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Proposing fundamental criteria for open-pit mining to
ensure efficiency, sustainability, and climate change
adaptation in Vietnam

Nguyen Anh Tuan'*", Do Ngoc Hoan!, Pham Van Viet!, Tran Quang Hieu!
!Hanoi University of Mining and Geology (HUMG), Hanoi, Vietnam
’Research Center for Mining and Electro-Mechanical Engineering, HUMG, Hanoi, Viemam

ABSTRACT

Despite the impacts of the global economic crisis, the mining industry in Vietnam has
maintained an average annual growth rate of 5-10%. Within this sector, open-pit mining
continues to dominate the production of solid mineral resources: accounting for 100% of
construction materials, over 90% of metallic, non-metallic ores and chemical raw materials,
and nearly 50% of coal output. At present, the development of mining criteria ensuring
efficiency, sustainability, and climate change adaptation must be based on the legal
framework of national laws, decrees, requlations, and technical standards. These criteria
must simultaneously address occupational safety, environmental protection, greenhouse gas
mitigation, and alignment with international practices. This paper proposes a set of
fundamental criteria for solid mineral exploitation in Vietnam to ensure long-term efficiency
and resilience. The study emphasizes four major aspects: (i) general issues, policies, and
development orientation of the mining sector; (ii) proposed mining criteria in Vietnam and
worldwide; (iii) directions for applying advanced technologies and equipment; and (iv) a
detailed framework of criteria for sustainable and climate-resilient solid mineral mining in
Vietnam.

Keywords:
Open-pit mining; Climate change; Sustainable mine development; Scientific research;
Efficiency criteria.
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bé xuat mot so tiéu chi co ban trong khai thac 16 thién dam
bao hiéu qua, bén virng va tich tng véi bién doi khi hau &
Viét Nam

Nguyén Anh Tufn!2’, Pham Vin Viét2, D4 Ngoc Hoan?, Tran Quang Hiéu?
ITrung tam Nghién ctru Co Dién M6, Truong Pai hoc M6 - Pia chdt, Ha Noi, Viét Nam
2 Trwomg Pai hoc M6 - Pia chdt, Ha Néi, Viét Nam
TOM TAT

Trong tién trinh céng nghzep hod - hién dai hod, nganh cong nghiép khai khodng gitr
vai tro ddc biét quan trong déi voi phat trién kinh te xd hoi cua Viét Nam. Mdc du chiu tdc
déng ctia khiing hodng kinh té toan céu, nganh maé vdn duy tri mirc tang tru'crng binh qudn 5-
10%j/nam. Trong dd, khai thac mé 19 thién trep tuc chiém ty trong lon trong téng sdn Iu'ong
khoang sdn ran: 100% d01 v6i vat liéu xdy dung, hon 90% doi véi qudng, phi qudng va
nguyén liéu hod chdt, gan 50% déi véi than. Hién nay, bé tiéu chi khai thac mo hwdéng dén
hiéu qud, bén vitng va thich trng bién doi khz héu cdn dwa trén co sé¢ phap ly cua ludt, ngh1
dinh, thong tw, quy chudn va tiéu chudn quoc gia; dong thoi ddp tng yeu cdu an toan, bdo vé
moi truong, glam phdt thdi khi nha kinh, va héi nhdp véi chudn muc qudc té Bai bdo nay dé
xudt mot sé tiéu chi co bdn trong khai thdc khoang sdn rdn nham ddm bdo hiéu qud, bén
virng va thich ung khi hdu, tdp trung vao 4 nji dung (1) nhiing vdn dé Chung, chinh sdch va
dinh hmmg phdt trién nganh mé; (i) dé xudt bo tiéu chi & Viét Nam va trén thé gidi; (iii) dinh

hzmng dp dung céng nghé, thiét bi tién tién; va (iv) khung tiéu chi chi tiét cho khai thdc mé
ran ¢ Viet Nam.

Tir khéa: Khai thac 16 thién; Bién d6i khi hau; Phét trién mo bén virng; Tiéu chi hiéu qua.

1. M¢& dau

Trong bdi canh phat trién kinh té gan vai yéu cau bao vé moi trurong va (mg pho bién dbi
khi hau, khai thdc mo 16 thién tai Viét Nam can duoc dinh huong boi mot hé thong tiéu chi khoa
hoc nham dam bao hi¢u qua, ben vimg va thich ung dai han. Vé kinh té - ky thudt, can ning cao
h¢ s thu hoi khoang san, glam ton thét trong khai thac, dong thoi day manh mg dung cong nghé
50, tur dong hoa va cac giai phap tiét kiém nang luong dé t6i wu chi phi san xudt. Thiét ké mo can
tinh dén céc kich ban blen doi khi hau, bao gom 6n dinh bo mo, h¢ thng thodt nudc va dudng
van tai. V& moi trudng, can quan ly nudc theo hudng tudn hoan, xir ly nuge thai dat chuén, kiém
soat an toan chét thai ran va khi thai, giam phat thai CO: va long ghép bao ton da dang sinh hoc.
O khia canh xa hoi, cdc tiéu chi quan trong bao gom dam bao an toan — sirc khoe nghé nghiép,
tang cuong doi thoai cong dong, hé trg phat trién kinh té — xa hoi dia phuong, va thuc hién cong
bang trong tai dinh cu, dén b [1]. Ngoai ra, thich img vdi bién doi khi hau phai dugc coi trong
théng qua dénh gid rui ro khi hau, xdy dung ha ting bén vimng, ap dung hé théng canh bao s6m
va tich hop ké hoach d6ng cira mé vai phuc hdi canh quan.
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Trén thc giGi, nhiéu cong nghé khai thic tién tién phuc vu phat trién bén vimg dang dugc
ap dung, bao gom: cong nghé tham do — danh gid trir lugng thong minh két hop dia co hoc; h¢
thong khai thac lién tuc: cong nghé sach trong xur ly, tai st dung chat thai; cong nghé tuyen nang
cao hiéu suét thu hoi khodng san; va cong nghé khai thac than thién moi truong trong diéu kién
dia chat phirc tap. So véi thé gioi, Viét Nam ¢6 tiém nang khodng san phong phu nho méi truong
dia chat da dang, v6i trén 50 loai trong 50 66 khoang san pho bién da duge phat hién, cung hon
5000 mo va diém quang nhu than, vét lidu xay dung, bauxit, apatit, cromit, titan, dat hiém, vang,
sit, dong, chi — k&m, thiéc, vonfram, cung nhiéu khoang san cong nghiép khac [2]. Tuy nhién,
phan lon cdc mo phan b roi rac, trir luo'ng khong 1on, tao nén nhiéu loai hinh mo 1§ thién khéc
nhau vé quy mo va dic diém [3. 4]. Bicu nay doi hoi nganh khai thac mo 1§ thién Viét Nam phai
thuc day tmg dung khoa hoc — cong nghé tién tién nhu khai thac thong minh, tw dong hoa, tri tu¢
nhén tao, mo hinh hoa 3D va khai thac xanh, nhim bit kip xu thé hoi nhap quoc t¢, nang cao
hiéu qua va hudng téi phat trién bén ving [5].

2. Thuwc trang khai thac 16 thién ¢ Viét Nam
2.1. Thwctrang cong nghe Khai thac mo 1§ thién

Nganh khai thac 1§ thién hién nay van chiém ty trong 16n trong tong san luong khoang
san ran cua Viét Nam. Riéng than, san lugng khai thac hang ndm dat gan 50 tri¢u tan, trong do
khoang 50% dén tir cic mo 16 thién, chu yéu do Tap doan Cong nghiép Than — Khoang san Viét
Nam (TKV) quan ly. Cac mo tap trung tai Quang Ninh nhu Deo Nai — Coc Sau, Cao Son, Tay
Nam P4 Mai, Ha Tu, Khe Sim va mot 50 don vi thugc Binh doan 19. Trong giai doan to1, TKV
dat muc tiéu san xuat — tiéu thu 49 triéu tan than/nam, voi doanh thu 138 nghin ty dong va loi
nhudn khoang 3.500 ty dong. Két qua nay c6 duge nho dp dung co gioi hoa, tai co cau san Xuat,
hudng dén mé hinh “mo xanh, sach, hién dai, it nguoi” va day manh tu dong hoa, tin hoc hoa
trong quan ly van hanh.

Bén canh than, ca nude co trén 600 khu vuc khai thac vt li¢u xdy dung (VLXD) voi san
lugng hon 30 tri¢u m*/nam. Cac mo tap trung nhiéu & phia Bic, song san lugng chu yeu dén tr
phia Nam (khodng 20 triéu m*). Da xay dung dugc sur dung da dang: lam vat liéu op lat, xi ming,
c¢bt dudng, bé tong, san lap; trong luyen kim va hoa chét (san xuat voi, soda, alumin, phan bon);
trong nong nghi¢p (cai tao dat, phu gia thitc in chan nudi) va cong nghicp khac (san xuat bot
nhe, bot siéu min cho gidy, son, nhya, cao su, duoc pham) Do su khac biét dia chat gilra hai
mién, cong nghé khai thac cang khac nhau: mién Béc chu yéu khai thac d4 voi, con mién Nam
tap trung vao da magma va tram tich, thudng phai bo sung cong doan thao kho, boc dat phu.

E)m voi cac mo quang, Viét Nam hién cd hang tram diém khai thac 19 thién véi nhiéu loai
hinh: sat, mangan, dong, chi, k&m, titan, bauxit, dat hiém,... Mot s6 m6 quy mé lén nhu bauxit
Tay Nguyén, t6 hop alumin Lam Pong - Tan Rai (4 triéu tan/nam) apatit Lao Cai, hay cac sa
khoang titan ven bién mién Trung. Tuy nhién, phan I6n cac mo phan bé roi rac, trix lugng khong
lon, cong nghé khai thac con han ché, nhiéu noi gay ton thit tai nguyén va tac dong xau dén moi
trrong.

Vé cong ngh¢ — thiét bi, cac mo than va VLXD quy mo 16n ap dung hé thong khai thac
doc bo, boc toan tang, sur dung may khoan xoay cau duong kinh 200-250 mm, may xuc thiy luc
gau 1.5-12 m?, 6 o tu do 12-96 tan, may ui 180-300 CV. Trong khi do, nhleu mo VLXD nho
van dung cong ngh¢ ban co gioi hodc thu cong, thiét bi lac hau nhu khoan cam tay, may xic nho
(0,5-1 m), 6 t6 tai 5-10 tn, gdy hiu qua thap.

Thyc trang trén cho thdy khai thac 16 thién cua Viét Nam vira ¢6 tiém nang 1on, vira d01
dién thach thirc vé cong nghé, méi truong va quan ly tai nguyén. Vi vdy, dinh huong phat trién
can tap trung: (i) hoan thi¢n chinh sach va khung phap ly; (i) xdy dung b ticu chi hi¢u qua —
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bén vimg — thich g bién déi khi hau; (iii) diy manh img dung cong nghé co gidi hoa, ty dong
hoa tri tué nhan tao va khai thac xanh; va (1v) ban hanh khung tiéu chi chi tiét cho khai thac mo
ran ¢ Viét Nam, gén v6i xu thé hoi nhap quoc té va muc tiéu giam phat thai khi nha kinh.

2.2. Thwctrang quan ly nha nwoc ¢ Viét Nam

Quan ly nha nude dbi voi khoang san ¢ Vi¢t Nam hién nay dugc xay dung trén hé thong
phap ludt, nghi dinh, thong tu, quy chuén va tiéu chuan quoc gia nhim dam bao khai thac hiéu
qua, bén virng va thich (mg voi bién déi khi hau. Vé phap 1y co ban, nganh mo duoc diéu chinh
boi cac van ban quan trong nhu Phap 1énh s6 22/PL-HDBT (1989) vé tai nguyén khoang san,
Nghi dinh 50 95/ND-HPBT (1992) huéng dan thi hanh, cung voi Luat Dia chat va Khoang san
s0 54/2024/QH15 (co hidu lye tir 01/7/2025) — mot van ban nén tang trong giai doan méi. Ngoai
ra, Ludt Bao vé méi truong s6 72/2020/QH14 (c6 hiéu luc tir 2022) tao co s¢ phap ly quan trong
cho quan ly moi trrong trong hoat dong khai thac khoang san.

Trén co so luat, Chinh phu va céac bo nganh da ban hanh nhiéu nghi dinh va thong tu cu
thé dé diéu chinh tirng linh vuc. C6 thé ke dén: Thong tu 41/2020/TT-BCT vé quéan 1y ho chia
quang dudi; Nghi dinh 06/2021/ND-CP vé quan ly chét luong thi cong va bao tri cong trinh;
Nghi dinh 193/2025/ND-CP huéng dan thi hanh Luat Pia chat va Khoéng san; Thong tu
36/2025/TT-BNNMT vé khai thac va thu hdi khodng san; Thong tu 39/2025/TT-BNNMT vé
dong ctra mo; Thong tu 38/2025/TT-BNNMT vé xdc dinh chi phi thim do, danh gia khoang san;
Thong tu 24/2025/TT-BCT vé quan ly rui ro; Thong tw 31/2025/TT-BCT vé thiét ké co s¢ du 4n
khai théc; Thong tu 43/2025/TT-BCT vé k¥ thudt an toan khai théc; va Thong tu 49/2025/TT-
BNNMT vé diéu tra, danh gia khoang san cét, soi long song.

Bén canh do, hé thong ticu chuan quy chuan k¥ thuat ciing dong vai tro quan trong. Tiéu

biéu nhu TCVN 10673: :2015 vé tric dia mo; TCVN 5326:2008 vé k¥ thuat khai thac 16 thién;
QCVN 04:2009/BCT vé an toan trong khai thac mo 16 thién; va QCVN 01:2012/BCT vé an toan
trong san xudt, thir nghi¢m, nghiém thu vat li¢u no cong nghiép.
Tur thyc tién trén, c6 thé thdy rang khung phap ly quan ly khoang san ¢ Viét Nam ngay
cang hoan thién, phu hop véi thong 1¢ quoc té. Diéu nay tao nén tang dé trién kha1 cac
dinh hudng 16n: (i) lam 16 cac van dé chung, chinh sach va chién luoc phét trién nganh
mo; (ii) dé xudt va ap dung bo tiéu chi hleu qua, bén ving, thich ng khi héu; (111) thic
day tmg dung cong ngh¢ va thiét bi tién tién; va (1v) xay dung khung tiéu chi chi tiét cho
khai thac khoang san rdn, bio dam hoi nhap qudc té va phat trién bén virng.

Xuat phét tir hé thong luat va quy dinh hién hanh, c6 thé thdy cac cong cy phép ly
hi¢n duge ap dung chung cho nhiéu loai hinh mo voi dicu kién dia chat, tai nguyén va
moi trudng rat khac nhau Di¢u nay dan dén mot sb trudng hop quan 1y con thiéu rd rang,
gy kho khin, vuéng mic trong qua trinh vén hanh. Do d6, viéc xdy dung bd tiéu chi
riéng cho khai thac 10 thién nham dam bao hiéu qua, bén virng va thich ng vGi bién doi
khi hiu ¢ Viét Nam Ia yéu cau cép thiét, phu hgp voi dinh hudng phat trién 1au dai cua
nganh khai khoéng néi chung va khai thac 1§ thién néi riéng.

3. Nhirng thach thirc hién nay cua khai thac 16 thién Viét Nam
3.1. Tai nguyén dan can kiét, diéu kién khai thdc ngay cang khé khdn

Tai nguyén khoang san & Viét Nam dang dan can kiét, diéu kién khai thac ngay cang
kho khan. Cac mé than 16 thién tai Quang Ninh glam trir lrgng, khién Viét Nam phai tang
nhdp khiu dé bu dap nhu cau trong nuéc. Khodng san phi kim loai va vat liéu xay dung tuy
nhiéu nhung gid tri kinh té thap, chu yeu phuc vu trong nuwéc. Cac khodng san kim loai nhw
vang, bac, dong, chi, kém khéong dap ng dl nhu ciu, trong khi bauxit, dat hi€m va titan c6
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trit lwong 16n song phan b toan cau doi dao. Hién nay, nhiéu mao 16 thién gap kho vé boc
dat da, van tai, do thai, anh hwong dén hiéu qua san xudt va phat trién bén virng.
3.2. Yéu cdu an toan lao ddng, bdo vé méi trwirng ngay cang khdt khe

Trong khai thac mo 16 thién, dac biét khi khai thac xuong sau hoac quy mo lém, yéu
cau co gidi hda, tw dong hoa va dong bo thiét bi ngay cang cao, di kém véi cac quy dinh
nghiém ngat vé an toan lao dong va moi trwomg. Cac khau khoan - né - xic bdc - vén tai -
thai da - thoat nwdérc déu tiém an rui ro, doi hdi kiém soat chat ché. Ngoai mot s6 mo 1on
duoc dau tw hién dai, phan lén mo quang kim loai va VLXD ¢ Viét Nam khai thac quy mo
nho, thiét bi lac hau, hiéu qua thip, gy ton that tai nguyén va 6 nhiém. Dang chu y, nhiéu
mo 16 thién khu vwe Quang Ninh (m6 than), Binh Dwong, Pong Nai (mo da vatliéu xay dung
thong thwong), Binh Dinh (mo da 6p lat) sau khai thac dé lai moong sau, tiém an nguy co
truot I, mat an toan cho cong dong.
3.3.Trinh dé ngudn nhdn lwe han ché, nang sudt lao déng thdp
Hién nay, do san lwong khai thac giam, nhiéu doanh nghiép mo phai tinh gian bién ché, cat
giam gio lam va phuc loi, khién mot bo phan lao dong co tay nghé cao roi bo nganh. Bac thu
cong viéc nang nhoc, thu nhap thap khién khai thac mo, diac biét 1a maé 16 thién, kho thu hit
nhan lwc méi tir hé thong dao tao nghé va dai hoc. Trong khi do, yéu cau lam chi cong nghé
hién dai ngay cang cao. Hé qua la nganh cong nghiép mo Viét Nam dang d6i mat véi tinh
trang thiéu hut lao dong ky thuat va nang suat thap, lam tang chi phi, giam kha nang canh
tranh v&i san pham nhap khau.
3.4. Sw khé chdp nhdan cua xa hoi doi voi cac dw an khai thac mo méi
Theo nghién ctru ctia Ernst & Young giai doan 2018-2020, “Giay phép xa hoi dé hoat dong”
(Social License to Operate) dwoc xem la mot trong nhirng rii ro 1én nhat cia nganh khai
khoang, ¢ thé giy thiét hai nghiém trong va de doa sw ton tai ciia doanh nghiép, dac biét
doi vai cac du an khai thac 10 thién. Thuc té tai Viet Nam, da ¢c6 doanh nghiép mo phai
nglrng san xudt do vap phai sw phan doi tir cong dong hodc chinh quyén dia phwong, méac
du da dau tw dang ké cho cong tac dén bu, giai phong mat bang, xay dung mo va trang thiét
bi khai thac.
3.5. Bién déi khi hau ¢ Viét Nam
iét Nam la mot trong nhirng quéc gia chiu tic dong nang né nhat cta bién doi khi hau, voi
thién tai dién ra thudng xuyén nhw bio, 1ii quét, sat 1¢ dat, han han, xam nhap man va chay
rirng, gay thiét hai lon vé nguoi va tai san. Theo kich ban nwdc bién dang 1 m, gan 47,3%
dién tich Pong bang song Clru Long c6 nguy co ngap, trong d6 Ca Mau cao nhat téi 79,6%.
Song song v&i qua trinh do thi hda, cong nghiép hoa va khai thac tai nguyén, Viét Nam phai
d6i mat véi 6 nhiém moi trwong va phat thai khi nha kinh tang nhanh (tir 264 triéu tin CO,
nam 2010 1én hon 316 triéu tin nam 2016). Diéu nay dat ra yéu cau cap thiét vé ing dung
khoa hoc dia ly va cong nghé dé hudng téi phat trién bén virng.
4.Pé xuit mot so tiéu chi co ban trong khai thac 10 thién ¢ Viét Nam

Trong boi cdnh tai nguyén suy giam, diéu kién khai thac phirc tap va tac dong cua
bién doi khi hau, viéc xay dung bo tiéu chi cho khai thac 16 thién ¢ Viét Nam 1a cap thiét. Cac
tiéu chi can tip trung vao bén nhom chinh: Kinh té - ky thuat (nng cao thu hoi, co gidi hoa,
t6i wu thiét ké, ap dung kinh té tuan hoan, tai ché va tiét kiém nang lwong); Mdi truong
(quan ly nwéc, chat thai, giam phat thai, bao tén sinh hoc); Xa hoi (an toan lao dong, doi
thoai cong dong, phat trién dia phwong); va Thich &ng bién déi khi hdu (danh gia rii ro, ha
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tang bén virng, canh bao sém, dong cira ma). Bo tiéu chi nay la nén tang dé dam bao khai
théac hiéu qua, an toan, than thién méi trirong va phat trién bén vimng.

4.1 Chuyén déi s6 va cong nghé

Chuyén doi s6 va cong nghé so trong khoa hoc Trai dat, mé va moi treong dang trév
thanh xu thé tit yéu nhim huwéng téi phét trién bén virng, thinh virong, an toan va thich
wng vai bién doi khi hau & Viét Nam. Muc tiéu chinh la khai thac tiém nang cta Cach mang
cong nghiép 4.0 thong qua cac cdng nghé nhuw tri tué nhan tao (Al), Internet van vat (loT),
dtr liéu lén (Big Data), 5G, blockchain, dién toan dam may va mo6 hinh Digital Earth. Trong
khai thac 16 thién, chuyén doi s6 cho phép thu thip t6i da dir liéu thuc tir hoat dong san
xudt, rng dung Al dé kiém soat, canh bao vi pham ky thuat an toan, nhan dién rii ro tiém
an, dong thoi lwu trir va mé hinh héa toan bd quy trinh san xuat theo so d6 dong.

Nhirng cong nghé nay khong chi nang cao nang luc nghién ctru, dao tao va quan ly tai
nguyén thién nhién ma con gép phén tang ning luc canh tranh quéc gia. Tuy nhién, viéc
rng dung trong thuc tién con han ché, dic biét trong linh virc dao tao va nghién ciru dia
chét - khoang san. Do d6, can c6 chién lwgc cu thé dé thi diém, tich hgp cong nghé méi, phat
trién nguén nhin lwc chit lwgng cao va cai thién ha ting s6. Digital Earth va loT hira hen
dong vai tro quan trong trong viéc thwe hién cac Muc tiéu Phat trién Bén viing (SDGs), dac
biét vé nuwéc sach, nang lwong bén virng, d6 thi thong minh, &ng phé bién déi khi hdu va
bao vé hé sinh thai.

4.2 Ung dung ha ting dir liéu khong gian dia ly trong khai thdc mé
4.2.1 Yéu cdu cta ha tdng dir liéu quéc gia (HTDLQG)

Cach mang cong nghiép 4.0 tao co hoi quan ly hiéu qua tai nguyén khoang san thong
qua chuyén déi s6 va ing dung GIS dé xay dwng co s dir liéu khoa hoc, chinh xac, kip thoi.
Khi 4p dung HTDLQG vao khai thac, khong gian mé dwgc s6 hda, hinh thanh “mé thong
minh” (Smart Mines). Ha tang dit liéu phai bao dam chudn hda, tich hgp thong tin tir trung
wong dén dia phwong, cdp nhat thwong xuyén dé phuc vu quan ly nha nudéec, phat trién kinh
té - xa hoi, an ninh - quéc phong, phong chéng thién tai, bao vé méi trwong va (g phé bién
d6i khi hau. Pac biét, HTDLQG can dwoc xay dung va tich hop truc tiép véi cac mo 16 thién,
bao gbm mat bang san cong nghiép, khai trwdng, bai thai va cac khu vuc trong pham vi

quan ly tai nguyén.

.

Hinh 1. Cdu tric ha tdng dir liéu khdng gian dia ly qudc gia
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4.2.2 Ung dung ctia HTDLQG

Ha tang dir liéu quoc gia (HTDLQG) c6 &ng dung rong rai trong khai thac mo, tir tw
dong hoa san xudt dén quan ly moéi truong. Cac cong nghé chinh gom: thiét bi tw hanh, loT,
vién tham trong tham do - tric dia, s6 hoa 3D/BIM, khoan dinh vi tw dong, dao 1o thong
minh, 6 t6 khong ngum 1ai, tuyén quang sinh hoc, luyén kim plasma, trung tdm diéu hanh va
quan tric tir xa. 'ng dung nay gitp xay dung ban do dia hinh - hién trang khai thac nhanh,
chinh x4c; tinh toan khéi lwong dat da, khoang san; xac dinh bai thai toi wu; gidam sat moi
triong va hoat dong khai thac theo gidy phép; dw bao rui ro sut lun, trweot 1¢; danh gia tac
dong méi trwong va xay dwngkich ban &ng pho su co.

Loi ich n6i bat cia HTDLQG la giam chi phi khai théc, téi wu héa cac khau phu tro, hd
tror van hanh thong minh va tw déng hoa qua trinh san xuat. Hé thong dam bao an toan lao
déng, nang cao hiéu qua giam sat - diéu hanh, duy tri 6n dinh khai thac trong ngan va dai
han, dong thoi thu thap dir liéu day du, tin cdy, phuc vu phét trién bén virng nganh khai
khoang.

4.3. Binh lwong va khuyén nghi mét s6 chi so trong bo tiéu chi trong khai thdc 16 thién ddm
bdo hiéu qud, bén vitng va thich itrng bién doéi khi hdu
a) Ung dung HTDLQG

XAy dung co s& ha ting dir liéu qudc gia cho nganh mo, tich hop gidm sat, do vé, tinh
toan khoi lwong mo theo thoi gian thuc; dao tao nhan lwce chat lwgng cao; tirng buéc hoan
thién (g dung CNTT, tw déng héa va chudn héa hé thong diéu hanh khai thac - dong cira
mo.
b) Kiém sodt bién gici va hién trang mo

U'ng dung ban do s6 3D dé danh gia bién gidi khai thac; giam sat sut lun, truot 16 bo
ma; xay dung mo hinh s6 (co ly da, khéi d4, chit lwong khong khi) va kiém soat an toan no
min.
¢) Kiém sodt méi trurérng mo

Pinh lwong cac chi tiéu méi treong: Khong khi (Nong do bui tai mot s6 mo vuot
QCVN 05:2013 tir 2-4 Ian, nhung nhiéu tuyén giao thong dam bao chuan; UAV do PM 1.0,
PM2.5, PM10 cho két qué trong gi¢i han); Bat (Cac chi s6 As, Pb, Cd, Zn thap hon QCVN 03-
MT:2015, phu hop trong cay phuc hoi); Nude (pH 5,06-8,11; COD, BODS5, TSS thap, khong
phat hién ddu m&; dam bao theo QCVN 40:2011).

('ng dung vién tham va UAV sensor trong quan trac dai han, véi su tham gia chuyén
gia qudc té tai Binh Dwong va Quang Ninh.
d) bdnh gid anh hwéng né min

'ng dung dinh vi théng minh trong khoan - ng, xtc bdc - van tai; giam sat chan
déng né min bang cam bién WMS két ndi 4G, di liéu tich hop trén cloud va canh bao tirc
thoi qua may tinh, dién thoai.
e) Cong nghé sé va tw dong hoa sdn xudt

T6i wu dong bo thiét bi (khoan, no, xic, van tai, do thai), phoi hop lién hoan cac khau
dé ting hiéu qua, gidm tdn that tai nguyén, dim bdo chét lwong khoang san cho ché bién
sau.
f) Cdi tao va phuc hoi méi trwong sau khai thdc

Xay dung mé hinh str dung dat hop ly (MBSKT) sau khai thac voi 4 nguyén tac: (1)
phu hop tw nhién, (2) phu hop kinh té - xa hoi ving, (3) ddm bdo an toan moi trwong, (4)
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hiéu qud kinh té - cong déng. Cc phwong an dwoc danh gia theo trong sé va tiéu chi cu thé
(Excel, chuyén gia), lwva chon phwong an téi wu.

4.4. Xay dwng mé hinh str dung mdt bang sau khai thdc

Trén co s& cac tiéu chi bén virng va kinh nghiém trong, ngoai nwérc, c6 thé dé xuit 8
md hinh str dung mit bang sau khai thac (MBSKT) cho cdc m4 16 thién:

- H6 chira nwée: Tan dung moong khai thac lam ho triv 14, twdi tiéu, bo cAp nwéc ngam. Vén
dau tw thdp nhwng hiéu qua kinh t& han ché, tiém an rdi ro dudi nwéc, 6 nhiém.
- Khu sinh thai - nghi duwdng: Phit hop mo cé dia hinh am, hé sinh thai da dang. Hiéu qua
moitrwdng cao, yéu cau von va quan ly 1ém.
- Khu vui choi - gidi tri: Tan dung mat nwée, gin khu dan cw. Hiéu qua kinh té cao tir dich
vy, nhwng von ddu tw 1ém.
- Khu tham quan - nghién cttu dia chat: Bdo ton dac diém dia chit dic thu, phuc vu dao tao,
du lich. Poi héi quan ly, dau tw va an toan cao.
- Khu cdng nghiép, dan cu: Phu hop mo dia hinh dwong, gan KCN/KDC. Hiéu qua kinh té rd
rét, it nguy co 6 nhiém.
- Trong rirng, néng nghiép: Véi mo 16 thién khai thac khong xuéng sau, dat cé tiém ning
canh tac tot. Von thép, it rii ro, hiéu qua trung binh.
- Bai chén lap chat thai: Cho mo dia hinh am, xa nguén nwéce. Gidi quyét rac thai, nhung yéu
cau ky thuat cao.
- Dién mat trod noi (PMT): Tan dung hé nwée moong mo. Gidm chiém dat, han ché pha
rirng; nhwng chi phi cao, cong nghé phirc tap, chiu rui ro thién nhién.

Cac mo hinh trén gitup da dang hoa huéng sir dung MBSKT, gan loi ich kinh té véi an
toan moi trueomg va phét trién bén virng.
5. Két luan

Trong boi canh Cach mang c6ng nghiép lan thit tw, chuyén déi ning lwong toan cau
va yéu cau phat trién bén vitng, nganh khai thac mo 16 thién Viét Nam vira ding truéc thoi
co 16m, vira doi dién nhiéu thach thirc. Viéc dinh hwéng chién lwoc trong dao tao, nghién
ctru khoa hoc va xdy dung bé tiéu chi quan ly la yéu t6 then chét dé dap &ng nhu cau nhan
lwc chat lwong cao, dong thoi khang dinh vi thé cia Viét Nam trén ban do khai khoang thé
gioi. Nghién ctru nay da phén tich thuc trang, nhan dién co hoi va thach thirc, dong thoi de
xuat cac dinh hwéng trong tdm: (i) Dao tao hién dai, h6i nhap théng qua cap nhat chwong
trinh theo chuan qudc té gan két véi doanh nghiép, ting cuong ki ndng mém, ngoai ngit va
ing dung cong nghé s6; (ii) Nghién ctru khoa hoc tién tién, bén virng, wu tién cong nghé
khai thac thong minh, giai phap khai thac xanh, mé phong - dw béo, va hop tac nghién ctu
quoc té; (iii) Phat trién nguon lwc va ha ting bang cich ning cao chit lwong giang vién, dau
tw co s& vat cht hién dai, mé rong mo hinh lién két “ba nha”.

Bén canh d6, nghién ctru da dé xudt bo tiéu chi trong khai thac khoéng san ran bang
phwong phép 16 thién nham dam bao hiéu qud, bén virng va thich tng véi bién dsi khi hau.
Bo tiéu chi dwoc xay dung dua trén bon ndi dung lén: (1) chinh sach va dinh hudng phat
trién nganh mo; (2) khung tiéu chi & Viét Nam va thé gi¢i; (3) kha nang 4p dung céng nghé
- thiét bi tién tién; va (4) bd tiéu chi chi tiét cho khai thic khoang san ran. Cac dé xuit bam
sat hé thong phép luat, quy chudn hién hanh, dong thoi ddp (ng yéu cau ciia CMCN 4.0, gin
voi chuyén doi so, tw dong hoa va (rng dung ha ting dir liéu quéc gia.
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Bé tiéu chi goi y cho khai thac md 19 thién & Viét Nam trong twong lai tap trung vao ba tru
cot: kinh té - kj thuat, mdi tredmg va xa hoi. Vé kinh té - ky thuat, muc tiéu la toi da hoa thu
hoi khoang san, rng dung cong nghé tién tién, st dung nang lwong sach va tich hop rui ro
khi hau trong thiét ké md. Vé méi truong, tiéu chi nhdn manh st dung dat hop 1y, quan ly
nwéc - chat thai hiéu qua, giam phat thai carbon va bao ton da dang sinh hoc. Vé xa hoi, can
dam bao tham van céng dong, an toan lao dong, phat trién kinh té dia phwong va tai dinh cw
cong bang. Bo tiéu chi nay gop phan dinh hwdng nganh khai thac 16 thién theo huéng hiéu
qua, bén virng va thich (rng véi bién d6i khi hau.
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