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ABSTRACT

This study investigates the influence of open-pit mining activities on the stability and safety
of existing underground mine structures. The interaction between surface excavation (open-
pit) and underlying underground workings poses complex geotechnical challenges,
particularly in areas with overlapping mining operations. Using geological, structural, and
geomechanical data from the Bac Lang Cam coking coal deposit, the research evaluates stress
redistribution, ground deformation, and potential subsidence effects caused by open-pit
development. The results contribute to the optimization of mining design, ensuring safe and
sustainable exploitation in regions with combined open-pit and underground mining
systems. This study aims to assess the impact of open-pit mining on underground mine
structures, with a case study of coking coal mining in the Bac Lang Cam area, Thai Nguyen
province.
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TOM TAT
Nghién ciru nay tdp trung ddnh gid mirc dj dnh hwdng ctia hoat déng khai thdc 16 thién dén sy 6n
dinh va an toan ctia cdc céng trinh hdm mé hién cé. Sw twong tdc gitka khai thdc bé mdt (moong 16
thién) va cdc céng trinh hdm mé bén dwdi tao ra nhitng thdch thirc phirc tap vé dia ky thudt, ddc biét
trong cdc khu vurc cé sw chong ldn giira khai thdc 16 thién va hdm 0. Dwa trén dir liéu dia chdt, cdu
triic va co hoc ddt dd tai mé than mé Bdc Lang Cdm (tinh Thdi Nguyén), nghién ctru tién hanh ddnh
gid sw phdn bé lai tng sudt, bién dang dia tdng va nguy co sut ltin do hoat dong khai thdc 1§ thién
gdy ra. Két qud nghién ctru gép phdn téi wu héa thiét ké khai thdc, dam bdo an toan va phdt trién bén
vitng déi vai cdc khu vire ¢é dong thoi hoat dong khai thdc 1§ thién va khai thdc ham Io.
Ttr khéa: Moong khai thac 16 thién, Khai thac hidm 10, bién dang bé mat, tru bao vé, viing an toan.
1. Mé dau

Nhom chuyén gia can c vao cac tiéu chuin (TCVN), quy chuin (QCVN) ap dung ctia Viét
Nam vé thiét ké khai thac mo dé tién hanh thwc nghién cru danh gia cac anh hirng cta hoat dong
hodc cc cong trinh mé 16 thién ddi véi khai thac hdm 16. Cac TCVN, QCVN cu thé nhw QCVN
01:2011/BCT, Quy chuin ky thuit Quéc gia vé an toan trong khai thac than hdm 10; QCVN
01:2019, Quy chuan ky thuit Qudc gia vé vé An toan trong san xuat, thir nghiém, nghiém thu, bao
quan, van chuyén, st dung, tiéu hiy vat liéu né cong nghiép va bao quan tién chit thudc né; Quy
pham k§j thuit khai thac hdm 10 than va diép thach 18-TCN-5-2006 ban hanh theo Quyét dinh s6
18/2006/QD-BCN ngay 13/10/2006 cua Bo Cong nghiép (nay la B6 Cong Thwong); TCVN
10673:2015, Tiéu chuin qudc gia vé Trac dia mo.

Cu thé, dé dam bao an toan, bao vé moi trwromng, khai thac hiéu qua dw an khai than m&

ham 10 khu Bic Lang Cam (khu Am Hbn), dv 4n can dwoc phan tich va danh gi van deé an toan
sut lan, sip 1& da vach cia dwong 10 dwdi moong khai thac 16 thién & mirc -230m da két thic khai
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thac khi tiép tuc khai thac hAm 10 phan xuéng -370m. Cac co s& phap ly cu thé vién dan khoang
cach an toan nhw sau:

- Chiéu réng vung dich chuyén da vach dwoc xac dinh dwa vao goc dich chuyén (y0) ctia da
vach theo huwéng ddc 1én tai bién gi¢i ciia khu vire khai thac hdm 10. Can ci theo két qua nghién
ctru va danh gia tai cac mo than ham 16 ving Quang Ninh, y0 = 700 (Bang 12, diéu 12.1.2.1, TCVN
10673:2015).

- Can c& diéu 115 cta Quy chuin Ky thuit Quoc gia vé khai thac than ham 1o QCVN 01:
2011/BCT, quy dinh khi khai thac gn ddi twong chira nwéc thi chiéu rong téi thi€u clia tuwdong
cach nwércela 20m.

Cac noi dung nghién ctru danh gia cu thé nhw sau va trén hinh 1:

- P4y mo khai thac 16 thién -230m, c6 h6 thu nuwérc.

- Lo doc via théng gi6 véi mirc -250m cach ddy moong 16 thién t6i thi€éu 54m (chiéu dai tinh
theo dwong phwong cta via).

- Phan tich danh anh hwéng cta khai thac hdm 10 & mirc -250m,-310m va -370m véi moong
16 thién da két thic; tinh toan diéu kién rai ro mat an toan khi mua mwa c6 mirc dd ngap nwéc
cao 5m, 10m va 15m. Twong Gng véi chiéu cao cot nwde & mirc -230m, -225m, -220m va -115m
tinh tir ddy moong/hé thu nuwéc.

- M6 phén phén tich danh gia rti ro dwoc phan tich véi mé hinh 3D véi diéu kién ngip nuéc
va giam lyc dinh két da vach, tang khoi lwong da vach.

- banh gid dwoc viing sut 16 khi tién hanh khai thac hdm 16 véi rii ro ngdp nwéc ddy moong
16 thién.

Hinh 1. Hién trang ddy moong -230m va tram bom thdo khé (a) va khu'vy'c danh gid co
khéi triv Iwong 3-111 (b), mé than Phdn Mé (2021)

2. Hién trang va trinh tw thwc hién dw an khai thac mé than Phin Mé
2.1. Hién trang dw an

Duv 4n khai thac mé Phian Mé dwoc thim do va tién hanh t6 chirc khai thac tir nhitng nim
1967-1976, va tir d6 dén nay dwoc tom tit nhanh nhw sau. Nam 2009, truéc nhu ciu than mé
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ngay cang ting, Cong ty Gang thép Thai Nguyén t6 chirc 14p “Dw 4n ddu tw XDCT khai thic xudng
sau moong 1 thién Bac Lang CAm - mo6 Phin Mé - Cong ty Gang thép Thai Nguyén”. M6 than m&
Bic Lang CAm thuc hién khai thac bang phwong phap khai thac16 thién, st dung cong nghé khoan
nd min, 4p dung hé théng khai thac xudng siu, khiu theo 1¢p dirng, van ti bang 6 to, dit da thai
ra bai thai ngoai.

Dw an da duoc Tong gidm déc Cong ty Gang thép Thai Nguyén phé duyét tai quyét dinh s6
380/QD-GTTN, ngay 17/4/2009, ning cong suit thiét ké 1én 100.000 tin than/ nam, day moong
thiét ké mirc sdu -230m, trir lwong thiét ké la 945.947 tan, khéi lwgng dat boc con trong ranh
gidi la 33.849.701 m3, hé s6 béc trung binh 35,78 m3/ tin. Dén nam 2021, do viéc khai thac 10
thién hién khong thé phat trién va hé s6 béc qua 1én nén khai thac 16 thién khong c6 hiéu qua
kinh té, vi vy Cong ty C6 phan Gang thép Thai Nguyén da 14p Bé an dong cira mé moong 16 thién
Bic Lang CAm dé thwc hién chuyén ddi sang dw 4n khai thac him 10. M6 Bac Lang CAm c6 hé s6
béc trung binh cd doi mé 1a 33,6m3 dat da/ 1tdn than nguyén khai. C6 thoi diém hé s6 boc san
xudt quy, ndm lén téi trén 50m3/tin. Vi vy, moong 16 thién hién khong thé phat trién va hé so
béc qua 1ém nén khai thac 16 thién khong c6 hiéu qua kinh té.

Bén canh dé, cac tuyén ting hién nay khong dam bao dwoc cac théng s6 ciu tao ting theo
bién phap khai thac hang ndm cling nhuw thiét ké khai thac mé. Cac ting bi chap, ddy moong chit
hep, khong thé phat trién dwoc cong trinh mé xudng sadu. Bo mé phia Pong Nam xuat hién nhiéu
khe nitt, nwéc ngdm. Hao vén tai c6 doan di qua dat da v& vun, c6 nwdc tham thau anh hwdng
dén mat dwong. D6 ddc ctia hao van tai kha 1é6m >8%, ca biét c6 doan c¢6 d6 déc > 10% lam giam
nang lwc van tai va khong an toan. PAy moong bi han hep, thiét bi khai thac lam viéc rat kho khan,
c6 sat 1& cuc bo bor mé gy méit an toan va 1a méi de doa doi véi cong nhin va thiét bi khai thac
mo.

Van dé thoat nwdc ddy moong 10 thién khi két thic khai thac mé 16 thién dwoc thuwe hién
chi tiét nhu sau: Thoat nwéc mua, nwéc mét chay tran; Thoat nwéc moong khai thac. Panh gia
chung vé hién trang mé sau khi két thic khai thac 16 thién: Can cir vao tai liéu dia chat va hién
trang khai thac tai khu vuc, két qua tinh todn trit lwong dia chat con lai ctia cac khoi trir lwong cé
trong khai treong da dwoc kiém ké 1a: 1.616.389 tin; Trit lwgng tai nguyén con lai cda via than
khu Bic Lang CAm tlr mi¥c -230 xudng mitc -370m con khodng hon mét triéu tin (trit lwong cong
nghiép clia mo sé 1a 695.724 tin); May bom thoat nwdc moong 10 thién van hoat dong tot, ddm
bao bom thoat nwéc hoan toan tir ddy moong thoat ra hé lang va ra ngoai song Du.

2.2. Trinh tw khai thac theo dw an ham lo
2.2.1 Cbéng nghé khai thdc va cdc théng sé céng nghé co bdn

Hién tai, khu virc hAm 10 Bc Lang CAm dwdi moong 16 thién chwa dwoc ti€n hanh khai thac.
Tuy nhién, cong nghé khai thac than him 160 d3 dwoc mé than Phin Mé dang trién khai tai khu
vuc canh Nam Lang CAm va sé ap dung cho diéu kién khu vic Bac Lang CAm v&i cac thong sd ki
thuat nhw sau:
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Bdng 1. Bdng chi tiéu kinh té ky thudt chinh ciia hé théng khai thdc chia I6p bdng

TT Tén chi tiéu Don vi SO lwong

1 | Chiéu day via trung binh m 6,5

2 | G6c doc via trung binh bo 50

3 | Chiéu dai theo phwong mot khodnh m 30+65
4 | Chiéu cao khiu gwong m 2,2

5 | Chiéu dailo cho (gom cd thin 10 chuin bi) m 8

6 | Dung trong cta than T/m3 1,4

7 | Tién d6 khiu gwong m 1,0

8 | S6 luéng khiu mét chu ky Lu6ng 2,0

9 | San lwvong khai thac mot chu ky T 44
10 | S6 ca khai thac mot chu ky Ca 2
11 | SO calam viéc mot ngay dém Ca 3
12 | Hé s6 hoan thanh chu ky - 0,85
13 | San lwgng khai thac 1 ngay dém T 48,6
14 | S6 ngay lam viéc trong thang ngay 25
15 | San lwgng mot thang T 1.548
16 | Cong suit khu vuc (dao 10 va khai thac) T/nam 18.500
17 | Cong suit khu vuc (da lam tron) T/nam 18.000

2.2.2 Trinh tw khai thdc ham lo

Theo phwong an khai thong dw kién lwa chon, vi tri mit bang va ciap giéng nam & phia
Nam bén ngoai via than. Do d6 chi c6 tén thit do d€ lai tru bao vé cac dwong 10 va ton that do
hé théng khai thac. Trén co s& kinh nghiém khai thac tai khu Nam Lang Cidm va khu Canh
Chim mé than Phin M§, v&i hé thong khai thac chia 16p bang va lwu ciii 4p dung cho chiéu
day via 16m thi can phia chia tAng thanh phan ting. Trong d6 mdi phan tAng gom 4 16p (trong
dé 3 16p khau véi cac dai ciii xEp chong va goi 1én nhau theo cac 1ép khau va mot 1é6p dém
ngan cach dé€ dam bao an toan da roi khi chiéu cao x€p chong cac dai ciii qua cao. Trén moi
16p khau, trong qua trinh khai thac sé phai thwc hién dai 16p cach ly bang sét hodc cat (déng
trong bao tai) trén nén va xiy twong bit kin khi khai thidc xong dé ngan chidn sw phat sinh
chay.

- D6i voi cac tAng khai thac -310 +-250 va -370 + -310, chiéu cao mdi tAng 1a 60m, moi
16p khiu cao 2,2m va lép dém ngan gitra cAc phan tAng 2m. Nhu vy, chiéu cao ciia mdi phan
ting 12 2,2 x 3 + 2 = 8,6m. SO phan ting trong mdi ting 1a 60/8,6 = 7 phan ting. Ngoai ra,
trong moi cot (rong trung binh 65m) can dé lai tru bao vé thwong cot rong 2m dé phuc vu
thoat gié khi khai thac cac phan ting dwéi cling nhw ngan gi6é vao khong gian da khai thac
cua cot.

- Doi véi mirc -250 + -220, muc tiéu dé lai mic nay lam 1ép bao vé khi khai thac cac
tang dudi la dé€ dam bdo an toan va tranh nwéc tran tir moong (trong nhirng ngay mwa lén
khong bom kip) theo dwong 10 cli mirc -218m hodc nwéc tich trong cac duwong 16 cli vao lam
anh hwdng dén toan b cac ting khai thac. D€ tin thu t6i da tai nguyén va gidm tén that, phan
trir lwong nay dwoc khai thac tin thu vao cudi doi mo (trong nhirng ngdy moong bom can
nudc va khong cé kha nang nwdc chady vao 10) véi mot 10 cho duy nhat (cong sudt 20.000



Nhitng ti€n bo trong Khai thac 16 thién nhdm bao vé moéi trirong va phat trién bén virng - 2025

T/ndam) theo hwéng khiu lan lwgt cac cot 12, 13 va 14 tir tuyén XX vé phia giéng dirng chinh.
Tong chiéu cao cua ting la 30m. Ngoai ra, mot dai than 5m tai mc -250m phai dwoc dé lai
dé cach ly voi khu vue khai thac trwedc d6 & dudi. Nhw vay, chiéu cao khai thac tin thu cla
tang nay la tir -245 + -220 (twong &ng 25m = 3 phan tang (trong d6 phan tang dwéi cing da
c6 1&p bao vé 5m)).
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Hinh 2. Binh d ddng dang tru (a) va mdt cat phan tich vi tri ddy moong 1 thién va cdc mé doc via
khai thdc 16 thién mirc -250m, -310m va -370m (b) khai thdc hdm lo dwéi moong khai thdc 1§ thién
mé than Phdn Mé.

Khu vuc phan ving ddy moong 16 thién, khu vuc quy hoach khai thac him 16 dugc khoanh
dinh va tap trung phan tich danh gia on dinh va an toan véi phan moong 16 thién véi dudng 16 doc
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via cua dy an 1a cac duong 10 doc via khai thac ham 16 & mirc -250m,-310m va -370m véi moong
16 thién d3 két thiic. Cac 10 thuong va 10 cho cua 3 muc khai thac dudi moong khai thac 16 thién
da két thiic khai thac trén binh d6 va mit cat A-A hinh 2.

Ta thdy binh db va mit cét cho thiy thong tin rd clia via than va khoang cach giit du an
khai thac ham 16 va moong 19 thién ctia mé than Phan M.

- Trén binh d6 va mit cit Pay mo khai thac 16 thién -230m, c¢6 hd thu nudc.

- Lo doc via thong gi6 véi mirc -250m cach day moong 16 thién tdi thiéu 54m (chiéu dai
tinh theo dudong phuong cua via).

3. Panh gia anh hwéng cuia khai thac ham 1o véi moong 16 thién da két thic Khai thac

3.1. Nguyén tic dam bao an toan ham 10 dwéi moong 16 thién
Can c diéu 115 cua Quy chuin kj thuit Qudc gia vé khai thac than hdm 10 QCVN 01:
2011/BCT, quy dinh khi khai thic gan ddi twgng chira nwéc thi chiéu rong toi thiéu cia twong

cach nwdc 1a 20m duwoc dinh lwong va biéu dién trén hinh 3.

day moong day moong

\

Chidu day twdng cach nudc
\_theo QCVN 01:2011/BCT

a) b)
Hinh 3. So d6 xdc dinh chiéu rong viing dich chuyén dd vdch do khai thdc ham lo (a) va So do
xdc dinh chiéu sdu khai thdc an toan trén mdt cdt qua ddy moong (b).

Viéc tinh toan, xac dinh tru cach nwéc da dwoc nhiéu chuyén gia trén thé gi¢i quan
tAm nghién ctru, dién hinh 13 vién nghién ctru VNIMI cta Lién Bang Nga. Gan diy nhéit, cic
cong trinh nghién cru dwoc quan tam la cua cac tac gia Korzeniowski W., Skrzypkowski K.
(ndm 2012), tic gid Chunlei Zhang (2019). Cac théng s6 tinh toan chinh trong dw 4n ma cha
dau tw va tu vin da dé xult bao gbm: chiéu siu khai thac an toan va chiéu rong vung dich
chuyén khi khai thac hdm 10, cu thé nhw sau:

- Tinh todn chiéu sdu khai thdc an toan (Hk):

Do siu khai thac hop ly phai ddm bao qua trinh khai thac khong xay ra qua trinh dan
nuwdc true tiép tir ddy moong vao khu vie khai thac. Trong treong hop nay, do sau khai thac
hop ly dwoc xac dinh bang téng chiéu cao cua ddi nirt né dan nwéc va ddi an toan, cé thé
dwoc thé hién qua cong thirc:

Hgr = Hyy + Hyr , m (1) 5
Trong do6: Hir- PO siu khai thac an toan, m; Hnn- Chiéu cao d¢i nit né dan nwéc, m; Har-
Chiéu cao d&i an toan; 14y bang 0,2-0,3 [An Hxn, m.

Chiéu cao d&i nirt né dan nwéc dwoc xac dinh tir sw hinh thanh va phat trién cac
khoang trong phia trén khu vuc khai thac hdm 10 (trong da vach), phu thudc cht yéu vao cong
nghé khai thac dwoc lwa chon dp dung. Theo nghién cttu cia Chunlei Zhang thwc hién nam
2019, chiéu cao nay dwoc xac dinh theo cong thirc:
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HNN:ngo—,miC&m (2)
Trong d6: M- Chiéu cao vung khong gian dworc tao ra béi qua trinh khai thac hdm 16 can 1ap
day, m; C1, C2 va C3- Cac hé s6 dic trung cho tinh chat dat da vach phia trén khu khai théac.

Dai voi diéu kién khai thac hAm 10 khu Bac Lang C4m, cong nghé khai thac dwogc thiét
ké& 12 hé théng khai thac chia 1¢p bang, khdu gwong bang bia chén két hop véi khoan né
min, chong gitr bang gb va chén 10 bang chong ciii gb. Trong trweong hop nay, M dwoc xac
dinh trén co sé chiéu cao 1&p cach nwéc la than va vach yéu. Khi dé, cac hé s6 dic trung
twong trng la: €1 =5,0; C2=8,0 va C3=3,0.

Do str dung phwong phap chén 10 toan phan bang chdng ciii, gia tri *M dwoc xac dinh
dwa trén co sé tinh todn do lan t6i da cua hé thong ciii chén cé tinh dén anh hwdng twong
ho gitra cac 16p ciii chén vdi nhau, c6 thé dwgc xac dinh theo cong thirc:

SM = My.e = My 2 E=060 3)

Trong d6: Mk- T6ng chiéu day khiu cta via tai vi tri tinh to4n theo phwong thang
dlirng, m; - Hé s6 d6 14n t6i da cta khéi ciii chén; £1- Hé s6 d6 14n t6i da ctia khéi chén 16p
khai thac dau tién; - Hé s6 d0 1un t6i da cia khoi chén 16p khai thac thi i; ki- Hé sé tinh
dén dnh hwdng ctia qua trinh khai thac va chén 16 ctia 1&p khai thac thir i d6i véi khéi chén
phia trén, 14y ki = 1,1 + 1,2; n- S6 16p cheén (16p khai thac) dwoc huy dong dé tinh toan.

Hé s6 do 1an to6i da ctia khoi chén & cac 16p khai thac c6 thé coi twong dwong nhau do
chiéu cao khai thac ctia cac 16p nhw nhau. Khi st dung vat liéu chén 10 bang chong ciii go, hé
s6 nay c6 thé 14y bang 15+16 % nhu két qua nghién ctru cia cac tac gia Korzeniowski W.,
Skrzypkowski K. (2012).

Do toan bd phin dit da va than phia trén 1&p khai thac dwgc quy déi vé loai vach
mém yéu theo tirng 16p nam ngang giad dinh song song v&i 1op khdu dé tinh toan chiéu cao
d&i nitt né theo phwong thang dirng nén sd 16p chén (16p khai thac) huy dong dwoc xac
dinh dwa theo chiéu day thing dirng lén nhit cta via tai khu vire khai thac, tirc la:

n=-k @)

mg

Trong dé: mk- Chiéu cao 1&p khdu, m.

Thay (3) vdo (4) ta dwgc: ¥ M = Y& [‘glﬁ%z("”i” ,m
- Chiéu réng ving dich chuyén dd vdch do khai thdc ham 10

Chiéu rong vung dich chuyén da vach dwoc xac dinh dwa vao goc dich chuyén (yo) cia da

vach theo hwéng doc 1én tai bién gi¢i cia khu vuc khai thac hdm 1o. Can c& theo két qua
nghién ctru va danh gia tai cac moé than him 16 vung Quang Ninh, yo = 700 (Bang 12, diéu
12.1.2.1, TCVN 10673:2015). Ngoai ra, dé ddm 4o an toan thi pham vi dich chuyé&n phai ndm
ngoai gidi han ctia twong cach nwéc. Can cr diéu 115 cta Quy chuln ky thuit Quéc gia vé
khai thac than hdm 10 QCVN 01: 2011/BCT, quy dinh khi khai thac gin d6i twong chiva nwéc
thi chiéu rong to6i thiéu cua twong cach nwéce la 20m.
3.2. Cac rui ro c6 thé xay ra khi khai thac him 10 dwéi moong 16 thién

Khai thac hdm 10 dwéi moong 16 thién da xuit hién tir nhirng ndm 70 tai mot s6 nuwéc
trén thé gi¢i va da dat dwoc nhirng thanh twu ciing nhw kinh nghiém nhat dinh. Khai thac
ham 10 dwéi moong 16 thién c6 hai dang bao gdbm: Khu vuc 10 chg ndm phia dwéi, phia trén 1a
moong ma da hoic dang tién hanh khai thac 16 thién (loai I); Khu vwc khai thac hAm 10 ndm
canh ria moong 16 thién (loai II). Khai thac tai khu virc dwéi moong 16 thién la mot dang khai
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thac trong diéu kién dic biét. Qua trinh khai thac ndy c6 sw &nh hwéng 14n nhau - khai thac
ham 10 &nh hwdng dén khai thac 16 thién; khai thac 16 thién &nh hwéng dén khai thac ham lo.

Tuy theo loai hinh khai thac khadc nhau ma mrc 46 4anh hwéng 1an nhau sé& khong giéng
nhau. D6i v&i viéc thue hién khai thac hAm 10 trwdc roi méi tién hanh khai thac 10 thién sé
kiém soat dwoc cac van dé ap luc, buc nwéc & khu vwee khai thac hdm 10. Véi loai hinh nay
viéc tién hanh khai thac hdm 16 gan giong nhw & trong diéu kién binh thwong khac ctia khai
thac hAm 10. Tuy nhién qua trinh khai thac hAm 10 can tinh toan kj dén sw anh hwdng cia n6
dén dich déng dat da phia trén, dic biét 1a khu vuc b moong 16 thién sé tién hanh khai thac
sau nay. B&i sw dich chuyén ctia dat da vach do 10 cho giy ra sé anh hwdng truc ti€p dén do
on dinh, gy ra sw treot 1& cia cic bor moong céng tac tai khu vwee khai thac 16 thién. Qua trinh
dich chuyén cua dit da nay con c6 thé dan dén cac hién twong sut lin cac tAng cdng tac gay
can tré dén cac hoat dong ciia may maoc, thiét bi van tai trén mo 16 thién. Théng qua phan tich
co ché trwot 1& cia dit da va tac gia cling da khang dinh phwong phap va tdc do khai thac
ham 10 c6 anh hwdng rat 1on dén dén do on dinh cia bor md, cac hoat déng.

Qua trinh khai thac tai khu vuc dwédi moong 16 thién ciling giéng nhw viéc khai thac
ham 10 dwéi cac cong trinh chira nwéc va ludn tiém an nhirng nguy co gy mat an toan cho
hoat dong khai thac ham 10 dac biét la buc nwéc.

Dé c6 thé gidm thiéu nhirng nguy co mat an toan vé buc nwéc vao khu vwee khai thac
ham 10 dwi cac cong trinh chira nwéc da c6 nhiéu nghién cru chuyén sdu nham xac dinh qua
trinh dich chuyén cla dia tAng d4t da vach do khai thac & 10 cho giy bang viéc sir dung cac
phwong phap phan tich (analytical method) - thwong dwoc chia thanh 3 nhém:

+ Nhom 1 bao gom cac phwong phap dwa trén ly thuyét co hoc truyén thong, nhw phwong
phap ti 1é chiéu day dam (thickness-span ratio);

+ Nhom 2 bao gbm cac phwong phap thi nghiém mé phéng twong tw; bang viéc xay dung cac
mb hinh twong tw nhw ngoai thwc té, wng suit, bién dang va pha hiy cta dat da co thé duoc
tim hiéu chi tiét;

+ Nhém 3 bao gobm cac phwong phap mé phong sé phat trién manh trong thoi gian gin day.

DPé gidm thi€u dwgc nhirng rai ro, mit an toan khi tién hanh khai thac cac via than
nam dwéi khu viee moong 16 thién thi cAn phai gidi dwoc bai todn tdng hop mang tinh chit
lién nganh, trong dé c6 lién quan dén cong tac nghién cru dia chat thiy van, dia chat cong
trinh va cong nghé khai thac.

3.2. Khoanh vung tinh toan anh hwdé'ng Khi khai thac ham 1o dwéi moong 16 thién
3.2.1. Cdc théng sé chiéu sdu khai thdc an toan va chiéu rong vung dich chuyén dd vdch
Két qua tinh toan theo cong thirc (1), (2) va (3) dwoc tong hop trong bang 2.
Bdng 2. Bdng tinh két qud xdc dinh chiéu cao khai thdc an todn

Bon Gia tri
TT Ky hiéu Ky hiéu vi ba Yach Than
mem

1 Eﬁr sio do 1in t61 da cua khoi chen 16p khai thac N 0.16 0.16

) Sp 16p ’chen (16p khai thac) dugc huy dong dé N 14,00 14,00
tinh toan.
He s6 tinh dén anh huong cta qua trinh khai thac

3 | vachen 10 cua l6p khai thac thtr i doi véi khoi ki 1,15 1,15
cheén phia trén
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4 | H¢ s6 d0 lan toi da ctia khoi ciii chén £ 0,18 0,18

5 | Chiéu cao 16p khau mi m 2,20 2,20
Téng chiéu day khau cia via tai vi tri tinh toan

6 | theo phuong thang dimg (tinh cho chiéu day via | Mg m 29,75 29,75

16n nhét cia cac khdi — 20,29m va goc doc 47°)
Chiéu cao vung khong gian duogc tao ra bdi qua

7| trinh khai théc him 16 can 1ép diy =M m 242 242
8 Céc hé sb dic trung cho tinh chat dat da vach Cl 3,00 3,10
2 phia trén khu khai thac €2 8,00 2,00
10 C3 3,00 4,00
12 | Chiéu cao d6i nirt né dan nude nhod nhat HyNmin | m 12,44 20,86
13 | Chiéu cao d6i nirt né dan nude 1on nhat Hyvyomax | m 18,44 28,86
14 | Chiéu cao déi an toan Har m 5,53 8,66
15 | D6 sau khai thac an toan Hxr m 23,98 37,52

3.2.2. Tinh todn chiéu réng vung dich chuyén dd vdch do khai thdc hdm lo:

Két qua do vé trén hinh 3.1a, hinh 3.b x4ac dinh dwoc chiéu siu khai thac an toan dudi
day moong twong rng la 40m va pham vi khai thac cach xa ddy moong 42m. Déi chiéu vaéi
tinh toan da dwoc phé duyét trong “Bao cio két qua dé tai nghién ciru khao sat danh gia
chuyén d6i cong nghé khai thac 16 thién sang him 10 do Céng ty TNHH Tw van trién khai cong
nghé va xy dung Mé - Dia chat (CODECO) lap da dwoc TISCO phé duyét tai Quyét dinh sé
799/QD-GTTN, ngay 09/6/2016” thi c6 két qua twong dong khi chiéu day khai thac hiéu qua
bang 1 m (chiéu day khai thac hiéu qua 1a chiéu cao phan ha mai trong phwong phap diéu
khién @4 vach bang chén 10).

Toém lai, tir k€t qua tinh todn chiéu siu khai thac an toan va chiéu rong vung dich chuyén
da vach do khai thac hAm 10 via giita khu Bac Lang CAm v&i cong nghé khai thac chia lép bang,
chén 10 bang ciii gb cho phép rut ra két luin: Chiéu siu khai thac an toan duéi ddy moong >
40m; Khoang cach an toan theo phwong ngang tir vi tri khai thac téi day moong = 42m.
3.2.3. Chiéu réng vung dich chuyén dd vdch do khai thac hdm 16 do dw dn tinh

Binh d6 xac dinh vung trit lwong nam trong tru bao vé dw¢i ddy moong (tru cach nuwéc)
va vung trit lwong huy dong khi khai thac hdm 1o dwoc gidi thiéu trén hinh 3.3.

Ngoai ra, phan trit lwong tai dudi via ttr mirc -218m dén mirc -180 tir tuyén XVI + XVIII
da dwoc tAn thu bang cac dwong 10. Do d6, @€ ddm bao an toan, ngin chin buc nwéc vao khu
vuc trit lwrong chinh dwoc khai thac mic -370+-250 do sy tich tu nwéc tir cdc dwdng 10 cii va
nwéc chay tran tir moong vao trong cac ngay mua lén, cling theo phwong phap xac dinh &
trén thi 1&p cach nwéc can d€ lai c6 chiéu cao 30m. Tuy nhién, khu virc ndy nam xa ban kinh
anh hwdng ctia ddy moong 16 thién nén dé giam tén thit tai nguyén, trong giai doan cudi doi
mo sé thwe hién khai thac tin thu phén trit lvong nay. Trwéce khi thwe hién khai thac, phai
tién hanh khoan thdm do va thao nwéc tir cic dwong 10 cli sau d6 mé 10 men theo khu vuc
khai thac cii t¢i bién giGi va thiét ké cac cot khai thac.
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Hinh 4. Binh do xdc dinh xdc dinh ving trit lwvong ndm dwéi ddy moong

4. Phwong phap s6 danh gia anh hwéng cia moong Khai thac 16 thién Kkhi tién hanh xay
dwng va khai thac hiam 10 bén dwéi
4.1. Phwong phap so

Cac m6 hinh phan tich dwoc dwa trén cac théng sé cu thé bén dwdi, phdn mém ma
ngudn m& RESOBOK do nhém chuyén gia phat trién (Nguyén Anh Tuin, 2015, 2016). Xuit
phat tir cic muc tiéu bai todn xdy dung mo hinh dw bao cac rii ro, mat an toan trong kj thuit
khai thdc mé va xay dwng cong trinh, phwong phap sé dwoc st dung ngay cang pho bién nhw
cac phan mém trong hinh 5.

Giai cac phwong trinh vi phin phi tuyén
Cac phwong phap gan ding

Phwong phap hién | Roirac hoa theo thoi gian Phwong phap in

Grai cac phuong trinh vi phan ddc lap Giai hé phuong trinh vi phan lién két
Vo1 80 gia thoi gian cho trudc.
Phwong phap R rac ho két ciu Tinh ldp tirng buoc
sai phén trung tim luoi sai phin, :
phan tu hir han l
FDM., vi du FEM, vi du DEM, vi du FEM, vi du KOSMOS
FLAC LS-DYNA3D UDEC, PFC ANSYS.PHAEZ, PLAXIS

Hinh 5. Mét s6 cdc phdn mém va phwong phdp sé phdn tich 6n dinh
Véi cac phén mém trong hinh 3.5 ¢é thé xdy dung cac mo hinh dw bao & dang so va
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phén tich dwa trén cac diéu kién bién va qua trinh khai thac. Bén canh dé la cic phdn mém
mo hinh dang 3D c6 kha nang mé hinh va phan tich twong tw. Chwong trinh UDEC, 3DEC,
RESOBLOK, LMGC90 cho phép chid y dwoc sw bién thién ctia cac thong s6 diu vao ctia cac mit
phan cach nhu goc cdm, chiéu dai, chiéu dai cAu ndi, khodng cach. Khi md hinh khéi da véi
cac mit phan cach sé xuat hién ngau nhién trong qua trinh mé phdng va ciing cho phép khéo
sat &nh hudng tinh ngau nhién dé.

Viéc str dung md6 hinh phan tich danh gia rdi ro dwoc nhém chuyén gia nghién ctru
phén tich danh gi4 trén mo hinh 3D v&i kich thwéc mo hinh 1én véi cac yéu té anh hwdng
dwoc dwa vao diéu kién bién clia m6 hinh nhu: phan 16p cac déi dia chat va dirt giy, khodng
cach gitra cac khe nitt trong hé théng dirt gan va nitt né; diéu kién ngip nudc va giam luc
dinh két da vach do lwc diy acsimet; ting khoi lwong da vach do ngdm nwéc; gidm lwc dinh
két va gdc ndi ma sat do nwéc trong hé thong khe nirt va do chin déng hoac rung.

4.2. Mo minh s6 va két qua danh gia
biéu kién phan tich ddnh dnh hwdng cta khai thac hdm 10 & mirc -250m,-310m va -

370m v&i moong 10 thién da két thic trong diéu kién cu thé nhw sau:

- Tinh dén diéu kién rui ro mit an toan khi miia mwa c6 mic d6 ngip nwéc cao 5m, 10m va
15m. Muwc nwéc ngip twong rng vdi chiéu cao cdt nwée & mirc -230m, -225m, -220m va -
115m tinh tir ddy moong/hé thu nwéec.

- Cac hé théng nirt né, dirt giy va tinh chat co ly d4, dai chit céng trinh duoc tich hop vao md
hinh nhw trong noi dung 1.

- Kich thwéc mé hinh dwoc lwa chon va phan tich trén co s& ndi dung 2, nham dadm bao mé
hinh 6n dinh va phan dnh du cac yéu t6 anh huwdng cta: cac hé théng khe nit, dirt gly; cac
théng so tinh chat co ly da va cip 1ép dat da vach va & day moong 16 thién; sw bién dong ctia
muc nwéc ngap ddy moong va nwéc mit ngdm 1én bé mit moong cia mé than Phian Mé.

AT
\ X -

\

| Z=300m

y=200m
x=100m

Hinh 6. Kich thwéc mé hinh va hé théng khe nivt trén néc dwong 16 doc via mirc -250m
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Trong do:
zone of interest{Kich thudc mé hinh phdn tich mic dé én dinh cua tuyén duong
16 doc via todi moong khai thdc 16 thién}
x=-50,50;{chiéu dai cta tuyén dudng 16 doc via theo phuong trong mé hinh la
100m}
y=-100,100;{chiéu réng mé hinh 1a 200m,khodng cdch tu truc 10 doc via sang 2
bén 1a 100m}
z=-50,300; {chiéu cao ctia mé hinh 350m,tinh tir dinh 106 doc via van tai tdi
bién cta mé hinh 50m, tu néc 1O tdi bo mé moong 16 thién két thic khai thdc
la 300m}
FO={0,30};{géc phuong vi cua tuyén dudng 16 doc via}
Thong s6 kich thuwdc mé hinh phéan tich 6n dinh 1ép da vach trwc tiép trén néc dwong
10 doc via thong gié mic -250m dwgc phin tich lwa chon véi thong so cu thé trén hinh 6.a.
Trén c& s& mo hinh, diéu kién bién nhw trén, nhém phén tich mo hinh khoi da véi cac dic
di€m phan bé dirt gay, nirt né va cac thong so tinh chat co ly da ctia khu vie 10 doc via cac
mikc, 10 thwong va 10 cho cu thé nhu hinh 6.b.
Khi chwa khai thac hdm 160 bén dwdi cdc moong bai thai, 16p dat da ngdn cach
gitra bai thai trong v&i hdm 10 bén dwdi van la dia ting dat da nguyén thdy. Du bi anh
hwdng ctia nd min tao ra cac khe nit kin, hé s6 thim dia ting chitra nwéc khong thay doi
nhiéu. Khi khai thac hAm 10 diéu khién d4 vach bang pha hda toan phan thi khéi dat da vach
sé dich chuyén — bién dang — nitt v& - sip dé. Bén dwdi la cac so d6 phén tich danh mirc d6
on dinh cua da vach khi chiu ap luc cua nwéc.

a) b)

Hinh 1. Khi thodt nwére hoan toan (hw =0) tuyén dwong 10 6n dinh (Phwong dn thiét ké: PAO)
va chiéu cao ving phd hiiy 16p vdch (2-5m) va chiéu cao cdt nwéc ddng cao (hw = 5m) so véi
hé thu nwéc ddy mé 16 thién -230m (Phwong dn 1: PA1).
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/
/
/ Z=75m
v
v
//
/ ¥\ 60-75°
J‘ 4 iz =25m
L._ff—..
A
/ Z=50m
4+— >
Y =100m

Hinh 2. Chiéu cao ving phd hily I6p vdch khi chiéu cao cét nwéc ddng cao 10m so véi hé thu
nwoc ddy mo 16 thién -230m (Phwong dn 2: PA2).

Z=75m

Iy,

| /4

/ 7=25m
“I

Z=50m

Y =100m

Hinh 3. Chiéu cao ving phd hily I6p vdch khi chiéu cao cét nwéc ddng cao 15m so véi hé thu
nwdéc ddy mo 16 thién -230m (Phwong dn 3: PA3)
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Hinh 4. Biéu do6 phdn b6 cdc khéi lwong trung
binh (m3) mdt 6n dinh va sé khéi mdt én dinh
phia 16p dd vdach (nit né) ctia dwong lo (a);
M6 phdng s6 9 phdn dnh rii ro mdt én dinh
Ién nhdt trong sé 50 mé phéng ngdu nhién
dwoc ddnh gid: Truc tung biéu dién s6 khéi 12
c6 thé tich Ién nhdt sdp dé véi mé phdng sé ]
9(b); Khéi lwong 60.000 m3 & mé hinh s6 6 o000
trong 30 mé phdéng ngau nhién (c). ]
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400007 ; .

30000

Average volume of unstable blocks

200004

& Ty T T T T Ty T T T T T T
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c)

K&t qua phén tich cac m6 hinh trong 50 mo phéng nhw cic hinh 7,8 va 9 cho thiy kich
thwéc vung dip d6 da cach doi véi 1o doc via mire -250m twong &ng véi cac tinh toan diéu
kién rai ro mat an toan khi mtia mwa c6 mirc d6 ngap nwédc cao hw = 5m, 10m va 15m. Twong
rng v&i chiéu cao cot nwdc & mirc -225m, -220m va -115m tinh tir ddy moong/ho thu nwéc.

K&t qua md phéng ngau nhién n&i mé hinh 3D phan tich rai ro nhat cho thiy sé lwong,
tan sudt va khdi lwong cac khdi mat 6n dinh mot cach ngiu nhién so véi téng chiéu dai 100m
cda lo doc via trén mé hinh véi tong thé tich khoi lwgng dit da trong mo hinh trong diéu kién
ngip nwéc va gidm lwe dinh két da vach, tang khéi lwgng da vach, hinh 10. Cac két qua trén
cho phép nhém nghién ctru danh gid dwoc viung sut 1& khi tién hanh khai thac ham 1o véi rai
ro ngap nwéc didy moong 16 thién khi ngdp nwéc sdu nhit tir 5-15 m thi ti 1é khoi lwong da
mat on dinh doc theo cac 10 doc via théng gié va van tai 1a hon 10% khoi lwong da vach trén
100m dai theo phwong cia duwdng lo.

4, Két luan, thao luin va Kién nghi

4.1. Két luin va thao luin

Tir ké qua phan tich tir mé hinh, nhom tac gia c6 can ctr danh gia sy anh hudng cia moong
khai thac 16 thién dén cac cong trinh ham 16 thudc du 4n: Khai thac than m& ham 10 khu Bac Lang
CAm tai x4 Phuc Linh, huyén Dai Tur, tinh Thai Nguyén. Cac nhan xét va két luan nhu sau.
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- Cu thé 1a phan tich danh gia ving an toan khi khai thac phan ham 16 mic -250m t6i -
370m so voi diy moong khai thac 16 thién, mo than Phin M2 (day mo -230m) so v6i két luén cua
du 4n "Chiéu sau khai théc an toan va chiéu rong ving dich chuyén da vach do khai thac ham 16
via gitra khu Biac Lang Cam véi cong nghé khai thac chia 16p bang, chén 10 bang ciii gd cho phép
rit ra két luan: Chiéu sdu khai thac an toan dudi didy moong > 40m; Khoang cach an toan theo
phuong ngang tur vi tri khai thac t61 ddy moong phai > 42m", nhom tac gia phan tich nhan dinh cu
thé nhu sau:

- Trong diéu kién ddy mo ngap nudc hy = Om (thao kho hoan toan) thi két qua phan tich
cho thdy diéu kién da vach cua cac tuyén duong doc via thong gid, van tai va cac 16 thuong khi
tién hanh khai thac 1a an toan. Tuy nhién cén luu y t6i chén dong cua nd min trong qua trinh thi
cong cac tuyén dudng 16 va tic dong cuia cong tac pha hoa toan phan trong khai thac, hinh 7 va
hinh 11 theo phuong an PAO.

- Trong diéu kién rii ro ddy mo muc -230m ngap nude 1én téi hy < 5m, két qua phan tich
néu kip thoi thoat nudc thi tac dong cua nudc thAm s& lam giam lyc dinh két va goc ndi ma sat cua
cac cac khe nit, dut gdy; dong thoi lam ting tai trong do dat da ngdm nudce s& xuat hién ban kinh
vung sap 16 méat 6n dinh & vach 16 1én t&i 3-5m va goc sap do tir 55-70°, hinh 7 va hinh 11 theo
phuong an PAI.

- Trong diéu kién rui ro day mo -230m ngp nudc 1én t6i hy = 5-10m, két qua phan tich
cho thay ban kinh ving sap 16 & vach 10 ¢6 thé 1én t6i 10-15m ¢6 vi tri 1én téi 17m va goc sap d6
tr 60-75°, hinh 8 va hinh 11 theo phuong an PA2.

- Trong diéu kién rii ro day mé -230m ngap nude 1én t6i hy, = 10-15m, két qua phan tich
cho thdy ban kinh viing sap 16 & vach 10 ¢6 thé 1én t&i 25-30m ¢6 vi tri hon 30m va goc sap db tir
60-80°, hinh 9 va hinh 11 theo phuong 4n PA3.

Céc két qua trén cho phép nhom nghién ctru dénh gia duoc ving sut 16 khi tién hanh khai
thac ham 16 vé6i rii ro ngap nudc day moong 16 thién khi ngap nudc & cac phuong an khac nhau
thi ti 1& khdi lugng d¢a mat 6n dinh doc theo cac 10 doc via thong gié va van tai 1a hon 10% khéi
lugng dé vach trén 100m dai theo phuong duong 16.

S B L PA3

PA2

254

Hinh 11. Mdt cdt A-A theo phwong ctia via than cdt qua moong khai thdc
So véi két qua tinh toan nhu trong bang 2 va Piéu 115 ctia Quy chuan k¥ thuat Quéc gia
vé khai thac than ham 16 QCVN 01: 2011/BCT, quy dinh khi khai thac gan d6i tugng chira nudc
thi chiéu rong tbi thiéu cua tudng cach nude 1a 20m cho thiy trong diéu kién day moé ngap nudc
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va dat d4 trén bd mo ngdm nudc s& co ving sap s mat an toan ddi voi da vach 1a rat 16n, cao hon
rat nhiéu do dic trung cta cac hé thdng khe nit, dut gdy va loai dat da (dat phu, cat két, bot két,
da voi, bot két voi, da phién sét va than va da phién sét than) phtrc tap cuia khu vic moong va d4
vach via than.

4.2. Kién nghi

- Can xem xét lai cong thirc (1) tinh Hxr (d6 siu khai thac an toan, m); Hnn (chiéu cao dé&i nirt
né dan nwéc, m) va Har (chiéu cao déi an toan, 14y bang 0,2-0,3 1an Hyy, m) va hinh 3.a va Quy
chuan Viét Nam QCVN 01 :2011/BCT (hinh 3.b) véi ti 1é tinh do sau khai thac an toan va hinh
vé minh hoa la chwa chinh xac va phu hop.
- Tién hanh giam sat khoan né min him 16 ddm bao rung va chin déng la nhé nhat khéng anh
hwéng dén ciu tric cia cac tép da vach c6 goc cdm dirng hwéng vé noc 10.
- Can tién hanh chdng va pha héa cé diéu khién dé€ ddm bao an toan én dinh cac tép da vach
truc ti€p co6 goc phwong vi trung véi dwong phwong clia cac tuyén dwong 10 doc via thong
gi6, 10 doc via van tai va cac 10 thwong, ...
- Can ¢6 tram quan trac dich dong trén mit va ndc 10 va c6 gidi phap canh bao kip thoi sau
moi chu ky dao 10 c6 nd min va phé héa.
Cdc gidi phdp ddm bdo an toan cho khai thdc hdm lo phia dwdi trong qud trinh d6 thdi gom:
- Xy duwng cic muwong thodt nwéc vanh dai va té6 chikc bom thoat nwéc khai
trueong 10 thién hop ly;
- Hoan th6é moong 16 thién sau khi két thuc khai thdc ddm bdo phuc hoi ting phu,
tham thuc vat, nham phan tan lwong nwéc mua, gidm x6i mon, dic biét gidm lwong nuéc
mua ton dong trong cac khe nirt xuéng siu;
- Giai phap khoan thao kho bai thai trong tir trong 10;
- Khai thac chen 10, dé lai tru bao vé, tinh toan lwa chon chiéu siu khai thac hop ly.
Lwu y thodt nwéc thdo khé moong 1 thién:
- Tinh toan lwong nwéc chira trong moong, trén co s¢ dé bé tri va lwa chon hé théng bom dé
thdo khé moong mot cach hiéu qua. Song song véi viéc thdo khé moong 10 thién tir trén mat,
trong khu vic 10 cho cling cin bé tri hé théng thoat nwéc, tham do nwéece tir trong cac dwong
10 1&n trén phia ddy moong. Trong thuc té tai mot s6 mo, viéc bé tri 16 khoan khéng nhu y
mudn, khong thwc hién khoan ding theo yéu ciu thiét ké dwoc, do gy choong khoan, hoic
than mém yéu, dit d4 bé roi, cling nhw tic 16 khoan. Cac tredng hop nhw vay can dwoc khic
phuc bi gidi phap Ky thuit phu hop dé cong tac thio nwéc tir trong 10 dat hiéu qua.
- Can tién hanh ngdn nwdc triét dé chay vao moong khai thac 10 thién da két thiac, ddm bao
day mo va mat ting trén bo mo khong ngdm nwée va gitr nwéec.
- Can tién hanh thoat nwéc va gom nwéc trén ting ciia b moong khong dé nwéc mit chay va
ngdm/thoat nwéc truc ti€p thong qua 3 hé thdng khe nirt/dirt gdy chinh cdm ddc va déc dirng
phia trén cac tép da vach cia cac dwong 16 doc via va 10 thwoc & cac mirc khac nhau.
Poéng gop cua tac gia

Téac gid thr 1 - Phwong phap luin, Viét ban thao bai bao, Kiém chirng; Tac gia th 2, 3 -
Phan tich dit liéu; Diéu tra, khao sat cing v&i chuyén gia clia mé than Phan Mé; T4c gia thir 4, 5
va 6 - Danh gia va chinh sira cc s6 liéu phan tich phi hop véi diéu kién mé than Phan Mé.

Téap thé tac gia tran trong cAm on Trung tAim NC Co Dién M6 va Hop dong trién khai danh
gia chuyén dé ” "Bdo cdo ddnh gid sw dnh hwdng ctia moong khai thdc 16 thién dén cdc cong trinh
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ham 1o thuéc dw dn: Khai thdc than mé hdm 10 khu Bdc Lang Cdm tai xd Phuc Linh, huyén Dai Tir,
tinh Thdi Nguyén”.
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