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Bai bao dénh gia kha ndng ap dung céng nghé co gi6i héa (CGH) khai thac than hadm 1o tai cac
khu vue ¢6 diéu kién dia chét - ky thuat mé phurc tap & ving Quang Ninh. Théng qua phén tich dac
diém céc via than nhuw: than, da vach/tru mém yéu, géc déc via Ién, mirc d6 phé hiy kién tao manh
va dién khai thac nhé 18, nghién ctru da xac dinh tbng triv lvong cé thé dp dung CGH dat khodng
231,5 trigu tan (chiém 34,6% tong triv lvong). Két qua nghién ctru dé xuét mot sé mé hinh CGH phu
hop tirng diéu kién dia chat, ky thuat md, khi dé san luong khai thac cé thé tang ter 4,3 1én 9,3 tridu
tan/ndm, nang ty trong khai théc CGH Ién khodng 29%.

T khéa: Co gi6i hod, dia chat phirc tap, mé hdm 10, vach tru mém yéu.

1. DAT VAN BE

Co gi¢i hoa (CGH) trong khai thac than
ham 16 dwoc xem |a xu thé phat trién tat yéu cua
nganh céng nghiép khai khoang hién dai, déng
vai trd then chét trong viéc nang cao nang suét
lao déng, gidm thiéu rdi ro tai nan nghé nghiép
va cai thién diéu kién lam viéc cho nguoi lao
dong. Béng thoi, viec ap dung cac thiét bi ky
thuat va cdng nghé khai thac hién dai con gop
phan day nhanh tién trinh hién dai héa nganh
than, nang cao hiéu qua khai thac tai nguyén,
giam chi phi san xuét va dap @ng tét hon cac
yéu ciu vé bao vé moi trwong [1, 2].

Trong nhitng n&m qua, nhiéu nghién ctru
da dwoc thwe hién nham thiac day co gidi héa
khai thac than hdm 16 tai vung Quéang Ninh
[3,4,5]. Tuy nhién, phan I&n chi tap trung vao
cac mo co diéu kién dia chat thuan loi hodc cac
dang via dién hinh. Cac nghién ctru chuyén sau
vé ap dung CGH trong diéu kién via dbc, da
vach, tru mém yéu, hoac dia tang phirc tap con
han ché. Bac biét, chwa cé danh gia toan dién
vé tinh kha thi céng nghé trong diéu kién md

phirc tap — von phd bién tai nhiéu khu vuc khai
thac hién nay. Do dd, can thiét phai nghién ctwu,
danh gia cu thé kha nang ap dung CGH tai cac
md cé didu kién khé khan hon, nhdm dam bao
hiéu qua va an toan san xuéat. Tai vung than
Quang Ninh, khu vuc khai thac than trong diém
clia cd nwdc voi phan 16n trir lwong cac md
than ham 16 lai phan bd trong nhirng khu vuc cé
diéu kién dia chat mé phirc tap. Cac yéu té nhuw
phan 16p dia tAng khéng ddng nhét, goc déc via
than I&n, da kep xen k&, sy phat trién manh cla
dut gay, ap lwc md 16n va diéu kién thy van
khéng thuan loi, vach tru hodc than mém yéu,
hoac trir lwvgng nam trong cac khu vy gi¢i han
vé khong gian... da gay ra nhiéu tr& ngai trong
qua trinh ap dung déng bod cac thiét bj co gioi
héa. Nhitng yéu t&6 nay khéng chi anh hwéng
dén kha nang trién khai ap dung co gi¢i hoa ma
con doi héi phai c6 giai phap ky thuat phu hop
dé dadm bao an toan va hiéu qua van hanh hé
théng khai thac CGH [3,4,5].

Trwdc bdi cdnh doé, viéc nghién ciru danh
gia toan dién kha nang ap dung coéng nghé co
gi®¢i hoa khai thac tai cac khu vye cé diéu kién
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dia chét, ky thuat mé phirc tap la nhiém vu cap
thiét. Trén co s& d6 can tap trung vao viéc phan
tich dac diém dia chat - ky thuat cu thé cla tirng
khu vwc, tteng mé dé lwa chon cbng nghé va
thiét bi phu hop twong ng, xay dwng cac mod
hinh khai thac th&» nghiém ciing nhw dé xuét cac
giai phap ky thuat, t6 chirc dé téi wu hoa qua
trinh trién khai CGH. Nhirng két qua nghién ciru
khéng chi giup thao g& cac rao can hién tai ma
con m& ra hwéng phat trién bén virng cho
nganh than trong twong lai.

2. PHUONG PHAP NGHIEN cUrU

Nhoém tac gia st dung nhitng phuwong phap
nghién ctru sau:

Tbng hop, phan tich dir liéu hién trang tai 13
md ham 16 tai ving Quang Ninh.

Phan tich cac yéu t6 anh hwéng nhu: dia
chét, co ly da, khi mé, thdy van nhdm dua ra
danh gia vé thuc trang cac diéu kién dia chat mé
ap dung cac md hinh CGH tai cac mé ham 16
thuéc Tap doan Cong nghiép Than khoang san
Viét Nam.

Phan loai tiéu chi va lya chon khu vwc ap
dung CGH phu hop tirng diéu kién dia chat mé
phtrc tap.

DPanh gia tbng hop trir lwong cd kha nang
CGH trén co s& tiéu chi vé sy phirc tap cua
diéu kién dia chat maé.

Dé xuat mdé hinh CGH twong rng véi diéu
kién dia chat ky thuat mé da danh gia.

3. NOI DUNG NGHIEN cl’U
3.1. Hién trang ap dung CGH

Tinh dén ndm 2024, Tap doan Céng nghiép
Than - Khoang san Viét Nam (TKV) d4 trién khai
12 day chuyén khai thac than bang céng nghé
co gi¢i héa tai cac mé ham 1o thudc vung
Quéng Ninh. Trong dé gébm: 04 day chuyén
CGH 16 cho cot dai theo phwong khau than
bang may khau ap dung trong diéu kién via than
day trung binh, dbc thoai dén nghiéng (< 35°) tai
cac mé Khe Tam (Dwong Huy), Khe Cham llI,
Khe Cham II-IV (Ha Long) va Trang Bach (Udng
Bi). 05 day chuyén CGH 16 cho thu hdi than néc
ap dung trong diéu kién via than day, goc déc
thoai dén nghiéng tai tai cac mé Vang Danh, Ha
Lam, Khe Cham Ill va Méng Duwong. 01 day
chuyén CGH 16 che chia cot dai theo hwéng déc
via bang may bao va gian chéng 2ANSHA &p
dung cho diéu kién via than trung binh, déc
dirng (> 55°) tai mé Trang Khé (Ubng Bi) [6].

4500,0 1 157% 158%  16,0%
5 4000,0 - B San lugng khaljthac CGH ‘ 13,1% L 14.0% .
Ty 1€ % trong tong san luong ham 1o 0 =
§ 3500)0 i yle 7 g g ong 11,7% 12,3% 13,1% L 120 £
- ) 07(2
g 3000,0 1 11,4% oo 2
= ,U7% »n
= 25000 1 &
£ - 80% £
= 2000,0 6,5% <
E - 6,0% o,
£1500,0 A @
.~§ 1000,0 2.6% 269 3643’4% 3.2% 0 2.7% 34% M 40% =
@ 6% 19 Z5% 3% % 2% ”
000 %50 1% 0.6% o
0,0 0,0%
R N N N N N N S N R AR A
N S S S S I S S S R S R S R S A I N

Hinh 1. San lweng khai thac bang céng nghé khau than co gi¢i héa tai cac mé ham 16 ving
Quang Ninh

Téng san lwong khai thac bang CGH dat
hon 4,3 triéu tAn/nadm, chiém khoang 15,8%
tbng san lwong khai thac hdm 16. San lwong cac
Ib cho CGH ddng b phd bién tir 300.000 dén
600.000 tAn/n&m, cao gép 1,5-3 lan so v&i 16

cho khau than bang khoan nd min (KNM), st
dung gia khung hoac gia xich.

Nang suét lao doéng trong cac 16 cho CGH
dat tr 15-20 tan/cong, gap 2-3 l4n so VOi
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phuwong phap thi céng. Ngoai ra, diéu kién lam
viéc dwogc cai thién rd rét, mirc d6 an toan tang
cao do giam tiép xuc truc tiép cla ngudi lao
dong vo&i cac khu ve nguy hiém trong gwong
16. Tuy nhién, cac day chuyén CGH hién tai chi
yéu méi duoc ap dung trong cac khu vuc via
than c6 diéu kién thuan lgi vé dia chét - ky thuat,
chwa mé rong sang cac khu virc phirc tap.

3.2. Diac diém diéu kién dia chat mé phirc tap
anh hwéng téi ap dung CGH

Hién nay, chwa c6 phwong phap danh gia va
phan loai mét cach day du, hé théng cac diéu
kién dia chét - k§ thuat mé phurc tap cua via than
trong khai thac hdm 16. Tuy nhién, t thuc té
khai thac cho thay, cac yéu tb dia chat (chiéu
day via, géc dbc via, mirc d6 bién dong chiéu
day/géc déc, dd chira khi, tinh tw chay, diéu
kién dia chat thuy van, mrc d6 pha hay kién tao,
Vv.v.) va cac yéu té kj thuat md (kich thwée, quy
mé trir lwong 16 cho) déu c6 anh hwdng nhat
dinh dén hiéu qua ap dung cac mé hinh cbng
nghé khai thac néi chung va céng nghé CGH
khau than ndi rieng. Khu vwc via than cé diéu
kién dia chét - ky thuat mé phirc tap la khu vie
via c6 mot hodc dong thei mot sb6 yéu td didu
kién dia chat hodc ky thuat mé khong thuan loi
cho céng tac CGH khau than. Céac khu vuc cé
diéu kién dia chat phirc tap dac trung gdm: (1)
via than “ba mém” - than/da vach/da tru mém
yéu, kho diéu khién; (2) via day trung binh dén
day, goc déc tir 35 + 55°; (3) via day, dbc dirng
(>55°) va (4) cac khu vuwc co trir lwong nhd 1€,
phan tan [7].

D4 vach va da tru mém yéu, khé diéu khién:
Day la dac diém phd bién tai nhiéu mé ham 16 &
Quang Ninh. D4 vach mém yéu la da vach thuéc
loai rat khéng 6n dinh dén khéng 6n dinh va rét
dé sap dbé dén dé sap dd. Theo do6, da vach
mém yéu cé nhitng déc diém co ban nhw sau:
la sét két hoac bot két phan I&p méng nhd hon
0,25m (hoac khoang cach gilra cac khe nt nhé
hon 0,4m); C6 dd bén nén don truc < 400
kG/cm?; C6 budc sap dé thwdng ky nhd hon 2m
(thworng dwdi 1m) hodc kha nang 16 tran véi
dién tich khoang 5 + 10m?, én dinh trong thoi

gian dwoi 30 phat [3]. Ba tru via dwoc chia
thanh 10 cép (tr cAp 1 dén 10) va ba nhém: bén
virng, yéu va rat yéu [3]. P4 tru thudc nhém yéu
dén rat yéu (cap 1-8), cé cworng do khang lun
thap duwdi 250 kg/cm?. Trong diéu kién nay, gian
chéng CGH dé bj lun nén, nghiéng, gay méat 6n
dinh hé théng va nguy co dé gian.

Via than c6 géc dbc Ién (>35°): Géc dbc via
la yéu tb chinh anh hwéng dén sy n dinh khi
lam viéc cta dong bd thiét bi CGH. T twong
quan gitra sy 6n dinh cla thiét bi chdng git,
khau than va van tai cta 16 cho véi géc dbc via,
cac via than dwoc chia thanh: via thoai (a < 15°),
via nghiéng (15 + 35°), via déc nghiéng (35 +
55°) va via dbéc dirng (>55°). Tai cac via co
chiéu day trung binh dén day, thiét bi CGH c6 xu
hwéng trwot manh theo huéng dbc, 1am mét én
dinh trong khai thac. Ba vach sau pha hoa co
thé troi tut vé chan 10 cho, gay ra hién twong
khéng 1ap day phia dau 16 che, &nh hwdng toi
dé 6n dinh cta néc 16 va gian chéng. Viéc van
chuyén than trong diéu kién doé déc I&én cling doi
héi gidi phap thiét b van tai dac tha.

Bién dong chidu day va géc déc Ion: O mot
s6 khu vuc, via than c6 mirc do bién dong vé
chiéu day vwot qua 35% va mic do bién dong
vé goc déc vuot qua 35%, diéu nay lam cho
thiét bi CGH khéng thé van hanh hiéu qua.
Trong diéu kién m&c d6 bién dong 16n voi sw
chénh léch 1&6n vé chiéu day via, khd nang tiép
xdc va lam viéc cta vi chéng CGH khéng ddng
déu dan dén tut noc, kho kiém soat gwong 16 va
tang ton thét than.

Mic d6 pha hly kién tao manh, dién san
xuat nhd I&: Mot sd khu vuc via bi chia cat bai
cac dit gay, nép uén, dan dén dién khai thac cé
trlr lwong nhé hon 300.000 tan. Thoi gian khai
thac 16 cho ngan, phai chuyén dién nhidu Ian
trong nam. Viéc diu tw thiét bi CGH déng bd voi
chi phi I&n tr& nén kém hiéu qua vé kinh té va tb
chtrc san xuét trong khi khai thac cac dién nay.

Tac dong cla khi mé va thdy van: Cac khu
vuc c6 do xuat khi métan Ién véi cac mé duoc
xép hang t& hang Il tr& 1&n hodc than cé xu
hwéng tw chay doi hdi hé thdng théng gi6é va
kiém soat khi hop Iy va an toan. Dia tang mém
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yéu ciing dé& thAm nwéc, gay ngap Ung va pha
hay két cAu dia chat. Cac yéu t6 nay la rao can
Ién cho ap dung CGH néu khéng cé cac bién
phap k§ thuat déng bo di kem.
3.3. Danh gia tiém nang ap dung CGH

Trén co s& két qua phan tich cac diéu kién
dia chét - ky thuat, nhém nghién clru da tién
hanh danh gia tbng thé trir lwong cé kha nang
ap dung cdng nghé CGH tai 13 mé ham 16 vung
Quang Ninh nhuw sau: Téng trir lwong than huy
doéng trong cac dw an mé tinh dén hét nam 2023
dat khoang 669,4 triéu tan. Trong dé, 132,4 triéu
tAn (chiém 20%) da dwoc quy hoach &p dung
céng nghé CGH theo cac dw an du tw khai thac
md. Qua phan tich d3c diém via than, xac dinh
thém 99,1 triéu tAn cé kha nang ap dung CGH

trong diéu kién dia chat phirc tap, phan b tai
cac khu vyc c6 da vach/tru mém yéu, via day -
goc dbc Ion va dién san xuét nhd 1&. Téng cong
tri lwong cé thé ap dung CGH lén t&i 231,5
triéu tan, twong dwong 34,6% tong trir lwong
huy dong khai thac (Chi tiét tai Bang 1).

Phan b trir lwong cé thé CGH chi tiét nhw
sau: Mao Khé: 39,18 triéu tan (gdm 11,17 triéu
tan trong diéu kién “ba mém” va 6,3 triéu tan
trong via day déc). Uéng Bi: 14,04 triéu tan.
Nam MAau: 12,48 triéu tdn. Ha Lam: 39,93 triéu
tan. Ha Long (Khe Cham II-IV): 50,37 triéu tan.
Céac mé khac nhw Vang Danh, Hon Gai, Dwong
Huy, Méng Dwong... c6 trir lwgng CGH tir 6-15
triéu tan.

Bang 1. Tong hop triv Iwvong dia chat huy dong con lai trong cac dw an mé ham 16 ving

Quang Ninh
TT|  Tendonvi | Mtckhaithac | T UOMOIECATIY AN |1y g (%)
1 Mao Khé 2150 + -400 54.642 8,2%
2 Uong Bi +30 % 150 34.868 5,2%
3 Nam Mau +0 + 150 51.979 7,6%
2 Vang Danh +0+ 175 78.638 11,7%
5 Hon Gai LV = -220 15.318 2,3%
6 Ha Lam 50 = -540 44,592 6.7%
7 NGi Béo 100 = -460 49.366 7.4%
& | Quang Hanh 50 + -300 19.987 3.0%
9 Duong Huy +0 + -350 84.155 12,6%
10 | Théng Nhat -35 + -350 47132 7,0%
11| Mong Duong 2100 = -500 30.633 4.6%
12 | Halong (KC V) | LV =-500 125.650 18,8%
13 |_Khe Cham (KC Ill) | 100 = -400 32473 4,9%
Tong cdng 669.433

Bang 2. Phan b6 trir lwong c6 kha ning ap dung CGH theo cac diéu kién
tai cac ham 16 Quang Ninh

Trir lwong via than cé kha nang CGH trong diéu kién
Theo cac phtrc tap (1000T) Triv
dw an dau Via day |Viathanco| . @ . lwong cé
Tén mé/ Cong ty | tw khai Vi trung binh| chiéu day Lz 2 R kha nang
thac mo | @ than sy aay, | iondéc |, COUT | Tongcong| ™ eay
“3 mém” P o < |ltrong nhd,| (1000T)
(x1000T) doc ttr  \nghiéng dén han tan (1000T)
35°+ 55°| déc ding | P
1 2 3 4 5 6 7=3+4+5+6| 8=2+7
Mao Khé 12.231 11.170 | 6.836 6.314,0 2.627 26.947 39.178
Uéng Bi 1.904 7.506 761 2.071,6 1.795 12.134 14.038
Nam Mau 5.962 786 2.981 1.055,0 1.694 6.516 12.478
Vang Danh 2.062 0 223 1.478,4 3.640 5.341 7.404
Hon Gai 4,935 0 1.089 8.723,8 0 9.813 14.748
Ha Lam 24.514 0 0 8.725,0 6.689 15.414 39.928
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Nui Béo 6.654 0 0 0 2.490 2.490 9.145
Quang Hanh 0 0 0 737 737 737
Duong Huy 19.934 307 775 0 2.067 3.149 23.083
Thong Nhat 572 222 0 852 1.647 1.647
Méng Duong 3.057 293 0 0 2.766 3.058 6.115
Ha Long

(Khe Cham II-IV) 43.687 771 614 1.591,6 3.701 6.678 50.365
Khe Cham

(Khe Cham Iil 7.483 901 1.902 0 2.366 5.169 12.652
Tong cong (1000T)| 132.423 | 22.305 | 15.404 | 29.959,4 31.425 99.093 231.516

Ty 1& phan bd trir lwong cé kha nang CGH
theo diéu kién dia chat: Via than “ba mém”: 22,3
triéu tAn. Via day trung binh dén day, géc dbc tw
35°-55°: 15,4 trieu tAn. Via day, déc nghiéng
dén déc dirng: 29,9 triéu tAn.Dién khai thac nhé
1&, phan tan: 31,4 triéu tan.

Két qua danh gia cho thdy, tiém nang ap
dung CGH la rat I6n, dac biét tai cac mé cé diéu
kién dia chat phirc tap nhuwng tri lwong huy
doéng tap trung. Day la co s& quan trong dé dé
xuét md hinh va ap dung cac phwong an dau tw
thiét bi CGH phu hop tng diéu kién md trong
giai doan t&i.

3.4. Pé xuat mé hinh ap dung CGH tai cac mé
than ham 16 ving Quang Ninh

Trén co s& danh gia tri lwong, diéu kién dia
chat va thuc trang ap dung CGH tai cac mé than
ham 16 vung Quang Ninh véi cac mé hinh da
trién khai ap dung thr nghiém va ap dung thuwc
té trong céc diéu kién twong déng, nhém nghién
ctvu dé& xuit mé hinh ap dung cong nghé CGH
tai cac mé hdm 16 vung Quang Ninh nhw sau:
Theo dé mdi cong ty/md dwoc dinh hwdng ép
dung mé hinh CGH phu hop véi déc diém dia
chat mé va quy mé dién khai thac [6, 8, 9,10].
Cu thé:

Can ct ké hoach huy déng cac 16 chg theo
cac dy an dau tw khai thac md da dwoc TKV
phé duyét, déng thoi ddm bao duy tri thei gian
day chuyén hoat dong lién tuc dén khi hét khau
hao (tbi thiéu 5 + 7 nam), dé& xuit mé hinh cong
nghé CGH khau than tai cac mé trong giai doan
t&i nhuw sau:

DPéi voi Cong ty than Mao Khé c6 thé ap
dung 04 mdé hinh CGH (CGH-HT (Tri lwgng
nhé), CGH-TV (3 m&m), CGH-DVPT-LKD (day
dbc) va CGH-TV (35°+55°)), dw kién s& khai

thac dwoc khoang 1,85 triéu tan, chiém 15%;
Céng ty than Uéng Bi c6 thé ap dung 03 md
hinh CGH (CGH-HT (Tr& lwvgng nhd), CGH-TV
(3 mém), CGH-DVPT-LKD (day déc)), trong d6
day chuyén CGH-TV cho diéu kién 3 mém da
dwogc Cong ty dwa vao st dung ttr nam 2022 sé
tiép tuc huy dong trong cac ndm téi, tbng san
lwvong duw kién khai thac dwoc khoang 2,8 triéu
tan, chiém 23%; Coéng ty than Vang Danh c6 thé
ap dung 01 mdé hinh CGH-HT (Tri lwgng nhd),
tdng san lwong dv kién khai thac duwoc 1a 1,25
triéu tan, chiém 10%; Coéng ty than Nam Mau c6
thé ap dung 02 mé hinh CGH (CGH-HT (Trov
lwong nhd), CGH-HT (35°+55°)), tbng san lwong
dw kién khai thac dwoc khodng 2,4 triéu tan,
chiém 20%;

Cong ty than Ha LAm c6 thé ap dung 02 mé
hinh CGH (CGH-NN-MK (day déc) va CGH-HT
(Tri lwong nhd)), tdng san lvong dw kién khai
thac dwoc khodng 1,93 triéu tan, chiém 10%;
Cong ty than Hon Gai c6 thé ap dung 01 mé
hinh CGH-NN-MK cho céac khu vic via day débc,
san lwong dw kién khai thac dwoc khoang 0,85
triéu tan, chiém 7%;

Cong ty than Dwong Huy, Ha Long c6 thé ap
dung mé hinh CGH c6 thu hdi than néc cho diéu
kién khu vwc trlr lwong nhd, phan tan, san
lwong dw kién khai thac 0,75 triéu tan va 0,5
triéu tan, chiém 6,0% va 4%.

Nhw vay, khi trién khai ap dung cac mé hinh
céng nghé CGH trong diéu kién dia chat - ky
thuat mé phirc tap sé& gop phan nang cao san
lwong khai thac tr cac 16 cho CGH, cu thé: tw
4.368 + 6.942 nghin tan theo ké hoach khai thac
da dwoc duyét 1&n 9.300,0 nghin tan khi huy
dong thém cac dién khai thac co diéu kién phirc
tap, qua dé nang ty trong san lwong khai thac
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than bang cong nghé CGH lén t& 16% + 29%
tbng san lwong khai thac ctia cac mé than hdm
16 thudc TKV. Cac mé hinh ap dung can xay
dwng 16 trinh thwc hién khai thac theo ké hoach
san xuat ctia cac mé nhdm dam bao hiéu qua
dau tw, tan dung tbi da kha nang thiét bi hién co6
va nang cao mwc dd tw ddng hda trong khai
thac ham 10, dac biét trong diéu kién dia chéat
phtrc tap.
3. KET LUAN

Nghién clru da xay dwng duwoc hé théng tiéu

chi rd rang dé danh gia kha nang ap dung CGH
cho céac diéu kién dia chat phic tap. Téng triv
lwong c6 thé CGH dat 231,5 triéu tan, chiém
hon 1/3 téng trir lwgng khai thac hdm 16 tai ving
Quang Ninh. Viéc ap dung hgp ly cac md hinh
CGH theo 16 trinh 2025-2030 sé nang cao san
lwong, hiéu qué san xuét va ty 1é khai thac CGH
tr 16% lén dén 29%. Bai bao déng gop co sé&
khoa hoc quan trong cho viéc quy hoach coéng
nghé va dau tw thiét bj CGH tai cac mé than
ham 16 Viét Nam trong twong lai.
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ABSTRACT

The article evaluates the possibility of applying mechanized mining technology (CGH) to
underground coal mining in areas with complex geological and technical conditions in Quang Ninh.
Through analyzing the characteristics of coal seams such as: coal, soft and weak wall/pillar rocks,
large seam slope angles, strong tectonic destruction levels and small-scale mining areas, the study
determined that the total reserves that can be applied with CGH are about 231.5 million tons
(accounting for 34.6% of the total reserves). The research results propose a number of CGH models
suitable for each geological and technical condition of the mine, at which time the mining output can
increase from 4.3 to 9.3 million tons/year, raising the proportion of CGH mining to about 29%.

Keywords: Mechanization, complex mine geology, underground mine, soft and weak pillar
walls.
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