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Binh Thuan province has significant reserves of placer titanium, occupies
approximately 92% total reserves of Vietnam. Geological condition of the
deposit is quite uncomfortable for mining activities. At present, selection
of appropriate mining technology for placer titanium mines in Binh
Thuan province is a scientific and practical problem. In this paper,
authors researched and developed a selective sequence of appropriate
mining technology for placer titanium mines in Binh Thuan province,
consists of (1) feasible mining technological schemes, (2) appropriate
mining order, (3) possibility of providing water for mine, (4) ensuring
slope stability, (5) comfortable alternatives for land rehabilitation and
restoration, and (6) high economic effect. With this selective sequence, the
appropriate mining technology for placer titanium mines in Binh Thuan
province can be selected, and contributes to enhance mining effect,
ensures safety and protect environment.
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Nghién ctru trinh tw lwa chon cong nghé khai thac phu hop cho
cac mo titan sa khoang ven bién tinh Binh Thuin

Lé Qui Thao 1, Bui Xuin Nam !, Vii Dinh Hiéu 2, Lé Thi Thu Hoa !

1 B6 mén Khai thdc 16 thién, Khoa M6, Trwong Pai hoc M6 - Pia chdt, Viét Nam
2 Vién nghién ctru Bién va Hdi ddo, Viét Nam

THONG TIN BAI BAO TOM TAT
glﬁq trg\zh:m 8/2020 Binh Thudn la tinh dworc ddnh gid cé tiém ndng titan sa khodng ven bién lon
an bai 27/8/ nhdt cd nudc véi trix luong chiém khodng 92% trie luong titan sa khodng
Chap nhan 26/9/2020 ven bién Viét Nam. Diéu kién hinh thanh titan sa khodng trong khu vuc nay
Déng online 10/10/2020 rdt khé khdn cho khai thdc, ddc biét hién nay viéc luwa chon cong nghe khai
v ehdar thdc phu hop nham dam bdo khai thdc an toan, dat hiéu qua kinh té€ cao, bdo
Tir khéa:
Binh Thuan, ve/ ‘mc_)l tru'o"ng,la v.an dé khoa izgc_ o tinh cap, thlet,c_im Voi tm}‘l.Blr,lh Thugn
Cong nghé khai thac, nai riéng va cdc dia phwong cé titan sa khodng néi chung. Bai bdo nghién

ctbu va dé xudt trinh tw lwa chon céng nghé khai thdc phu hop cho cdc mé
titan sa khodng ven bién tinh Binh Thudn gom cdc tiéu chi theo thir tw sau:
(1) So do6 cong nghe khai thdc kha thi; (2) Trinh tu khai thdc hop ly; 3) Ddm
bdo Iu'o'ng nwéc can thiét; (4) Pdm bdo 6n dinh bo mé; [5) Phwong dn cdi
tao va phuc hdi méi trudmg thudn loi va (6) Hiéu qud kinh té cao.

Titan sa khodng ven bién.

© 2020 Trwong Dai hoc M6 - Bia chat. T4t ca cic quyén dwoc bdo dam.

tim kiém tham do da phat hién va xac dinh quang

1. Mé& dau : S o e  ireeoA
titan sa khoang ven bién Viét Nam c6 gia tri cong

Titan sa khoang la loai khodang san quan
trong, duwgc sr dung trong nhiéu nganh cong
nghiép khac nhau. Véi triv lwgng khoang 650 triéu
tidn khoang vat nang (KVN), Viét Nam dwoc danh
gia la mot trong cac qudc gia c6 tiém nadng titan sa
khoang trén thé gi¢i (Bui Tat Hop, 2010; Tran Van
Thao, 2010).

(O Viét Nam, titan sa khoang da dwoc tim thay
doc theo b& bién kéo dai tir tinh Thanh Hoa t&i
tinh Binh Thuén. Cac két qua nghién ctru, diéu tra,

*Tdc gid lién hé
E - mail: lequithao@humg.edu.vn
DOI: 10.46326/JMES.KTLT2020.03

nghiép phén bé trong cic ting tram tich bién tudi
Pleistocen gitta dén mudn va cac tram tich bién
(m), bién - gi6 (mv) tudi Holocen giita dén mudn,
vOi chiéu dai tir vai tram m dén 20 km, rong
25+700 m, day 0,5+10 m (Bui TAt Hop, 2010; Tran
Van Thao, 2010).

Trong s6 cac dia phwong c6 trit lwgng titan sa
khoang ven bién thi tinh Binh Thuin dwoc xac
dinh la tinh c6 tiém ndng nhat ca nwéc. Triv lwgng
titan sa khoang & day cht yéu nam trong tang cat
xadm va ting cat do, dwoc dw bao cé triv lwong
khodng 600 triéu tdn phan bd trén vung dit rong
khoang 1.137 km?, chiém khoang 92% tdng tri
lwong tai nguyén quang titan ctia Viét Nam. Pay la
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khu vuc dwgc quy hoach dé khai thac, phat trién
nganh cong nghiép titan sa khoang tai nwéc ta
(Quyét dinh s6 1546/QD-TTg, 2013).

2. Hién trang cong nghé khai thac va Nhirng
van dé cip thiét hién nay d6i véi viéc lwa
chon cong nghé khai thac hop ly cho cac mo
titan sa khoang ven bién Binh Thuéin

2.1. Hién trang khai thdc

Hién nay, cong nghé khai thac phé bién dang
dwoc 4p dung cho cac mo titan sa khoang ven bién
Viét Nam hién nay la cong nghé khai thac bao gobm
3 khau chinh (Hinh 1): 1 - Moong khai thac; 2 - Be
bom hut bun cat; 3 - 6ng hit; 4 - Neo dinh vi; 5 -
Sting bin nwéc; 6 - vit xodn; 7-Phao néi; 8 - Ong
thai bun quang; 9 - Bai thai cat; 10 - Thiét bi co gidi
san gat quang xudng moong khai thac): (i) khai
thac, (ii) tuyén thd bang vit xodn va (iii) thai cat
(HO Si Giao va nnk, 2015).

2.1.1. Khau khai thdc

Do dic diém thanh tao cua titan sa khoang
ven bién Viét Nam, cac KVN chi chiém phan rit
nhé (khoang 1%) (Trwong Pai hoc Khoa hoc Tw
Nhién Khoa Dia Chat, 2018, Yingli LV et al, 2020).
Vi vy, khéi lwgng cat thai gdn nhw 1a toan b khoi
lwong quang khai thac. Do dé cdng nghé khai thac
dang dwoc ap dung tai cac mo sa khoang Viét Nam
chti yéu bang strc nwédc vdi cac bwde co ban sau:

+ Chuén bi dién khai thac dau tién nho nhat
dam bao cung cip nwéc diy di nwére trong cad mua
kh6é va mua mwa. Moong nwéc du trit thwong
dwoc dao va dap trudec khi tién hanh mé moong
khai thac.

+ Pao cac moong khai thac chivra nwéc dam
bdo cho thiét bi khai thac hoat dong.

+ Thiét bi khai thac gobm: Bé hut cat, tram
tuyén thé (dwoc dat trén b hodc dwdi moong
khai thac trén be), sung bin nuéc hd tro cho viéc
khai thac, may xic hodc may i san gat hd trg cho
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viéc dwa quang vao moong khai thac va don bé
mdt.

2.1.2. Khdu tuyén thé bang vit xodn

KhAiu tuyén quang hién tai dang dworc str dung
12 hé théng vit xodn tuyén trong luc. Khau tuyén
co ban gébm 3 cong doan tuyén chinh: tuyén thd,
tuyén trung gian va tuyén tinh. Sau khi tuyén, KVN
dwoc thu hoi va dwa vé khu chiva. Cat thai dwoc
thai truc tiép ra phia sau khu virc moong da khai
thac hay khu vuc khong chira quang.

2.1.3. Khdu thdi cdt

Viéc thai cat theo hinh thirc do thai vao khu
vire dd khai thac dwgc 4p dung hau hét cho cac mo
khai thac titan sa khoang tai ven bién Viét Nam.
Khoi lwong cat thai gin bang hoan toan khéiluong
khai thac; khai thic dén dau, hoan nguyén bé mat
khu vwre da khai thac téi do.

Cong tac thai phai dam bao lwong cat thai
khong chdy vao gwong khai thac, khong dé thai
trong 14n 1én khu vuc chwa hodc sip khai thac.

2.2. Nhirng vdn dé cdp thiét hién nay déi voi
viéc lwa chon céng nghé khai thdc hop ly cho
cdc mé titan sa khodng ven bién Binh Thudn

Hién nay, viéc lwa chon cdng nghé khai thac
tai cac mé con mang tinh kinh nghiém, cong nghé
khai thac, thiét ké khai thac twong tw nhau déi véi
cac diéu kién thanh tao khac nhau trong tram tich
Holocen va Pleistocen. Do d6 khi tién hanh khai
thac, cic mo nay déu phat sinh rat nhiéu van de,
dan dén mot s6 mé phai tam dirng khai thac, bdi
mot s6 nguyén nhan sau:

2.2.1. Khéng phti hop véi diéu kién dia chdt va dia
chdt thiy van (PCTV)

Trong ting Holocen, thdng thwdng chiéu day
ting quang khong 16m (<10 m), tuy nhién, ngay
trong ting khai thac nay cling c6 nhirng khu vuc
c6 chiéu day than quing 1én t&i 20 m,... dan dén

Hinh 1. Sor d6 minh hoa céng nghé khai thdc titan sa khodng ven bién Viét Nam.



36 Lé Qui Thdo va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 61 (5), 33 - 46

viéc khai thac bang nhirng cong nghé da chon sé
tiém 4n nguy co mat an toan trong san xuat.

Trong ting Pleistocen, thwong c6 chiéu day
than quang 16m t&éi 100 m; diéu kién DCTV (ca
nuwédc mat va nwde ngdm) khong thuin loi; viéc lwa
chon c6ng nghé khai thac khé khan trong viéc cip
nuwéc cho khai thac, tuyén tho va thai cat.

2.2.2. Khong ddp ting sdn lwong khai thdc va gdy
ton thdt tai nguyén khodng sdn

Viéc lwa chon cong nghé khai thac con chwa
hop ly din téi thuc t&€ 12 cadc mod khong dap tng
dwoc san lwong, hiu hét cac mo titan sa khoang
ven bién hién nay cta Viét Nam déu khai thac thap
hon san lwgng thiét ké (S& tai nguyén cac tinh
Binh Pinh, Ninh Thuan, Quang Binh, Binh Thuén,
2018). Mot trong nhitng nguyén nhan chi yéu
chinh la do cac mé st dung cong nghé khai thac
chwa hop ly, gy ton that 16n tai nguyén khoang
san.

2.2.3. Trinh tw khai thdc, thdi cdt va phuc hoi méi
trwong chwa hop ly

Trinh tw khai théc, thai cat va cai tao, phuc hoi
moi trwong hop ly la diéu rat quan trong doi véi
khai thic titan sa khodng ven bién, dic biét trong
tAng cat do Pleistocen. Hién tai chwa c6 mé nao
khai thac hét dwoc thian quang c6 chiéu day 16n
80+100 m. Trinh ty khai thac xuéng siu chwa
dwoc dé cap chi tiét trong cac cong nghé khai thac,
phan dwdi su c6 noi con bi b lai, dan téi ton that
tai nguyén khoang san rat 16m.

2.2.4. Chwa ddm bdo an toan, ddc biét la én dinh bo
mao

Trong qua trinh khai thac, cic mé titan sa
khoang Viét Nam van thwong xuyén xay ra nguy
co mitan toan do bi sat1& tAng va bor mo. Khi khai
thac than quing c6 chiéu day 16n, hién twgng nay
van xdy ra & hiu hét cAc mé titan sa khoang khu
virc Binh Thun.

2.2.5. Chwa hiéu qud trong viéc khai thdc va phadt
trién bén virng

Mic du tién hanh tir nhirng thip nién 1990
dén nay, tuy nhién, nganh khai thic titan sa
khodng ciing nhw ché bién siu ctia Viét Nam chwa
thuc sw bén virng; céng tac khai thac cang ngay
cang tré 1én kho khan béi tac dong tir viéc khai
thac téi moi trwong; ap lwc cta gia thanh san
pham, cin bang gitra moi trwdmg, xa hoi vai phat

trién kinh té,... trong d6 mét c6 ly do khach quan 1a
chwa st dung cong nghé khai thac hop ly.

3. Nghién ciru trinh ty lwa chon cong nghé
khai thac phu hop

Cac tiéu chi lra chon cong nghé khai thac phu
hop cho cdc mo6 quang titan sa khoang ven bién
tinh Binh Thuin dwoc cac tac gia nghién ctu, dé
xuat thuc hién theo trinh tw sau: (1) Sor d6 céng
nghé khai thac kha thi; (2) Trinh tw khai thac hop
ly; (3) Pam bao lwong nwérc can thiét; (4) Pam bao
on dinh b mé; (5) Phwong an cai tao va phuc hoi
moi tredng thudn loi va (6) Hiéu qua kinh té cao.

3.1. Cdc sor d6 cong nghé khai thdc khda thi

Cac so do cong nghé khai thac titan sa khoang
ven bién kha thi c6 thé 4p dung cho tinh Binh
Thuén, dwoc dya trén dong b thiét bi st dung
trong day truyén cong nghé la khau cat quing -
van tai cat quing - tuyén tho - thai cat (H6 Si Giao
va nnk, 2015), bao gom (1) May xic khiu quang,
vAan tai 6 to, tuyén vit xodn, thai bang bom bun; (2)
May xtc khiu quing, van tai 6 t6, tuyén vit xoan,
thai biang may ui; (3) Sing bin nuwéc lam toi
quiing, hut va van tdi quing bang bom bun, tuyén
vit xodn, thai bang bom bun; (4) Sting ban nuéc
1am toi quang, hit va van tai quing bang bom bun,
tuyén vit xoan, thai bing may ui; (5) Bom hut
quing truc tiép, tuyén vit xoin, thai biang bom
bun; (6) Bom hut quing truc ti€p, tuyén vit xoan,
thai bang may ui; (7) Tau hat khdu quing, van tai
bing bom bun, tuyén vit xoan, thai bing bom bun;
(8) Tau hut khiu quing, van tai bing bom bun,
tuyén vit xoan, thai bang may ui; (9) Khiu quing
bang mdy xtc nhiéu gau, van tai biang biang tai
hodc ciu bing tai, tuyén vit xoan, thai cat bang
bang tai.

Trén co s& phan tich nghién ctru céng nghé
khai thac kha thi cho cac mé titan sa khoang ven
bién Viét Nam gom 3 so do:

- So d6 1: Cong nghé khai thac dung may xdc
khiu quidng, van tai 6 td, tuyén vit xoin, thai bang
bom bun: 1 - khai truwedng; 2 - MXTLGN; 3 - 6 t0; 4
- bunke c6 trang bi sang loc rac ban; 5 - h6 bom
bun; 6 - tram tuyén vit xodn; 7 - ng dan bun thai;
8 - phan bai thai da dwoc 1ap day; 9 - phian bai thai
chwa st dung; 10 - giéng loc nwéc; 11 - tram bom
nwéc tudn hoan; 12 - 6ng din nwée tuin hoan) (So
do6 nguyén ly tai Hinh 2; so d6 cong nghé, xem
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Hinh 3);

- So d6 3: Cong nghé khai thac ding sung ban
nuéc 1am toi quing, hut va van tai quing bang
bom bun, tuyén vit xoin, thai bang bom bun: 1 -
sung ban nwéc; 2 - tram vit xoan; 3 - hd bom bun
quiing cip cho tuyén; 4 - 6ng din nuéc; 5 - tram
bom nwéc tuan hoan; 6 - 6ng dan nuwéc tir giéng
loc; 7 - 6ng cAp nwdc cao 4p cho sung ban nwéc; 8
- giéng loc nuwdc bii thai; 9 - bai thai tam cda
khoanh khai thac dau tién; 10 - 6ng din bun thai;
11 - bai thai trong; 12 - h6 bom bun quang trong
khai trwomg; 13 - bom bun quing 1én hé cp liéu
cho vit xodn; 14 - moong khai thac; 15 - thit tw khai
thac cac khoanh; 16 - h6 chira nwéc tuan hoan)
(So' d6 nguyén ly, xem Hinh 4; so d6 cong nghé,

Xuic quang
(may xuc)

U
Van tai quang (6t6)

¥

— " — ——y

1+ Loc rac thai !

—

Bom

Tuyén vit xoan

Chét kho
(Quéang tinh)

Thai cat
(Bom buan)

Hinh 2. Sor d6 nguyén ly cong nghé khai thdc
diing mdy xtic khdu qudng, vdn tdi 6 t6, tuyén vit
xodn, thdi bang bom buin.

[

3

g -

xem Hinh 5);

- So d6 5: Cong nghé khai thac dung bom hut
quing truc tiép, tuyén vit xodn, thai bang bom
bun: 1 - moong khai thac; 2 - bé hut; 3 - sting ban
nuéc (néu can); 4 - 6ng dan cat quing; 5 - tram vit
x0an; 6 - phao néi; 7 - dwdng 6ng dan cat thai; 8 -
bai thai trong; 9 - neo ¢d dinh tram vit xoan; 10 -
hé nwéc du trit; 11 - bom cdp nwdce bo sung; 12 -
dwong 6ng dan nudéc b sung; 13 - khoanh khai
thac tiép theo) (So d6 nguyén ly, xem Hinh 6; so
do6 cong nghé, xem Hinh 7).

Trong d6, so d6 3 va 5 dwoc dung pho bién
hon so'd6 1, dac biét doi véi cac mo c6 quy mo 16m,
nam trong khu virc c6 diéu kién dia chat thiy van
thuén loi, chiéu day than quang 1on.

Khéau quing
(sung nuwdc)

v

Van tai (bom ban)

I

—— — — —y

1+ Loc rac thai !

—

Bom

Tuyén vit xoén

Chét kho
(Quéang tinh)

Thai cét
(Bom bun)

Hinh 4. Sor d6 nguyén ly c6ng nghé khai thdc dung
sting bdn nuéc lam toi qudng, hiit va van tdi qudng
bdng bom buin, tuyén vit xodn, thdi bing bom bun.

Hinh 3. So Ao cong nghé khai thdc diing mdy xtic khdu qudng, van tdi 6 t6, tuyén vit xodn, thdi bang
bom bun (st dung nwéc tudn hoan)
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3.2. Xdc dinh trinh tw khai thdc hop ly

Xac dinh trinh ty khai thac hop Iy trong khai
thac 16 thién néi chung va khai thac cac mé quang
titan sa khoang ven bién tinh Binh Thuén néi riéng
la hét strc quan trong. Diéu nay khong chi ddm bao
cho mo hoat dong hiéu qua, an toan ma con tao
diéu kién thuin loi cho mo thwc hién viéc thai cat,
cai tao va phuc h6i méi trweong hiéu qua, gop phan
bao vé méi truedrng bén virng.

3.2.1. Muc dich ctia viéc chia khodnh khai thdc

Véi ddc diém cong nghé khai thac bang strc
nuwéc d6i véi quang sa khodng ven bién 1a do thai
bai thai trong, do d6 bé mit dia hinh sau khi két
thic khai thac gan nhw nguyén trang ban dau. Qua
trinh khai thac dén dau hét dén dé (hay goi la khai
thac cuon chiéu) nhit thiét phai tién hanh chia mo
ra thanh cac khoanh vé&i muc dich khai thac triét
dé khodng san va theo mot trinh tw nhit dinh. Viéc
tién hanh chia khoanh khai thac la can ct xay
dung hé thong khai thac va cling nhw 13 can ctr dé
tinh todn cc thong s6 ky thuit.

3.2.2. Cdc yéu té dnh hwdng tdi viéc chia khodnh

Viéc khao sat dia hinh ban d4u la rat cin thiét
cho viéc chia khoanh va trat tw tién hanh khai thac
cac khodanh theo thoi gian, hwéng phat trién khai

thac. Khoanh khai thac dwoc chia phu thudc vao
mot s6 yéu td co ban sau:

1. Dia hinh khu vwc va cdc yéu té xa hoi

13

o0

11

Hinh 5. So d céng nghé khai thdc diing sting bdn
nwéc lam toi qudng, hiit va van tdi qudng bdng bom
buin, tuyén vit xodn, thdi bang bom bun.

Huat quang (bom)

ol g

1 Loc réac thai .:
Bom
Tuyén vit xoén

Chét kho Thai cat
(Quang tinh) (Bom bun)

Hinh 6. Sor d6 nguyén ly cong nghé khai thdc diing
bom hiit quding truec tiép, tuyén vit xodn thdi bing
bom buin.

Hinh 7. So Ao céng nghé khai thdc diing bom huit quding truec tiép, tuyén vit xodn (ddt trong moong
khai thdc), thdi biang bom bun.
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- B6i véi khu vire ¢6 dan cu dién
khai thac phai dén bu 16, khu vwee c6
cac cong trinh cin bdo vé, viéc lwa

z
7
/

chon khoanh khai thadc va hwéng khai ~ céngtrinh
thac phu hop la rat quan trong trong - #
giai doan dau khi phai dau tw von 16n =
(Hinh 8). A

- Khai thac quang sa khodng yéu 2= /_

cdu mot lwong nuwée tudn hoan lén
phuc vu khai thac va tuyén vi vy viéc
chia khoanh khai thac la rit quan
trong dam bao cho viéc dv trit nwéc
trong qua trinh khai thac. Pac biét,
khi trong bién gi¢i khai thac co sy
chénh léch dia hinh 16 thi viéc phan
khoanh khai thac la rat quan trong va
khodnh khai thac dau tién thuong bé
tri & khu virc cao nhit va sé dwoc khai
thac dan xudng cac khoanh & vi tri
thip hon (Hinh 9).

2. Dién tich khodnh khai thdc

San lwgng nam cda mod hay sé
lwong thiét bi dwoc bd tri trén cac
khodnh khai thacla yéu t6 quan trong
dé xac dinh kich thwéc cling nhw quy
md ctia mot khoanh khai thac. C6 thé

Hinh 8. Khodnh khai thdc ban ddu phu thudc vao diéu kién xd hoi.

R i S R
'

i B T (e By a
'

xac dinh Kkich thwéc mét khoanh khai T R P GREEEEEE ;

thac véi moi quan hé véi san luwong
mo theo cong thirc sau:

S =An/H m?/nam (D

Trong doé: S - dién tich khodnh khai thac trong
1 ndm, m2/ndm; H - chiéu day trung binh cta lép
cat quang dam bao cho hoat dong khai thac cta
mé dugc dién ra thuan lgi, m; Am - san lwong cat
quang hang nam ctia mo, m3/nam.

3.2.3. Xdc dinh trinh tw khai thdc cdc khodnh

Khi khai thac quang titan sa khoang trong
tram tich Holocen va Pleistocen, d€ giam thiéu ton
that khi khai thac cling nhw thuén loi cho viéc cai
tao va phuc h6i moi truedng sau khai thac, thi trinh
tw khai thac cac khodnh can dworc tién hanh theo
ndi ti€p nhau, theo dia hinh tir cao xuéng thap dé
tiét kiém nwéc tdi da.

1. Khodnh doc

Tuy thudc vao san lwgng khai thac, diéu kién
dia hinh, dac diém hinh thanh thin quing, yéu cau

Hinh 9. Trinh tw khodnh khai thdc dworc b6 tri theo dia hinh khu
vuwe. 1 11 I11,...- Trinh tir khodnh khai thdc.

thai cat va phuc h6i méi treong, ma hwéng khai
thac clia mo cé thé dwoc tién hanh Ian lwot cho cac
khoanh theo truc dai ciia mo, tir khodnh d4u tién
dén khoanh cuo6i cuing khi két thiic mo (Hinh 10).

2. Khodnh ngang

Tuy thudc vao san lwgng khai thac, diéu kién
dia hinh, dic diém hinh thanh than quéng, yéu ciu
thai cat va phuc hoi méi treong, ma hwéng khai
thac clia mo cé thé dwoc tién hanh Ian lwot cho cac
khoanh theo phwong ngang cia mé, tir khoanh
khai thac d4u tién cho téi khoanh khai thac cudi
cung (Hinh 11).

3. Khodnh hinh ré quat

Vi nhitng khoang san c6 bién gidi c6 nhiéu
goc canh, mo6 dwoc khai thac theo cac khoanh hinh
ré quat (Hinh 12).

3.3. Xdc dinh lwong nwdre cdn thiét cho mo
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3.3.1. Xdc dinh t6c dé thdm thdu nwdc clia qudng
titan sa khodng

Cac tac gia tién hanh thi nghiém xac dinh téc
do6 thdm thau nwéc clia quang titan sa khoang cé
ham lwong sét khac nhau (5%, 10%, 15% va 20%)

7 ] =] -

Hinh 10. Hwéng phdt khai thdc cdc khodnh theo
truc dai ctia mé.

I N

Hinh 11. Hwéng khai thdc cdc khodnh theo truc
ngang cua mo

Hinh 12. Phdn khodnh khai thdc theo hinh ré quat.

trong 2 trwong hop: (i) quang khé va (ii) quang
am (d6 Am 0%, 15% va 30%).

Mé hinh thi nghiém (Hinh 13) dwoc cac tac
gia thiét ké, 13p ddt dé trién khai thuc nghiém thuc
t& (Hinh 14).

Kich thwéc cia mé hinh than quing bao gom:
chiéu dai trung binh cta ting quang la 40 cm va
chiéu cao ting quang la 10 cm (md hinh twong
dwong: 1 cm trong mé hinh twong dwong 1 m
ngoai thuc dia). Tién hanh d6 nwéc vao day mo
(v6i chiéu day 1ép nwédce 1,5 cm), quan sat nwéc
thdm thiu t&i cdc mdéc do khoang cach theo
phwong nam ngang (tinh bang cm) va bam thoi
gian (tinh bang gidy), thong ké cac gia tri nhan
dwoc theo cac bang s6 liéu: xac dinh téc do thadm
thau nwéc ctia quang c6 ham lwong sét 5%; moi
quan hé giita toc do0 thAm thiu trung binh cia
quang trong trang thai khé véi ham lwgng sét khac
nhau; moi quan hé gitta toc do thAm thiu trung
binh ctia quang trong trang thai 4m 15% v&i ham
lwgng sét khac nhau.

Tr s6 liéu & cic bang trén, xay dung dwoc do
thi thé hién moi quan hé gitra ham lwong sét trong
quang v&i toc dd thim thau nwde ctia quang (Hinh
15).

3.3.2. Xdc dinh lwong nwérc cdn thiét va ty Ié thu hoi
nwdc khi khai thdc

Trong  khai
thac dung cong
nghé khai thac kho
hay cong nghé khai
thac wot déu phai
st dung nwéc dé
bién quang titan sa
khoang thanh dong
bun quiang dé vin
chuyén chung téi
bé tuyén vit xoan.
Lwong nwéc cin
thiét trong nam cta

10cm

0 cm

mo titan sa khoang
ven bién tinh Binh
Thuén dam bdo san
lwogng khai thac
yéu cau c6 thé

1.5cm

30 25 20 15 10 5

Hinh 13. M6 hinh thi nghiém xdc dinh téc do thdm thdu nwoc cia qudng.

Ocm

dwoc xac dinh theo
cong thirc sau (HO
Si Giao va nnk,
2015):
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e meenecaee . R
Hinh 14. Thyrc nghiém xdc dinh t6c d6 thdm thdu
nwérc cia qudng

0.07
wep Kho

0.06 Uét
y =-0.2453x + 0.0732

2005 | R2=0.8893

héu,cm
o
o
H

Toc do tham t
o
o
w

o
o
~

y =-0.2833x + 0.07!
R?=0.9301

o°
o
b=

O‘;ﬁ 5% 16% 15% 2(;% 25%
Ham lugng sét trong quang, %
Hinh 15, Méi quan hé giiva ham luong sét trong
qudng vdi toc do thdm thdu nwdce ciia qudng & trang
thdi khé va dm 15%.

Q=A4,q.[1+(100% - K)], m3/nam (2)

Trong dé: A, - san lwong cat quang khai thac
trong 1 nam, m3/nam; q - chi tiéu tiéu hao nwéc
khi khai thac, m3/ms3; K - ty 1é thu héi nwérc, %.

Theo diéu kién khai thac, thuc té thu hoi nwéc
tai cac mo khac nhau theo mua. Trong mua mua,
¢6 thé thu hoi téi 80+90% lwong nwée dung trong
khai thac, con mua khé chi thu hoi dwoc 40+50%.

Trong qua trinh di thuc dia va tién hanh cac
thi nghiém, cic tac gia nhan thay: lwong nwéc mat
chti yéu la do khai thac trong quang kho. Lwong
nuwéc nay chd yéu ton thit do bi thim thiu vao
quang kho, bi gitt lai trong quang la chinh, & bai
thai khong 16m, chi c6 mét lwong rit nho trén bé
mat bi mat mat do bay hoi. Tuy nhién, khi sét
chiém tir 10% ham lwgng cta quéng thi qua trinh
tham thiu va ngdn nwéc la rat1ém. Khi do ty 1€ thu
ho6i nwérc trong qua trinh khai thac phu thudc vao
ham lwgng sét c6 trong quang, cling nhw do 4m
cla qudng.

Cac tac gia da tién hanh thi nghiém dé xac
dinh ty 1& thu héi nwéc cia quang titan véi ham
lwong sét 5%, 10%, 15% va 20% ¢ trang thai kho
(40 &m 0%) va trang thai 4m (do 4m 15% va
30%).

MG6i quan hé gitra ty 1 thu hoi nwée ciia quing
c6 ham lwong sét thay doi (5%, 10%, 15% va
20%) v&i su thay doi dd Am cta quang (0%, 15%,
30%) dwoc thé hién qua cic Hinh 16+19.

3.3.3. Xdc dinh chi tiéu tiéu hao nwéc ctia cdc so do
coéng nghé khai thdc titan sa khodng ven bién Viét
Nam

Trong cac so d6 cong nghé khai thac kha thi
cho cdc mo quiang titan sa khodng ven bién Viét
Nam, hiu nhw tat ca cac khiu cia so d6 3 va 5, déu
phai dung dén strc nwére.

Khéi lwong nwéce can thiét dé duy tri cac hoat
dong cia mé phu thudc vao nhiéu yéu t6 nhw ham
lwong sét c6 trong quing, do 4m cua quang, ty 1é
thu hoi nwée trong qua trinh khai thac, san lvgng
clia mo,... Tl thue té€ sir dung nwére hién nay tai cac
mo titan sa khoang ven bién tinh Binh Thuén, cac
tac gid da thong ké, noi suy va xac dinh dwogc chi
tiéu tiéu hao nuwéc thuwe té ciia cdc mo khi khai thac
theo cac so d6 cong nghé 1, 3 va 5 twong rng 12 g
=1,35m3/m3, q3=1,63 m3/m3va gs=1,94 m3/ms3.

3.4. Bdnh gida dé 6n dinh bor mé qudng

Nhuw da trinh bay & trén, cac khodng sang titan
sa khoang ven bién tinh Binh Thuin ch yéu nim
trong tang cat, chiéu siu khai thac 40+90 m, tir d6
tao ra cac moong khai thac c6 chiéu sau phu thudc
vao chiéu day than quang. Nhw viy, dé ddm bao an
toan vé truot 1é bor moong trong khai thac thi viéc
thiét 14p moi quan hé gitra goc nghiéng b mo,
chiéu cao b moong v&i hé s6 6n dinh trén co s&
tinh chat co ly ctia ting quang la rit cin thiét.

3.4.1. Phdn tich cdc yéu td dnh hwdéng dén do én
dinh bér mé

40 37

35 y=0.7333x + 12.667
R2=0.8811

Ty I thu hdi, %

0 5 10 15 20 25 30 35

Poam, %
Hinh 16. M6i quan hé giira ty Ié thu h6i nwéc clia
qudng cé ham lwong sét 5% vai sw thay déi dj dm
ctia qudng (0%, 15%, 30%).
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50 y=0.7667x + 27.833
R* = 0.8147

~ 33
L 4

Ty 1é thu hdi, %

0 5 10 15 20 25 30 35
DO 4m, %

Hinh 17. M6i quan hé giira ty Ié thu hdi nwéc clia
qudng c6 ham lwong sét 10% véi sw thay déi dé dm
ctia qudng (0%, 15%, 30%).

70 y=04x+53 66
R?=0.9231

0 5 10 15 20 25 30 35

Hinh 18. Méi quan hé gita ty Ié thu hoi nwéc clia
qudng cé ham lwong sét 15% véi sw thay doi do Gm
ctia qudng (0%, 15%, 30%).

82 81

®
o

y =0.4x + 68.667
R?=0.9908

~
5

~
o

74

Ty 18 thu hdi, %

0 5 10 15 20 25 30 35
Poam, %
Hinh 19. M6i quan hé giira ty Ié thu hdi nwéc cla
qudng c6 ham lwong sét 20% véi sw thay doi dp
am ctia qudng (0%, 15%, 30%).

Khoang san titan sa khoang ven bién tinh
Binh Thuin nam trong tAng cat c6 dd bén yéu,
chiéu cao bo mo 1é6m nén khi khai thac nguy co xay
ra trweot & rat cao. Nhitng nhin t6 lam ting Gng
suit giy trwot hodc 1am gidm do bén cat bao gom:
trang thai Gng suat, mwc nwéc ngim, thong so
hinh hoc b& mé va phwong phap khai thac (Hinh
20).

3.4.2. Nghién cttu méi quan hé giira hé s6 én dinh
bo mé véi goc déc bor mé

Do do phirc tap cda cac yéu t6 anh huwdng dén
xac dinh d6 6n dinh cho b&r m6 nhw nwéc ngam,
phuong phap danh gia, vi tri mat trwegt. Cac tac gia
st dung phdn mém Slope/W cuia hiang Geoslope
trg gidp trong viéc xac dinh d6 6n dinh bo mo
(Jonny Sjoberg, 1996).

Trong qua trinh khai thiac quang titan dé lai
cac moong khai thac c6 chiéu cao bo 16m (c6 khi
téi 90 m tai khu vwe Binh Thuén). Véi chiéu cao
nay, b&r mo sé ¢ nguy co mit én dinh rit cao. Cac
thong s6 dau vao dwoc dwa vao phidn mém tinh
toan bao gbm: tinh chit co ly dit da (trong luvong
cat quang, goc ma sat trong, luwc dinh két) va
dwong cao trinh muc nwéc ngdm dwgc thé hién
nhu trong Hinh 21.

Tr sw thay doi goc doc bor md, cac tac gid xac
dinh dwoc cac gia tri d6 6n dinh twong &ng, dwoc
thé hién cu thé trong Bang 1. M6i quan hé gitra
muc d6 6n dinh bo' mo va géc déc bor mé dwoc xay
dwng thé hién cu thé qua d6 thi Hinh 22. Tt cac
diém roi rac gitra hé s6 6n dinh va géc 6n dinh bor
mo, st dung phwong phap hoi quy, tic giad xay
dung dwgc phwong trinh 77 = 20,99a84 véi RZ =
0,998 (trong do6 77 - hé sé 6n dinh bo mé, « - goc
déc bor mo, do).

Bdng 1. Sw thay doi dé 6n dinh phu thudc vao géc
dbc bor mé
Goéc déc by mo, do| 25 27 | 29 31 33
Hé s 6ndinh | 1,382(1,303|1,23| 1,153 {1,096

3.5. Xdc dinh phwong dn cdi tao va phuc héi
méi trwong

DPE ning cao hiéu qua khai thac, giam thiéu cac
tac dong téi moi tredng trong va sau khai thac thi
viéc xac dinh phwong an cai tao va phuc héi moi
trwong cho mo la rat quan trong.

Hinh 22 minh hoa md&i quan hé gitra cc khiu:
khai thac, tuyén tho; thai cat va cai tao, phuc hoi
moi tredng cho cac mé titan sa khoang ven bién
tinh Binh Thuin theo cic so d6 cong nghé 3 hoic
5. Véi trinh ty khai thic, tuyén qudng, thai cat va
hoan thd méi trweong da dé xuit & trén (Hinh 23),
cho phép qua trinh khai thac tai cic mé titan sa
khodng ven bién tinh Binh Thuin tré nén than
thién véi mdi trwdng hon. Pay cling chinh la
phuong an cai tao va phuc h6i méi treong hop ly
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Binh bd déc

at trugt ¢6 khd néing trugt

Hinh 20. Minh hoa sw phdn bd ttng sudt khi hinh thanh bo mé (Jonny Sjoberg, 1996). 1- viing
tng sudt kéo; 2- viing tmg sudt gidm; 3- ving tkng sudt tdng cao.

LN

Phwong phap danh gia: Morgenstern-Price
Huwoéng tnrot- Phai sang Trai

Mat trrgt xay dieng: Tam va Ban kinh
Aph_mnlrécngénxCaotrinhml_mngém

Hinh 21. Bdnh gid dj 6n dinh b mé va mdt trugt yéu véi géc bor mé 290

. S M. U g =
145 | & y
1.4 ] | ' g
135 e !
P =i
= , =}
B1.2s i
& =g I
12 e, | i}
gl.lS i
L 1=20.99 %%
1.05 R2=.0.998 M iaz o oy —
I BN R Ea N DD N RV ——
23 25 27 . 29 R 31 33 35 . o A n " L, . L, Y.
Goc b moong, d3 Hinh 23. Méi quan hé giiva cong tdc khai thdc, thdi
Hinh 22. Méi quan hé giika hé s6 6n dinh bobmévagéc ~ va cdi tao, phuc hbi méi truong cho cdc mé titan sa
ddc bormé. khodng ven bién tinh Binh Thudn.
cho cic mo titan sa khodng ven bién tinh Binh Hiéu qua kinh té la tiéu chi mang y nghia nhw
Thuén déi véi cac so d6 cong nghé 1, 3 va 5. diéu kién “d04” dé danh gia va lya chon so d6 cong

nghé khai thac pht hop cho cdc mé qudng titan sa
3.6. Hiéu qud kinh té khai thdc mé khoédng ven bién tinh Binh Thuan.
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C6 nhiéu phwong phap danh gia hiéu qua kinh
té, tuy nhién trong pham vi bai bao nay, cac tac gia
lwa chon phwong phap dung cac chi tiéu kinh té co
ban mang tinh khai toan dé€ danh gia hiéu qua kinh
té cia moé cho mdi phwong 4n so dd cong nghé
khai thac cu thé:

1. Téng chi phi ddu tw co bdn (Z,)

Tong chi phi dau tw cia mo dwoc xac dinh
bang cong thirc sau:
Zev="1Ja+ 7, d 4)
Trong d6: Z, - tong chi phi dau tw mua sim
thiét bi, lp dit, phu tung va stra chita 16m, d; Zy -
chi phi xay dung co ban, d.
2. Téng chi phi sdn xudt hang ndm (Zs,)
Tong chi phi san xuat hang nam ctia mé dwoc
xac dinh bang cong thirc sau:
ZSX = ZSXCJ + st]d; Cf/ném (5)
Trong d6: Zeca - chi phi c¢6 dinh gdbm khau hao
tai san c6 dinh, lwong va bao hiém xa hi, d/nam;
Zsaa - chi phi lwu déng goém chi phi dién nang; chi
phi nguyén, nhién liéu, cai tao phuc héi méi
trwong va cac loai thué va phi, d/nam.

3. Doanh thu (D):

Doanh thu hang nam cla mé dwoc xac dinh
bang cong thirc sau:

D=A4,. Gy, d/nam (6)

Trong dé: A, - san lwong quang (tho) khai thac
dwoc hang nam cua mé, t/ndm; G, - gia ban 1 tin
quang tho, d/t.

4. Loi nhudn trwoc thué (Ly):

Loi nhuén (1di) trwede thué ctia mé dwoc xac
dinh bang cong thitc sau:

Ly =D - Z, d/ndm (7)

Trong do6: D - doanh thu hang nam cia mo,
d/nam; Z - tdng chi phi san xuit hang nam cta
mo, d/nam.

5. Loi nhudn rong (Ly):

Loi nhuan (l1ai) rong cia moé dwoc xac dinh
bing cong thirc sau:

Lr=Lg - Tinan, d/ndm (8)

Trong dé: Ly- loi nhuin trwdc thué ctia mé, d;
Ttnan — thué thu nhap doanh nghiép, Tmdn = 0.25. Lg,
d.

6. Hé s6 hiéu qud vén dau tw (E):

Hé s6 hiéu qua von dau tw cia mé dwoc xac
dinh bang cong thirc sau:

E=Lr/Zw» 9

Trong d6: L,- 13i rong ctia mo, d; Zg - tong chi
phi d4u tw ciia mo, d.

3.7. Xdy dwng so’ do6 khéi lwa chon céng nghé
khai thdc phit hop cho cdc mo qudng titan sa
khodng ven bién tinh Binh Thudn

Dua trén 6 tiéu chi danh gia cong nghé khai
thac cho cdc mé quing titan sa khodng ven bién
tinh Binh Thuén, cac tic gia da dé xuit trinh tw lya
chon so cong nghé khai thac phtu hop nhw sau: (1)
Kiém tra cac so do cong nghé khai thac kha thi; (2)
Chon trinh tw khai thac cho mé; (3) Kiém tra
lwong nwéc can thiét cho mo; (4) Kiém tra diéu
kién 0n dinh b mo; (5) Chon phwong an cai tao,
phuc héi moéi treong cho mo; (6) Kiém tra hiéu
qua kinh té cia mod. So d6 mo ta trinh tw lwa chon
cong nghé khai thac thé hién trong Hinh 24.

4. Két luan

T cac ndi dung da trinh bay & trén, cac tcas
gia rat ra mot s6 két ludn sau:

1. Céc tiéu chi dwoc dé xuat bao gom: so do
cong nghé khai thac kha thi; trinh ty khai thac hop
ly; ddm bao lwong nwédce cin thiét; ddm bdo 6n
dinh b md; phwong an cai tao va phuc hoi moi
trwong thuin lgi va hiéu qua kinh té cao la nhirng
co s¢ quan trong dé danh gia va lwa chon cong
nghé khai thac phu hgp cho cac mé titan sa
khoang ven bién tinh Binh Thuén.

2. Trong so d6 cong nghé 3 va 5, khi khai thac
cac thn quang chira nhiéu sét, khi st dung thiét
bi Tamaclon trong cac so d6 céng nghé nay cho
phép nang cao hiéu qua khai thac, tang dworc ty 1é
thuc thu titan va tiét kiém nwéc.

3. bé tinh dworc lwgng nuwdce can thiét cho cac
so d6 cong nghé, cin xac dinh dworc chi tiéu tiéu
hao nwéc va ty 18 thu hoi nwéc trén co s& xem xét
diéu kién cu thé cua tirng so d6, cling nhw do 4m
va ham lwgng sét trong quang.
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Nhap cac s6 lidu:
- Diéu kién dia chét: Holocen. Pleistocen, ham lrong sét, d6 am.
- Diéu kién dja chét thiy van: Q, (m*/nam); q, q; qs (m¥/m?).

- Dién tich cp phép cia mo: S (ha).
- Hinh dang bién gi¢i mo: Khoanh doc, khoanh ngang, khoanh re quat
- Quy mé mé: Qp Qp Qx Qp.

- San lugng mo (cat quang): A, (m*/nam).

(1)

Chon so d6 cong nghé khai thac
kha thi (SP) thir i
S, (i= 1.3.5)

Tinh cac thong s6 so do cong nghé
H,. a.. B

(1) (2)

Tinh lwong nudc can thiét cia
So do cong nghé thir i

Qi

Tinh chiéu rong mat tang an toan
clia so do cong nghé thir i
B

Tinh chi phi cai tao phuc héi méi
trrong cua so do cong nghé thi i
M,

|

Tinh hiéu qua vbn dau tu cua so dd
cong nghé thiri
E

So do cong nghé thir
“I"” duoc chon

Khong so do nao
duoc chon

b

Hinh 24. So do trinh tw lwa chon céng nghé khai thdc pht
hop cho cdc mé titan sa khodng ven bién tinh Binh Thudn.

T
|
le

L

4. P& danh gia d6 6n dinh bo mo va ting
khai thac, cin xem xét cac yéu t6 tong hop vé
diéu kién tw nhién, dia chit, DCTV, ham lwong
sét va trang thai cia cat quang. Véi cac diéu kién
cu thé, sé xac dinh dworc gia tri goc nghiéng bor
mo va goc doc swon ting 6n dinh 1én nhat cho
cac tAng khai thac.

5. Phwong an cai tao, phuc hoi moi truong
cho cac so d6 cong nghé khai thac cia cac mo
titan sa khoang ven bién tinh Binh Thuin déu
bao gdm cac cong viéc: san gat bai cat thai bang
phédng dén cao d6 tw nhién ctia khu vuc, sau dé
tién hanh lwa chon loai ciy phu hop va trong véi
mét do theo quy dinh dé phuc h6i moi trwong
khu virc mé sau khai thac.

6. Hiéu qua kinh té chinh la diéu kién “dq”
trong sO cac tiéu chi dé danh gia va lwa chon
cong nghé khai thac hop ly cho cac mé titan sa
khoang ven bién. Phwong phap danh gia hiéu
qua kinh té phu hgp dwoc str dung cho cac mo
titan sa khoang ven bién tinh Binh Thuin la hé
s0 hiéu qua vén dau tw twong ng véi cac so do
cong nghé khai thac cia mo.

Loi cdm on

Nhom tac gia xin giri 1oi cdm on sy tai tro tir
deé tai cap co s&, ma s6 T20-15: “Nghién ctru lwa
chon cong nghé khai thachop ly cho cac mé titan

sa khodng ven bién Viét Nam” cia Trwong Dai
hoc Mo - Dia chat.

Péng gop cua cac tac gia

Tac gia Bui Xuan Nam hinh thanh y twéng
va ndi dung bai bao; cac tac gia Vi Dinh Hiéu va
Lé Thi Thu Hoa thu thip sé liéu, doc ban thao

trung gian; tac gia L& Qui Thao trién khai cac noi
dung, hoan thanh ban thao cudi cia bai bao.
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