tirc thoi thanh trang thai theo thoi gian,
qua doé phu hgp hon véi logic cdnh bao an toan.
Canonical ID tiép tuc gidm nguy co dém tring khi
tracker tai cap ID bang cach két hop loU, khodng
cach tam va histogram HSV. C4u tric nay cho
thdy mot nguyen tdc quan trong: mé-dun nhan
dién cung cép bang chirng thi giac, con quyét dinh
canh bao phai dwgc hinh thanh tlr quan hé khong
gian, thoi gian va quy téc nghiép vu.

Dbi v&i mo 16 thien, mé hinh cé thé duoc bé tri
thir nghiém tai cac diém camera cé trwéng nhin
twong ddi 6n dinh nhw nha giao ca, khu slra chiva,
tram nghién, khu tap két, khu vwec khoan, xuc béc,
van tai hoac céc vi tri bat budc st dung phuong
tién bao vé. Nhat ky canh b&o co thé lién két voi
thoi gian, camera va khu virc dé can bd an toan ra
soat anh/video minh chirng trwérc khi xt ly. Vé mat
kién tric, cung chudi nhan dién - theo dai - quy
tac - canh bao c6 thé mé réng cho cac déi twong
ho&c quy tdc khac nhw xam nhap vung han ché
ho&c khodng cach ngui - thiét bi,. ..

Mot sb han ché can dwgc xem xét. Thir nhét,
bd dir lieu hudn luyén chd yéu phan anh moi
trwdng cdng trwdng va chua dai dién day da cho
diéu kién cia md nhw bui, ngwoc sang, mua,
khodng cach xa, che khuét b&i thiét bi,.... Thi hai,
céu hinh CPU can bao dam tbc do x& ly bang téc
do video 30 frame/s; trién khai thoi gian thwe can
t6i wu md hinh, ONNX/TensorRT ho&c phan cirng
GPU/edge phu hop.

Hwéng nghién ctwu tiép theo nén tap trung vao
bdn nhém cong viéc: xay dwng bd dir liéu chuyén
biét cho cac mo 16 thién va nhiéu diéu kién thoi
tiét - anh sang; gan nhan video & ca cap khung
hinh va cap su kién dé danh gia end-to-end; kiém
chirng kha nang duy tri ID va th&i gian xt ly trén
phan cirng trién khai; va chuan héa 16p quy tac an
toan dé cé thé bd sung cac mé-dun méi ma khong
thay ddi kién truc 16i. Khi cac buéc nay dwoc hoan
thién, hé thdng cé thé dong vai trd I&ép sang loc tw
doéng hé tro can bd an toan, thay vi thay thé quyét
dinh chuyén mén tai hién trwong.

5. Két luan

Nghién ctru da xay dwng dwoc khung tng
dung md hinh tri tué nhan tao va thj giac may tinh
cho giam sat an toan tir camera tai mé 16 thién,
trong dé cac chirc nang thu nhén, nhan dién, theo
dai, lien két quy tac, 6n dinh trang thai, duy tri dinh
danh va ghi sy kién dwoc t6 chirc thanh cac moé-
dun. Bai toan sr dung trang bj bdo hé lao déng
duwoc lwa chon dé kiém chirng chudi xi ly. Kién
trac hai mé hinh st dung YOLOv8n COCO cho
phat hién/theo dbi nguwdi va YOLOv8n tinh chinh
cho nhan dién helmet da khac phuc truc tiép han
ché cla I&p person trong di¥ liéu huan luyén.

Mb hinh tinh chinh dat AP@0,5 = 0,963 dbi voi
helmet va 0,931 ddi véi head; mAP@0,5 trung
binh ba I&p bang 0,638 va mAP@0,5:0,95 tét nhat
bang 0,423. Trén video khai trwong 1.409 khung
hinh, hé théng thuwc hién dwoc nhan dién trang
thai, theo déi da dbi twong, duy tri canonical ID,
hién thi cadnh b&o va ghi nhat ky NO_HELMET.

Két qua cho thay gidi phap cé co s& dé phat
trién thanh mo-dun hé tro giam sat an toan béng
camera tai cac mé 16 thién. Gia tri mé& réng nam &
kién tric tach mé hinh nhan dién khai I&p quy tac
va canh bao. Tuy nhién viéc ap dung cho cac hanh
vi hodc nguy co khac phai dwoc xay dwng di liéu,
thiét 1ap quy tac va kiém chirng riéng. D& chuyén
t» nguyén mau sang van hanh san xuét, can wu
tién di¥ liéu dac thu mé, danh gia end-to-end trén
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video da gan nhan va tbi wu tbc dd x& ly trén phan
ctrng trién khai.
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Research on the Application of Artificial Intelligence and Computer Vision
Models for Safety Monitoring at Open-Pit Mines
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Dr. Tran Dinh Bao - Hanoi University of Mining and Geology

Abstract:

The application of computer vision in safety monitoring at open-pit mines requires continuous
observation over large production areas, with numerous pieces of mechanized equipment, dispersed
workers, and frequently changing imaging conditions due to dust, lighting, and other factors. This
paper proposes an application framework for artificial intelligence and computer vision based on a
modular architecture to automatically identify, track, and detect non-compliant safety conditions from
surveillance cameras. The system uses a YOLOv8n model pretrained on COCO to detect and track
people, combined with a fine-tuned YOLOv8n model for recognition; the person—personal protective
equipment relationship is established using the oA index. The training results show an accuracy of
93%. Testing on surveillance video comprising 1,409 frames demonstrated that the system maintained
identification, classification of personal protective equipment compliance status, and warning display.
The test results provide a basis for developing camera-based safety monitoring modules at open-pit
mines.
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DE XUAT, TONG HQP CAC GIAI PHAP DU BAO, PHAT HIEN SOM VA
PHONG NGUA HIEN TUQNG THAN TU CHAY TAI CAC MO THAN HAM
LO THUQC TKV NAM 2025

Toém tit:

TS. Nguyén Tit Thing, ThS. Bui Anh Tuin
ThS. Nguyén Tién Trong, CN. Tran Thi Nhai
Vién Khoa hoc Cong nghé Mo - Vinacomin

Bién tdp: ThS. Pham Chdn Chinh

Trong nam 2025, cac mo than ham 16 thuéc Tdp doan Céng nghiép Than - Khodng san Viét Nam
(TKV) chi ghi nhdn 01 sy c6 lién quan dén hién twong than tw chay tai Cong ty Than Mao Khé, giam
dang ké so véi cdc nam trm)’c Két qua nay dat dwoc nho sie chi dao quyét liét ciia TKV cung voi viéc
cdc don vi nghiém tic trién khai va tudn thi ddy di cdc chi thi, quy dinh cia TKV vé di béo, phat hién
som va phong ngura hién twong than tw chay trong qua trinh dao lo, khai thac.

1. M& dau

Sw ¢b lién quan dén hién twong than tw chay
gay anh hwdng rat nghiém trong déi voi hoat
dong khai thac than ham 10, do co6 thé gay chay
md, phat sinh khi doc, lam gian doan san xuét va
de doa truc tiép dén an toan clia ngudi lao dong.
Trong bdi cdnh cac mé ham 16 ngay cang khai thac
xudng sau, diéu kién dia chat - kj thuat ngay cang
phtrc tap, nguy co phat sinh hién twgng than tw
chay c6 xu hwéng gia tang, doi héi phai ap dung
cac giai phap dw bao, phat hién s&m va kiém soat
hiéu qua. D& chi dong phong ngira hién twong
than tw chay, trong nam 2025, cac don vi khai thac
than ham 16 thuéc Tap doan Céng nghiép Than -
Khoang san Viét Nam (TKV) da trién khai ddng bo
cac giai phap ky thuat va quan ly theo cac chi thi,
quy dinh cta TKV. Viéc thyc hién nghiém tdc cac
gidi phap nay da gop phan nang cao hiéu qua phat
hién sém cac dau hiéu tw chay, kip thoi 4p dung
céac bién phap xt ly phu hop, qua dé han ché nguy
co phat sinh sw cb, bdo ddm an toan san xuat va
duy tri hoat déng khai thac 6n dinh. Bai bao téng
hop, dé xuét cac gidi phap du bao, phat hién sém
va kiém soat hién twong tw chay than tai cac moé
ham 16 thuéc TKV trong nam 2025.

2. Cac giai phap dw bao, phat hién s&m va
kiém soat hién twong than tw chay & cac mé
than ham 1o

2.1. Cac giai phap dw bdo, phat hién sém
hién twong than tw chay

Dw bdo, phat hién sém hién twong ty chay
duworc coi la van dé quan trong trong cac hoat déng

khai thac md, dwa vao cac dau hiéu phat sinh trong
qua trinh phat trién cda hién twong than ty chay,
can cl vao cac khi tiéu chuén sinh ra trong qua
trinh 6xi hdéa, cac tham sb vé nhiét do va sy thay
doi nhiét, cung vai cac hién twong khac, dwa ra dy
bao, kip thdi phat hién cac nguy hiém vé tw chay.
Cac giai phap dy bao, phat hién sém hién twong
tw chay dwoc dwoc dé xuat ap dung bao gom:

1. Dw béo chay dua trén két qué do khi va céc
dau hiéu chéy:

Hién twong tw chay trong mé ham 16 lam phat
sinh nhiéu hién twong phu thudc vao céc giai doan
clia qua trinh tw chay. Phan tich va hiéu dwoc qua
trinh phat sinh va phat trién hién twong tw chay
sé lam co s& dé dw bao hién twong tw chay va tw
do dwa ra cac giai phap ng pho phu hop, giam
thiéu thiét hai. Theo cac nghién ctru cho thay, hién
twong tw chay trong cac md ham 16 thwong xay ra
theo cac trang thai tuan tw nhw sau: Thay dbi nhiét
dd - mui la - khi sinh ra do phan trng héa hoc. Theo
do, tuy thudc vao cac trang thai cla dam chay sé
c6 sv lién quan dén sy thay ddi nhiét, mui va khi.

Nhan biét dam chay xay ra cé thé dwa vao cac
chi tiéu danh gia chay véi bidu hién 1a cac dau
hiéu vat ly lién quan dén chay, hién twong than tw
thwong duwoc di kém véi sw xuéat hién lién tuc cha
khéi, xuat hién hoi &m trong via than, mui héi hoac
mui héi cta Itra, &m thanh, khai ICra.

Trong tw nhién, than ngoai thanh phan cacbon
ching con chiva hop chét hidrd cacbon va khoang
chét, nwédc, qua trinh chay clia than dwoc chia ra
lam nhiéu giai doan. Giai doan dau trwdc khi chay
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than néng 1&n, lam béc hoi nuéc, thoat phan chéat
bbc va bién dbi cac hop chét hivu co, sau d6 sinh
ra hidro, metan, hidrdé cacbon va cubi cung 1a phan
héc in. V&i cac thiét bj do khi dién tlr cAm tay ciing
nhw may sac ki khi cho phép xac dinh thanh phan
cling nhw ham lwong cac chat khi sinh ra trong
tirng giai doan cla sw cb lién quan dén than tw
chay.

2. Duwbéo tirchay bang phurong phap do nhiét do:

Hién twong than tw chay xay ra kém theo cac
hién twong thay déi vé thanh phan khong khi,
nhiét dd, mui...Trong cac thay ddi néu trén, théng
sb nhiét d6 dwoc coi la mot trong cac gidi phap
hiéu qua dé dw bao hién twong tw chay. Tuy nhién
dé do dwoc nhiét dd nhadm phat hién tw chay can
phai c6 cac thiét bi c6 dd chinh xac cao ciing nhw
phwong phap do hop ly, do nhiét d6 cta than tw
chay c6 cac dac diém nhuw: nhiét ban dau co thé
la thap; tinh dan nhiét cta than kém nén khéng
do dwoc nhiét dd chinh xac cta dam chay néu
b tri dung cu khéng dung vi tri tam chay. Dy bao
hién twong tw chay bdng cdm bién nhiét dd bao
gdm viéc do dac hodc quan tréc nhiét do dwoc tién
hanh & nhirng vi tri cé nguy co hinh thanh chay
néi sinh cao nhuw: tru than bao vé, vung pha ho3,
vung da dwoc bit kin... V&i phwong phap nay,
nhirng cdm bién nhiét d6 sé dwoc d&t trong mot
bng bao vé va dwoc dwa vao khu vuc nguy hiém
qua 16 khoan.

Trwdc khi dam chay thyc sw xay ra trong mé
ham 16, nhiét dd trong mé ham 16 cho thdy mot sb
Xu hwéng gia tang do sw néng Ién tw nhién cla
than. Vi vay, kiém tra tinh hé thdng vé sv gia ting
nhiét do & cac khu vuc dé bi anh hwéng nhu cac
dwdng 10 cl, cac khu vuc tru bdo vé, tru bao vé
nhd cé cac vét nirt va cac vét nit, nhirng noi tich
tu than, hodc cac duong 16 gan 16 cho dai cé thé
giup dw bao hién twong tw chay. Ngoai ra, nhiét

do6 tham chi con tang nhe do dong khi thai cé thé
lam néng 1én, méc du diéu nay da dwoc bd sung
béng cac phuong phap khac phat hién. Giai phap
do nhiét d6 bao gébm: Po nhiét dd bang cdm bién
nhiét trong 16 khoan, sau khu pha héa 16 cho; Po
nhiét dd thi cong bang sung ban nhiét do, nhiét ké
thdy ngan; Do nhiét do théng qua hé théng kiém
soat nhiét d6 trung tdm Minescanda, Viza.

3. Kiém soét tu chéy tir thiét 1ap vi tri cac tram
do, 1ay méu khi:

Phan than dé lai trong khu vic pha héa 16 cho
la nguy co dan dén chay ndi sinh. Trén doc chiéu
dai gwong 16 cho déu cé hién twong thdm thau
khoéng khi vao vung pha héa phia sau 16 chg, ham
lwong oxy trong khu vwc pha héa cé thé 1én dén
trén 19%. Ham lwong oxy cao cé thé dan dén qua
trinh oxy héa than, lam than ty néng Ién trong
vuing pha hda sé sinh ra san pham khi va chung di
ra khu vyc gwong 16 cho, theo doc via théng gio
di ra ngoai.

Bén canh d6, trong qua trinh dao 16 chuén bi
tdn tai nguy co xay ra chay néi sinh trong khe nit
tai hong va néc 16 doc cac duwdng 10 doc via trong
than hoac tai gwong 16 dao. Néu trong khong khi
mé xuéat hién ham lwong khi nhw etilen, propilen
va axetilen thi c6 thé dinh huwéng vi tri 1y mau khi
nhdm x&c dinh hiém hoa chay néi sinh khe nit.

Giai phap kiém soat tw chay dwa vao viéc tién
hanh do khi béng thiét bi do khi cAm tay hang ca
tai cac vi tri dwoc xac lap lam tram do, diém lay
mau khi theo déi. Cac tram do, diém ldy mau khi
dwoc lwa chon tai 10 doc via thdng gio, doc via van
tai cho phép tinh toan dwgc cac ham lwong céac
chét khi sinh ra trong khu vuc theo dai (Hinh 1).

4. Gidi phap st dung hé théng gidm sét an
toan, giém sat méi trwong mé bang cac déu do
cam ung tw dong, hé tho“'ng hat khi tw dong:

Cac md ham 16 thudéc TKV hién da dwoc trang

Lo thong gio /f
—> . A=
14
Qpow  4— . 4—

@ @ @ - biém liy mu, tram do

Lo vén tai

-~

Hinh 1. So' do b6 tri tram do kiém soét chéy trong 16 cho thong gi6 hinh chir ,U” doc than nguyén khoi
Tram d6 s6 1 - trong ludng gié sach dwa vao 16 cho; Tram do s6 2 - trong lubng gi6 ban ra ttr Io cho;
Tram do s6 3 - trong vung pha hda tai khu vuc giao nhau gitka 1o cho va lo théng gié
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Hinh 2. So db bé tri hé théng dau do kiém soét khi CO

bi cac hé thdng giam sat khi mé tap trung tw déng
v&i cac loai dau do khi d&c trwng cho hién twong
tw chay. Cac dau do khi dwoc bb tri tai cac vi tri
nghi ngd c6 hién twong tw chay dé do lién tuc va
kiém soat (Hinh 2). Khi c6 sy bat thworng vé khi
do than tw chay, ham lwgng va loai khi phat hién
dwoc sé gilp dwa ra cac giai phap kiém soat phu
hop nhw dung nwéc hodc dung bot, hda chét...
Ngoai ra, cac hé thédng quan trdc khéng chi tap
trung vao viéc do ham lwong cac loai khi trong
m& ma con cac thiét bi khac nhw do nhiét d, mui
duoc tich hop vao hé théng dé phan anh toan
canh hién twong tw chay, dé dwa ra giai phap kiém
soat hiéu qua.

Hé théng giam sat khi tiéu chuan duai 16 thudng
dung cac dau do cdm tng két ndi voi dudng bng.
Céc thiét bi phan tich khi dwoc 1ap dat trong 16,
gan diém can giam sat, cac thiét bi phan tich khi
sé truc tiép 1y mau théng qua 6ng hat, sau do két
qua phan tich dworc truyén theo day dan I1én trung
tam giam sat trén mat dat, tv d6 thwe hién dwoc
muc tiéu dw bao chay. M&i mét phan tram cla hé
thdng nay co thé I4y mau phan tich ctia nhidu diém
can theo di, cé thé giam sat dwoc cac chét khi
CH,, CO, O, va cac loai khi khac.

2 2. Cac giadi phdp kiém so&t hién twong
than tw chay

Dé& chi dong phong ngtra than tw chay va phu
hop véi thye té san xuét cia tng don vi ciing
nhw phu hop véi ting loai hinh céng nghé, nham
phat hién va xt ly phong ngtra than ty chay theo
phwong cham "tr sém - tir xa”, cac nhom giai
phap ph(‘)ng ngtra than tw chay dé ap dung tai cac
don vi san xuat than ham 16 thuéc TKV nhw sau:

1. Giai phap ve théng gio:

Khu vuc tiém &n nguy co dan dén hién twong
than tw chay tai cac 16 chg tap trung chi yéu tai
khu vuc pha héa (Hinh 3) va khu vuc tiép giap

gita khu pha héa clia mirc trén vé&i mire dwdi, phu
thudc chi yéu vao lwong gié ro tr dwdng 10, 16 che
vao khu pha héa. Nguyén nhan hién twong ro gio
chd yéu dwoc tao ra do c6 sw chénh léch ap suat
giba khu virc pha héa véi hai khu vee néu trén.
Vi vay, viéc gidm mac dd chénh léch ap suét tai
noi c6 ap suét Ién (Ic‘) doc via van tai) va noi co ap
suat thap (1o doc via thong gid) 1a gidi phap quan
trong de tranh gi6 ro qua khu virc pha héa. Voi giai
phap vé théng gié can thuc hién cac yéu cau sau:

- Théng gi6é cho cac khu khai thac, cac gwong
I6 cho phai dwoc thye hién bang so ad théng gié
nghich (so dd khau dat);

- Khi can thiét phai bb sung gi6 sach vao ludng
gi6 thai tir 16 khau than ra, cho phép ap dung so d6
théng gié thuan véi cac khu vue khiu than nhung
phai ddm bao cach ly tét khoang khéng gian da
khai thac bang cac twdng chén cach ly dac biét.

- St dung bat dé diéu chinh huwéng gié tai vi tri
ngé ba tiép giap gitra 16 doc via van tai véi 16 cho
va vi tri nga ba tiép giap gitra 16 cho véi 16 doc via
théng gié (chiéu dai bat tai I&p dat & trong 16 cho
ludn duy tri ttr 3 - 5 mét va & 10 doc via théng gio,
doc via van tai luén duy tri ttr 8 - 10 mét).

- Thwong xuyén phai kiém soat, tinh toan, diéu
chinh can bang ha ap:

+ Tinh can bang ha ap trong va ngoai twong
chan cach ly;

+ Tinh can bang ha &p gitra 16 cho (ludng khai
thac) véi trong ludng pha héa (khu vuc phia sau
16 cho)

+ Pbi v&i cac khu vuc khong st dung twong
chan thi viéc can bang ha ap sé dwoc thyc hién
tinh toan can bang ha ap cho khu vwc nay béng
quat cuc bé.

- Tinh toan, diéu chinh phan phéi lvu lvong gid
phu hgp cho cac gwong dao 10, 16 cho thudc cac
via than co tinh ty chay.
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Hinh 4. So dé thé hién céc gidi phép ngén 6 xy thdm théu vao ving phé hda phia sau 1o cho

2. Gidi phép ngén 6 xy thAdm théu vao via than
va vung khai thac (Hinh 4):

- Thwdng xuyén kiém tra, san 14p lam kin bé
mat dia hinh bi sut [in do khai thac than phia duwéi
gay ra;

- Phun trdm lam kin thanh 16 thuéc cac dwong
|6 xuyén via, 16 doc via than;

- Lam céac twdng chan céach ly bang xi tro tai
céac cup, 16 ndi, 16 doc via théng gio, doc via van tai
khi két thuc khai thac 16 cho; Lam céc twdng chén
céach ly bang gach tai cac dwdng 16 (doc via, xuyén
via, cac cup ndi)

- Lam cac twong chan tam bang bao cat voi
khoang cach 10 mét/twdng trén dwong 10 song
song/hoéc 16 doc via van tai theo tién do khau cla
16 cho dé& ngén khi 6 xy thdm th4u vao vung da
khai thac.

- Lam twdrng chan tam bang vach ngén (khung
banh gb + bat) v&i khodng cach 10 mét/twong
(twong tam bang vach ngan ndm gitra 2 twong
tam bang bao cat) trén cac dwdng 16 doc via théng

gi6, doc via van tai theo tién d6 khau cua 16 cho;

- Déi v&i cdng nghé khai thac khong dé lai tru
bado vé& hodc tru bao vé cé chiéu day < 5 mét va
cac duwong 1o doc via, xuyén via cé mirc do niet
1& 1&n, than b& rdi thi can phai: (i) S dung bat
dé che toan bo tiét dién dwong 16 trén doc tuyén
duwdng 16 doc via théng gid, doc via van tai (dé
thay thé cho vat liéu phun trdam lam kin thanh 16
bang hén hop xi mang cat); (i) Lam tuwéng chan
cach ly bang vai bat (khung banh gé + vai bat)
trén tuyén dwdrng 16 doc via théng gid, doc via van
tai véi khodng cach giva cac twong chan tw 25 +
50 mét/twong (dé thay thé cho vat liéu lam twong
chan cach ly cb dinh xay bang gach).

3. Gidi phép kiém soét khi CO va sw U nhiét
cla via than:

- Kiém soat nhiét do, ham Ilwong khi clia via
than: T4t ca cac duwdng 16 dao trong than (dwdng
|6 doc via théng gid, 16 doc via van tai va dwong 16
xuyén via théng gié, xuyén via van tai, 16 ngam, 16
giéng doan cét qua via than) phai thyc hién:
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+ Khoan I&n néc 16 véi khoang cach gitra cac 16
khoan L = 10 mét/l6, chiéu sau ctia méi 16 khoan
LLK = 2,5 mét + 3,0 mét/I5;

+ L&p dat day cdm bién nhiét d6 va dwdng éng
ldy mau @6 vao day 16 khoan; do kiém tra nhiét
dd khéi than va ham lwong khi CO trong 16 khoan
hang ca; khi phat hién nhiét dé trong 16 khoan tang
dan dén 600C thi thwe hién ngay viéc khoan cac
16 khoan c6 chiéu sau L = 10 mét/I&, chéng éng 16
khoan va thwc hién bom ép nwdc/hoac gidi phap
khac (héa chét) dé loai trir sw tdng nhiét do khéithan;

- Kiém soat khi, nhiét do trong ludbng pha hda
phia sau 16 cho: Lap dat dwong dng hut khi ©6
va day cdm vién nhiét do vao vung pha hda phia
sau |0 cho (trén cac dwong 10 doc via thong gid,
doc via van tai va 16 doc via cac mic (d6i véi 10
cho doc via phan tang, ngang nghiéng, budng
thwong); thwe hién do kiém tra khi CO, nhiét do
hang ca; khi phat hién c6 khi CO hoac nhiét d6 co
d4u hiéu gia tdng & trong ving pha héa can phai
thwe hién ngay viéc bom xa khi ni to tich cwc dé
phong ngtra si chay;

- L&p d&t du dau do khi CO cutia hé théng giam
sat khi mé tap trung tw déng & cac gwong 16 dao
trong than va 16 doc via van tai, doc via théng gié
cta |6 cho; Trang bi d0 may do khi da ndng cam
tay do dwoc 04 loai khi (CO, CO2, CH4) cho cac
ddi twong theo quy dinh sb 1643/QD-TKV ngay
05/9/2017 ctia Téng giam dbc Tap doan TKV.

- Lap dat hé théng kiém soat nhiét d6, ham
lwong khi tap trung tw ddng Minescanda dé kiém
soat nhiét do, ham lwgng khi mé tw doéng cla via
than, trong vung pha héa phia sau |6 chg, trong
cac twong chan cach ly (hién nay da c6 03 don
vi dang kiém soat nhiét do tw dong gdbm Ha Lam,
Théng Nhét, Udng Bi).

- Ngoai ra, hién nay & Coéng ty Khanh Hoa —
Téng Cong ty Céng nghiép mé Viét Bac dang st
dung 01 hé théng phong ngtra than tw chay déng
bd bao gébm (01 hé théng hut khi tap trung tw ddng
dé phan tich, kiém soat ham lwong khi lién tuc; 01
hé théng bom buin va 01 hé théng bom xa khi ni to).

4. Gidiphapbomxakhinitovaovungdakhaithac:

Lép dat so le 02 doan tuyén dwong dng sat
@42 trén dwdng 16 doc via van tai, 16 doc via thong
gi6 (hodc 16 song song chan, song song dau), 16
doc via cac murc (d6i véi 16 cho ngang nghiéng,
16 doc via phan tang, budng thuong) theo tién dd
khau cla |6 cho' dé phuc vu bom xa khi ni to'.

3. Mot sé giai phap da dwoc thwe hién tai

cac mo than ham 16 thuéc TKV nam 2025

Trong nam 2025, cac don vi khai thac than
ham 16 trong TKV da triét dé thuwc hién cac cac giai
phap dw bao, phat hién sém va kiém soat hién
twong than tw chay, nho d6 ddm bao an toan cho
ngwdi lao ddng va 6n dinh cho hoat ddng san xuét.
Cac giadi phap duwoc thye hién tai cdc md nhw sau:

- LAy mau than phan tich xac dinh mic do tw
chay clia via than

- Lap d&t cac dau do khi CO tai cac dwong 10
doc via théng gié

- Kiém soat khi hang ca bang cach s dung
may do khi dién t&r do nhanh

- Khoan cé&c 16 khoan vao néc va hong 16 dé
kiém soat nhiét o via than bang nhiét ké thay ngan;

- Lap dat day cam bién nhiét do trong khu vuc
pha hda sau 16 cho dé kiém soat nhiét do trong
khu vic pha héa; I&p dat dwong 6ng 1y mau

- Xay twéng chan bao cat, gach, xi tro bay cach
ly khu vire da két thuc khai thac; Phun tram viva xi
mang vao bién lo

- Bom khi Ni to vao khu virc phia sau pha hoéa
[0 cho

- Béi dwéng cong nhan vé cong tac lay mau
than xac dinh mdrc dd tw chay cta via than, mau
khi trong twdng chén, khu pha héa

- Lap dat hé thdng kiém soat nhiét do6 Trung
tam dé quan tréc tap trung Vinza 230215

- Lap dat hé thdng dwerng dng 14y mau, day cdm
bién nhiét do va té chire 1dy mau khi, do nhiét do
béng may TW8K theo d&i phia sau pha hda |6 cho

- Bom hoa chét lam mat vao khu viyc pha hdéa
16 cho;; Bom ép nwéc vao cac 16 khoan

- Xay twéng chan bao cat, gach, xi tro bay cach
ly khu vure da két thac khai thac;

- Phun nham vira xi mang vao cac dudng lo
dao trong than

- Khoan cé&c 16 khoan vao néc va hong 16 dé
kiém soat nhiét o via than bang nhiét ké thay ngan;

- Lép dat duwong 6ng 14y mau khi va 14y mau
khi sau pha héa |6 cho

- Lap dat hé thdng kiém soat nhiét do Trung
tam MineScada, tw dong kiém soat nhiét d6 trong
céac 16 khoan va trong khu vwe cach ly, trong khu
virc pha héa 16 cho' can theo dbi

- Lam cac vach ngan béng vai bat tai héng, néc
|6 doc via théng gié ngan ro gié vao néc va héng
16 tai cac khu vue khai thac khong dé lai tru bao vé

- Bom khi Ni to vao khu virc phia sau pha hoéa
[0 cho
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4. Két luan

N&m 2025, cac don vj khai thac than ham 1o
thuéc Tap doan Céng nghiép Than - Khoang san
Viet Nam da trién khai ddng bd, nghiém tuc va
hiéu qua cac giadi phap dw bao, phat hién som va
kiém soat hién twong than tw chay theo cac chi
thi, quy dinh va hwéng dan ky thuat ctia Tap doan.
Viéc 4p dung ddng thdi cac gidi phap nhu: Lay
mau than phan tich xac dinh mdc dé tw chay cua
via than; 4y mau khi trong khu virc pha hda 16 cho
phan tich xac dinh ham lwong cac chét khi; quan
tréc khi CO va cac khi chi thi chay; giam sat nhiét
dd bang cdm bién va hé thdng kiém soat nhiét
do tw dong; kiém soat thong gid; xay twong chén
cach ly vung da két thuc khai thac ... gép phén
néng cao hiéu qua phong ngtra chay ndi sinh tai
céac md than ham 1o.

Két qua thuc té cho thay, trong ndm 2025 toan
Tap doan chi ghi nhan mét sy ¢b lién quan dén
hién twgng than ty chay tai Céng ty Than Mao
Khé, gidm dang k& so v&i cac nam truéc, khang
dinh hiéu qua cla viéc thuc hién ddng bd cac giai
phap duw bao, phat hién sém va kiém soat nguy co
than tw chay. Diéu nay gép phan bao dadm an toan
cho nguwdi lao ddng, gidm thiéu thiét hai vé kinh
té, duy tri hoat ddng san xuat én dinh va nang cao

mirc dd an toan trong khai thac than ham 16.

Trén co sé két qua dat dwoc, cac don vi khai
thac than ham 16 can duy tri va hoan thién hé
thdng giam sat, canh bao sém hién twong than tw
chay; dua vao ép dung hé théng hat khi va phan
tich khi tw dong, hé théng kiém soat nhiét do tap
trung, déng thoi nghién clru hoan thién cac chi sé
va ngwdng danh gia nguy co ty chay phu hop voi
diéu kién cac via than antraxit Viét Nam. Viéc tiép
tuc trién khai cac gidi phap theo phwong cham
“phong ngtra tir s&m, tir xa” sé gop phan nang
cao hon nira hiéu qua cong tac phong chdng chay
ndi sinh, bao ddm san xuét an toan, bén virng va
dap tng yéu cau phat trién ctia nganh than trong
giai doan t&i.

Tai liéu tham khao:

[1]. Bao céo: “Xay dung biéu db cac via than
co tinh tw chay tai cac mad than ham 16 thuée TKV”
nam 2023.

[2]. Tap doan Cbng nghiép Than - Khoang
san Viét Nam (2019), Trung tam DHSX tai Quang
Ninh, Chithj sé: 69/CT-TTBHSX, ngay 21/05/2019
vé viéc “Thurc hién céc gidi phép, phong ngtra than
twr chay’.

Proposal and synthesis of forecasting solutions, early detection, and prevention of
spontaneous coal combustion at underground coal mines under TKYV in 2025

Dr. Nguyen Tat Thang, MSc. Bui Anh Tuan, MSc. Nguyen Tien Trong, BSc. Tran Thi Nhai
Vinacomin - Institute of Mining Science and Technology

Abstract:

In 2025, underground coal mines under Vietnam National Coal and Mineral Industries Holding
Corporation Limited (TKV) recorded only one incident related to spontaneous coal combustion at Mao
Khe Coal Company, representing a significant reduction compared with previous years. This result
was achieved through the strong direction of TKV, together with the serious implementation and full
compliance by the units with TKV's directives and regulations on forecasting, early detection, and
prevention of spontaneous coal combustion during roadway development and mining operations.
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XU HUONG PHAT TRIEN PANH GIA RUI RO TAI NAN LAO PONG
TRONG KHAI THAC MO HAM LO

ThS. Ping Hong Thing, ThS. Nguyén Vin Bic
Va NNK

Vién Khoa hoc Cong nghé Mo - Vinacomin
Bién tip: TS. Phan Van Viét

Tom tat:

Dadnh gid rii ro la mot trong nhitng noi dung cot 16i cia cong tac quan ly an toan trong khai thac than
ham 16, nham nhdn dién cdc moi nguy, xdc dinh murc dg riii ro va dé xuat cdc bién phdp kiém sodt phu
hop triede khi xdy ra tai nan. Ciing véi sw phdt trién ciia khoa hoc cong nghé va qud trinh chuyén doi so,
cdc phwong phép danh gid rii ro di ¢é sw chuyén dich tir cac phiwong phap dinh tinh, ban dinh hrong
dua trén kinh nghiém sang cac mo hinh dinh lwong dya trén xdac sudt va dir liéu. Bdi bdo tong quan
qud trinh phat trién cia cdc phirong phdp danh gid rii ro trong khai thac than ham 16, tir cdc phwong
phap truyén thong nhuw Bang kiém (Checklist), Phan tich an toan cong viéc (Job Safety Analysis - JSA),
Phadn tich dang sai hong va anh huong (Failure Mode and Effects Analysis - FMEA), Phan tich cay su
¢6 (Fault Tree Analysis - FTA), Phdn tich cdy sw kién (Event Tree Analysis - ETA), Ma trgn danh gid
riii ro (Risk Matrix) dén Mang Bayesian (Bayesian Network), Machine Learning (ML), Deep Learning
(DL) va M6 hinh ngon ngit I6n (Large Language Models - LLM). Tong hop hién trang danh gid rii ro
va xem xét kha nang dp dung cdc cong nghé Al trong danh gid rii ro ciia cdc mé than ham 16 Viét Nam.

1. Dat van dé

Khai thac mé ham 16 1a moét trong nhitng nghé
cong viéc d&c biét nang nhoc, doc hai, nguy hiém
do méi trwrng san xuét chat hep, thiéu dwéng khi,
ludn tiém an nhiéu yéu té nguy hiém va cé hai nhw
khi mé-tan, bui than, chay nd, buc nwéc, sap dd
16, sw cb thiét bi... Cac yéu té nay thuwdng ton tai
dodng thei, c6 mdi quan hé twong tac phirc tap va
bién dbi lién tuc theo diéu kién dia chat, cong nghé
khai thac va td chirc san xuat. Chi can mot yéu
t6 mat an toan xuét hién hodc nhiéu yéu té bat
loi xay ra dong thoi cling c6 thé dan dén cac sy
cb nghiém trong nhw sap dbé 10, chay né khi mé-
tan, buc nwéc, chay mé, tai nan van tai hoac dién
giat... Vi vay, danh gia rai ro khéng chi 1a yéu cau
ctia hé théng quan ly an toan ma con la giai phap
quan trong nham phong ngtra tai nan va nang cao
hiéu qua san xuét.

Trong nhiéu thap ky, cac doanh nghiép khai
thac ham 16 trén thé gidi chd yéu s dung cac
phwong phap danh gia rai ro truyén thdng nhw
Bang kiém, Phan tich an toan cbng viéc, Phan tich
dang sai héong va anh hwéng, Phan tich cay sy
cb, Phan tich cay sw kién va Ma tran danh gia rai
ro. Cac phwong phap nay giup nhan dién twong
ddi day du cac méi nguy va hé tro' lwa chon bién

phap kiém soat phu hop déi véi tivng cong viéc
ho&c tirng khu vire san xuét. Tuy nhién, viéc danh
gia chd yéu dua trén kinh nghiém cla chuyén gia,
div liéu lich str va cac gia dinh dinh tinh, do d6 khé
phan anh kip thei sy thay ddi lién tuc cta diéu kién
san xuat cling nhu chua dap (rng yéu cau dy bao
nguy co theo th&i gian thuc.

Sy phét trién cta chuyén dbi so trong nganh
khai khoang da tao ra nguon d liéu ngay cang
phong phu tir cac hé thbng SCADA, mang truyen
théng cdng nghiép, cdm bién khi mé, cdm bién
thiét bi, hé théng dinh vi, Camera Al va Internet van
vat cong nghiép (lloT). Khéi lwong di liéu nay tao
diéu kién dé ap dung cac phuong phap phan tich
dwa trén di¥ liéu nham nang cao chét lwong danh
gia rui ro. Trong d6, Machine Learning (hoc may)
va Deep Learning (hoc sau) dwoc st dung dé xay
dwng cac mé hinh dw bao nguy co tir div liéu lich
st va di¥ liéu thoi gian thye; Mang Bayesian cho
phép mé hinh héa mébi quan hé nhan qua gitra cac
yéu t6 nguy hiém va cap nhat xac suét xay ra tai
nan khi c6 di¥ liéu mai; con Mb hinh ngdn ng Ion
(Large Language Models -LLM) hé tro khai thac tri
thtrc tr bao cao tai nan, quy trinh ky thuat va tai
liéu an toan nham hé tro' xay dung co sé tri thire
phuc vu danh gia ri ro.
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Xu huo’ng hién nay trén thé gi¢i khong phai 1a
thay thé cac phwong phap danh gia rai ro truyén
thong bang tri tué nhan tao ma la tich hop dr liéu
tr nhidu ngudn véi cac md hinh phan tich khac
nhau dé& hinh thanh cac hé thdng danh gia rai ro
dong (Dynamic Risk Assessment). Trong cac hé
thédng nay, SCADA, lloT, Camera Al va cac co
s& di¥ liéu an toan ddéng vai trd 1a ngudn dir liéu
dau vao; Machine Learning va Deep Learning
thwc hién phan tich, nhan dang va dy bao; Mang
Bayesian dam nhiém suy luan xac suét; va LLM
hé tro khai thac va td chire tri thire tr di liéu phi
cu truc. Sy két hop nay gilp nang cao do chinh
xac clia danh gia rti ro va hé tro hiéu qua cho qua
trinh ra quyét dinh trong quan ly an toan.

Xuét phat tr yéu cau nang cao h|eu qua quan
ly an toan va dinh huwéng chuyén ddi sd ctia nganh
than Viét Nam, bai bao tap trung tdng quan qua
trinh phat trién clia cac phwong phap danh gia rai
ro trong khai thac than ham 16; phan tich xu hwéng
&ng dung cac phwong phap dwa trén xac suat va
tri tué nhan tao trong danh gia rui ro; déng thoi
danh gia kha nang ap dung tai cac mé than ham 16
Viét Nam, lam co s& dé xuét dinh hwéng nghién
ctru va trién khai trong giai doan t6i.

2. Cac phwong phap danh gia rui ro tai nan
trong khai thac mé ham 1o

Cung vé&i sw phat trién cia khoa hoc coéng
nghé, cac phuwong phap danh gia rti ro da trai qua
qua trinh chuyén ddi t» cac phwong phap dinh
tinh, ban dinh lwvgng dwa trén kinh nghiém sang
cac md hinh dinh lwong dwa trén xac suét va div
liéu. Xu huwéng nay phan anh yéu cau ngay cang
cao vé kha nang nhan dién, phan tich va dy bao
rdi ro trong diéu kién san xuét hién dai, dong thoi
tao nén tang cho s hinh thanh cac hé théng danh
gia rudi ro déng dwa trén tri tué nhan tao.

2.1. Cac phwong phap dinh tinh va ban dinh
lvong

Céc phuwong phap danh gia rai ro truyén théng
trong khai thac than ham 16 chi yéu dua trén kinh
nghiém chuyén gia, cac quy dinh ky thuat va sé
liéu théng ké tai nan d& nhan dién méi nguy, danh
gia mlrc d6 rii ro va dé xuat bién phap kiém soat.
Day |a nhirng phwong phap d&t nén tdng cho cong
tac quan ly an toan va hién van dwoc s dung
rong rai trong nganh khai khoang.

Bang kiém (Checklist) 1a phwong phap don
gian va duoc ap dung sém nhat. Phwong phap

nay st dung danh muc cac tiéu chi hoac cau hai
dwoc xay dwng tlr tiéu chuan ky thuat, quy trinh
an toan va kinh nghiém thuc tién nham kiém tra
tinh trang thiét bi, méi trwdng lam viéc va qua trinh
san xuét. Checklist c6 wu diém 1a dé& xay dung,
dé ap dung va phu hop véi cong tac kiém tra hién
tridng, tuy nhién kha nang danh gia con phu thuéc
nhiéu vao ndi dung bang kiém va kinh nghiém ctia
ngudi thye hién.

Phéan tich an toan cbng viéc (Job Safety
Analysis - JSA) dwoc st dung dé phan tich tirng
bwéc clia mdt cong viéc, nhan dién cac mdi nguy
c6 thé phat sinh va dé xuét bién phap kiém soat
twong ng. Trong khai thac than hadm 1o, JSA
thwong dwoc ap dung déi voi cac cbng viéc cb
nguy co' cao nhw dao 1, chéng git, khoan né min,
van tai va stra chira thiét bi.

Phan tich dang sai héng va anh hwéng (Failure
Mode and Effects Analysis - FMEA) la phuwong
phap danh gia rdi ro dwa trén viéc phan tich cac
dang sai héng co thé xay ra déi voi thiét bi hodc
quy trinh cdng nghé. Mtc d6 wu tién cua rai ro
dwoc xac dinh théng qua Chi sé wu tién rai ro (Risk
Priority Number - RPN), dwoc tinh tir ba yéu té:
murc d6 nghiém trong (Severity), khd nang xay ra
(Occurrence) va kha nang phat hién (Detection).
FMEA dwgc st dung rong rai trong danh gia do tin
cay cua thiét bi va 1ap ké hoach bao tri, tuy nhién
viéc xac dinh cac tham sb clia RPN van phu thudc
nhiéu vao danh gia ch quan cta chuyén gia.

Phan tich cay sw cb (Fault Tree Analysis - FTA)
va Phan tich cay sy kién (Event Tree Analysis -
ETA) dwgc str dung dé phan tich mbi quan hé gitra
nguyén nhan va hau qua cla sw cb. FTA phan tich
cac nguyén nhan dan dén mét sy cb theo cau truc
cay logic, trong khi ETA mo6 ta cac kich ban coé
thé xay ra sau mot sy kién khéi dau. Hai phwong
phap nay dwgc ap dung réng rai trong danh gia
do an toan clia cac hé thdng théng gid, cung cap
dién, van tai va phong chéng chay né trong mé.

Dé don gian hoa viéc danh gia mic do rdi ro
trong thuc té san xuét, Ma tran danh gia rai ro (Risk
Matrix) dwoc xay dwng trén co sé& két hop gitra
kha ndng xay ra va mirc do hau qua cuta sw cb.

Nhin chung, cac phwong phap dinh tinh va ban
dinh lwong c6 wu diém la don gian, dé trién khai
va phu hop véi diéu kién san xuét khi div liéu con

KHCNM SO 4/2026 * AN TOAN MO m



THONG TIN KHOA HQC CONG NGHE MO

han ché. Tuy nhién, do phu thudc nhiéu vao kinh
nghiém chuyén gia va di liéu lich st, cac phwong
phap nay chwa phan anh day di méi quan hé gitva
cac yéu té nguy hiém va chuwa c6 kha nang cap
nhat mirc dd rdi ro theo sy thay doi cia diéu kién
san xuét. Day ciing la co sé thuc day sw phat trién
cula cac phuwong phap danh gia rdi ro dwa trén xac
suét, tiéu biéu 1a Mang Bayesian.

2.2. Cdc mé hinh xdc suat va Mang Bayesian

Dé& khéc phuc nhitng han ché ctia cac phuong
phap truyén théng, cac nha nghién ctru trén thé gici
bat dau ap dung cac md hinh xac suét trong danh
gia rai ro. Trong sb d6, Mang Bayesian (Bayesian
Network) dwgc xem la mét trong nhirng phuwong
phap hiéu qua nhat nhd kha nadng mé hinh héa
méi quan hé nhan qua gitra cac yéu t6 nguy hiém
va cap nhat xac suat khi cé théng tin mai.

Khéac v&i FTA hay ETA, Mang Bayesian khéng
chi mo6 t& quan hé logic gitra cac sy kién ma con
lwong héa xac suat xay ra cla tirng sy kién va sy
phu thuéc gitra chung. Khi mét théng tin méi dwoc
bd sung, m6 hinh sé tw ddng cép nhat xac suét
clia toan bd hé thdng theo dinh ly Bayes. Diéu nay
dac biét phu hgp v&i mbi trwdng khai thac than
ham 16, noi cac diéu kién dia chat, thong gid, khi
mé va trang thai thiét bi luén thay ddi trong qua
trinh san xuat.

Trong khoang mudi nam tré lai day, Mang
Bayesian da dwoc ap dung dé danh gia nhiéu loai
rdi ro trong khai thac mé nhw nguy co chay né khi
mé-tan, sap dé 10, buc nwéc, huw héng thiét bi va
danh gia mirc d6 an toan tébng hop clia md. Cac
nghién ctru cho thay viéc két hop di liéu lich st
V@i tri thire chuyén gia giup néng cao dé chinh xac
ctia mé hinh va hé tro xac dinh cac yéu té ¢ anh
hwéng I&n nhat dén nguy co tai nan. Day ciling 1a
co s& dé xay dung cac hé thdng hé tro ra quyét
dinh trong quan ly an toan.

Mot wu diém ndi bat cia Mang Bayesian la
kha nang tich hop v&i cac phwong phap khac nhw
FMEA, Logic m¢& (Fuzzy Logic), Machine Learning
va dir liéu thoi gian thue tr hé théng SCADA hodc
[loT. Nh& d6, viéc danh gia rii ro khong con la moét
qua trinh thwe hién dinh ky ma cé thé dwoc cap
nhat lién tuc theo dién bién cla diéu kién san xuét.

2.3. Xu hwéng chuyén sang Machine
Learning, Deep Learning va LLM

Sw phat trién ctia chuyén déi s6 va cong nghé
cam bién da tao diéu kién cho viéc ap dung céac
phwong phap danh gia rdi ro dwa trén div liéu
(Data-driven Risk Assessment) trong khai thac
than ham 16. D liéu tir cac hé thébng SCADA, lloT,
cam bién méi trwdng, cdm bién thiét bi, hé théng
dinh vi va Camera Al ngay cang phong phu, cho
phép cac mé hinh tri tué nhan tao nhan dién quy
luat, dw bao nguy co va hé tro danh gia rdi ro theo
thoi gian thwe, thay vi chi dwa trén kinh nghiém
chuyén gia va s6 liéu théng ké lich str.

Song song v&i sy phat trién ctia cac mé hinh
xac suét, cac phwong phap hoc may (Machine
Learning) bat dau dwoc nghién ctru nhdm khai
thac div liéu lich s va di¥ liéu thoi gian thwe phuc
vu danh gia rii ro. Cac thuat toan nhw Atrtificial
Neural Network (ANN), Support Vector Machine
(SVM), Random Forest, XGBoost va Gradient
Boosting dwoc str dung dé dy bao nguy co chay
nd khi mé-tan, sap dé dwong 16, hw hdng thiét bj
va phan loai mrc d6 rii ro ctia khu vire san xuét.
So v&i cac phwong phap truyén thdng, Machine
Learning c6 kha nang x ly dong thoi nhiéu yéu té
c6 quan hé phi tuyén, nhd d6 nang cao dé chinh
xac ctia mo hinh khi khéi lwong div liéu I&n va didu
kién san xuét bién dong.

Deep Learning mé réong kha nang ctia Machine
Learning trong x& ly di¥ liéu hinh anh, chudi
thoi gian va div liéu phi cau tric. Cac mé hinh
Convolutional Neural Network (CNN) dwoc st
dung dé phan tich hinh anh tr Camera Al hodc
cac thiét bi quan sat hién tredng; cac md hinh
Long Short-Term Memory (LSTM) va Transformer
dwoc sir dung dé duw bao dién bién cac théong sb
mdi trvdng nhw nE“)ng d6é khi mé-tan, nhiét do, lwu
lwong gié va trang thai thiét bi theo thoi gian.

Bén canh di liéu cdm bién, Large Language
Models (LLM) mé& ra kha nang khai thac tri thive tir
cac bao cao diéu tra tai nan, quy trinh ky thuat, tiéu
chuan an toan va céc tai liéu chuyén nganh. LLM
c6 thé tw dong trich xuét cac médi nguy, nguyén
nhan, diéu kién phat sinh tai nan va bién phap
kiém soat, tir d6 ho tro' xay dwng co s tri thirc va
mang quan hé nhan qua phuc vu danh gia rui ro.
Nghién ciru ctia Du va cdng suw (2025) da két hop
LLM, thuat toan Apriori va Mang Bayesian dé phan
tich hon 700 bao cdo tai nan mé than tai Trung
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Quéc, qua d6 xay dwng mang quan hé nhan qua
gitra cac yéu td nguy hiém va hé tro danh gia xac
suét xay ra tai nan.

Nhin chung, xu hwéng phat trién cla céac
phwong phap danh gia rui ro hién nay khéng phai
thay thé cac phwong phap truyén thédng ma Ia tich
hop Machine Learning, Deep Learning, LLM v&i
Mang Bayesian dé xay dwng cac hé théng danh
gia rti ro dong (Dynamic Risk Assessment). Trong
cac hé théng nay, dir liéu tr SCADA, lloT, Camera
Al va co sé di¥ liéu tai nan dwoc st dung lam dau
vao dé hé tro nhan dién nguy co, dw bao rii ro va
ra quyét dinh trong quan ly an toan.

T cac phwong phap dinh tinh ban dau, danh
gia rdi ro da phat trién sang cac mé hinh xac suét
va hién nay la cac hé thdng két hop Machine
Learning, Deep Learning, LLM va Mang Bayesian
nhdm xay dwng hé thdng danh gia rai ro dong co
kha nang nhan dién, dw bao va canh bao sé'm tai
nan trong khai thac than ham 16 (Hinh 1).

Phucrng phap st dung Bang kiém (Checklist), Phan tich an toan céng viéc (JSA)

Banti gid | . psc gidm: Nhan dién méi nguy dua trén kinh nghiém, quy trinh va chuyén gia

rui ro dinh|
tinh

éﬂbrgié

rui ro ban
dinh
lwong

«Phuong phép st dung: Phan tich dang sai hong va anh hudng (FMEA), Phan tich cay su cé
(FTA), Phéan tich cay su kién (ETA), Ma tran danh gia rti ro (Risk Matrlx
«Déc diém: Phan tich nguyén nhan, hau qua va xép hang rii ro

DBanh gia
i ro xac
suat

émj; gia

rui ro dwa
trén dir
ligu

+Bic diém: M6 hinh héa quan hé nhan qua va cap nhét xac sudt

'Phuong phép str dung: Hoc may (Machine Learning), Hoc séu (Deep Learning)
«Pic diém: Phan tich de liéu SCADA, lloT, Camera, cam bién dé dur béo rtii ro

'Phuong phép st dung: M6 hinh ngén ng@ I6n (LLM), Knowledge Graph, Hybrid Al
+Bic diém: Tich hop dG liéu da ngudn, hé tro danh gia rdi ro déng

»Phuong phép st dung: Mang Bayesian (Bayesian Network) }

DbanH gia
rui ro
dong

Hinh 1. Qué trinh phét trién céc phuong phép
danh gia rdi ro

2.4. Ung dung tri tué nhan tao trong danh
gid rdi ro tai nan lao déng mé ham 1o

Trong nhi*ng ndm gan day, nhiéu nghién ctru
da ng dung tri tué nhan tao nham nang cao chét
lwong danh gia rdi ro trong khai thac than ham 16.
Cac nghién ctru nay chl yéu tap trung vao viéc
xay dwng mé hinh dy bao nguy co dwa trén dir
liéu cAm bién, di¥ liéu van hanh va di liéu tai nan.
Thay vi thay thé vai trd cGia chuyén gia an toan,
Al dwoc str dung nhw mét cdng cu hd tro’ gitup xt
ly khoi lwgng di¥ liéu Ion, nhan dién cac quy luat
tiém an va cap nhat mre dd rai ro khi didu kién san
xuét thay déi.

M6t trong nhirng nghién ctru tiéu bidu la mé hinh

PSO-BP Neural Network ctia Mulumba va céng sw
(2023). Nghién ctru str dung di¥ liéu thu thap tai mé
than Guotun (Tap doan Shandong Energy, Trung
Quéc) dé danh gia cac yeu t&6 anh hwéng dén an
toan san xuat. M6 hinh két hop thuat toan toi wu
bay dan (Particle Swarm Optimization - PSO) v&i
mang no-ron lan truyén nguwoc (Back Propagation
Neural Network - BP) nhdm nang cao kha nang
hoc va hoi tu clia md hinh. Két qua cho thay viéc
két hop di¥ liéu vé con nguwdi, thiét bi, mdi trwdng
va quan ly giip nang cao dé chinh xac cta danh
gia rli ro so v&i cac phuwong phap truyén théng.

Song song v&i cac nghién ctu vé Machine
Learning, nhiéu mé théng minh tai Trung Quéc
da trién khai hé théng SCADA, lloT, Camera Al
va cac nén tang phan tich di liéu phuc vu quan
ly san xuat. Cac hé thdng nay chi yéu thwc hién
chtrc nang thu thap di liéu thoi gian thwe vé moi
trwdng, thiét bi va hoat dong ctia ngudi lao dong.
Trong béi cdnh danh gia rai ro, cac di¥ liéu nay
doéng vai trd 1a ngudn div liéu dau vao cho céac
md hinh Machine Learning, Deep Learning hoac
Mang Bayesian nhdm cap nhat trang thai rai ro
ctia hé thdng. Vi vay, can phan biét ré gitra hé
thdng giam sat an toan (Safety Monitoring) va hé
thdng danh gia rai ro (Risk Assessment). Hé thdng
giam sat chi cung cap di¥ liéu hodc canh bao tirc
thoi, trong khi hé théng danh gia rai ro thuc hién
phan tich xac suat, dw bao nguy co va hd tro ra
quyét dinh.

M6t hwdng nghién clru mei la tich hgp Large
Language Models v&i Mang Bayesian dé khai thac
tri thirc tlr cac bao cdo diéu tra tai nan, quy trinh
ky thuat va tiéu chuan an toan. LLM c6 kha nang
tw dong trich xuat nguyén nhan truc tiép, nguyén
nhan gian tiép, diéu kién phat sinh tai nan va cac
bién phap kiém soat, tir d6 hd tro xay dwng mang
quan hé nhan qua va cap nhat xac suat rii ro. Mac
du cac nghién ctru ban dau cho thdy nhiéu trién
vong, viéc rng dung LLM trong danh gia rdi ro mé
than hién van chd yéu & mirc nghién ctru va chua
dwoec trién khai trong san xuét.

Xu hwéng phat trién hién nay l1a xay dwng céc
hé thdng téng hop (hinh 2), trong d6 nhiéu céng
nghé dwoc tich hop dé tan dung wu diém cua tirng
phuwong phap. D liéu tr SCADA, lloT, Camera Al
va co s& di¥ liéu tai nan dwoc tap trung trong mét
kho di¥ liéu théng nhat; Machine Learning va Deep
Learning thwc hién nhan dang, phan loai va dw bao
nguy co; Mang Bayesian thyc hién suy luan xac
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lloT

Camera Al

Bao caotai
nan

_[Kho dir ligu

L

Machine

tap trung

Learning

Banh gia rii
ro dong va
canh bao

sam

HE tro'ra

quyét dinh
antoan

Hinh 2. Kién tric hé théng danh gié rdi ro mé than ham 1o
Bang 1. Téng hop cac phuong phap danh gié rdi ro trong khai thac hdm 10

L e Muc dich str dung C 2 .
stt| Phuong | Mrcdo | op e hang chinh | trong khai thac me | PO Vi 10 chtre ap dung
phap trng dung PO hoac nghién ciru
ham lo
< . A & Kiém tra gwong 19,
| |Béng kiém g)jnaprén Ehj‘” tg'ie:oﬂg'm chéng gitr, théng gié, | TKV (Viét Nam); Anglo
(Checklist) | g rong V% Cy - khi CH,, thiét bi truoc | American (Nam Phi); MSHA
i ca san xuat
oo Nhan dién méi
Phén tich ~ . D C £ .
antoan  |Dadp |nguytheoting  —Baolo, chonglo, — ryy. mspA va NIOSH
2 | . ‘A dung rong |bwdc céng viéc va |khoan nd min, van tai, . .
coéng viec | .. P A . \ g (Hoa Ky); Anglo American
rai dé xuat bién phap |swa chira thiét bj
(JSA) Kid .
iém soat
Phan tich A 4
dang sai < P[1an t"Ch gang .h'u’ Quat gi6é, bom thoat Céac mé than Trung Quéc,
3 R ba ap hong va danh gia : o 2: g . Coma A
3 |hdng va LT , nwéc, bang tai, toi Ba Lan (danh gia do tin cay
» N dung mtrc do rui ro cua AR K.
anh huwéng thiét bi hé thén truc, may dao lo thiét bi)
(FMEA) L) Y g
Phan tich | 5 ap Phan tich nguyén Chay n6 khi CH,, buc |\ hqyy (Hoa Ky); cac mo
4 |cayswed g0 nhan tai nan nuoc, sap doduong |y Trung Quéc
(FTA) ks ; 16, sw cb dién
Phén tich DA 4 Phan tich di&n bién | Chay, n(x)'khl', buc Cac nghién ctru an toan
5 |cay sw kién dun P va hau qua sau sy |nwédc, mat dién, mat mé tai Hoa Ky, Uc va Trung
(ETA) ke cb thong gi6 Quéc
Matran |55 4 Panh gié rdi ro truéc
danh gia P |panh gia va xép ANN gia il 1o YOS | ryev/: Anglo American;
6 | .. . dung rong C A o thi cbng, phan loai m&c .
rai ro (Risk | .. hang mirc Ao rdiro | .. - o Glencore;
! rai rdi ro cong viéc
Matrix)
Mang Pa dwgc |Phan tich quan hé . . , . ., .
Bayesian |nghién nhan qua, tinh toan E)fnh'glannguzy co"chay Ca(ﬁ nghién ctu tal.Trung
7 . e | s PRI no khi, sdp d6 dwong | Quodc, Ba Lan, Iran;
(Bayesian |ctru va thir | xac suat va cap N N o
o PO - 10, tai nan thiét bi Khakzad va cdng sy
Network) nghiém nhat rui ro déng
DA duoc . Cac nghién ctru tai China
Hoc may a Dw bao nguy co tir | Dy bao nong dé CH,, | University of Mining and
. nghién M RN 5 DA s AL A
8 |(Machine > L . | di liéu lich st va hw hong thiét bj, phan | Technology va mét s6 mo
. cruvathe|, .7 LY n A,
Learning) in thoi gian thue loai me rai ro than thong minh & Trung
nghiém <
Quoc.
DA duoc Phan tich di¥ liéu Dy bao CH,, nhén' Cac nghién ctru tai China
Hoc sau a hinh &nh, chubi dang trang thai thiét University of Mining and
nghién A AN RN L AL A s
9 |(Deep T a- | thi gian va di¥ liéu | bi, phén tich dir liéu Technology va mét so mé
. clru va thr| L R N n N,
Learning) C cam bién phuc vu | Camera Al lam dau than théng minh & Trung
nghiém . e N s £
danh gia rai ro vao danh gia rui ro Quodc.
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Phwong Mdrc do

Stt phap trng dung

Chtrc nang chinh

Muc dich str dung
trong khai thac mé
ham lo

Do vi, té chirc ap dung
hoac nghién ctru

Khai thac tri thirc
tlr bao cao tai nan,
quy trinh ky thuat
va tai liéu an toan
dé hé tro danh gia
rdi ro

M6 hinh bang
10 [ ngbn ngl* |nghién
I&n (LLM) | cru

Trich xut médi nguy,
nguyén nhan va bién | Du va cdng sv (2025),

phap phong ngwa; phan tich hon 700 bao cao
xay dwng co s& tri tai nan mo than tai Trung
thirc phuc vu Mang Quéc; chwa trién khai tai mé
Bayesian

suét; con LLM hé tro khai thac tri thiee tie div lieu
phi cdu truc. Sy két hop nay tao thanh hé théng
danh gia rdi ro dong cé kha nang cap nhat lién
tuc theo dién bién clia diéu kién san xuét, ho tro
ngwdi quan ly lwa chon bién phap kiém soat phu
hop va nang cao hiéu qua quan ly an toan trong
khai thac than ham 16. Téng hop cac phwong phap
danh gia rui ro trong khai thac ham 16 da nghién
ctu, &p dung trén thé gi¢i xem bang 1.

3. Cong tac danh gia rui ro tai nan lao dong
tai cac mé than ham 16 Viét Nam

Cong tac danh gia rui ro tai nan lao dong tai
cac mé ham 16 Viét Nam ngay cang duoc quan
tam va trng bwoc tréd thanh moét ndi dung quan
trong trong hé théng quan ly an toan ctia Tap doan
Cong nghiép Than - Khoang san Viét Nam (TKV).
Céc van ban chi dao, théng bao két luan vé an
toan vé sinh lao dong ctia Tap doan déu yéu ciu
cac don vi san xuéat phai: (1) Xay dwng hé théng
quan ly rdi ro phu hgp voi dac thu cla don vj va
dwoc ra soat, bd sung héng nam; cac don vi san
xuét than thwe hién nhan dién nguy co, rdi ro hdng
thang déi voi tirng cbng viéc, trng vi tri lam viéc
va tang cwong phd bién, quan triét toi ngudi lao
dong; trién khai nhan dién nguy co, rdi ro va bién
phép loai trlr dwdi dang tré 10 cac phwong an trac
nghiém cé thwdng mét cach thwdng xuyén nham
thu hat sy quan tdm va tao hiéu ng tich cyc cua
ngudi lao dong (theo Chuong trinh hanh déng sb
48/CTr-TKV ngay 05/4/2021 ctia TKV vé trién khai
Nghi quyét s6 08-NQ/BU ngay 25/02/2021 cla
DPang Gy Tap doan). (2) Nhat 1énh san xuét cla
Quan déc, Phé Quan dbéc phai giao rd ngudi, rd
vi tri cbng viéc, rd khoi lwong céng viéc va kém
theo ndi dung nhan dién nguy co, rui ro, bién phap
ngdn ngra sw cb, tai nan. (3) Vao dau ca san xuat
phai phd bién cho cdng nhan tai nha giao ca (ngén
gon, dé hiéu) vé& nhan dién nguy co, rudi ro va cac
bién phap phong ngtra sy ¢, tai nan dbi voi tirng
cong viéc cu thé. (4) Hang quy t6 chirc huén luyén
tédng cwdng cho cdng nhan va can bd vé nhan dién

nguy co, rdi ro, cac bién phap ngan nglra sy cb,
tai nan doi voi trng cdng viéc cu thé theo Céng
van s6 2911/TKV-AT ngay 20/5/2024.

Bén canh hoat dong quan ly cia doanh nghiép,
cbng tac nghién clru vé danh gia rai ro trong khai
thac than ham 1o cling sém dwoc trién khai. T
nam 2009, nhiéu dé tai nghién ctru da tap trung
phan tich nguyén nhan tai nan lao dong, xay dwng
phwong phap danh gia rii ro va dé xuét cac giai
phap ky thuat, céng nghé nham giam thiéu tai nan.
Giai doan 2013-2017, da xay dwng va trién khai
thi diém hé thdng quan ly an toan, quan ly rdi ro va
ké hoach (rng ctru khan cép tai mot sé don vi san
xuét theo quy dinh ctia B6 Céng Thwong. Trén co
s& két qua nghién ciru, phwong phéap danh gia rai
ro béng ma tran 5x5 da dwoc hoan thién va ap
dung trong nhiéu hoat dong danh gia an toan, tao
nén tang cho viéc chudn héa quy trinh nhan dién
méi nguy trong khai thac than ham 16.

Song song v&i d6, nhidu mé than ham 16 cla
TKV da dau tw cac hé théng ty dong hoa nhuw
quan trac khi mé, diéu khién bang tai, tram quat
gi6, tram bom, va trung tdm giam sat diéu hanh
san xuat. Cac hé théng nay lién tuc thu thap div
liéu v& méi trwdng md, trang thai thiét bi va qua
trinh s&n xuét. Tuy nhién, phan I&n cac ngudn div
liéu hién van dwoc st dung phuc vu diéu hanh san
xuét va gidm sat an toan. D@ liéu con phan tan
gitra cac hé théng, chwa dwoc chudn hoa day du
va chwa hinh thanh co s& di¥ liéu tap trung phuc
vu phan tich tdng hop.

T thwe trang trén c6 thé thay, cac mé than
ham 16 thuéc TKV da cé nhirng tién d& dé phat
trién cac hé thdng danh gia rai ro dwa trén di liéu,
bao gédm hé thdng quan trdc méi trwéng, san xuét,
co s& di¥ liéu an toan va kinh nghiém trong coéng
tac danh gia rdi ro. Tuy nhién, dé trién khai cac
mé hinh danh gia rai ro dong, can tiép tuc chuan
héa di liéu, xdy dwng kho dir liéu tap trung va
phat trién cac mé hinh phan tich phu hop véi diéu
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kién khai thac than hdm 16 & Viét Nam. Trong giai
doan dau, hwéng nghién ctru kha thi Ia tich hop
di¥ liéu t&r co s& div liéu tai nan va di¥ liéu quan
ly thiét bj v&i cac mé hinh Machine Learning va
Mang Bayesian nhdm hé tro dw bdo nguy co va
danh gia rui ro theo thoi gian thwc. Trén co sé&
do, co thé tirng bwdc nghién ctvu tng dung Deep
Learning va Large Language Models dé khai thac
di liéu hinh anh va di liéu van ban, huwéng toi xay
dung hé théng danh gia rdi ro déng phuc vu quan
ly an toan trong khai thac than ham 1o.

4. Két luan

Danh gia rui ro trong khai thac than ham 16 da
c6 sw phat trién tr cac phwong phap dinh tinh
va ban dinh lwvong dwa trén kinh nghiém nhw
Checklist, JSA, FMEA, FTA, ETA va ma tréan danh
gia rdi ro dén cac mé hinh dinh lwong dwa trén xac
suat va dir liéu. Trong d6, Mang Bayesian danh
d&u bwéc chuyén tir danh gia rai ro tinh sang danh
gia rdi ro dya trén suy luan xac suét, tao nén tang
cho viéc tich hgp cac céng nghé tri tué nhan tao
trong quan ly an toan.

Céac nghién ciru qubc té cho thdy Machine
Learning, Deep Learning va Large Language
Models dang mé& ra hwéng phat trién méi cho
cong tac danh gia rdi ro. Machine Learning dwoc
st dung dé xay dwng cac mé hinh dy bao nguy

co tr di¥ liéu lich str va di liéu thoi gian thuwc;
Deep Learning hé tro khai thac di¥ liéu hinh anh va
chudi thdi gian nhdm nang cao dé chinh xac cla
mo hinh danh gia rai ro; Large Language Models
cho phép khai thac tri thirc tir bao cao tai nan, quy
trinh ky thuat va cac tai liéu an toan. Khi dwoc két
hop véi Mang Bayesian, cac cong nghé nay tao
co s& cho viéc xay dwng cac hé thdng danh gia rai
ro dong co6 kha nang cap nhat mdc dé rui ro theo
sw thay ddi cGa diéu kién san xuét.

Déi véi Viet Nam, hwdng phat trién phu hop
trong giai doan t&i 1a ké thira cac phwong phap
danh gia rai ro hién cé, ddng thdi nghién ctru tirng
bwéc tich hop div liéu tir co s& dir liéu tai nan va
cac hé théng quan ly véi Machine Learning, Deep
Learning, Mang Bayesian va Large Language
Models dé xay dwng hé théng danh gia rdi ro
déng, phu hop véi diéu kién k§ thuat va 16 trinh
chuyén déi sb clia nganh than Viét Nam.

Tai liéu tham khao:
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Development trends in occupational accident risk assessment
in underground mining

MSc. Dang Hong Thang, MSc. Nguyen Van Bac and Others
Vinacomin - Institute of Mining Science and Technology

Abstract:

Risk assessment is one of the core components of safety management in underground coal mining,
aiming to identify hazards, determine risk levels, and propose appropriate control measures before
accidents occur. Along with the development of science and technology and the digital transformation
process, risk assessment methods have shifted from experience-based qualitative and semi-quantitative
methods to quantitative models based on probability and data. This paper reviews the development of
risk assessment methods in underground coal mining, from traditional methods such as Checklists, Job
Safety Analysis (JSA), Failure Mode and Effects Analysis (FMEA), Fault Tree Analysis (FTA), Event
Tree Analysis (ETA), and Risk Matrix to Bayesian Networks, Machine Learning (ML), Deep Learning
(DL), and Large Language Models (LLM). The current status of risk assessment is summarized, and the
applicability of Al technologies to risk assessment at Vietnamese underground coal mines is considered.
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DPE XUAT MO HINH TUAN HOAN VA TAI SU DUNG NUGC THAI MO
TAI CONG TY THAN THONG NHAT - TKV

Tom tit:

ThS. Bui Minh Diwe, TS. Lé Binh Duong
Vién Khoa hoc Cong nghé Mo - Vinacomin

Bién tap: TS. Phan Vin Viét

Khai thac than la nganh cong nghiép sir dung heong nwde 6n, dong thoi phat sinh heong nudée thdi
dang ké can dm}’c xit Iy trieGe khi xa ra méi trieong. Trong boi canh tai nguyén niede ngdy cang chiu dp
liee do nhu cau sir dung gia tang va nguy co 6 nhiém, viéc tdi sir dung nwée sau xit Iy trong khai thdc
than la giai phdp can dwge nghién ciu nham ndng cao hiéu qua sie dung tai nguyén. Nghién ciru nay
ddanh gid hién trang phat sinh, xir 1y nude thai tai Cong ty Than Thong Nhat - TKV théng qua khdo sdt
thuc dia, thu thap 56 liéu vdn hanh va phan tich két qua quan trdc giai doan 2024 - 2025. Trén co so do,
nghién ciru dé xudt mé hinh tuan hoan mede ban khép kin, sir dung niede sau xir Iy cho cde muc dich nhu
ddp bui, vé sinh dwong 16, lam mat thiét bi va phong chdy chira chay.

1. M& dau

Trong nhitng ndm gan day, cung vdi sy gia
tang nhu ciu nang lwong va nguyén liéu phuc vu
phét trién kinh t&, hoat dong khai thac khoang san
ndi chung va khai thac than ham [ néi rleng ngay
cang phat trién theo hwéng khai thac xubng sau.
Diéu nay lam gia tang dang ké lwong nuwéc ngdm
xam nhap vao hé théng duwong 16, dan dén phat
sinh lwong I&n nwédc thai mé can dwoc bom thoat
va xt ly trwde khi thdi ra méi trwdng. Bac trung
clia nwdc thai mé than hdm 16 14 ham lvong chat
rén lo Itrng cao, giau s&t, mangan va cé thé chira
cac kim loai hoa tan khac, gay anh huéng dén
chét lwong nguén tiép nhan néu khong duoc xir
ly phu hop.

Trén thé gidi, nhiéu qudc gia cé nganh khai
khoang phat trién nhw Uc, Birc va Trung Québc da
chuyén ttr mé hinh x& ly nwéc thai don thuan sang
quan ly téng hop tai nguyén nuéc, trong dé nuwéc
thai sau xt ly dwo'c xem nhu mot ngudn tai nguyén
th cAp (Hinh 1). Cac mé hinh nay tap trung vao
can bang nuwéc toan mé, phan loai nuwdc theo
muc dich st dung, tuan hoan ndi bd va giam thiéu
lwong nuéc xa thai, qua dé gép phan nang cao
hiéu qua khai thac va giam chi phi san xuét [5] [6].

Tai Viét Nam, Tap doan Cong nghiép Than -
Khoang san Viét Nam da dau tw nhiéu cong trinh
X ly nwée thai md véi cong nghé trung hoa, keo
tu, 1dng va loc mangan. Mét sé don vi da tirng
buwéc tan dung nwéc sau xtir ly cho hoat dong san
xuét nhw dap bui, sang tuyén than va vé sinh thiét

Hinh 1. Mé hinh tudn hoan va téi str dung nuéc
trong khai thac mé [5]
bi. Tuy nhién, viéc tai s dung chd yéu van mang
tinh cuc bd, chwa dwoc thiét ké theo mé hinh tuan
hoan dong bé dua trén can bang nwéc va nhu cau
st dung clia toan hé théng khai thac [4]

Cong ty Than Théng Nhéat - TKV 1a mét trong
nhirng don vi san xuéat than ham 16 cé lvu lwong
nwéc thai Ién tai khu viee CAm Pha. Ngudn nuéc
sau x& ly hién chi yéu dwoc xa ra mdi trudng
trong khi nhu cau s dung nwéc cho dap bui, vé
sinh dwong 10, 1am mat thiét bj va cac hoat dong
phu tro van phai s& dung ngudn nwéc cap bd
sung. Diéu nay cho thay tiém nang I&n trong viéc
xay dwng md hinh tudn hoan nwdc nhdm nang
cao hiéu qua s dung tai nguyén va gidm chi phi
khai thac [2]

Nghién ctu nay dwoc thue hién nhdm danh gia
hién trang phat sinh, thu gom va x& ly nwéc thai
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tai Cong ty Than Théng Nhat - TKV, déng thoi dé
xuét md hinh tudn hoan - tai st dung nwéc phu
hop véi diéu kién thuc té cia mé. Két qua nghién
ctru c6 thé lam co s& tham khéo cho viéc ap dung
mé hinh quan Iy nwéc theo hwéng kinh té tuan
hoan tai cdc mo than hadm 106 khac cta Viét Nam.

2. Hién trang quan ly, cong nghé xtr ly nwéc
thai mé than ham 1o

2.1. banh gia dac trieng nwéc thai mo than
ham lo

Két qua quan trac chat lwong nwéc thai mo tai
Cong ty Than Théng Nhét - TKV trong nhivng ndm
gan day cho thdy nwéc thai mang cac dic trung
dién hinh cla nwdc thai khai thac than ham 10, véi
sy hién dién cla cac théng sé 6 nhiém chu yéu
nhw chat rén lo Irng (TSS), sét (Fe), mangan (Mn)
va cac chi tiéu héa ly khac (Hinh 2). Cac thong s6
nay cé sw bién dong nhat dinh theo thoi gian, phu
thudc vao diéu kién khai thac, lwu lwong nwéc thai
va yéu té mua vu.

Trung binh dau vao giai doan 2024-2025

12

10
8 .

Tram XLNT +41 (2024) Tram XLNT +25 (2024) Tram XLNT +41 (2025) Tram XLNT +25 (2025)

o

TSS:10 m— Fe
e QCVN 40:2025/BTNMT(TSS:10)

e QCVN 40:2025/BTNMT(Mn)

VN
QCVN 40:2025/BTNMT(Fe)

Hinh 2. Biéu dé biéu thj cac théng sb dac trung
nwéc thai dau vao [2] [3]

T két quad quan trc chat lwong nwéc dau
vao trong giai doan 2024 - 2025, c6 thé thay réng
nwéc thai mé tai Cong ty than Théng Nhét cé cac
thong sb 6 nhiém chinh 1a TSS, Fe va Mn. Céac
thdng s6 nay khong chi co gia tri cao ma con c6 xu
hwéng gia tdng va bién déng theo mua, déc biét
trong diéu kién thoi tiét mwa 1én. Trong d6, Mn la
thong s6 kho kiém soat nhat, déng vai tro 1a yéu
t6 han ché trong viéc nang cao hiéu qua x& ly va
tai str dung nwéce thai mé. Do do, cong ty da thuwe
hién xt ly nwéc thai dé giam thiéu cac chat gay 6
nhiém méi trudng,

T két qua quan tréc chat lwong nudc thai sau
xt ly tai hai tram x& ly nwée thai trong giai doan
2024 - 2025 cho thay hé théng x& ly nwéc thai mé
da phat huy hiéu qua trong viéc giam ndng do cac

chat 6 nhiém d&c trwng (Hinh 3). So sanh gira
nwédc thai dau vao va nuéc thai dau ra cho thay
hau hét cac thong sé 6 nhiém déu gidm mot cach
dang ké, dat quy chudn méi trwéng va phan anh
tinh 6n dinh trong van hanh cla cac tram x& ly
nwoc thai.

Trung binh ddu ra giai doan 2024-2025

. [ . [ [ - [

Tram XLNT +41 (2024) Tram XLNT +25 (2024) Tram XLNT +41 (2025) Tram XLNT +25 (2025)
TSS:10 m— Fe
e QCVN 40:2025/BTNMT(TSS:10)

e QCVN 40:2025/BTNMT(Mn)

V0
QCVN 40:2025/BTNMT(Fe)

Hinh 3. Biéu dé biéu thj cac théng sé dac trung
nuwéc thai dau ra [2] [3]

Chét lwong nwéc sau x& ly hién nay hoan toan
dap rng yéu cau tai st dung cho hau hét cac muc
dich san xuét tai md nhw dap bui, twéi dwong, rira
thiét bi, cAp nwéc ky thuat va nwéc chiva chay.
Nguén nuo’c sau x( ly c6 tiém ndng dap (rng toan
bd nhu ciu nwéc san xuat ctia md, la co sé thuan
loi d& m& rong hé théng tudn hoan, tai st dung
nwédc theo hwéng gidm sir dung nwédc sach va
nang cao hiéu qua quan ly tai nguyén nwoc trong
hoat dong khai thac than ham 16.

2.2. Hién trang cac tram xtw ly nwéc thai mo

Trong qua trinh khai thac than ham 16, cé mot
lwong I&n nwéce thdi phat sinh tlr cac hoat déng
san xuét, bao gdm nwéc ngdm thdm vao dwdng
16, nwéc phuc vu khai thac va nuwéc riva troi dat
da. Va dé khai thac dwgc than thi can thye hién
bom thoat nwéc ra khéi khu vire, tir d6 xuét hién
nwoc thai mé. Nwdéce thai sau khi bom thoat nwéc
sé dwoc dwa vé cac hdm bom, sau d6 dwoc dan
vé cac tram x& ly nwéce thai tap trung.

Tram x& ly nwée thadi moé +41 khu L6 Tri (Hinh
4) cong suét xr ly 300 m¥h do Cong ty Méi trwdng
- TKV quan ly, van hanh dap trng QCVN 40 201 1/
BTNMT (c6t B) - Quy chuan kj thuat qubc gia ve
nwéc thai cong nghiép, va dwoc dan xa ra sudi
Ngé Quyén theo phwong thirc ty chdy, xa& mat
ven bo (Theo gidy phép sb 814/GP-BTNMT ngay
14/4/2017 véi lwu lwong xa thai téi da 7.200 m?/
ngay dém). Chat lwong nwdc sau x& ly duoc
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Co s& quan trac dinh ky hang nam (3 thang/lan).
Ngoai ra, Céng ty M6i truwdng ciing da dau tw Tram
quan trac tw dong, lién tuc dé theo déi chat lvong
nwoc thai triede khi xa ra moi triedng tuan tha Nghi
dinh 08/2022/NDB-CP ngay 10/01/2022 v&i 5 thong
sb lwu lwgng, pH, nhiét d6, TSS va COD [1]

Tram x& ly nwédc thadi mé +25 Nui Nhén (Hinh
5) cong suét xr ly 1.200 m*h va mét tram cong
suat 600 m*h do Céng ty Méi trudng - TKV quan
ly, van hanh dap trng QCVN 40:2011/BTNMT (cot
B) - Quy chuén ky thuat quéc gia vé& nudc thai
cong nghiép va dwoc dan xa ra sudi Cau 2 theo
phwong thirc tw chdy, x& mat ven by (Theo Gidy
phép méi trwong sd 327/GPMT-BTNMT ngay
23/8/2024 véi lwu lwong xa thai 16n nhat 43.200
m®ngay dém). Chét lwong nuéc sau xi ly dwoc
Co s& quan trac dinh ky hang nam (3 thang/lan).
Ngoai ra, Cong ty Méi trwdng ciing da dau tw Tram
quan trac tw dong, lién tuc dé theo déi chat lwong
nwoc thai triede khi xa ra moi triedng tuan tha Nghi
dinh 08/2022/NDB-CP ngay 10/01/2022 v&i 5 thong
sb lwu lwgng, pH, nhiét d6, TSS va COD [1]

T thwe té van hanh va két qua quan tric chéat
lwong nwéc thai ham 16, cé thé nhan thdy cong

Hinh 4. Tram xt& ly nwéc thai mé khu +41 é Tri

Hinh 5. Tram xt& ly nwéc thai mo khu +25 Nui Nhén

7ol

nghé hién tai van ton tai mot sb han ché. Hiéu qua
xt ly d6i véi mangan chua thuc sw 6n dinh, do day
la nguyén t6 kho oxy hoa va két tia trong diéu kién
thong thworng, doi hdi phai kiém soat chat ché cac
yéu t6 nhw pH va ham lwong oxy hoa tan. Ngoai
ra, hé théng x(r ly con phu thudc nhiéu vao viéc st
dung héa chét trong cac cong doan keo tu va diéu
chinh pH, d&n dén chi phi van hanh twong ddi cao,
d&c biét trong diéu kién lwu lwong nwéc thai bién
ddng theo mua. Trong cac thoi diém muwa Ion, Iwu
lwong nwéc tang dot ngodt co thé lam gidm thoi
gian lwu trong cac bé x ly, anh hwéng dén hiéu
qua l&ng va kha n&ng tach cén cua hé théng. Bén
canh d6, mac du nwdc thai sau xtr ly da dat quy
chuadn moéi trwéng, nhwng viéc tai st dung nwéc
chwa dwoc khai thac hiéu qua, chd yéu van xa
ra ngudn tiép nhan, dan dén chwa tan dung dwoc
ngudn tai nguyén nuéc.

2.3. Kha nang tuan hoan - ti st dung nwéc
phuc vu cho hoat déng khai thac mé

Hién nay, nguén cung cip nuéc co ban van
dwoc gilr nguyén theo Quyét dinh sb 2985/QD-
TKV ngay 22/12/2009, dwoc lay tir hé théng cap
nwéc thanh phé Cdm Pha. Ngudn nwéc nay dap
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¢ng da nhu cau st dung nwéc cho mé trong giai
doan trwéc mét cling nhw vé lau dai. T nhu cau
str dung nwéc clia Cong ty, cé thé thay tdng lwong
nwéc can thiét cho sinh hoat va san xuét khoang
513 m¥ngay dém, trong dé nhu ciu nwédc san xuat
khoang 210 m¥ngay dém, chiém ty trong dang ké.
Néu tai st dung nwéc thai sau xt ly cho cac muc
dich san xuét thi cé thé gidm thiéu dwoc 30 + 40%
lwong nwéc cAp méi tlr hé théng cap nuéc.

Trong khi d6, cac muc dich st dung nwéce trong
san xuat chu yéu 1a cac hoat dong vé sinh dwdng
16, cAp nwdc cho may khoan, rira thiét bj va twoi
dwdng dap bui trén mat bang. Day 1a nhivng muc
dich khéng yéu cau chét lwong nwdc & mirc cao
nhw nwéc sinh hoat, do d6 ngudn nuwéc thai ham
16 sau x& ly hoan toan phu hop dé tai st dung.
Giai phap nay khong chi gép phan dadm bao tinh
cht doéng trong cap nwoc phuc vu san xuat ma con
tan dung hiéu qua ngudn nuéc thai sau x& ly, vén
cha yeu xa ra moi trwd'ng. Dac biét, déi véi cac nhu
cau nhu twéi bui trong 16 () + ¢ m®ngay dém) va
twdi dwdng trén mat bang (30 m3/ngay dém), viéc
tai st dung ngudn nwéc nay la hoan toan phu hop
va co y nghia thuc tién cao. Xét trén téng thé nhu
cau sir dung nwéc clia md, viéc tai st dung nuwéc
thai cho cac hoat ddng san xuét & vo cing thuc
tién, cé thé thay thé dwoc phan Ién ngudn nwéc
cap méi tir hé thdng nwéc cta dia phwong [1] [2]

3. bé xuat mé hinh tuan hoan nwéc

Trén co sé két qua danh gia hién trang va phan
tich can béng nwéc, nghién ctu d& xuéat mé hinh
tuan hoan nwéc ban khép kin (Hinh 6) cho Cong
ty Than Thdng Nhat - TKV. Nguyén téc xay dung

Song chin

rac

mé hinh gém (1) Uu tién st dung nwéc sau xi ly
cho cac muc dich khéng yéu cau chat lwong nwéc
sinh hoat; (2) Han ché tbi da lwong nwéc sach cap
m&i; (3) Bao dadm chét lwong nwéc tai stv dung
phu hop tivng muc dich; (4) Khéng lam anh hwéng
dén an toan khai thac; (5) Giam téi da lwong nwéc
xa ra moi trweong.

M6 hinh dwoc xay dwng theo huéng tich hop
gitra hé théng x& ly nwdc thai hién hivu véi mang
lwdi cap nuwéc ky thuat trong md, bdo dam kha
nang van hanh én dinh, d& mé réng va phu hop
véi diéu kién thuc té clia doanh nghiép.

3.1. Giai phap ky thuat

Trong quy trinh trén, nwéc thai sau khi xt ly
dat yéu cau sé khong xa& hoan toan ra méi trudong
ma dwoc dan vé bé chira trung gian phuc vu tuan
hoan. Tai day, nwéc duwoc kiém soat cac chi tiéu
dac trwng nhw TSS, Fe, Mn trwdc khi cap tréd lai
cho cac khu vwc st dung. Dbi véi cac nhu cau
yéu cau han ché can lo It'ng nhw hé théng phun
swong dap bui, nwéc sau xi ly s& duwoc bd sung
coéng doan loc tinh nhdm han ché tic nghén béc
phun va duong 6ng. Phan nuwéc khong siv dung
hét tiép tuc dwoc xa ra mdi trudng theo quy dinh
hién hanh.

DPé nang cao hiéu qua x& ly va dam bao kha
nang tai st dung én dinh, can téi wu héa cong nghé
xt ly nwée thai hién co, dac biét déi véi cac thong
sb d&c trwng nhw Fe va Mn. Trong dé, viéc nang
cao hiéu qua qua trinh oxy héa va kiém soat pH tai
cac cong doan xt ly 1a yéu té then chbt nhdm tang
kha n&ng két tGa va loai bd mangan 4n dinh. Bong
thoi, cAn xem xét cai tién bé loc mangan thoéng

PAC/ Polymer Voéi/ NaOH

Cac ham bom/

—>

Nude thai hdm 1o ||

Hé thu gom

B¢ chira nude

Bé diéu hoa Bé keo tu Bé ling Bé trung
Tuu luong - tao bong > > hoa pH
Vit liéu loc chuyén dung Suc khi/ Oxy héa hoa hoc
' v
Bé loc Mn/ Bé trung oxy

thai sau xtr 1y

'

l

l

Loc ap luc hoa Fe, Mn

Bé chtra nudc tudn hoan
Tram bom

X4 thai nudc thai dat chuin

ra moi truong

Hé théng duong éng

cap nudc tai sir dung

‘ Dép bui duong 10 ‘ ‘ Tudi dudng mit bing ‘ ‘ Rita thiét b vé sinh CN ‘ ‘ Céip nuée cho méy khoan ‘

Hinh 6. So db dé xuét hé théng tuén hoan nwéc ban khép kin
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qua viéc st dung vat liéu loc chuyén dung cé kha
na&ng hap phu va oxy héa mangan tét hon, két hop
vGi viéc diéu chinh ché do van hanh, tbc do loc va
chu ky rra loc phu hop nhdm nang cao hiéu qua
xt ly lau dai.

Bén canh dd, can nghién clru bd sung bé diéu
hoa lwu lwong nhdm han ché anh hwéng cla sw
bién dong lwu lwong va chat lwong nwéc thai theo
mua, dac biét trong thoi diém mua Ion khi lwu
lwong nwéc md tang cao va ham lwong can bién
dong manh. Viéc bd sung bé diéu hoa khong chi
gitp 6n dinh tai lwong cho hé théng xt ly ma con
gop phan nang cao hiéu qué cla cac cong doan
keo tu, l&ng va loc phia sau.

Sau x& ly, nwéc dat yéu cau sé dwoc dan vé
bé chira trung gian phuc vy tuan hoan. Viéc xay
duwng thém cac bé chia trung gian voi dung tich
phu hop co vai trd quan trong trong V|ec didu hoa
gitra nguon nwéc sau x& ly va nhu cau st dung
thwe té tai cac khu vuc san xuat. Giai phap nay
gitp duy tri kha nang cap nwéc én dinh ngay ca
trong thoi diém nhu cau s dung téng cao hodc
lwu lwgng nwoc xi ly bién dong.

DPdng thO’I hé théng duong ong cap nuwéc tai
st dung can dwoc mé rong va bd tri hop ly dén
cac khu vue tiéu thu chinh nhw khu viee khai thac
trong 16, mat bang san xuét va cac tuyén duwong
van chuyén. Déi véi cac hang muc nhw hé thdng
twdi bui trong 16 va phun swong chdng bui, can wu
tién bé tri tuyén cap nwéc tudn hoan riéng nham
tan dung tdi da nguén nuwéc sau x& ly. Ngoai ra,
can phan tach rd rang gitra hé thdng cip nuéc
sach phuc vu sinh hoat va hé thdng cip nuwéc tai
st dung phuc vu san xuét nham tranh nham Ian
trong qua trinh van hanh va dam bao yéu cau chét
lwong nwée cho tivng muc dich st dung cu thé.

M6 hinh tuan hoan va tai s dung nuéc thai md
phan bd nwéc tudn hoan cho tivng hang muc cé
thé dé xuét nhu sau:

- Tw&i bui trong 10: La hang muc wu tién s
dung nwéc tuan hoan do nhu ciu I6n va st dung
lién tuc. C6 thé bd tri cAp khodng 40 + 50 m3/ngay
dém tr ngudn nwédc sau xr ly cho hé thdng dap
bui trong 16. Nwéc str dung can kiém soat tbt ham
lwong cén lo' ItPng nhdm tranh tac nghén béc phun.

- Tu6i duwdng, tuwdi bui trén mat bang: Day 1a
hang muc c6 yéu cau chat lwgng nwéc khong quéa
cao, phu hop dé tan dung nguén nwéc tuan hoan.
C6 thé st dung khoang 15 + 20 m3/ngay dém tir
ngudn nuéc sau xt ly cho hoat dong nay.

- Rira thiét bj va vé sinh céng nghiép: C6 thé
st dung khodng 10 + 15 m®ngay dém nwéc tudn
hoan sau x& ly. Nwéc can dwoc kiém soat ham
lwong cdn va ddu m& nham han ché anh hwéng
dén thiét bj va khu vic van hanh.

- Cap nuwéc cho may khoan va hé théng ky
thuat phu tro: C6 thé tan dung khoadng 5 + 10 m¥/
ngay dém néu chat lwong nwéc sau xi ly ddm bao
han ché c&n va kim loai gay déng bam thiét bi.

Dé hé théng tudn hoan van hanh 6n dinh va
hiéu qua, can dau tw bé sung mot sé hang muc
ha tAng ky thuat nhuv bé chra nwéc tuan hoan,
tram bom trung gian, tuyén dng cap nuéc tai sir
dung riéng biét va hé thdng quan tric chat lwong
nwéc dinh ky. Bong thoi, can xay dwng quy trinh
van hanh va giam sat phu hop nham kiém soat
chét lwong nuéc theo tirtng muc dich st dung cu
thé. Trong d6, cac chi tiéu nhw TSS, Fe va Mn can
duwoc theo doi thuo’ng xuyen do day la cac thanh
phan dac trung dé gay Iang can, tdc nghén hoac
anh hwéng dén tudi tho thiét bj.

3.2. Giai phap quan ly

Dé hé théng tudn hoan va tai s dung nwéc
thai ctia mé van hanh hiéu qua trong thuc té, can
trién khai déng bd cac giai phap quan ly gan truc
tiép v&i diéu kién van hanh tai mé than ham 16.
Cac giai phap khoéng chi tap trung vao kiém soat
chét lwong nwédc ma con phai ddm bao kha nang
van hanh 4n dinh, han ché that thoat va nang cao
hiéu qua khai thac ngudn nwéc sau xt ly. Truéc
hét, can bé tri bd phan hodc can bo phu trach riéng
déi v&i hé thédng nwdc tudn hoan nhdm theo dbi
thwdong xuyén lwu lwong nuwdc thai phat sinh, lwu
lwong nwéc tai s dung va chat lwgng nuéc sau
xt ly. Trong thuc t&, nhiéu hé théng x& Iy nwéc
thai mé hoat dong chwa 6n dinh do chuwa cé co
ché quan ly va theo déi riéng cho ngudn nuwéc tai
st dung, dan dén tinh trang nwéc sau x& ly van
dat yéu cau xa thai nhung chwa dap tng tbt cho
muc dich tudn hoan san xuét. Vi vay, viéc phan
cong trach nhiém cu thé cho bd phan quan ly van
hanh 1a can thiét nhdm dam bao hé théng hoat
dong lién tuc va 6n dinh.

Can xay dwng ché do kiém tra dinh ky dbi voi
cac cong trinh x& ly va hé thdng cp nwéc tuan
hoan, dac biét 1a bé loc mangan, bé chira nuéc
tudn hoan, may bom va hé théng béc phun dap
bui. Trong diéu kién van hanh thuc té tai md, ham
lwong can sét va mangan con sét lai co thé gay
déng bam duong 6ng, gidm ap lwe phun hodc tac
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nghén béc phun sau thi gian dai st dung. Do do,
can thye hién suc rira duwdng dng, vé sinh bé chira
va rira vat lieu loc dinh ky nham duy tri hiéu qua
van hanh hé théng.

Ddi v&i hé thdng loc mangan va loc &p luc, can
xay dwng ké hoach thay thé vat liéu loc theo chu
ky phu hop thay vi chi thay khi hé théng xay ra sw
cb. Trong thuwc té, hiéu qua x&r Iy mangan thwéng
giam dan theo thoi gian st dung vat liéu loc, dac
biét khi lvu lvgng nwéce Ién va tai lwong kim loai
bién ddng manh vao mua mwa. Viéc chi dong
kiém tra va thay thé vat liéu loc sé giup duy tri chat
lwong nwéc sau xi ly 6n dinh hon cho muc dich
tai str dung.

Ngoai ra, can wu tién st dung nwéc tudn hoan
cho cac hang muc tiéu thu nwéc Ién nhung yéu
cau chét lvong nwéc & mirc trung binh nhw twoi
bui trong 10, twdi dwéng van chuyén va rira thiét
bi. Pay la cac khu vuc cé kha nang st dung 4n
dinh nguén nwéc tuan hoan va dé trién khai trong
thuc té. Déi véi nwéc cdp cho may khoan hodc
hé théng nhii héa, chi nén str dung khi chat lwong
nwéc sau x& ly dwoc kiém soat 6n dinh nham han
ché nguy co déng cén hodc anh hwdng dén thiét bi.

Can lap d&at ddng hd do lwu lwong riéng cho
tuyén nwéc tuan hoan dé theo dai chinh xac lwong
nwéce tai st dung hang ngay. Viéc nay giup danh
gia hiéu qua thuc té cta hé théng, xac dinh ty &
nwéc dwoc tudn hoan va lam co s& diéu chinh
phuwong an van hanh phu hgp. Trong giai doan
dau, c6 thé wu tién trién khai tai st dung & quy
mé nhé déi véi mot sé khu vue nhw hé théng twdi
bui trong 16 va twdi dwdrng van chuyén; sau khi hé
thdng van hanh 6n dinh sé tiép tuc mé rong sang
cac hang muc khac.

Bén canh dé, can xay dwng phwong an van
hanh linh hoat theo mua. Trong mua muwa, lwu
lwong nuwdc thdi méd thuwdng tdng manh kéo theo
ham lwong cén lo Itrng bién dong I&n, do dé can
wu tién tang thoi gian lang, tdng tan suét riva loc
va kiém soat chat chat lwong nwéc trwde khi dua
vao tai str dung. Ngwoc lai, trong mua khé khi nhu
cau dap bui tdng cao, can wu tién téi da ngudn
nwéc tudn hoan cho cac khu vwe san xuat nham
giam lwong nwéc cAp méi khai thac tir bén ngoai.

DPdng thoi, can tang cwdng cdng tac tuyén
truyén va dao tao dbi véi cong nhan van hanh
nhdm nang cao nhan thirc vé st dung tiét kiém
nwéc va hiéu qua cta hé thdng tuan hoan nuéc.
Trong thue té, tinh trang that thoat nwéc do rd ri

dwong ong van hanh khéng ho’p ly hodc st dung
vuot nhu ciu van xay ra kha phd bién tai cac khu
vuc san xuét. Vi vay, viéc nang cao y thirc s
dung nuwéc va kiém tra thwong xuyén hé thdng
cap nuwéc sé gép phan nang cao hiéu qua khai
thac ngudn nwéc sau xi ly.

Viéc ap dung cac gidi phap quan ly thuc té néu
trén s& gép phan nang cao hiéu qua van hanh
ctia hé théng tuan hoan nuwéc, giam lwong nwéc
cp m&i phai khai thac, ddng thoi gidm lwu lwong
nwédc thai xa ra moi trwdng. Day la gidi phap co
tinh kha thi cao trong diéu kién khai thac than ham
|6 hién nay, phu hop v&i dinh hwéng str dung hiéu
qua tai nguyén nuwéc va phat trién san xuét theo
hwéng bén virng.

4. Két luan

M6 hinh tuan hoan va tai st dung nwéc thai mé
dé xuét tap trung vao viéc tbé chirc lai dong nwéc
theo hwdng cé kiém soat, thong qua viéc bd sung
cac cong trinh trung gian va thiét 1ap vong tuan
hoan nwéc ré rang. Sw khac biét cbt 16i khong ndm
& ban than cong nghé xt ly, ma & cach thirc quan
ly va khai thac nguén nwéc sau xi ly, ttr d6 nang
cao hiéu qua s dung tai nguyén nwdc trong toan
bd hoat ddong clia md. Giai phap dé xuat khong
thay ddi hoan toan quy trinh x& ly hién cé ma tap
trung vao viéc hoan thién va nang cap hé thdng
theo hwéng tich hop chire ndng tudn hoan nuéec.
Diém khac biét chinh la viéc bd sung cac cong
trinh thu héi, lwu trir va cap lai nwéc sau x 1y,
ddng thoi nang cao tinh 6n dinh ctia qué trinh xdr
ly nhdm dap (ng yéu cau tai st dung. Qua do, hé
thdng dwoc chuyén tr méd hinh x& ly don thuan
sang mo hinh x& Iy két hop tudn hoan tai nguyén.

Giai phap tan dung hé théng x& ly nwéc thai
hién c6 két hop bd sung cac hang muc phuc vu
tuan hoan, tai s dung nwéc dwoc danh gia la co
mirc dau tw hop ly va phu hop véi diéu kién thuc
té ctia Cong ty than Thdng Nhat. Thay vi xay dung
mot day chuyén x& ly méi, Giai phap chi tap trung
dau tw bd sung cac cong trinh can thiét nhw bé
chtva nwéc sau x& ly, bé chira nuwéc tuan hoan,
tram bom cap nwéc tai st dung, hé théng dwdng
6ng phan phéi va cac thiét bj quan trac, diéu khién.
Viéc tan dung tbi da co s& ha tang hién cé giup
giam dang ké chi phi dau tw ban dau, rat ngan thoi
gian trién khai va han ché anh hwéng dén hoat
déng san xuét ctia mo.

Tai liéu tham khao:

[1] Cong ty Than Théng Nhat (2025), B4o céo

] KHCNM SO 4/2026 * AN TOAN MO



THONG TIN KHOA HOC CONG NGHE MO A

dé xuat cép lai gidy phép méi truong ctia Co s6:
Khai théc hédm 16 xubng séu dwéi mirc -35 khu L6
Tri - Céng ty Than Théng Nhét - TKV (diéu chinh).

[2] Vién Khoa hoc Céng nghé Md (2024), Bao
céo téng két duw an “Ra soat bé sung, diéu chinh
dinh mirc kinh té ky thuét xi ly nuéc thdi mé trong
TKV”,

[3] Vién Khoa hoc Cong nghé Mo (2024-2025),
Bao céo két qua quan trdc méi truong tai Cong ty
Than Théng Nhét - TKV.

thuc trang va dé xuét mét sé gidi phap néng cao
hiéu qua cho céac tram xw& ly nwéc thai md than
thuéc TKV”, Thong tin Khoa hoc Céng nghé Md,
sb 5, tr. 27-32.

[5] Veolia Water Technologies (2023), Mining
Water Treatment Solutions.

[6] Geller, W., Schultze, M., Kleinmann, R. va
Wolkersdorfer, C. (2013), Acidic Pit Lakes: The
Legacy of Coal and Metal Surface Mines, Springer,
Berlin Heidelberg.

[4] Nguyén Tién Diing, Bui Thanh Hoang,
Nguyén Van Hau (2019), “Nghién ctru, danh gia

Proposal of a Mine Wastewater Circulation and Reuse Model at Thong Nhat Coal
Company - TKV

MSec. Bui Minh Duc, Dr. Le Binh Duong - Vinacomin - Institute of Mining Science and Technology

Abstract:

Coal mining is an industry that uses large amounts of water and generates significant quantities
of wastewater that require treatment before being discharged into the environment. In the context of
increasing pressure on water resources due to growing demand and the risk of pollution, the reuse
of treated water in coal mining is a solution that needs to be studied to improve resource utilization
efficiency. This study assesses the current status of wastewater generation and treatment at Thong Nhat
Coal Company - TKV through field surveys, collection of operational data, and analysis of monitoring
results for the period 2024—2025. Based on this, the study proposes a semi-closed water circulation
model that uses treated water for purposes such as dust suppression, roadway cleaning, equipment
cooling, and fire prevention and firefighting.
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Tong Bi thw, Chi tich nuéc chii tri 1am
viéc vé tai co cau Tap doan Cong nghiép
Than - Khoang san Viét Nam

Chiéu 29/7, tai Tru sé Trung wong Ping, 7T ong
Bi thu, Chii tich mro"c: T6 Lém' chii tri buoi lam
viéc voi cdc co quan vé tdi co cau Tap doan Cong
nghiép Than - Khodng sdn Viét Nam

Téng Bi thw, Ch tich nu6c chd tri lam viéc vé
tai co cau Tap doan Céng’nghi_ép Than - Khoang
sén Viét Nam (Anh: TTXVN)

Tai budi lam viéc, lanh dao Tap doan Céng
nghiép Than - Khoang san Viét Nam bao cédo vé
tinh hinh hoat déng san xuét - kinh doanh; dai dién
Chinh pht bao céo vé dinh hwéng tai co cau Tap
doan Cong nghiép Than - Khoang san Viét Nam;
dai dién I&anh dao cac co quan phat biéu.

Phat biéu két luan budi lam viéc, Téng Bi thw,
Chu tich nwéc T6 LAm nhan manh Tap doan Cong
nghiép Than - Khoang san Viét Nam da gil virng
vai tro la mot tap doan k|nh té nha nwdc nong cot,
doéng gop thiét thue vao 6n dinh kinh té vi mé, an
ninh nang lweng, an ninh nguyén liéu, déong gép cho
ngansachnhanwécvaviéclamcianguwoilaodong.

DPanh gia cao va biéu dwong nhitng né luwc
cb gang cua tap doan va cac thé hé lanh dao,
ngwoi lao dong clia Tap doan Céng nghiép Than
- Khoang san Viét Nam trong thdi gian vira qua,
Tbng Bi thw, Cha tich nwéc ciing chi rd mét sé han
ché, diém nghén can phai sém khac phuc. Téng
Bi thw, Cha tich nwéc néu ré Nghi quyét s6 79-NQ/
TW, ngay 6/1/2026 cta Bo Chinh trj vé phat trién
kinh t& nha nuwéc da dat ra yéu cau cao hon dbi
v&i cac tap doan kinh t& nha nuwéc, dé khong chi
la ndm gitr nhirng linh vuc thiét yéu ma phai tién
phong dan dat cong nghiép hoa, hién dai hoa, lay
khoa hoc céng nghé, déi méi sang tao, chuyén dbi
sb va quan tri hién dai lam déng luwc.

Téng Bi thw, Chii tich nwéc nhdn manh phai tai
dinh vi Tap doan Céng nghiép Than - Khoang san
Viét Nam thanh tap doan cdng nghiép nang luvgng,
vat liéu hién dai; trwéc mat phai bao dadm du than
cho nén kinh té&, chii ddng nhap khau, pha tron, dw
trr, khai thac & trong nwéc an toan, tiét kiem va
hiéu qua. Pa dang hda cac ngudn cung than nhap
khau; phai tao dot pha vé khoa hoc, cdng nghé,
chuyén dbi sé va nang cao ndng suét lao dong, dé
c6 hiéu qua cao, gidm phat thai, gidm anh hwéng
dén moi trwong. Co' cAu lai d4u tw va tai chinh, mé
rong hop tac phat trién, nang cao nang lwc quan tri.

Téng Bi thw, Chu tich nwéc yéu cau phai dat
an toan va doi sébng cla ngudi lao dong & vi tri
trung tam, gén khai thac tai nguyén véi phuc héi
moi trwdng va phat trién bén vung & dia phu’o’ng
Cung véi do Ia pha| cham lo v& nha &, vé y té,
vé phuc lgi, vé diéu kién lam viéc va co hoi nghe
nghiép. Pac biét, quan tam tuyén dung, dao tao
va gitr chan tho 16, ddy manh co gi¢i hda, tw dong
héa dé gidm lao dong tai cac vi tri nang nhoc, nguy
hiém. Tap doan Céng nghiép Than - Khoang san
Viét Nam ciing phai ddy manh kinh té tun hoan,
coi dat, da thai, nwdc thai mé, khi mé, tro xi va
bun dd la ngudn tai nguyén thir cap dé thu hoi, tai
st dung, gidm phat thai. Hoat dong khai thac phai
gan v&i chuyén déi sinh ké, phat trién ha tang va
tao nén tang kinh té& 1au dai cho cac dia phwong
sau khi khai thac.

Téng Bi thw, Cha tich nwéc nhdn manh xay
dwng Dang b6 Tap doan Cbéng nghiép Than -
Khoang san Viét Nam trong sach, virng manh,
nang lwc cao, da strc 1anh dao mét tap doan kinh
té nha nwéc chién lwoc. Vai trd 1anh dao cta Dang
phai thé hién & chd lwa chon dung chién lwoc, xay
dwng ddi ngii can bd di pham chét, nang lwc, kiém
soat quyén lwc va phong, chéng tham nhiing, lang
phi. Cép Gy khong thé Iam thay diéu hanh nhwng
phai bao d&m cac quyét dinh I&n dung chad trwong,
dung phap luat va vi lgi ich chung. Can bd lanh
dao phai cé ban linh chinh tri, trach nhiém v&i tai
san quéc gia va nang lwc quan tri hién dai, c6 tw
duy chién lwoc, dam nghi, dam lam, dam chiu
trach nhiém vi lgi ich chung. Quan tdm xay dwng
ddi ngl chuyén gia, cac nha khoa hoc, ky sw va
coéng nhan ky thuat trinh d6 cao dap (rng yéu cau
phat trién cia mot tap doan kinh té nha nuéc hién
dai. Bang Uy Chinh phu, lanh dao Chinh phu chi
dao cac bd, nganh khan trwong thao g& nhirng
vwdng mac cho tap doan. Téng Bi thw, Chu tich
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nuwéc lwu y, Tap doan Céng nghiép Than - Khoang
san Viét Nam dang ding trwdc thoi diém mang
tinh bwdc ngoat, nhu cau vé nang lwong, nguyén
liéu rat 16n. Nhung chuyén dbi ndng lwong, giam
phat thai, tién bo cong nghé va canh tranh khoang
san chién lwoc dang lam thay déi can ban moi
trwdng hoat dong. Néu tiép tuc cach lam cd, tap
doan c6 thé hoan thanh muc tiéu trwdc mat nhung
khé c6 thé tao dwng ndng lwc canh tranh lau dai.
Néu quyét tam déi méi, tap doan cé di nén tang
dé tré thanh tap doan coéng nghiép ndng lwong
khoang san hién dai, git vai trd nong cét trong
bdo ddm an ninh nang lwgng, an ninh nguyén liéu
va xay dwng nén coéng nghiép tw chi. Mbi can bd,
dang vién, ngwoi lao dong phai nhan thire rd, tai
nguyén la tai sdn qudc gia clia nhan dan va cac
thé hé mai sau. Méi tan than, méi tAn quang phai
duwoc sir dung tiét kiem hon, tao ra gia tri cao hon,
giam tac dong dén méi trudng hon. Nhan manh
truyén thdng “Ky luat va Béng tam” trong giai doan
m&i phai dwoc thé hién bang ky luat cong nghé,
dau tw, tai chinh, an toan, méi truéng va sy déng
long d6i mé&i, Tdng Bi thw, Cha tich nwérc tin twéng
Tap doan Coéng nghiép Than - Khoang san Viét
Nam sé co c4u lai thwe chat, phat trién nhanh, bén
virng, xtng dang la tap doan kinh t& nha nwéc
nong cét, mot tru codt clia nén cong nghiép va an
ninh néng lwong quéc gia.
Tac gid: Theo TTXVN

TKYV nghién ctru trng dung cong nghé
tuyen than bang tia X két hop tri tué
nhan tao
Sdng ngay 14/8, tai tru sé TKV, Phé Téng gidm
doc Tigp doan Phan Xudn Thiiy chii tri chwong
trinh lam viéc voi Tdp doan Tianjin Meiteng
Technology (Thién Tin, Trung Quéc) va Cong
ty Co phin Bateco Vigt Nam vé gi6i thigu gidi
phdp tuyén than bang tia X két hop tri tué nhén
tao (AIl). Tham dw chwong trinh co dai dién cdc
Ban chuyén mén Tap doan; Vién Khoa hoc Cong
nghé Mo - Vinacomin va cdc don vi Cong ty Than
Théng Nhit, Tuyén than Cira Ong, Tuyén than
Hon Gai

Phat biéu khai mac, Pho Téng giam déc TKV
Phan Xuan Thﬂy cho biét, v&i quy mé san xuat
khoéqg 40 triéu tan than/nam, T}’(V dang van hanh
hé thong cac nha may sang tuyén, ché bién than,

trong d6 cé nhirng day chuyén da dwoc dau tw
tr nhiéu nadm trwdc va nhiéu dw an dang tiép tuc
dwoc nghién ctru, dau tw méi. Do dé, lwa chon
coéng nghé sang tuyén, ché bién phu hop, déc biét
déi v&i than cuc, cé y nghia quan trong trong nang
cao hiéu qua san xuét, ty 1& thu hdi s&n pham va
gia tri kinh té.

Phé Téng giém dbc TKV Phan Xuén Thdy phét
biéu khai mac, dinh hudng cac ndi dung trong
tém tai chuwong trinh lam viéc

TKV dé&c biét quan tam dén cac cong nghé tuyén
tién tién, trong do6 cé gidi phap tuyén bang tia X két
hop Al, khéng chi déi véi than ma con cé kha nang
nghién ctru rng dung trong linh virc khoang san.
Chuwong trinh 1am viéc nham gidp cac Ban chuyén
mon va don vi truc tiép quan ly, van hanh cac nha
may tuyén tiép can, tim hiéu sau vé nguyén ly,
hiéu qua va kha nang (rng dung céng nghé; tir do
lam co s& nghién clru dau tw cac hé théng mai
hoac cai tao, thay thé cac day chuyén hién hiu.

Tai chwong trinh, dai dién Tap doan Tianjin
Meiteng Technology gi¢i thiéu vé coéng nghé
tuyén st dung tia X két hop tri tué nhan tao (Al),
kha nang nhan dién, phan tach vat liéu, cac mé
hinh (rng dung trong thuc t& va nhirng giai phap
ky thuat cé thé ap dung dbi véi tivng loai nguyén
liéu. Dai dién Céng ty C6 phan Bateco Viét Nam
tham gia trao ddi, lam ré cac ndi dung lién quan
dén gidi phap cong nghé va kha nang nghién ctru,
trién khai tai TKV. Dai dién cac Ban chuyén mén,
Vién Khoa hoc Cong nghé M va cac don vi san
xuét cia TKV trao ddi, lam rd nhiéu noi dung lién
quan dén d&c tinh nguyén liéu, nang suét thiét bi,
ty 1& thu héi, kha nang gidm nhan céng, diéu kién
b tri day chuyén, suét dau tw va hiéu qua kinh té.

Phé Téng giam déc TKV Phan Xuan Thiy danh
gia cao tinh thiét thuc cla cac nodi dung duoc trao
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ddi va kha nang phat trién cta cong nghé tuyén
bang tia X. Viéc TKV nghién clu nhitng coéng
nghé mai, hién dai hon Ia can thiét nham nang
cao hiéu qua san xuét, gidm lao dong thi céng va
tang kha ndng thu hdi san phadm. TKV sé tiép tuc
nghién ctru, danh gia cu thé dé co dinh hwéng lwa
chon &ng dung phu hop, trong dé cé thé xem xét
dwa mot s ndi dung vao ké hoach dau tw, cai tao
cbng nghé tr nam 2027.

Pé sém danh gia kha ndng &ng dung trong
thuc té, Pho Téng giam dbc giao cac don vi lién
quan phdi hop t6 chirc khdo sat tai mot sé md, nha
may tuyén. Trwéc mat, doan cong tac sé khao sat
tai mé than Na Duwong, tiép d6 nghién ctru thuc
té tai Than Vang Danh, Tuyén than Clra Ong va
Than Théng Nhat. Ban Ky thuat Céng nghé Mé
(KCM) phéi hop cac don vi chuan bi tai liéu, sé liéu
va diéu kién thuc dia phuc vu cong tac khao sat.

DPdng thoi giao Vién Khoa hoc Céng nghé Mé
- Vinacomin lam d&u méi chuyén mén, phdi hop
véi Ban KCM va céac Ban lién quan danh gia tong

thé hé thdng tuyén hién cd; nghién ctru vi tri, day
chuyén c6 kha nang cai tao hodc ap dung coéng
nghé tuyén tia X; so b tinh toan hiéu qua vé ty
l& thu héi than, gidm nhan lwc va suat dau tw cho
tirng phwong an. Béi véi linh ve khoang san nhuw
ddng, chi, kém, bo-xit..., giao Ban Khoang san -
Dién luc - Héa chét tiép tuc phdi hop Iwa chon dbi
twong phu hop dé nghién ctru kha nang (rng dung
cbng nghé.

Trong d6 lwu y, moi phuwong an dau tw cong
nghé ctia TKV phai bao dam hiéu qua, cé suat dau
tw hop ly va tuan tha ddy dd cac quy dinh phap
luat vé& dau tw, dau thau. Viéc khdo sat, nghién
cltru cong nghé & giai doan hién nay la buwéc
chuén bi quan trong d& TKV c6 thém co sé lya
chon cac gidi phap sang tuyén, ché bién tién tién,
ttrng bwédc hién dai héa céng nghé va nang cao
hiéu qué san xuét trong nhirng nam t&i.

Téac gia: Truyén théng TKV
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Vién Khoa hoc Céng nghé Mo - Vinacomin

Hoi dong khoa hoc cong nghé Tap doan
Cong nghiép Than - Khoing sin Viét
Nam nghiém thu dé tai do Vién Khoa
hoc Cong nghé Mé - Vinacomin chu tri
thue hién

Ngay 7/8/2026, Tai tru so Tap doan Célgg nghiép
Than - Khodng sén Viet Nam, Héiy dong Khoa
hoc Cong nghé cap Tég doan da to chirc danh
gid, nghiém thu 02 Dé tai do Vién Khoa hoc
Cong nghé Mo - Vinacomin chii tri {hgrc hién
trong linh vwc xdy dwng cong trinh ngam va mo

V&i muc tiéu nang cao chét lwong va mé rong
pham vi 4p dung vé chdng |6 bang bé tong, dé tai
“Nghién ctru &p dung céng nghé thi céng vé chéng
16 bang phun bé téng wét chiéu day I16n tai cac mé
than hédm 16 thuéc TKV” da nghién clru cac yéu tb
anh huéng dén céng nghé va chét lwong phun bé
tong wot, thiét k& cip phdi cho cac mac bé tong
phd bién la M250, M300, M350, M400 va tién hanh
thi nghiém xac dinh cwong dé khang nén, khang
udn ctia mau, tlr d6 dé& xuét dwoc 03 so dd cong
nghé thi cong phun bé téng wét cd khd nang ap
dung tai cac don vi sdn xuét than ham 16. Qua
trinh ap dung th&r nghiém céng nghé tai nga ba
|6 vong khu Tay Nam, mé Trang Bach - Céng ty
than Udng Bi, cho thdy vé chdng bé téng phun khu
vue thi cong ddm béo cac yéu cau ky thuat, an

toan. Cong tac van chuyén bé téng phun tir khau
tron dén khéi dd da dwoc co gidi héa bang cong
tdc phun tw hanh cla may phun, cho phép tang
néng suét, gidm m&c d6 nang nhoc va cai thién
diéu kién lam viéc cho ngu®i lao déng. Cung voi
hiéu qua vé k¥ thuat, viéc ap dung cdng nghé ciing
mang lai hiéu qua kinh té, gia thanh dao 16 giam
khodng 16,33% so v&i cong nghé db bé tong tai
chd don vi dang ap dung.

Dé tai “Nghién ctru, &p dung phuong phép tinh
toén hé chiéu khoan né min theo kich thuéc ving
phé hdy, nit né cla déat dé xung quanh 16 min
tai cac mé than hdm 16 thuéc TKV” da ap dung ly
thuyét mai tinh toan ho chiéu khoan né min theo
vung pha hay, nit né cta dat da xung quanh 16
min, cho phép xac dinh sb lwong va vi tri 16 khoan
dwa trén dac trweng vung pha hdy, vung nit né do
16 min tao ra, cé xét dén tinh chét co ly, cau truc
khdi da, dwong kinh 16 khoan va dac tinh thubc
nd giup t6i wu hoa coéng tac xay dwng ho chiéu dé
giam sé lwong 16 min, tiéu hao vat liéu nd, chi phi
nhan céng, nang cao hiéu qua cong tac khoan nd
min va gidm gia thanh dao 16. Qua trinh trién khai
ap dung th&r nghiém tai 02 gwong 16 do Cong ty
Xay I&p mé thi cdng tai Cong ty than Dwong Huy,
véi chidu sau 16 khoan tir 1,2+1,7 m, két qua nd
min dat tét, hé s st dung 16 min dat trén 90%; chi
tiéu st dung vat lieu né giam 30%, ti 1& da qua c&
gan nhuw khéng cé hodc chiém ti 1& rat nhd; han
ché duwoc lwong da vang xa; khong xay ra hién
twong min cam; chéat lwong tao bién tét. Thoi gian
hoan thanh mot chu ky dao 16 gidm va tang duwoc
tbc do thi cong (tr 24+31,2%), tdng néng suét lao
dong, giam gia thanh dao lo.

Hoi ddng danh gia cac dé tai da dwoc trién
khai ding muc tiéu, ndi dung theo hop ddng. Két
qua ap dung th&r nghiém cho thay cac giai phap
coéng nghé dwoc dé xuat phu hop véi nhu cau, giai
quyét dwoc nhivng van dé cap thiét ctia san xuét,
c6 thé dwa vao ap dung rong rai trong thuc té.
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TKV nghiém thu két qua thwe hién dé
tai do Vién Khoa hgoc Cong nghé¢ Mo -
Vinacomin chi tri thyc hién

Ngay 19/8/2026, Tai tru s¢ Tap doan Cong nghiép
Than - Khodng sin Vigt Nam, Hi dong KHCN
cip Tap doan da to chirc danh gid, nghi¢m thu dé
tai do Vién Khoa hoc Cong nghé Mo - Vinacomin
chii tri thwe hién trong linh vuc khai thac, sang
tuyén, ché bién than

V&i muc tiéu Iya chon trinh tw va cong nghé
khai thac, ché bién than phu hop nham khai thac
ti da tai nguyén, ddm bao 6n dinh be try, an toan
cho cac nha may nhiét dién, dé tai “Nghién ctru
céu trac dia chét b tru, gidi phap cong nghé khai
théc, ché bién, pha trén than phi hop cho mé than
Na Duong dé dam béo thu héi téi da tai nguyén,
én dinh bo tru, an toan cho céc nha may nhiét dién
phia trén va dap ung cung cép than é6n dinh cho
céc nha may nhiét dién” da lam rd mdi quan hé
gitra cAu truc dia tAng bd tru va nén méng cac
cong trinh nha may nhiét dién. Dé tai xac dinh cac
cong trinh trong yéu cia Nha may nhiét dién Na
Dwong | va Il déu dwoc dat trén dia tang Trias ¢
cu tric bén chat, cé méi lién hé véi dia tAng Trias
phan b phia dwéi be tru mé. Cac hién twong dich
chuyén, trwot 1& by tru chi yéu xuét hién trong
dia tAng Neogen tai khu vwe bé tru cach hang rao
Nha may Nhiét dién khoang 85+150 m, lién quan
dén cac Iép dat da phong hoéa va cac mét tiép xuc
yéu gitra d4t da véi via than. Dé tai da cho thay khi
khai thac xuéng murc +18 m, hé s6 6n dinh b tru
dat tr 1,32+1,48, 16n hon hé sé yéu cau n = 1,3
ddi véi b mé cé thdi gian ton tai trén 20 ndm theo
TCVN 5326:2008.

T cac két qua nghién ctru, dé tai dé xuét tiép
tuc dwa Khu Il tré lai khai thac xudng duwéi mic
+150 m dén mirc +18 m, ddng thdi duy tri khai
thac ca ba khu nham diéu hoa san lwong va chét
lvong than nguyén khai. Theo phuwong an, Khu
| dwoc wu tién khai thac va két thac truwdc; sau
khi két thic Khu | s& day nhanh khai thac Khu II;

Khu lll khai thac sau ciing nhdm tao diéu kién st
dung khéng gian Khu | va Khu Il da két thac khai
thac dé dé thai trong. Phwong an nay vira tan thu
tai nguyén, vira giam cung do van tai va dién tich
chiém dung dat phuc vu d4 thai.

Cung vé&i cac giai phap vé khai thac, dé tai da
nghién ctru cong nghé sang phu hop véi dac tinh
than mé Na Dwong. Déi véi than chat lwong thap,
dé tai nghién ctru tuyén bang thiét bi bang tai déc
nhdm nang cao kha nang tan thu tai nguyén (dbi
v&i than chat lwong thap cé do tro tir 50+60%, c6
thé thu dwoc than sach do tro khoang 38,50%, v&i
ty 1€ 26,50%).

Hoi dong Khoa hoc Céng nghé cép TKV danh
g|a cac giai phap duoc dé xuat phu ho’p vG@i nhu
cau, g|a| quyet dwoc nhivng van dé cap thiét cta
san xuét, cé thé dwa vao ap dung trong thuc té, 1a
co s& dé tham khao phuc vu diéu chinh dw 4n mé
réng nang coéng suat mé than Na Dwong. Nhém
thwe hién da tiép thu day dd nhirng y kién dong
gop clia Hoi ddng khoa hoc da chi ra dé chinh stra,
hoan thién, nang cao hon niva chat lwong Dé tai.

PA.
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