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\ | hCrng ndm gAn day, viQc nghi€n cuu LPng

l\ I dung phuong ph6p chdn lo bdng th0y lLrc

I I cho c6c md than him lo vung Qudng Ninh
dd duEc dAy mqnh. Trong phucrng phdp nay, vfn
tdi vQt ligu chen tu b6 mdt md xu6ng khodng khong
gian dd khai thdc la c6ng viQc kho khin nh6t, no
pfrU ttruQc vdo nhi6u yeu t6 nhu: loai v?t lieu v?n
iai, fle th6ng khai thdc, so dd v?n tdi,...va mOt s6
v6n de kV thu?t kh6c. Vi vQy, nghiOn cuu d6nh gia
khd ndng , cac v6n dO cdn nghiOn cuu de ap dung

NGUYEN DUY CHINH
Trueng Dqi hgc M6-D!a chdt

phuong phdp vQn tdi vQt liQu chdn lo bdng thiry lHc
vdo di6u kiOn m6 hAm lo & nucvc ta, dac biQt la
vung Qudng Ninh ldr thUc sqr cAn thiCt va co f nghTa

th\rc ti5n.

1. Phuong ph6p chdn lo bing th0y h,rc

c la phuong phdp sy dqng
nd l6ng trong du.crng Ong de
va liOu chdn lo if6n vi trl chdn
l5p (H 1)

r=

H.1 . So d6 minh hoa vdn tdi vat tiQu chen lo bang thIy tqrc: 1 - Thiet b! c1p lieu; 2 - May bom hdn

hEp; 3 - Ong Adn ni6n hiEp; 4 - Vach to; 5 - KhOi chdn; 6,8 - BO nuoc lang; 7,9 - May bom nuoc; 10 -

6ng ddn nuoc

E conmrenEP ttto. sd z - 2017
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0y luc
ri0t ld
nghTa

H.2. Mo td dnh huOng cha qua trinh khai thac
d€n cdc cong trinh be mqt: a - Khai thitc khong
ket hEp chdn to; b - Khai thac co k)t hop chen lo

Mac du phucrng phdp chdn lo nay co hO th6ng
frodt nLpcvc phuc tqp, y6u cAu d6i voi vdt liQu chen
o cao, tinh to6n kho khdn nhung uu di6m la kh6i
Jrdn co dO ctAm len t6t, dO co ngot thdp, gidm hiQn
:rqng sut lIn bO mdt,... TrOn the gicri, cdng vcri mQt
so phuong phap chen lo khdc (chen lo t\r chdy,
t'tdn lo co khi,...), phucrng phap chdn lo th0y lqrc

da gop phAn dang k6 trong vi6c nAng cao sdn
lucrng khai thdc hAm lo, dem lai hiOu qud kinh te
nhu tai Duc ndm 1979, Nam Phi ndm 1 988,
Canada ndm 1994, Australia ndm 1997 ,... [15]. Tuy
nhi6n, cho d6n nay, d Vi6t Nam v5n chua co don
vt m6 hAm lo nao ap dqng.

Theo b6o c6o crla ViQn Khoa hoc Cong nghQ
M6, hiQn nay tqi cdc m6 than h6m lo vung Qudng
Ninh, trCr luEng than phan O6 OuO'i cdc c6ng trinh
cdn bdo vQ tr6n mat d6t tuong d6i lon, khodng 132
triOu t6n. C6c c6ng trinh nay gdm: khu dAn cLr,

duong dAy diQn, sOng, hO, khu di tlch, thing
cdnh,... DC khai thSc t6i Oa c6c nguon tai nguyen
n6u tr6n md v5n bdo vO duEc c6c c6ng trinh bC

mdt la vi6c lam tucrng d6i kh6 khan 06i vOi cong
nghQ khai thac hiQn tqi. Vi vQy, c6ng nghe khai th6c
ket nqp voi chdn lo bang thriy luc dd dugc TQp
dodn Cong nghiQp Than-Khodng sdn ViQt Nam dO

xu6t nghiOn cuu, dp dqng.

2. YAn d6 vf n tii vft liQu chdn lo bing thuy
luc o m6 than hAm lo vung Quing Ninh

2.1. Ve finh hinh nghidn cuu, ung dgng vQn
tdi bang thrty \rc

TrOn th6 gioi, vdn tdi bdng th0y lUc dd duEc dp
dUng tr/ the ky XIX va ph6t tri6n manh m6 giai doqn
cu6i tn6 ky XX. Nhi6u c6ng trinh nghien cuu dd
duqc tri6n khai vao thuc tO nhu tuydn ducrng 6ng
vQn chuy6n dd voi & Anh (ndm 1960, ducrng kinh
6ng 204 ffiffi, dai 9,6 kr), vQn tai quang s5t &
Australia (ndm 1967, ducrng kinh 6ng 245 mm, ddi
85 km); vdn tdi than de d M! (nam 1970, duong
kinh 6ng 457 mm, diti 437 km) tl 1l va mOt s6 tuy6n
vdn tdi khac (Bdng 1).

'dung
-.Rng oe

i chdn

)n Tinh d6n nay, dd co r6t nni6u c6ng trinh nghiOn
cOu vO phuong ph6p vdn tdi nay vcri nhi6u mqc
dich khdc nhau nhu nghiOn cuu cdc th6ng s6 vQn

tdi, chO dQ dong chdy vd c6c thong s6 anfr hu&ng
den khd ndng vdn tdi cia hO th6ng,... vcyi cdc loai
vQt liQu vQn tdi khac nhau, ching han, theo l12l:

Bdng 1. Mjt so hO th6ng vQn tdi duong ong bang thIy ttxc tr6n the gioi [11]

]{b VQt lieu vQn tdi Nuoc 6p dqng
Chieu dai

ducvns 6nq (km)
Ducrng kinh
6nq (mm)

Ndng sudt
(tri6u tdn/ndm)

Ndm
5p dunq

1 Than da Hoa KV 175 254 1.3 1957
2 Nqa 256 610 3,4 1 985
3 Quing s6t Hoa KV 86 229 2,25 1967
4 Mexico 27 254 1,5 1 976
5 Arqentina 32 203 2,1 1 976
6 Brazil 395 508 12 1977
7 Hdn QuOc 98 254 4,5 1975
8 Trunq Qudc 100 . 254 2.8 1975
9 Qu{ng d6ng Indonesia 111 101 .6 0,3 1972
10 Chile 203 177,8 1,0 1 999
11 Arqentina 314 152,4 0,8 1 998

c0ilc ilGHtEP m6. sd 2 - zorT
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hEp ddm brio vflt liQu vQn tdi kh6ng b! lang trong
duong 6ng nhu Thomas (1961, 1962, and 1964),

Hughmark (1961), Charles (1970), Oroskar and
Turian (1980), Wani (1982), Davies (1987), Kokpinar

Capecelatro vd Olivier Desjardins [13], Florent
Ravelet et al l1q de d0ng cdc cOng cr,r mO ph6ng

O6 fndo sdt sLr phdn b6 vO cd hat vd nOng d0 hat
trong 6ng tron nem ngang (H.3):

cho c6c dU 6n hut brn tai mOJ s6 m6 lO thi6n; H0 S

Giao vd nhom ngt*it clnt Bl cfri ra c6c y6u t6 dn

hu&ng den hiQu S€ Y-at tii than bun vd tte ng

c6ng lnfc x6c dinh suc can cfruy6n dOng, vQn t(

tdi h?n 6p dUng cfio md than tai Qudqg Ne

NsuySn Vdn Khdng [4] nghifft ctru thr,rc nghiQm

dong h6n hEp, 6p dqng tong ngdnh cOng nghi
khai thdc m6 d6 v?n Ei than, quang vd dr

quang,... C6 tn6 tndy ring, v?n tii bang th0y luc
phucrng phdp vQn trii dd dugc nghiOn cuu tu lAu

de c?p d6n nhi6u khia cAnh khac nhau. Cdc
qud nghiOn cuu do la ccv s& khoa hgc cho qud tri
nghiOn cuu, ap dqng vdo viOc vQn tii vOt liOu che
lo & nucvc ta.

,2tta
>I

2,2.2. Vd v€t IiQu vQn tdi (vQt IiQu chin lo)
d Quang Ninh, voi lqi th6 nguOn tdri nguy6n

khodng sdn, dic biQt ld than, trong dinh huong

>I
I

OO xu6t cdc c6ng thuc tfnh to6n vQn t6c toi ha

HIlrrb4
tarl-q
bl
El
*r-l
FE
lPt
-il5€r
Ipf+
E,drit
c6Qd
dinhi

22J
ryd

Tiit
O t€t\
qla€
cet dr
rEl*h
dnU
flphi
daE
c# li
lft ci
rtrtci
t- fra
drg O

ph6t tri6n, Qudng Ninh s6 lir mQt trung tap nhiQt

dien lcvn crla cd nucvc. Theo quy hoqch d6n ndm

2030 tr6n dla bdn tinh s6 c6 14 nhdr mey nhiet dien
tQp trung tai cdc khu vqrc U6ng Bi, DOng Tri6u, Hq

Long, CAm Pha,... tsl.

H3. Phen ffch tr)n c6c mO hinh mo ph6ng
a - Phdn bo cO hat [13]; b - Phan b6 nong d0 tl4l

O ViCt Nam, ccr gicri hoa thriy lqrc duEc O5t OAu

6p dqng trong viQc x6y dUng c6c k6nh ddo, nqo v6t
long s6ng, b6n cdng, xAy dqrng cdc cOng trinh illny
lql 

'ma 
tnlet bi ch0 Veu la mdy h0t b0n vd he th6ng

duong 6ng. DOn nay, phuo!9 ph6p vQn tdi ndy chti
y6u 6-p dUng d6 v?n chuy6n cdt, bun vd mQt sO

tai dong h6n hqp bun ducvi diy m6 l0 thi6n,
Nguy6n-Van Khang [1], 14 de dO xu6t cdc cOng

thi?i tinh todn van t6t ioi nan vd suc cdn chuy6n
clOng, ket qud nghiOn cuu sau ndy duEc ep dUng

Bdng 2. LuEng xi than tAi mQt s6 nhd mey nhiet

KOt qud thi nghiQm ddnh gid tinh chdt crla tro xi

hEp voi phuong phap thi c6ng fn6: cnen bdng thriy
h,rc [7]. BOn c?nh do, cdc b5o c5o crla V0 Thdnh
Ldmvd nhom nghiOn crlu [8] cOng khing dinn tro xi
nhd mdy nhiQt eiCn ddp Ong dugc c6c y6u c6u tl6i
vfi vOt liOu chdn lo.

3. Thanh hoa cha xi than

d
tr

dien vung Qudng Ninh [6]

c0ilc ilGHEP n6. sd 2 - 2017
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I t6 anh
dO nghi
vQn t6c
g Nam;
hiOm vd
tdi han
nghiQp

td duOi
y lqrc la
! ldu vir
06c k6t
ud trinh
iu chdn

b)
nguy6n
huong

m nhiQt
in ndm
iQt diOn
i6u, Hq

'ty niiet

tu ducvi l6n;
}, Nh6m cdc hQ th6ng khai thac vd chdn lo theo

tir tr€n xu6ng.
Cdc nghi€n cuu dd chi ra rdng, khi ap dr.rng hinh

chdn lo bdng phuong phap th0y lWc thi nhom hQ

khai th6c thr? nhdt E hiQu qud, kinh tO hon. HO
rg khai th6c nh6m ndry ddm bdo kh6i chdn co d0
chat t6t nncy trgng luEng c0a vQt liOu chdn; trong
finh chdn lo co th6 d6 ddrng bn d5p phAn co ngot
lcrp chpn phia dudi khi thgc hiQn chdn lop ti6p
phia ti6n; viQc thodt nudc cho kh6i vOt liOu chdn

lEi,... Tuy nhi6n qud trinh kh6u, ch6ng guong,
tdi than vd vQt liQu kh6ng thuQn lEi do duEc thgc
tr6n n6n lo chE h kh6i v?t liQu chdn, trong trudng

p tho6t nucyc khOng klt, n6n b 6m ucrt, sUng nucyc
dnh hudng d6n hiQu qud khai thdc [6]. Scy do v?n
vOt liOu chdn lo tu bO mat m6 xu6ng khu vqrc chdn
r phU thuQc hodn todn vdo dia hinh vd scy dO duong
cfr0 y€u ld vQn tai di xu6ng. C5c dudng lo phAn krn
d0 d6c khOng qu6 lcrn, do do viOc vQn tdi vQt liQu

n bdng thriy lLpc hodn todn c6 th6 thgc hi6n duEc.
2.2,4. Cdc th6ng s6 ce bdn trong vQn tdi vQt

rHoA HgG UA GoilG il8HE il6

2.2.3. VA he thdng khai thdc yd so d6 vQn tdi
Co 2 nh6m h0 th6ng khai thdc chinh dang duEc
dUng t?i cdc m6 than hAm lo vCrng Qudng Ninh:
F Nhom cdc hQ th6ng khai th6c vd chdn lo theo

u chdn Id bdng thby lqrc
Tir cac nghiOn cuu vO vQn tdi bang th0y lWc dd n6u
l€n, thOng s6 co dnh hudng nhi6u nh6t d6n hiQu

vQn tdi bdng thrly lgc ld vQn t6c tdi hqn vd suc
chuy6n dQng. Ddy ld hai th6ng s6 md nAu h6t cac

cua cdc hqt chdt r5n md kh6i luEng ri6ng, dQ
cia ch6t bng thay d6i, d6n d6n c6c th-ong s5 vQn

thay O6i tneo. Khi dong chdy chi co cac hqt nh6,
E d0 kh6ng ldn, cdc hqt phdn b6 tucrng A6i edng

d€iu, l0c d6 trucyng t6c dQ gAn vdi trudng t6c dO c0a
dong mOJ pha, tn-lc dQng hgc trirng vdi tryc hinh hqc
cria 6ng. Khi nOng dO tang l6n, kich thuoc c6c hat
khdc nhau, trong dong chdy OEt 0Au co sW phdn chia
lcyp. Cac lcrp chuy6n dOng voi t6c dQ khdc nhau.

duoi tdng len [1]. Di6u ndy tucrng tr,r voi kdt qu6 [10],
trong dong chdy hai pha lu6n t6n t4i mO hinh 3 lop
th0y lqrc, mQt lop phdn t5n lcy hlng phia tr6n, mQt lop
hat di chuy6n & gi0a va mQt lcrp hqt d0ng y6n ducri
ddy 6ng; vi6c xdy dWng m6i quan hQ gi0a c6c dai
lugng cria m6 hinh 3 lcrp thriy lLrc beng cdc bi6u thuc
ld thtrc sr,r cdn thi6t, tgo co s& cho viQc tlnh to6n, t6i
uu hoa th0y krc trong vQn chuy6n ddng hai pha.

Theo Nguy6n Vdn Khang [1], l2l, l4l, v?n t6c tcri
han cria dong h6n hEp ld vfn t6c trung binh cia n6
md Ong vcri vQn t6c do, cac hqt cndt r5n co kich thuoc
va mQt d0 nh5t dinh b5t dAu roi kh6i ctSy 6ng va dich
chuy6n trong trqng thdi lcy ltlng; khOng nng 

-Ogng 
tr&

lai. ViQc xdc dinh vQn t6c tcyi h?n cOa dong h6n hEp
dr,ra tr6n qud trinh khdo sdt mQt hat chdt r6n ndm lcy

l&ng s6t ddy 6ng, hqt ndry chiu t6c dr;ng cOa cdc h,rc:
Trgng h,rc Pr; h,rc itAy Ac-si-m6t Pn; llrc cdn chuy6n
dQng khi hat roi Ps vd h,rc ndng Px, trong d6:

Pr_V.g.p,; (1)
po=V.g.pn; e)
pc =Vr.tr.w.d*Vz.ph .d2.w2 - f(d,w); (3)

h n.d3 dv
Pr = ?.Pn'u.dy @)

O eay: V - ThA tich cia hat ch5t rdn; g - Gia t6c
trgng trucrng; pr, po, p6 - Kh6i luEng ri6ng cria hqt
chSt r6n, nuoc vd h6n hEp th0y h,rc; r1lr ,yz- Hg s6
s0c cdn chuy6n CIOng khi hat rcri; p - dO nhcyt dQng
hgc; w - D0 lSng th0y lgc; v - VQn tOc ddng h6n
hEp; d - Ducyng kinh hqt r6n.

a tro xi
ilng s&
g phap
tli€n c6
lla cfic
6u t6t,
rat pnCr

ng th0y
Thanh

h tro xi
i -{.Dau ool

H.4. So dO tinh todn vdn toi hqn cha hqt trong duvng 6ng [1]
Di6u kiQn cdn bing h,rc tr6n hqt rdn:
P1=(Pa+Pg+PH) (5)
DHa theo phuong trinh c6n bdng lyc (5) t6t h-o.p

vcri phucrng trinh m0 td sU phdn b6 cac hAt i6n
trong ddng chdy vd c6c th6ng s6 cU th6 sE xac dfirfl
dugc vfn t6c toi hqn ddm bdo hat kh6ng bi Eng



KHOA HOG UA GM

deng trong que trin[ vQn tai. D6i vcvi suc cdn
chuy6n dOng, th6ng thudng duEc tinh theo suc
cdn chuy6n bQng tl5i vcvi -dong nuoc sqch ket nEp
vdi srlc cin phr,r do c6c y6u t6 khdc gdy ra l2l:

in =io.Pq+N (6)
po

chdn lo, trong do co tro xi nhir m6y nhiet diQn, c6n
phdi nghiOn Cuu lf thuyet fet nEp vcvi th\rc nghiQm.

3. K6t lufn

) V6n dO cAn gidi quyet ti6p theo ld nghiOn ct?u,

h-ra ehgn duEc vOt liQu chdn lo; x6c dinh duEc
nOng e6 n6n hEp, thOng s6 vOn tdi vdr cne 00 chdy
nqp lV; tinh to6n, ltra tngn cdc thi6t bi trong he

th6ng vQn tdi vd d6nh gid hiQu qud kinh te.3
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