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Anh huéng ctia silica fume dén tinh chat ctia xi mang
huéng t6i ing dung thi céng giéng khoan dau

Effects of silica fume on cement used in oil well construction

Tom tat

Bai bao nay trinh bay két qua nghién citu anh huéng caa
phu gia hoat tinh silica fume dén mét s6 tinh chat ciia

xi mang Pooclang Hoang Thach va kha nang ting dung
trong thi céng giéng khoan dau khi. Ham lugng phu gia
silica fume st dung tir 0-25% so véi khéi lugng xi mang.
Két qua nghién ciiu cho thay khi tang ham lugng silica
fume, lugng nudc sit dung tang, ty trong ctia hé xi méang
gidam, cac mau hau nhu khéng tach nudc, théi gian dong
két caa hod xi mang & 52°C dai hen, cuéng d6 nén cac mau
cao hon. Dac biét, & 52°C mau sit dung 15% silica fume ¢6
cudng d6 nén 1 ngay tudi cao nhat dat trén 2 MPa. Khi
thi nghiém 6 diéu kién tiéu chuan, mau si dung 5% silica
fume ¢6 cudng d 7 va 28 ngay tudi cao nhat. Xi mang
Pooclang Hoang Thach két hop véi 10-15% silica fume c6
thé sir dung thi cdng giéng khoan & d6 sau 1000m.

Tir khéa: silica fume, xi mdng, giéng khoan dau khi

Abstract

This paper presents the results of a study on the effects of silica
fume on some properties of Hoang Thach Portland cement

and its applicability in the construction of oil wells at a depth
of 1000m. Silica fume additive content ranges from 0 - 25%

by mass of the cement. The results show that when additive
content increased, the amount of water used in the mixture
also increased, the density of cement paste decreased, the
setting time at 520C was longer, and the strength of hardened
cement grew. At 520, the compressive strength of the sample
using 15% silica fume was at its highest level after 1 day. When
testing under standard circumstances, the sample using 5%

of this additive had the highest strength after 7 and 28 days.
Hoang Thach Portland cement combined with 10-15% silica
fume can be used in construction of oil wells at a depth of
1000m.

Key words: silica fume, cement, oil well

(1)TS, Pho Vién truong, Vién Vit liéu xay dung,

DT: 0912425751, Email: <luuthihongngoc@gmail.com>
(2) PGS.TS, Pho Truong khoa, Bé mén Vit liéu xdy
dung, Khoa Xdy dung, DH Kién triic Ha Noi,

DT: 0912396397, Email: <hieuduynghau@gmail.com>
(3) ThS, Giang vién, B6 mon Vit liéu xdy dung,

Khoa Xay dung, DH Kién tric Ha Noi,

DT: 0964756999, Email: <maipt@hau.edu.vn>

Ngay nhan bai: 30/9/2024
Ngay stra bai: 04/10/2024
Ngay duyét dang: 07/10/2024

Luu Thi Héng'", Nguyén Duy Hiéu®, Pham Thanh Mai®

1. D4t van dé

Dau khi c6 vai tro quan trong trong doi séng kinh té toan cau, cling
nhw 60| v&i tieng quoc gia. Nganh d&u khi luén 1a nganh mii nhon cla
cac quéc gia, cung cap ngudn nguyen liéu quan trong cho xa hdi hién
dai. Tuy nhién, viéc khai thac trong diéu kién dia chat — ky thuat phc
tap, nwéc sau, dac biét tai khu vuc Dong — Bac, xuét hién cac tAng chiva
c6 nhiét do va ap suét cao, gradient dia nhiét 1&n d&n 4°C/100m, hé sb
ap suat dj thwong dat 1,7-2,0 Bar. Trong qua trinh bom trdm xi mang,
da xay ra nhitng sw cb nghiém trong, viva xi mang khéng ép duwoc
vao khong gian vanh xuyén ngoai cot ng ma ngwng két trong cot 6ng
chéng & d6 sau hang nghin mét, ti&m &n nhitng sw cb &nh hwéng dén
c6ng tac thdm do va khai thac du khi [1-3].

Silica fume vé&i kich thwédc siéu min, hoat tinh puzolan cao da duwoc
nghién ctvu st dung trong cac hé xi mang giéng khoan dé cai thién tinh
chét ctia xi mé&ng giéng khoan. Trong nhi*ng n&m gan day, nhiéu nghién
ctru vé& &nh hudng cua silica fume dén qua trinh thuy hod, cwéng do,
dd déo va tinh lwu bién cia xi méng hén hop [4-7]. Viéc nghién cliru st
dung phu gia silica fume trong xi mang pooclang hwéng t&i rng dung
va nang cao chat lwong cng tac tram xi mang la mét trong nhivng cong
doan quyét dinh dén viéc thi cong cac giéng khoan khai thac dau khi, 1a
nhiém vu cép thiét, véi y nghia khoa hoc va thyc tién 16n phuc vu cho
chién lwvgc tham do va khai thac dau khi. Trén co s& xi mang pooclang
Hoang Thach két hop vé&i phu gia silica fume, muc tiéu nghién clru ché
tao ra loai xi méng hén hop c6 thé st dung trong thi céng giéng khoan
d&u khi. V&i gradient nhiét do trung binh cla trai dat tir 2,5-3°C/100m,
nghién ctru nay xét & do sau khoang 1000 m thi nhiét d6 trung binh xac
dinh la 52°C. Dbng th&i, nghién clru &nh huéng cla silica fume dén mot
s6 tinh chét cla xi mang pooclang Hoang Thach hwéng t&i wng dung
trong thi cong giéng khoan dau khi. Trong nghién ctru nay, cac két qua
nghién ctru vé anh hwédng cua silica fume véi ham lwgng st dung 1én
dén 25% dén mot sb tinh chét ctia xi méng nhw: d6 chay va do tach
nuwéc & nhiét do thwong, tén that do chay clia hd xi mang, thoi gian
doéng két va cuong d6 nén 1 ngay tudi & 52°C, va cudng dd xi mang thiv
theo phuong phap tiéu chuan.

2. Vat liéu str dung va phwong phap nghién ctru
2.1. Vit ligu st dung
2.1.1.Xi mang

Clanhke xi mang pooclang Hoang Thach duoc nghién cung 3,5%
thach cao Thai Lan dung dé ché tao xi mang nén.

Thanh phan khoang, héa clia clanhke xi mang dwoc thé hién trong
bang 1.

Thach cao Thai Lan c6 thanh phan hoa thé hién trong bang 2.

2.1.2. Silica fume

Silicq fume dwoc nhap khau tir Blec, cac dic tinh cda silica fume
dwoc thé hién trong bang 3.

Két qua phan tich thanh phan hat va anh chup SEM cua silica fume
duoc thé hién trong hinh dwéi:

2.1.3.Nuwoc

Nuéc may thda man yéu cau ki thuat theo TCVN 4506:2012.
2.2. Phuong phap nghién coru

2.2.1. Phuong phap tiéu chuan

TCVN 7445-2:2004: xac dinh d6 tach nwéc clia hd xi mang.
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Bang 1. Thanh phan khoang, hoa cua clanhke xi mang

Thanh phan hoa, % Thanh phan khoang, %
SiO, | AlLO3 | Fe,053| CaO | MgO | SO; | K,O | Na,O | MKN | C3S | C,S CsA | C,AF
21,89 | 526 | 356 |6592| 1,23 | 0,01 | 0,11 |0,012| 0,56 | 61,54 | 16,33 | 7,92 | 10,83
Bang 2. Thanh phan héa cua thach cao
SiO, Alb,O; | Fe,O3 | CaO MgO SO, R,0 MKN
1,32 0,09 0,24 32,01 0,50 44,78 0,03 21,0
Bang 3. Pac tinh cua silica fume
TT Tén chi tiéu Két qua Phwong phap thir
1 | MKN, % 4,82 TCVN 8827:2011
2 | Ham lwong SiO, 91,84 TCVN 8827:2011
3 | Chi s hoat tinh cwdng d6 & 7 ngay so v&i mau ddi chirng, % 115 TCVN 8827:2011
4 | Lwong sot trén sang 45um, % 6,4 TCVN 8827:2011

TCVN 6016:2011: xac dinh cwong dd cda xi mang.

2.2.2. Phuong phap phi tiéu chuén

Xac dinh dd chay cta hd xi méng: d hd xi mang vao
vanh khau (duwong kinh day nhd x day 16n x chiéu cao =
70+0,5 x 100%0,5 x 50+0,5 mm) d& dat chinh tam cta tAm
kinh phang cé vach chia. Nhac nhe khau hinh con [&n khoi
tAm kinh theo chiéu thng dirng. Doc gia tri dd chay tda tai 4
vi tri vudng géc cla dia sau 30 gidy hodc khi hd khéng chay
nira tly theo diéu nao xay ra trwéc. D6 chay tda dwoc tinh 1a
gia tri trung binh cla 4 gia tri vira doc.

Xac dinh t&n that d6 chay ctia hd xi mang: Cac mau hd
xi méng sau khi xac dinh do chay ban dau & 18+0.5 cm, tiép
tuc xac dinh d6 chay sau cac khoang thoi gian khac nhau:
20, 40, 60,..., 140 phut, qua dé danh gia ton that d6 chay cua
hd xi méng theo thoi gian.

Théi gian dong két ctia hd xi méng duwoc xac dinh dya
theo TCVN 6017:2015, xi mang dwoc trdn véi lwvong nwéce
twong (ng véi dd chay 18+0,5 cm. Mau dwoc dwng trong bé
nwéc néng & 52°C, dén thdi gian nhat dinh thi tha kim dé& xac
dinh thoi gian bét dau va két thuc dong két ciia mau.

B BRI =Fa Hangm

Hinh 2. (a) M3u silica fume, (b) Anh chup SEM, (c) Thanh phan hat silica fume
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(a) (b)

(d)

Hinh 3. Dung cu xac dinh (a) dd chay, (b) d6 tach nudc, (c) khudn tao mau xac dinh cudng do,

(d) bé 8n nhiét

Cuédng dd xi mang dwa theo TCVN 6016:2011, mau
dwoc bdo dwéng trong bé 6n nhiét da dwoc nang nhiét theo
ché dd dudng ho 1a 52°C trong 24 gi® + 45 phit. Sau do, 1y
mau ra khdi bé& dn nhiét va thao khuén rdi lwu mau trong bé
ha nhiét 1a 40 + 5 phut & nhiét do 27 + 30C.

2.3. Cép phdi nghién ctiu

Bang 4. Cap pho6i nghién ciru

TT Ky hiéu mau Xi mang, % Silica fume, %
1 MO 100 0
2 M1 95 5
3 M2 90 10
4 M3 85 15
5 M4 80 20
6 M5 75 25

3. Két qua va thao luan
3.1. Anh huéng cia silica fume dén luong nuéce cla hé xi
méng

Két qua nghién cvu anh hwéng cla silica fume dén ty 1&
N/CKD va ty trong ctia hd xi mang & cuing d6 chay dwoc thé
hién trong bang sau.
Bang 5. D0 chay, ty Ié N/CKD, ty trong ctia ho xi
mang

Mau | DPochdy,cm | Tylé N/CKD | Ty trong, g/lcm®
MO 18 1,05 1,46
M1 18 1,1 1,43
M2 18 1,2 1,40
M3 18 1,3 1,36
M4 18 1,55 1,31
M5 18 1,67 1,28

Két qua cho thy & cling dé chay 18 cm, khi ham lwong
silica fume tang thi lwgng nwéc sir dung tang, ty trong cla
hd xi mang gidm. Cé thé giai thich 1a do silica fume c6 ti dién
I&n nén lweng nwéc can st dung nhiéu hon. Do d6, khi ham
lwgng phu gia tang tr 5 — 15% thi nwéc st dung tang nhe,
khi lwgng phu gia nhiéu hon (20-25%), lwgng nwéc tang cao
hon.

3.2. Anh huéng cda silica fume dén do tach nudc cua hd xi
mang

D6 tach nwéc clia mau dugc xac dinh & thdi gian sau 2h
tr khi trén xi méng véi nudc, két qua duoc thé hién trong
bang 6.

Bang 6. D6 tach nudc cua ho xi mang

Mau Ty lé T’élch Ty lé T’é\Ch
N/CKD nwéce, ml N/CKD nwéce, ml

MO 1,05 1,5 1,05 1,5
M1 1,05 0 11 0

M2 1,05 0 1,2 0

M3 1,05 0 1,3 0

M4 1,05 0 1,55 0,90
M5 1,05 0 1,67 1,25

Két qua cho thay, khi cb dinh ty 16 N/CKD = 1,05 cac
mau xi mang st dung silica fume khéng tach nwéc trong
khi d6 tach nwéc cia mau déi chirng (MO) 1a 1,5 ml. Khi
ty 1& N/CKD téng, mau st dung tr 5-15% silica fume vén
khong tach nwéc. Khi ty 1€ N/CKD trén 1,55 va ham lwong
silica fume téng trén 20% trong cac mau bét dau cé sy tach
nwéc. Cé thé giai thich 1a do silica fume véi ¢ hat min, dién
tich b& mat I6n nén cé kha nang hép thu nuéc cao, nhu cau
nwéc Ién hon xi mang thong thwong. Do do, khi st dung
ham lwong silica fume cao hon trén 20%, lwgng nuwéc can
nhiéu hon thi cac mau sé co sy tach nwdc. Bén canh do,
lwong nwéc nhao trén thudng Ién hon nhidu so véi lwong
nwéc can cho sy hydrat héa xi méng, sau khi 6n dinh cau
trdc, nwée tw do trong xi mang bi tach ra & dang nwéc ty do.
Day Ia mét trong nhivng didu khéng cé loi cho xi mang giéng
khoan vi nwéc ty do tao ra vanh khodng tréng ngén cach
4ng chéng va via, tao ra ap suét bat thudng, kho tién hanh
khai thac hodc thdm do cac giéng dau va khi.

3.3. Anh huéng cta silica fume dén thoi gian dong két cia
Xxi méng

Két qua xac dinh thoi gian bt dau dong két va két thuc
déng két clia hd xi mang dwoc thé hién trong bang 7.

Bang 7. Thdi gian dong két ctia xi mang 6 520C

M2y Bat dau d’éng két, Két thuc df)ng két,

phuat phut
MO 100 220
M1 130 465
M2 155 465
M3 170 485
M4 220 510
M5 260 580

Két qua cia thoi gian dong két cia cac mau xi mang &
52°C cho,théy, khi hém,lu’o’ng phu gia tang thi,thc‘yi gian bat
dau va két thuc déng két clia mau ting. Co thé giai thich la
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do silica fume 1a phu gia siéu min ¢ ti dién tich b& mat I1&n
cho nén nhu cau nwéc Ién khi yéu ciu cung d6 chay tda,
lam kéo dai thoi gian ddng két ctia hd xi mang. Mét khac, khi
ham Iwgng silica fume cang tang Ién thi ham lwgng xi mang
gidm xubng ciing la nguyén nhan kéo dai thdi gian déng két.
Theo quan diém héa ly thi qua trinh déng két cta xi méng la
qué trinh chuan bi tao khung c4u trac trong hén hop xi mang
— nwéc. Ban dau, cac khoang trong xi mang phan &ng véi
nwéc tao cAu tric keo tu, ¢ sy tiép xdc gitra cac hat keo,
cac hat xi méng va phu gia chwa thy héa. CAu tric nay sé
dwoc hinh thanh nhwng dé dang bi pha vé&, thoi gian bat dau
thay héa la dau hiéu nhan biét thoi diém viva xi mang da
mat hoan toan tinh déo va dinh hinh dwoc khung cAu trac én
dinh, bén virng. & nhiét dd 52°C, cac mAu xi mang st dung
phu gia silica fume van c6 théi gian dong két dam bao thoi
gian thi cong giéng khoan.
3.4. Anh huéng cia silica fume dén tén that dé chay ctia hé
Xxi méng

M3u hé xi mang dwoc didu chinh & dd chay 1a 18+0.5 cm.
Anh huéng ctia tén that d chay theo thoi gian dwoc thé hién
trong bang sau day:

Mau
MO M1 M2 M3 M4 M5
Théi gian
20 phat 18 18 18,5 | 18,5 | 18,5 | 18,5
40 phut 15,8 16 16,5 | 17,5 18 | 18,5
60 phat 14,75 | 15,75 16 [ 16,75| 18 17
80 phut 13,8 15 15,8 | 16,75 | 17,5 | 16,8
100 phat | 12,75 | 13,5 | 14,5 16 17,3 | 16,5
120 phat | 12,25 | 12,75 14 15,8 | 16,3 | 16,2
140 phuat 12 12,75 14 |15,75| 15,8 | 16
25
m
% 2
a
o 1
505
L 0.
2 0
MO S W2 M3

Ky higu miu

Két qua nghién ctru cho thay, do
chay clia ho xi mang gidm dan theo thoi

=*=M0" " gian, mau déi ching MO c6 dé chay giam
=1 nhanh nhét, cac mau con lai st dung
412 silica fume cang tang thi cé do chay cang

4n dinh. C6 thé giai thich 1a do silica fume
M3 la phu gia siéu min cé ti dién tich bé mat
Ién cho nén gitr nwéc tdt hon va sw mét
nuwéc tw do trong qua trinh thi nghiém
cling it hon. Sy c6 mat cla silica fume
da gidm dworc hién twong von tu cla cac
hat xi mang, gidi phéng lvgng nwéc hiéu
qua c6 trong hd xi méng, tdng cwdng sw
hiéu qua cua lwong nwdc sir dung, dan
dén viéc duy tri do chay tét hon. Khi tdng ham lwong silica
fume trong thanh phan xi mang tang dan dén lwgng xi méng
twong ddi cing gidm xudng (hién twong pha loang) lam kha
nang duy tri dd chay ctia hd xi mang t6t hon. Didu nay la do
nhu cau nuéc st dung I16n hon va ham lweng xi mang trong
thanh phan it hon nén mirc d6 thay héa cia xi méng cham
lai dAn dén duy tri d6 chay tét hon.
3.5. Anh huéng cuia silica fume dén cuwong d6 cia xi méng
Cac mau xi méng sau khi xac dinh dd chay dwoc sau db
vao khuén mau 4x4x16 cm, sau do cho vao bé duwdng hd &
nhiét d6 la 52°C, sau 24 gi& dwgc dem di nén va thu dwoc
két qua nhw bang duai day.

=a=A1a

e 5

Mau MO | M1 [ M2 | M3 [ M4 | m5
Cuong do, | 435 | 183 | 2,05 | 2,00 | 1,86 | 1,54
MPa
Chénh l&ch
cudng doso | 100 | 133 | 149 | 151 | 135 | 112
véi MO, %

Dwéi day la biéu db thé hién anh hudng cia ham luong
phu gia silica fume dén cwdng dod nén:

Két qua nghién clru cho thy cung do 24 gior & nhiét do
520C clia mau MO Ia th4p nhét, khi ham lwong silica fume
tang, cwong do xi méng téng, cao nhat 1a mau M3 s dung
15% phu gia trong thanh phan, cao hon 51% so véi mau
déi chirng. Do silica fume ¢6 d6 min cao va chira SiO, hoat
tinh, ngoai vai trd dién day cac 16 réng trong da xi méng lam
cho céu tric cha da xi mang tré nén rén chéc hon, con c6
phan trng ctia SiO, v&i cac san phdm thly héa cla xi mang
l& Ca(OH), tao thanh chat két dinh CSH. D&c biét, phan (ng
tao thanh CSH cang nhanh chéng khi dwgc dwdng hé trong
moi tred'ng nhiét d6 cao & 52°C.

52°c

SiO, + Ca(OH), - CSH

e —

M4 M5
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Khi tdng ham Iwgng silica fume trén 20% ngoai vai trd
dién day, né déng vai trd nhw chat don va ham luwong xi
mang trong thanh phan gidm, do d6 cwéng d6 ctia cac mau
xi mang gidm. Tuy nhién, & nhiét d¢ 52°C, cwong do clia cac
mau xi mang cé st dung silica fume van cao hon mau dbi
chirng, trong d6 mau s dung 10-15% phu gia cé cuéng d6
1 ngay tudi cao trén 2 MPa, cé thé st dung trong thi cong
giéng khoan.

Thém vao do, két qua xac dinh anh hwéng cua silica
fume dén cwdng d6 clia xi méng khi dwoc thir theo phwong
phap tiéu chudn TCVN 6016:2011 thé& hién trong bang 10.

r | Cuongdo ubn, R, Cudng dd nén, R,
> (MPa) (MPa)

MAUNU Ris | Rw | Rus | R | Rer | Ruas
MO | 6,50 | 7,10 | 8,20 | 20,22 | 22,28 | 32,14
M1 6,05 | 6,70 | 8,05 | 16,17 | 30,94 | 52,55
M2 | 550 | 6,50 | 7,90 | 13,67 | 27,46 | 50,17
M3 | 535 | 6,45 | 7,85 | 13,31 | 27,28 | 49,82
M4 | 460 | 6,20 | 7,42 | 13,00 | 27,05 | 47,07
M5 | 3,85 | 535 | 7,30 | 9,76 | 23,76 | 42,43

Két qua nghién ciru cho thdy, cuwdong dé ubn ctia mau
MO & cac ngay tudi ludn cao hon cac mau dung silica fume.
Cwéng do nén clia mau MO & tudi 3 ngay cao hon cac mau
dung phu gla nhuwng & tudi 7 va 28 ngay cwong do nén clia
cac mau su dung phu gla cao hon mau déi chirng va cao
nhat 1&a mau M1 - mau st dung 5% silica fume trong thanh
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phan véi cudng d6 nén & 28 ngay tudi dat
trén 50 MPa, cao hon mau dbi chirng gan
65%. Két qua nay cé thé giai thich 1a do silica
fume doéng vai tro lien két cac chat két dinh
vé& mét vat ly. Vi silica fume c6 kich thwéc hat
nhé hon kich thuwéc hat xi mang, né 1ap day

=Rnd cac 16 rong vi mod gitra cac hat xi méng gitp
s EnT tang lién ket gi&a cac hat xi mang v(yi nhau va
S v&i cac hat cot liéu nho trong cac mau vira xi

mang, tir d6 lam tang cwéng d6 clia cac mau.
Bén canh do6, phu gia silica fume cé phan &ng
puzolanic tao ra gel CSH lién két chat ché
hon véi cét lieu ddng thei lam gidm san phadm
Ca(OH)2 khong c6 Igi sinh ra trong qua trinh
thay hoéa. Vai tré cia CSH la lam tang cwdng
d6 tdng thé ctia xi méng, chinh vi thé né gitp
cho cac méau cé s dung phu gia silica fume
c6 thé tang cwong do & tudi 7 va 28 ngay.

Tuy nhién, khi ham lwgng silica fume tang 1én 10 - 25%,
cwdng dd cac mau gidm dan, tuy nhién van hon mau déi
chirng. Piéu nay c6 thé Ia do phu gia silica fume c6 d6 min
rat 16n nén nhu cau s dung nwéc & méi mau la khac nhau,
nhi*ng mau c6 ham lwgng phu gia nhiéu sé can nhiéu nwéc
hon, ma khi xac dinh cudng d6 theo phwong phap tiéu chuén
ty 18 N/X = 0,5 do do, nhitng mau s dung ham Ilwong phu
gia nhiéu sé& khoéng cé du lwgng nwéc yéu ciu. Khi st dung
ham lwong silica fume I6n thi sau giai doan khuéch tan, téc
do tiéu thuy Ca(OH)2 trong phan (rng puzolanic s& nhanh hon
tbc do hinh thanh Ca(OH), trong phan &ng thly hoéa cla xi
mang, nhw vay sé& khoéng cé dui Ca(OH), d& phan &ng voi
silica fume, dan dén hién twong gidm dan cwdng d6 & nhirng
mau st dung phu gia nhiéu hon [5,6,8].

4. Két luan

Cac két qua nghién ctru cho thay khi ham lwong silica
fume tang thi lwong nwéc st dung ting, ty trong cta hd xi
mang giam, thdi gian dong két ciia hd xi méng & 520C dai
hon. & cling ty 1&8 N/CKD v&i mau ddi chirng, cac mau str
dung silica fume khéng tach nuéc, khi ty 1& N/CKD ting, mau
st dung tlr 5-15% silica fume van khéng tach nwéc. Cudng
dd nén 1 ngay tudi & 52°C ting, mau st dung 10-15% silica
fume trong thanh phan, c6 cwéng do cao trén 2 MPa, cao
hon 49-51% so véi mau xi méang gbe. O didu kién tiéu chuan,
cwdng d6 nén & tudi 7 va 28 ngay clia cac mau s dung phu
gia cao hon mau dbi chirng va cao nhat la mau st dung 5%
silica fume trong thanh phan, cwéng dd nén & 28 ngay tudi
cao hon gan 65% so vé&i mau kiém chirng. Nhw vay, xi mang
poocldng Hoang Thach két hop v&i 10-15% silica fume ¢
thé str dung trong thi céng giéng khoan dau khi & do sau
khoang 1000m./.
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