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Binh Minh mine is one of the major mines of the Quang Ninh coal basin and
contributes significantly to the country's annual coal reserves. Based on
collected data, the paper has synthesized and processed geological data

Accepted 05% Apr. 2022 especially applied mathematical methods to identify research objects and
. describe quantitative properties. The results indicate that the coal seams
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Binh Minh Coal Mine, belong to the group of medium and thick seams, the thickness of the entire

seam changes complicatedly, with variable thickness are unstable, its

Dep1051t sroup, d coefficient of variation (Vin = 53.5 and 97.7%); the variable slope angle is
Exploration grid pattern, stable (V.= 29.4 and 44.1%); coal ash level is relatively stable (Va = 56.1 and
Mathematical model, 74.6%). Coal seams in the group of seams have a level of complexity from
Quang Ninh. simple to relatively complex with the coefficient of formation (K.. = 0.84 and

0.96); rate of interbedding rock (Ki = 8 and 24%); thickness of interbedding
rock (Mi = 0.16 and 1.34 m). Quantitative calculation results have shown
that the Binh Minh coal deposit belongs to the type 11l of mining exploration
groups. For an exploration of this type of mineral, it is recommended to use
a linear grid pattern. The appropriate exploration grid pattern for reserve
level 122 is (200+250)x(90+100) m. Research results are the basis for
proposing technical means of coal exploration in mines and areas with
similar geological and mineral conditions.
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Tir khéa:

Mang luwéi tham do,
M6 hinh toan,

M6 than Binh Minh,
Nhom mé,

Quang Ninh.

M0 than Binh Minh la mét trong nhitng mé Ién ctia bé than Qudng Ninh da
cung cdp trir lwong khai thdc dang ké phuc vu nhu cdu tiéu thu than ctia cd
nwac. Trén co so dir liéu thu thdp, téng hop, xit Iy s6 liéu, cling nhw ting dung
mé hinh todn dia chdt, cdc thong sé dia chdt via than mé Binh Minh da dwoc
nhdn dang va nghién ctru dinh lwong. Két qud nghién ctru cho thdy cdc via
than thuéc nhém via trung binh dén day, chiéu day via bién doi thudc logi
khéng 6n dinh (Vm = 53,5+97,7%); goc doc via bién doi thudc loai 6n dinh (Vy
= 294+44,1%); do tro than twong d6i dong déu (Vi = 56,1+74,6%). Cdc via
than thudc nhém via don gidn dén twong déi phirc tap véi hé sé cdu tao via
(Kee = 0,84+0,96); ty Ié dd kep (Ki = 8+24%); chiéu day dd kep (Mk = 0,16+1,34
m). Ttr két qud tinh todn dinh lwong da xdc ldp duwoc mé than Binh Minh thudc
nhém maé thdm do phikc tap (nhém mé logi I11), dé tham do véi nhém mé dang
nday nén st dung mang luoi tham do dang tuyén. Két qud tinh todn theo
phwong phdp théng ké va ham ngau nhién én dinh cho thdy, dé tham do mé
than Binh Minh dat cdp triv lwong 122, mang lwdi thdm do phit hop la
(200+250)x(90+100) m. Ddy la cit liéu gop phdn lwa chon mang lwdi, thiét ké
phwong an thdm do bé sung mé than Binh Minh ndi riéng, ciing nhw dp dung
dinh hwéng & cdc khu vwc ¢6 diéu kién dia chdt khodng sdn twong tw néi
chung.

© 2022 Trudng Pai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.

1. M¢& dau

nang cao hiéu qua cda cong tac tham do, danh gia
chitlwong va trir lwgng khoang san luén dwoc cac

Trén thé gidi, cac phwong phap toan dia chit
nghién ciru ciu tric cac than khoang san dé tir d6
xdy dwng mang lwéi tham do hop ly, gép phin

“Tdc gid lién hé
E - mail: domanhan@humg.edu.vn
DOI: 10.46326/JMES.2022.63(2).02

nha dia chat quan tim nghién cttu (Matheron,
1963; Krumbein, 1968; Cressie, 1993; Gandhi va
Sarkar, 2016). Nhiéu tai liéu tiéu biéu lién quan
dén ndi dung mo hinh héa than khoang st dung
cac phwong phap toan da dwoc cong bo (Albarede,
1996; Davis, 2002; Webster va Oliver, 2007).
Trong cac tai liéu nay, cac tac gia da di sau trinh
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bay st dung cac mo hinh toan tir thong ké mét
chiéu dén théng ké da chiéu trong nghién ctru dia
chat, trong d6 c6 nghién ctru mo hinh héa cac than
khoang. Cac noi dung trong tai liéu cho thay, viéc
mo hinh héa cac than khoang dwa trén cac yéu té
dia chat c6 y nghia quan trong, dinh hwéng cho
cong tac tham do va khai thac khoang san. béi véi
khoang san than, trén thé gi¢i cling da c¢6 nhiéu
nha khoa hoc 4p dung mé hinh todn dia chat dé
gidi quyét cac nhiém vu da dang trong thuc té.
Saikia (Saikia & Sarkar, 2006; 2013; Saikia va nnk.,
2007) da str dung mo hinh ham ngau nhién 6n
dinh két hop v&i thuit toan Kkriging dé xtr ly cac
thong s6 dia chat cong nghiép via than, trén co s&
do6 phén tich dinh lwgng méi quan hé khong gian
cuia cac thong s6 nghién ctiru véi chiéu day via va
dé xuat mang lwdi tham do 300 x 300 m véi mat
d6 1616 khoan,/1 km?2 cho mé than Jharia (An Po).
Két qua nghién ctru khing dinh hé phwong phap
c6 thé dwoc dp dung trong t6i wu héa mang ludi
tham do doi v&i cdc mé than cé diéu kién dia chat
twong tw. Sarkar va cong sy (2007) da st dung
phwong phap dia théng ké trong danh gia do chira
khi metan theo cac ting, khéi khai thac & mé Jharia
(An D). Két qua nghién ciru cung cip dir liéu day
dd, chinh xac phuc vu cho cong tac thiét ké khai
thac mo. Olea va cong sw (2011) dwa trén b co s
dit liéu 16 khoan thdm do qua cac giai doan va st
dung phwong phap dia thong ké dé danh gid mang
lwdi tham do 4p dung & mo than Texas (My), két
qua nghién ctru da chi ra han ché cia mang luéi
dang 4p dung trong khu md, dong thoi dé xuit
mang lwdi tham do bé sung véi cac khéi triv lwgng
phuc vu khai thac (Olea va nnk., 2011). Heriawan
va Koike (2008) da st dung md6 hinh thuit toan
kriging don bién va da bién trong danh gia cac dir
liéu vé dac diém bién d6i hinh dang, chiéu day via
cung cac thong s6 dia chit cong nghiép khac nhw
dé tro, ham lwgng Na, tong lwu huynh va nhiét
lwong dé danh gid moi quan hé twong quan khong
gian cac thong s6 nghién ctu, tir d6 danh gia moi
trwedng thanh tao than va cac yéu té6 anh hwdng
dén ciu truc, chiéu day via va chit lwong than &
mo Borneo, Indonesia (Heriawan & Koike, 2008).
Hindistan va cdng sy (2010) da 4p dung mé hinh
dia thong ké dé danh gid mirc do bién d6i thong s6
nhiét lwgng dwa theo s6 liéu thu thap tir cac vi tri
10 chg, trén c& s& d6 kiém soat chit lwong than
trong qua trinh khai thac. K&t qua nghién ctru cho
thay hiéu qua cta viéc str dung mo hinh dia thong

ké trong quan ly chit lwgng va dinh hwéng ké
hoach khai thac mé trong ngan han (Hindistan va
nnk., 2010). Nhin chung, cic két qua nghién ctru
néu trén cho thiy hiéu qua cia viéc str dung cac
phuwong phap todn dia chit trong mé hinh héa
than qudng, tir d6 dinh hwéng cho céng tac tham
do cling nhw khai thac mo dat hiéu qua cao.

Hién nay, d6i v&i khoang san than & nuwéc ta,
mang lwdi tham do chia trng mé dworc lwa chon
dwa theo quy dinh tai Quyét dinh s6 25/2007/Qb-
BTNMT ngay 31/12/2007 cia B Tai nguyén va
Méi truedng (B6 Tai nguyén va Méi trudng, 2007)
vé thdm do, phin cip trit lwong va tai nguyén
than. Nhin chung, mang lwéi tham do quy dinh
trong quy pham trén co ban va phu hop, cac két
qua tham do dwa theo mang lwéi tham do quy
dinh da g6ép phan gitp cidc doanh nghiép tién hanh
1ap bao céo tinh trir lwong trinh hoi dong danh gia
trit lwong khoang san quéc gia phé duyét lam co
s& 1ap dw an khai thac mé. Mac du vay, trén thuc
té sdn xult va trong qua trinh khai thac khoang
san, mot s6 van dé han ché di xay ra nhu: mang
lwdi tham do khéng hoan toan phu hop dic diém
dia chit md, khoadng cach cic 16 khoan thim do
kha xa nhau nén khong phan anh diing dwoc chiéu
day, thé ndm va cac yéu td via than,... Diéu ndy dan
dén viéc khai thac than gdp nhiéu kho khan, anh
hwdng ké hoach khai thac, lam ting chi phi khai
thac, cling nhw khong dam bdo dwoc cong suit
khai thac nhu theo dw kién ban dau (Pham, 2010).
Trong trwedng hop nay, van dé dit ra cho cac nha
dia chat mo la b6 tri mang lwdi cong trinh tham do
b6 sung phu hop, dat dwgc muc tiéu tham do, vira
dam bao do tin cdy cla trit lwgng va hiéu qua kinh
té, vira dap rng yéu cau ki thuat. Tac gid D6 Manh
An nam 2018 da st dung phwong phap toan dia
chit, dia théng ké trong nghién ctru, danh gia anh
hwéng cta dac diém ciu tric dia chit cac via than
trong danh gia trit lwong, tai nguyén than cling
nhw dinh hwéng lwa chon mang lwéi tham do moé
than Mao Khé (P6 va nnk, 2018).

Hién nay, mang lw¢i tham do trong toan khu
mo Binh Minh la khéng dong déu. Khu vuc phia
déng moé Binh Minh da dwoc tham do véi mang
lwdi tuyén cach tuyén 1a 200 m+250 m va mang
lwdi céng trinh khoan trén tuyén la 100+150 m,
khu virc con lai vé phia tdy c6 mirc dd nghién ctru
rat han ché mang lwéi tham do con thwa, chi
twong dwong véi mirc tim kiém, tai liéu hién c6
chwa di co s& danh gia triv lwong cho tirng via
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(Nguyén va nnk.,, 2001). Thuc té trong qua trinh
khai thac than khu virc phia dong mé Binh Minh,
nhiéu dién tich khai thac khéng gap than, phai dan
xen thém cac 16 khoan thdm do méi vao gitra
nhitng vi tri 16 khoan clia mang lwéi thim do. Nhw
vay, mang lwdi tham do cii khéng pht hop do két
qua tham do khéng chi ra dugc su thay doi chiéu
day, cling nhw thé nam clia cac via than, dan t6i
viéc dao cac 10 khai thac bi 1éch so véi du kién. Vi
vay, viéc nghién ctru irng dung mo hinh todn nham
xac lap nhém mo va mang lwéi tham do than moé
Binh Minh, tinh Quang Ninh la nhiém vu cén thiét,
c6 tinh rng dung vao thuc té hién nay.

2.Pac diém dia chdt moé than Binh Minh

M6 than Binh Minh c6 dién tich khoang 14
kmz2, nam veé phia tiy cia ving than Hon Gai - CAm
Ph3, thudc dia phan thanh phé Ha Long - tinh
Quang Ninh. Phia nam gi¢i han béi dirt gay thuan
Hon Gai, phia dong giap cac khu mé Ha Lam theo
truc nép 16i Ha Lim, gidp khu mé Sudi Lai theo truc
nép 16i tiép giap dén dirt gay F14 (Hinh 1-B).

Theo Lé Hung va nnk. (1996) khu mo6 than
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Binh Minh bao gbm cht yéu cac thanh tao bot két,
sét két, cat két thudc phin hé ting giira hé ting
Hon Gai (Tsn-rhgz). Két qua thi cong tham do cho
thay, khu mé da phat hién 16 via than, ky hiéu ttr
via V.13 dén V.1c, bao gom chi yéu la than cam,
xen ké cac l¢p than cirng, méng c6 mau den, anh
kim, ran chic, hau hét cac via than déu c6 ciu tao
phirc tap, chiéu day khéng 6n dinh. Lép dat, da kep
trong pham vi khu mé khéng 1ém, phan b6 chi yéu
tir T.Il dén T.V kh6i dong Binh Minh, chiéu day 16p
dat, da kep chi 5+15 m. M6 than Binh Minh khéng
c6 khai trueong khai thac 16 thién 16m ma chi c6 cac
moong khai thac 16 via quy mé nho.

Trong pham vi khu virc nghién ctru c6 cac hé
thong nép udn va dit giy. Cac dit giy phat trién
theo 2 hé thong phwong 4 kinh tuyén va 4 vi tuyén.
Cac dtrt gay nay thwong la ranh giéi phan chia cac
don vi ciu tric chinh cia mé. Cac nép udn chi yéu
c6 phwong truc phat trién theo phwong gan bic -
nam, song song véi truc nép 16i Ha Lam, hai cAnh
déc, bién do hep. Khu mé con ton tai cac nép uén
lién tiép nhau va hau hét bi chia cit béi cac dirt
gdy, khién cho cu truc dia chat khu viec cang phirc
tap, cAc via than bi chia cit thanh nhiéu khdi dia
chit véi ciu truc riéng biét.
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Hinh 1. So d6 Viét Nam va vi tri khu vwee nghién ctru (A);
So do dia chdt khu mé than Binh Minh, tinh Qudng Ninh (Lé, 1996) (B).
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3. Phwong phap nghién ciru

3.1. Phwwrong phdp tong hop, khdo sdt thuc dia,
thu thap xr ly tai liéu

Trong nghién ctru nay thuc hién cac ndi dung
sau: (a) tbng hop cac tai liéu dia chat va s6 liéu
trong bao cdo dia chat qua cac giai doan, tién hanh
mot s6 16 trinh khao sat dia chat khu vuc nghién
ctry; (b) kiém tra cap nhét theo tai liéu khai thac
mot s6 via than trong khu mé Binh Minh; (c) danh
gia toan b tai liéu phan tich cac loai mauy, thiét d6
khoan tham do, cong trinh 10 khai thac; (d) thu
thap, tong hop tai liéu tir cac cong trinh nghién
clru truede; trén co s do, lwa chon ngudn tai liéu
bao dam do tin cly dé xir ly, nham bao dam do tin
cly cta cac két ludn dua ra; (e) st dung phwong
phép phan tich dic diém cAu truc dia chat khu mo,
c4u truc cac via than va phan tich mat cat dia chat
theo cac tuyén tham do.

3.2. Cdc phwong phdp todn dia chdt str dung dé
xdc ldp nhém mé thdm do

3.2.1. Bdnh gid ddc trung bién doi cdc thdng sé dia
chdt céng nghiép cta via

Cac théng so dia chat cong nghiép via than
bao gom chiéu day, do tro, géc déc via. Can c vao
hé s6 bién thién cia thong s6 nghién ctru (V), cac
déc trung thong ké ctia thong s6 nghién ctru dwoc
xac dinh theo cong thirc cua (Rujov va Gudkov,
1966; Kajdan, 1974). Dwéi day trinh bay co sé ly
thuyét d6i véi thong sé chiéu day via than (M).

Truong hop thong so chiéu day via tuin theo
mo hinh phéan bé chuin:

- Gi4 tri trung binh chiéu day via (M) tinh theo
cong thirc:

A_J:LZN: m; D

Trong do6: m; - gia tri chiéu day via than & diém
catthtri (m); N - s6 cong trinh cit via.
- Phwrong sai (D) tinh theo céng thitc:

1 & —
D—N—_;(Xi—X) 2)

Trong do: X; - gia tri chiéu day via than & diém
cat thir i (m); X - gia tri trung binh chiéu day via
(m); N - s6 cong trinh cat via.

- Hé s6 bién thién chiéu day via than (V)

dugc xac dinh theo cong thirc:
_ 0, 100%

Vp=—7 3
v 3

Trong d6: o - phwong sai chiéu day via; M -
chiéu day trung binh (m).

+ Truwong hop théng sé chiéu day phan bd
theo ham loga chun thi xac dinh theo cac cong
thic sau:

- Ky vong toan:

— erio—]z
M=e 2"
“4)
M =10 0%
- Phuwong sai:

D — e2;1+0§\ .(eafn _ 1)
)

lgx 5302 , 5300
D =10 "% (&7 1)
- Hé s6 bién thién:

V =+e% ~1.100%
(6)
V=ve % -1.100%

Trong do: E,E gid tri logarit Népe va
logarit clia thong s6 chidu day via; o, oy -

phuong sai logarit twong tng cla théng s6 nghién
clru.

3.2.2. Bdc diém hinh dang va mikc d bién héa hinh
dang via

D€ danh gid mirc d6 bién héa hinh dang via
than, ngoai viéc xem xét dén mirc do bién héa
chiéu day via con phai nghién ctu dén cac chi tiéu
phéan tich dinh lwong nhu: thong s6 modun chu
tuyén (u), chi tiéu hinh dang via (¢) va hé sé phitc
tap cu tao via (Kc.) (Kuzomin, 1972).

a. Ddc diém hinh thdi - cdu tric via than

Hé s6 cAu tao via (Kc): do diéu kién thanh tao,
via than c6 thé gobm mot hodc nhiéu 16p than va da
kep ngan cach cac16p than. Dé phan biét than hodc
da phai dwa vao cac chi tiéu khoanh néi than
qudng tinh triv lwong, tai nguyén. S6 16p da kep
(Nx) nho hon s6 16p than (N) mot don vi: Ni = N,-
1. S6 16p than, hay noi cach khac sé 16p kep cang
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nhiéu thi ciu tao via cang phirc tap. Panh gid mirc
d6 phiic tap vé cdu tao via cé thé str dung hé s6 ciu
tao via (K.) va ty 1é da kep trong via (Kj), tinh theo
cong thirc:

Kce=1 —ikN:k
Mt Nt
o ™)
Mk

Trong dé: Mt, Mk- chiéu day trung binh cac
16p than va 16p da kep (m); Nt, Nk,- s6 lwong 16p
than va so6 16p kep trung binh cta céc via than
duogc danh gia.

K c6 gia tri thay d6i tir 0 + 1; khi K. tién dén
0, thi mtc d6 phirc tap cua via tang 1én. SO lwgng,
chiéu day cac 16p da kep va sy bién héa cia ching
cling &nh hwdng dén cong tac tham do va khai thac
via than.

b. Ddc diém hinh dang cdc via than

Hinh dang via dwoc danh gia thong qua chi
tiéu modun chu tuyén (1) va chi tiéu hinh dang via
(#) xac dinh theo céng thirc:

L¢
4,7a+1,5°% ~1,77,/S¢
a
®)
Vit
¢ =
k

Trong d6: Vim - hé s bién thién chiéu day via
(%); Kcc - hé s6 ciu tao via; Lg - chiéu dai chu vi
thuc ctia via xac dinh trén binh do (m); S¢ - dién
tich that cda via theo chu vi ¢ (m2);

1
a=—L C))
2

Trong d6: L - chiéu dai hinh dang chu vi via
(m).
c¢. Ddc diém thé nam va mikc db bién doi thé nam
ctia cdc via than

G6c doc cta cac via than cd y nghia quan trong
trong cong tac tham do va khai thac mo. Vi vay khi
nghién ctru mirc do phirc tap cta via than khong
nhitng phai xac dinh géc doc via ma con phai xac

dinh quin phwong sai goc doc via (a.) va hé sé
bién do6i goc doc via (Ko).

- Quan phuong sai goc doc via (o«)

Quén phuong sai goc doc via (04) dwoc xac
dinh bang cong thic:

I
Oa E?“{' a) (10)

Trong dé: N - s6 lwong diém do goc doc via
(tAp hop mau); a;- Gia tri géc déc do tai diém I
(d6); @ - Gia tri goc doc trung binh cua via (do).

- Hé s6 bién doi goc doc via (K«)

Trong thiét ké khai thac, thwong chi quan tim
dén hé s6 bién d6i goc doc via (Kz) va dwoc tinh
bang cong thirc kinh nghiém: K, = 1,375+0,075 o«
theo cong thirc (11). Can c¥ vao g, va K, cac via
than dwoc chia thanh 3 nhém nhw sau: Nhém I -
Khai thac don gian (0.< 5, Kz2 1), Nhém II - Khai
thac phtrc tap (0«: 5+10, K 1+0,625), Nhom 11 -
Khai thac rit phirc tap (o> 10, K< 0,625).

3.3. Cdc phwong phdp xdc dinh mang Iwéi thadm
do
3.2.1. Ddnh gid theo phwong phdp théng ké

Sai s0 xac dinh trit lwong than dwoc xac dinh
theo cong thirc:

Ap= A2, + A2 + AZ + A2 (11)
A LV, 12
N a2

=S o
As—4—.100/a (13)

1

Trong do6: Am, As, Ay A - sai s6 twong d6i xac
dinh chiéu day trung binh, do tro trung binh, goc
ddc trung binh va dién tich cac via than (%); S; -
dién tich via than néi suy (m2); S - dién tich via
than trén binh d6 (m2).

Sai sO twong d6i cta thé trong trong da so
trwong hop rit nhé cé thé bé qua. Két qua phan
tich do tro theo tai liéu tham do thwong co sai s6
ngau nhién 16m, trong tredomg hop ndy sai s6 ham
lwrgng trung binh xac dinh theo céng thirc:

A= /A% + AIZJ,t (14)
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Véi Ay - sai s6 ngiu nhién trong phan tich
mau.
3.2.2. Phan tich mdt dp mang lwdéi thdm do theo
phwong phdp todn théng ké

Theo Kazdan (1997), két qua tham do dat yéu
ciu vé do tin ciy khi sai s6 cua cac théng sé tinh
tri lwong.

ZA = 0o ¥ 8%, + 02, ¥ 02, < 4, (15)

Daéi véi nhdm mo tham do loai 111, dé dat yéu
cu tinh trit lwong & cAp 122 bao dam an toan, cin
chon sai s6 trit lwong twong déi cho phép theo quy
dinh hién nay trong khoang 30+50%. Do d9, c6 thé
xac dinh s6 lwong cong trinh tham do can thiét dé
khong ché thian quing theo cong thirc:

(Vzln + Vzc)tz

N > 16
Ach (16)
ho3c theo trit lwong diém:
V2,t?
N=—1 (16a)
Acp

Trong d6: Vi, Vi, V4- hé s6 bién thién chiéu
day, ham lwgng va triv lwong diém ctia via than cin
danh gia; A,- sai s6 cho phép (30+50%); t - hé s6
X4c sudt (t = 2 twong ng P = 0,95). Thuc té cong
tac thdm do va khai thac cho thiy cac via than do
anh hwong cda cac yéu to kién tao nhw uén nép,
dut gdy 1am thay d6i thé nam hodc dich chuyén,
dit doan cac via than, do viy nhiéu nha nghién
ctru dé nghi b6 sung hé s6 méo mé cda hinh dang
via than va 4y gia tri 0,15. Do viy, s6 cong trinh cu
thé&1a 1,15xN.

Theo Pogrebiski (1973), khi cac moé khoang
c6 hé s0 bién thién (nhw d6i véi cdc mo than 1a cac
thong s6 chiéu day, goc doc, do tro) > (80+100)%
thi s6 lwong coéng trinh tinh theo phwong phap
théng ké thwong 16m hon thye té. Ngwoc lai, khi hé
s0 bién thién < 40% thi s6 lwgng cong trinh tinh
toan sé nhé hon thuc té. Trwomg hop hé s6 bién
thién dao dong trong khoang 60+80% thi phwong
phap thwong cho két qua tot. Khi d6, mat d6 mang
lwdi tham do (Sy) tinh theo cong thikc:

So =~ (17)

v6iSo=a.b; a=0,93/So; b=1,07,/S,

Trong do: S - dién tich via than (m2); N - s6
lwong cong trinh tham do; a - theo dwdng phwong;
b - theo hwéng doc.

3.2.3. Ddnh gid dwa trén co sé ly thuyét ham ngdu
nhién 6n dinh

Cac thong s6 phan anh dic diém dia chit, hinh
thai - cAu tric via than c6 mdi quan hé nhat dinh,
lién quan chat ché véi khoang cach giira cac cong
trinh tham do. Dwa trén tinh chit dé c6 thé st
dung m6 hinh ham ngau nhién d€ mo ta tinh bién
hoéa khong gian ctia cac théng s6 dia chit via than.
Twr dé danh gia, lwa chon khoang cach cho mang
lwéi gitra cac cong trinh tham do.

Ham ngau nhién 6n dinh dwgc dic trung boi
ham twong quan ky hiéu K, phu thudc budc quan
sat h, hwéng quan sat va hé so twong quan dinh
miurc ky hiéu rpy (Kajdan 1974). Ham twong quan
xac dinh theo cong thirc:

l N-h

i = 2L =X () - X1 (18)

i=l1

Trong d6: N - s6 lwong cong trinh tham do; h
- 56 buérc quan sat; x; - gia tri chiéu day via (m); X
- chiéu day trung binh (m).

Hé s6 twong quan dinh mic con goi hé s6 tw
twong quan xac dinh theo cong thitc:

K
P )

(m =7 2 (19)

Trong do: Kg) - Ham twong quan dinh mirc; 62
- phwong sai chiéu day via.

Mirc d6 bién hoa cin str dung hé s6 bién thién
khéng twong quan, dwgc xac dinh theo cong thitc:

0,
VN=7N=V /1—r(2h) (20)

Trong do: oy - quan phwong sai; X - chiéu day
trung binh (m); V - hé s6 bién thién chiéu day via
(%); rm - hé s6 twong quan dinh muc.

Trong trweomg hop R(h) > 0 véi moi h thi xac
dinh kich thwéc déi anh hwdong H theo phwong
phap sau:

Xay dung do thi hé s6 twong quan dinh muc:

m

;ln‘RM’)‘
i=1

— @t
R,, =e o

(21)
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Trong d6: M - s6 bwdc quan sat; h - gia tri
bwéc quan sat (m2).
Xay dwng do thi ham twong quan dinh mirc:

2[1-R, |
20, =L _0J (22)
VN

Tir giao diém gitra 2 dwong cong RE‘h) va 20,
ha dwong vudng goc véi Oh cat Oh tai diém I’ thi
khoang cach OI’ 1a kich thwéc déi anh hwdng H
(Hinh 2).
R(h)

R 2a,
o)

I’ h
Hinh 2. D6 thi biéu dién méi quan hé tirong quan
giita h va R(h) (theo Kajdan A.B, 1974).

0]

Dbé xac dinh tinh di hwéng cia khoang san,
lam co sé& lwa chon hinh dang mang lwéi tham do,
str dung hé s6 di hwdng ky hiéu I, xac dinh theo
cong thirc:

_ Fna

I =
Hap

(23)
Trong do: Hgy - kich thwdc déi anh hwdng xac
dinh theo dwong phwong (m); Hpq - kich thwée déi
anh hwdng xac dinh theo hwéng doc (m).
Mat d6 mang lwéi tham do ky hiéu S,, xac dinh
theo cdng thirc:

S, =H,,.Hy (24)

S6 lwong cong trinh tham do can thiét doi voi
than quang cin danh gia:
N=2 (25)
=5
Dbiém thu thip tai liéu c6 toa do (xy:) can
chuyén vé 6 mang c6 toa do (xxyx) thi viéc chuyén
d6i duoc thue hién theo cong thirc:

>z
— ]
Z,. =1 (26)

_EZD
2,

Vi Zi 1a gia tri trung binh cda thong s6 nghién
cru tai diém k ctia 6 mang co s& da thiét lap; D;la
khodng cach tir diém k dén diém gin ké c6 gia tri
Z;i (m).

4. Két qua nghién ctru

4.1. Xdc ldp nhém mé thdm do

Cac via than hau hét phan b rong khap trén
toan dién tich khu mo, cac dau 1 via chi yéu &
phén phia bic - ddng bic, cac via than c6 gia tri
cong nghiép déu phan bd cé quy luat, thwong bi
vat mong, it c6 gia tri & khdi dong. Su thay doi cia
via than theo dwong phwong nhd, phan 16m 1a
nhitng via day va trung binh véi cu tao don gian
dén twong doi phirc tap.

Nhin chung cac via than dwgc nghién ciru
thudc mé than Binh Minh c6 cu tao ndi bd tir don
gian dén twong do6i phic tap, s6 lwgng 16p da kep
trung binh trong cac via than nhé (1+2 lop da
kep), chiéu day trung binh toan via bién doéi
2,26+7,71 m, chiéu day trung binh cac 16p da kep
trong mdi via than khong 16m 0,16+1,34 m, trung
binh 0,78 m (Bang 1). Péng thoi, diéu kién thanh
tao ban dau ciling lam thay d6i hinh dang cac via
than nhw dang via, thiu kinh. Hinh dang cac via
than trong khu mo chti yéu bi vat méng, it bao mon
hodc phan nhanh. Tuy nhién, ban than cac via than
trong khu mo dwoc ciu thanh béi ciu tric phirc
nép udn va chiu anh hudng cia nhiéu hé théng
dit giy 16m nho theo cac phwong khac nhau da
1am cho c4c via than bi phan cit, chiéu day bién ddi
manh lam phirc tap hoa ciu tric via (Bui, 1997;
Pham, 2010).

Ttr két qua nghién ciru rat mot s6 nhan xét:

Cac via than mé Binh Minh duy tri trén mat
xubng dwdi sdu (tdi -750 m), ¢ ciu tric dia chat
phtrc tap, phan bé chi yéu trén cic nép 16i, nép
16m lién ti€p nhau va bi phan cit thanh cac khéi
riéng biét bdi cac hé théng dit gy, chiéu day bién
doi khong 6n dinh.
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Bdng 1. Bdc diém cdu tao cdc via than mé Binh Minh (Pham, 2010).

23

Ténvia | Chiéudaytoan | Chiéudayriéng | Chiéudayda |S616pkep (s6| PO dbcvia | Phanloai cAu
than via (m) than (m) kep (m) 16p) (do) tao

V9 0,1+6,75 0,1+6,75 0+1,16 0+7 5+70 Do gidn

) 2,26(64) 2,15 0,16 1 31
Vs 0,6+31,27 0,6+13,91 0+8,58 0+15 5+60 Twong doéi

' 4,73(113) 3,75 0,89 2 31 phitc tap
V.7 0,2+32,94 0,2+17,54 0+15,4 0+10 5+70 Pon gidn

) 3,59(99) 2,88 0,68 1 31
V6 0,34+28,01 0,34+21,93 0+8,17 0+18 5+74 Twong déi

' 7,71(138) 6,36 1,34 2 30 phitc tap
V5 0,31+33,2 0,31+23,78 0+13,56 0+10 5+70 Pon gian

' 6,41(163) 5,56 0,85 1 30

. , Nho nhit=16n nhit
Ghi chil: Trung binh (S8 cong trinh)
Bdng 2. Ddc trung théng ké thong sé chiéu day via than mé Binh Minh (N=499).
N Thong s6 Dic trung théng ké R a1

T Tén via (N) nghiéngcfru Trung binh (m) i Onf i Vi (%) Ham phan b

1 V.9 (51) Mpgr 2,15 441 97,67 loga chuin

2 V.8 (99) Mpgr 3,75 4,84 58,67 loga chuin

3 V.7 (93) Mgy 2,38 2,37 53,45 loga chuin

4 V.6 (112) Mpr 6,36 13,69 58,18 loga chuin

5 V.5 (144) Mgy 5,56 11,97 62,23 loga chuin

Bdng 3. Ddc trung bién déi géc déc cdc via than mé Binh Minh (N = 137).

TT | Ténvia(N) Trung binh (d40) Goc doc;/la Phan loai nhdm mo theo Kq
1 V.9 (33) 30 12,45 0,441 Via khai thac phirc tap
2 V.8 (42) 29 12,24 0,457 Via khai thac phirc tap
3 V.7 (20) 31 13,28 0,379 Via khai thac phiic tap
4 V.6 (12) 29 12,52 0,436 Via khai thac phirc tap
5 V.5 (30) 29 14,41 0,294 Via khai thac phirc tap

Bdng 4. Pdc trwng bién d6i dé tro cdc via than mé Binh Minh (N = 675).
Do tro TB cia . +» | Hésdbién thién n . )
A o x Phwong sai do R Phan loai nh6m mé
TT | Ténvia (N) than theo mau tro than (642) do tro than VA theo dé tro than (V)
don (%) (%) i

1 V.9 (35) 18,82 10,55 56% Twong ddi 6n dinh

2 V.8 (143) 14,46 9,65 67% Twong ddi 6n dinh

3 V.7 (100) 15,62 9,48 61% Twong ddi 6n dinh

4 V.6 (203) 12,61 8,63 68% Twong ddi 6n dinh

5 V.5 (194) 12,58 9,38 75% Twong ddi 6n dinh

Bdng 5. Két qua tinh todn hé sé phikc tap cdu triic via mé than Binh Minh.
. Chiéu day trung binh (m) SO 16p da
TT Tén via My Mr than TB kep 'P}‘B K K
1 V.9 0,16 2,15 1 0,96 8%
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2 V.8 0,89 3,75 3 2 0,84 24%
3 V.7 0,68 2,88 2 1 0,88 24%
4 V.6 1,34 6,36 3 2 0,86 21%
5 V.5 0,85 5,56 2 1 0,92 15%

Bdng 6. Mitc dj phikc tap ctia mé dun chu tuyén va chi sé hinh dang cdc via than.

. Chi tiéu nghién ctru
TR T [ semn | am) | ve(®) | Ke | w | o
1 V.9 18506 3985 787 2250 97,67 0,96 1,91 1,94
2 V.8 23003 5403181 2477 58,67 0,84 2,13 1,49
3 V.7 25288 7 352817 2932 53,45 0,88 1,98 1,20
4 V.6 26913 8959 851 3260 58,18 0,86 1,90 1,29
5 V.5 32234 11 586 684 3 905 62,23 0,92 1,92 1,30
Bdng 7. Bdng tiéu chudn cdc théng sé xép nhém mé tham do (Kuzomin, 1972; Kajdan, 1974).
TT Thong s6 tinh toan Gia tri théng s6 Xép loai nhém méd
1 Heé s6 bién d6i chiéu day (Vi) 66% Nhom mo 11
2 Modun chu tuyén (u) 1,86 Nhom mo 111
3 Chi tiéu ti 1é d&i pha huy (Py) 44% Nhém mé 111
4 Hé s6 cAu tao via (Ke) 0,91 Nhém mo 111
5 Chi tiéu hinh dang via (¢) 1,35 Nhém mé 111
6 Hé s6 bién doi goc doc via (Kq) 0,366 Nhom mo 111
7 Hé sd bién thién do tro than (V) 65% Nhom mo 11
8 Chi tiéu tinh bién vi (Py) 55% Nhom mo 11

Cac via than thudc nhém via trung binh va
day, chiéu day toan via bién déi phirc tap, hau hét
via c6 chiéu day bién doi thudc loai khong 6n dinh;
g6c doc via bién doi thudcloai 6n dinh; do tro than
twong ddi 6n dinh. Cac thong sé tiéu chuan dwoc
tinh toan 1am co sé xép nhdm mé thiam do cho khu
mo dworc thé hién trong Bang 7. Két qua xac dinh
phwong sai va hé s6 bién thién cho thay cac via
than trén thudc nhém via ciu tao don gian dén
twong doi phirc tap, co it 16p da kep. Cac chi tiéu
phan 4nh mrc d6 phirc tap ciu tric via: K. thay
déi 0,84+0,96, trung binh 0,91; Ki thay doi
8+24%; My: 0,16+1,34 m, nhw vay cac via than mé
Binh Minh thudc nhém via c6 mirc o phic tap tir
don gidn dén twong déi phirc tap. Theo chi tiéu
hinh dang cda via va dac diém kién tao khu mo cac
via than thuéc nhém via cé hinh dang rit phic tap
(p = 11,44, ¢ = 1,35), ciu truc dia chat khu mo
phitc tap (Ps = 55), cac via bi udn cong bién doi
manh do anh hwédng cta cac nép uén (Hinh 3).

Cac via than giira cac khoi dwoc phan chia roé
rang qua cac dirt gay 1om. Cac via trong mé c6 dang

via don, khong c6 dang via chap. Twr cac két qua
nghién ctu dinh lwong cac thong s6 dic trung vé
sw bién hoa cac thong s6 dia chat cong nghiép cia
via than va phéan tich dic diém ciu tric dia chat
khu mo Binh Minh trinh bay trén, so sanh v&i bang
phan loai nhém mé thim do (Quyét dinh s6
25/2007/QD-BTNMT, 31/12/2017) cho phép
x&p mo than Binh Minh vao nhém mo tham do II1.

4.2. Xdc ldp mang lwéi thadm do cho mo than
Binh Minh

Viéc xac dinh mang lwéi tham do hop 1y cling
dwoc biét dén nhu viéc t6i wu héa mang lwdi tham
do, ching dugc thue hién dwa trén nhirng sé liéu
thu thép tir cong tac tham do dia chit. Chung dic
trung cho déi twong tham do va phu thudc vao dac
diém ciu tric dia chat khu mo. Dé xac dinh mang
lwéi tham do cho moé than Binh Minh, nhém
nghién ctu st dung phwong phap thong ké,
phwong phap dwa trén co sé ly thuyét ngau nhién
on dinh ap dung doi véi 4 via than tir V.5 dén V.8
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Hinh 3. Mt cat dia chdt tuyén P.III mé than Binh Minh (Pham Tudn Anh, 2010).

la nhitng via than c6 trit lwong 16m, phan bo rong
khap trong khu mé tir 16 thién dén do sau -400 m,
dam bdo tinh dai dién cho ciu tric dia chit khu
mo. Cac thong sé dia chit cong nghiép cda cac via
than 1dy tir cic cong trinh tham do qua cac giai
doan dwoc dwa vao tinh toan.

4.2.1. Xdc ldp mang lwéi thdm do theo phwong
phdp théng ké

Dadi véi nhém mo loai 111, d€ dat yéu cau tinh
cap trir lwong 122 cho khoi triv lwgng thudc mo
Binh Minh bao dam dd tin cdy, sai s0 twong déi xac
dinh trit lwvong, dwoc tinh theo cac cong thic
(11+15) & trén, tinh cho cac thong s6 chiéu day, do
tro, goc doc trung binh va dién tich cac via than.
Két qua chi ra trir lwong than c6 sai s6 trung binh
44,05%, mtrc do sai s6 kha 1ém, tuy nhién van dam
bao theo quy dinh hién nay vé sai s6 cho phép doi
voi trir lwong cip 122 t6i da la 50% (B6 Tai
nguyén va Méi trwomg, 2007), trong dé sai so triv
lwgng V.7 cao nhit la 49,79%, do via 7 dic trung
c6 chiéu day mong, cdu tao phirc tap, bi phan chia
thanh cac th4u kinh nho va bi phan cat bdi cac dirt
gdy, nhirng yéu t6 nay lam tang sai s6 dién tich via
than (As= 46,17%). Két qua tinh toan trinh bay &
Bang 8.

Dwa vao két qua tinh toan néu trong Bang 1,
ap dung cac cong thirc (16, 17) tinh dwoc s6 lwong
cong trinh tham do va mat dé mang lwéi tham do
cho 4 via than mo Binh Minh. Két qua tong hop
trong Bang 9.

Két qua tinh todn trung binh cac via than
dwoc tinh toan chi ra rang mang lwdi tham do cho
mé than Binh Minh dwoc kién nghi dung mang
lwdi dang tuyén. Khodng cach gitra cac tuyén tham
do 1a 210 m, cdng trinh trén tuyén cach nhau 160
m. S6 cong trinh tham do 1a 30 cong trinh/km2.

4.2.2. Xdc lap mang lwéi thdm do theo ham ngdu
nhién 6n dinh

Trén co s tai liéu thu nhan dworc tir bao cao
két qua tinh chuyén d6i cip trit lwong va tai
nguyén khu mé Binh Minh ndm 2010 (Pham Tuin
Anhva nnk, 2010), cing v&i d6 cip nhat s6 liéu tir
cac 16 khoan thim do bo sung, tham do khai thac
tién hanh tai khu mo, nhém tac gia thwc hién tinh
toan ban kinh ty twong quan R(h) theo dwong
phwong va huwéng doc cho thong sé chiéu day that
toan via clia cac via than lan lwot tir trén xudng
dwédi theo d6 siu ton tai gom V.8, V.7, V.6 va V.5,
day la cac via than 1én nhét, chiém ty trong 1om tri
lwong than toan ma. Cac s6 liéu tinh toan dwoc lay
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theo thong s8 cac 16 khoan thiam do, 4p dung tinh
toan tir 3 tuyén ngang (V.7, V.8) dén 5 tuyén (V.5),
két qua tinh todn ddm bao phan anh dic trung
bién d6i cuia thong s6 nghién ciru.

Theo tinh chat cia hAm ngiu nhién 6n dinh,
khi buwéc quan sat h = 0 thi ham twong quan dinh
miurc R(h) = 1. Khi budc quan sat h = 250 m theo
dwong phwong va h = 125 m theo hwéng doc (1ay
theo gi¢i han trén mat d6 mang luédi theo quy
pham cda B Tai nguyén va Moi trwong), ham
twong quan K(h) va ham twong quan dinh mirc
R(h) dwoc tinh theo cac cong thirc (18, 19). Sau khi
xac 1ap ban kinh ty twong quan thuc nghiém R(h)
cho céc via than nghién ctru, cac cong thirc theo dé
xuat cia Lwong Quang Khang va nnk. (2020) dwoc
ap dung cho xay dung mé hinh. Sau dé, nhom tac
gid chuyén doi cac dwong thue nghiém R(h) thanh
dwong ly thuyét R*(h), tir d6 thi thé hién mdi
twong quan gitra ham twong quan dinh mic R(h)
vGi bwdc quan sat clia cac via than c6 thé xac dinh
dwoc kich thwéc anh hwéng cia déi (H) theo
dwong phwong va huéng doc cac via than (Hinh
4). Két qua xac dinh mat do va khoang cach cho
mang lwdi tham do cho cac via than nhw Bang 10.

Tl Bdng 9 cho thay kich thwéc ddi dnh hwdng
theo dwong phwong thay doi 167+276 m, trung
binh 236 m; theo hwéng déc 83+107 m, trung
binh 93 m hoac 34+72 cdng trinh/km?, trung binh
49 cong trinh /km?; mat dé mang ludi tham do (S,)
13.861+28.997 m2/01 CT, trung binh 21.948
m2/01 CT.

Tlr két qua tinh todn néu trén khi 4p dung 2
phwong phap c6 thé rit ra mot s6 nhin xét sau:

- Trong ca 2 phwong phap, mang lwéi dinh
hwéng tham do ting din theo d6 siu ton tai cia
cac via than, diéu nay hoan toan phu hgp do mitc
do nghién ctru, mat d6 mang lwéi hién tai con kha
thwa khi cic via than xu6ng d6 sdu nhat dinh, cc
via than phan dwéi su (dwédi mike -350 m) con it
cong trinh khong ché.

- Két qua tinh todn cho thiy cé sw twong dong
vé khoang cach dinh hwéng mang lwdi tham do
theo dwong phwong trong ca 2 phwong phap, theo
dwong phwong cac via than khoang cach tinh toan
kha phu hop véi mang lwdi dang dwoc ap dung,
tuy nhién khodng cach dinh hwdéng theo hwdng
doc 6 sw khac biét kha 16m. Két qua xac 1ap mang
lwéi thdm do theo phwong phap théng ké cho thiy
sai s0 trit lwong cho cac via than nghién ctru trong
khu mé déu kha 16m, thay doi 41,26 (V.5)+49,79%
(V.7), trung binh 44,05%, diéu nay khang dinh
mang lwdi hién tai 4p dung trong khu mé con
nhiéu han ché, chwa ddm bao cung cép tai liéu c
do tin cay phuc vu cho khai thac.

- D6i v6i cac via than, mang lwdi xac lap duoc
kién nghi 4p dung cho khu mé c6 dang mang luéi
hinh chit nhit hodc mang lwéi dang tuyén, v&i
khoang cach mang lwéi thim do do6i voi triv lwong
cip 122 twong rng nhém mo tham do loai III:
(200+250) x (90+100) m.

Bdng 8. Sai s6 twong ddi cua triv lwong cdc via than mé Binh Minh.

, Sai s0 twong ddi (%) P=0,95,t=2
TT Via than As Am A Aot Acp
1 V.8 39,06 11,79 13,47 7,62 43,64
2 V.7 46,17 11,09 12,65 8,03 49,79
3 V.6 36,98 10,99 12,85 8,24 41,49
4 V.5 37,62 10,37 12,50 4,90 41,26
Trung binh 39,96 11,06 12,87 7,20 44,05
Bdng 9. Két qud xdc dinh mang lwéi thdm do theo phwong phdp théng ké.
TT Via than K?loéng cach cong trinh ,[m) A' Fhi §6 Mat do So S6 lwong
a-dwong phwong b-hwéng doc di huéng (m?) CT/km?2
1 V.8 184 141 0,77 26.068 38
2 V.7 204 157 0,77 31.953 31
3 V.6 229 176 0,77 40.362 25
4 V.5 228 175 0,77 39911 25
Trung binh 210 160 0,77 34573 30
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Hinh 4. Do thi biéu dién méi quan hé gitva ham twong quan dinh mitc R(h) véi buéc quan sdt (h) theo (a
- hwdng déc, PV 900) va (b - dwdong phwong, PV 00) cdc via than V.5, V.6, V.7, V.8.
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Bdng 10. Két qud xdc dinh mang lwdi thdm do theo ham ngdu nhién én dinh.

T Via than Kich thwéc déi anh hwdng (H, m) ' Hé s6 di Matdo | SoOluwong
Theo duwong phwong | Theo hwéngdoc | hudng (I) | S, (m?) CT/km?2
1 V.8 167 83 0,50 13.861 72
2 V.7 230 85 0,37 19.550 51
3 V.6 276 98 0,36 27.048 37
4 V.5 271 107 0,39 28.997 34
Trung binh 236 93 0,40 21.948 49

Ngoai cong trinh trén tuyén, cin thiét str dung
10+15% céng trinh phi tuyén dé khong ché vi tri
dut gay, udn nép, vi tri tach, chip via, vi tri ¢é sw
thay d6i dot ngdt vé chiéu day, ciu tric via hodc
thay d6i vé thé nam cla via. Trong thoi gian tdi,
can c6 nhirng phwong an tham do bé sung, tham
do khai thac trong d6 bé tri chiéu siu cac 16 khoan
hop ly nham x4c dinh chinh x4c hon vé dic diém
dia chat cac via than & mirc sau.

5.Kétluin

T cac két qua nghién ctru da dat dugc c6 thé
rit ra mot sé két luan sau:

- C4c via than mo Binh Minh c6 c4u tric dia
chit phirc tap, thudc nhém via trung binh va day,
chiéu day toan via bién doi phirc tap, hiu hét via
c6 chiéu day bién déi thudc loai khéng 6n dinh;
go6c doc via bién doi thudcloai 6n dinh; do tro than
twong doi 6n dinh. Theo chi tiéu hinh dang cta via
va dic diém kién tao khu mo, cac via than thudc
nhom via c6 hinh dang rat phirc tap, ciu truc dia
chat khu mé phirc tap, cac via bi uén cong bién déi
manh do anh hwédng cta cac nép udn. Trén co s&
phén tich dic diém ciu tric dia chat mo, dic diém
hinh thai - kién tric cta cac via than va dac diém
bién hoa clia cac thong s6 dia chat cong nghiép, da
xac 1ap khu mé Binh Minh thuéc nhém moé tham
do loai III. Trit lwong thim do doi véi mo nhom 111
cip cao nhitla 122.

- D€ tham do dat yéu ciu tinh trir lwong & cap
122 cho cac cac via than mé Binh Minh, hop 1y
nhat st dung mang lwéi dang hinh chit nhat hodc
dang tuyén, véi khoang cach tuyén cach 200+250
m, cong trinh trén tuyén 90+100 m hodc trung
binh 45+50 c6éng trinh/km2. Khi tién hanh céng
tac tham do can phai c6 khoi lwong cong trinh dw
phong 10+15 % tong khoi lwong dw kién trong dé
an. Cac cong trinh dy phong dworc str dung chi yéu
& cac vi tri dit gdy, udn nép, vi tri tach, chip via, vi

tri c6 su thay doi dot ngot vé chiéu day, ciu truc
via hodc thay d6i vé thé ndm cua via.

- Mang lwéi tham do dé xudt trong bai bio c6
thé str dung dé tham do cdc mo than c6 dac diém
dia chat khoang san twong tw mé Binh Minh, tinh
Quang Ninh.

Lo’i cAm on

Bai bdo dwoc hoan thanh tir sw hé tro ctia bé
tai nghién ctru cap co sé, ma s6 T20-27.
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dia, thu thap tai liéu; Nguyén Tién Diing, Nguyén
Thi Thanh Thao - kiém chirng mo hinh, tinh toan,
Xt Iy s6 liéu; Pham Tuédn Anh - phdi hop cip nhit
tai liéu, doi sdnh thuec té.
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