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Tom tat

Vira xi méng ndng duoc ding khd phé bién dé bom trdm cdc giéng khoan trong diéu kién dp sudt via cao. Bai bdo
gidi thiéu nguyén ly diéu chinh ty trong cia vita xi mdang dé bom trdm cdc giéng khoan dau khi béng cdch thay déi
Iuong nuéc hodic bé sung phu gia lam ndng vita xi mdng; déng thdi trinh bay két quad thi nghiém vé dnh huéng cia
viéc lam néing viia xi méng dén dé bén uén - mét trong nhiing théng sé co bdn cua tinh chét co ly ddic trung cho kha
ndng lam viéc cda dd xi méng trong giéng khoan. Tir két qud nghién ctu Iy thuyét va trén co sé phdn tich diéu kién dia
chdt thuc té, nhém tdc gid da dua ra cdc dé xudt gitip ndng cao hiéu quad st dung vira xi mdng ndng dé bom trdm cdc

giéng khoan & bé€ Nam Cén Son

Tirkhoa: Vira xi mdng néng, diéu chinh ty trong vira tram, phu gia lam néing.

1. Mé& dau

Vira xi mang dung dé bom tram cac giéng khoan can
phai co ty trong (trong lugng riéng hay khéi luong riéng)
hop ly dé cung véi dung dich khoan va cac chat 16ng khac
trong giéng tao cot ap suat thay tinh, gitp can bang ap
suat via (tranh phun trao) va thap han ép suét vé via (trdnh
xay ra hién tugng mat dung dich). Do d4, can diéu chinh ty
trong viia xi mang trong diéu kién ap suat via, vé via doc
theo than giéng khoan luén thay d&i va khac nhau.

Xi mang nang (hodc vira xi mang nang) thuéng dung
dé bom trdm cac giéng khoan c6 diéu kién ap suat (hodc
gradient ap suat) via cao. Bang 1 trinh bay cach phan biét
céc loai vira xi mang (tuang déi) theo dic diém cla phu
gia, cach diéu ché hodc ty trong cuia vita xi mang.

Dé& phan biét viia xi mang n3ang hay nhe can |3y viia
tiéu chudn lam co s&. Viia xi mang nguyén (hay via xi

mang thuong) khong st dung phu gia, cé ty trong tuong
duong hay gan nhat vdi tiéu chuan. Khi do, cac loai vira xi
mang c6 ty trong |&n hon viia tiéu chudn (hay vira xi mang
thudng, vita xi mang nguyén) cé thé coi la vita xi mang
nang. Nguagc lai, vita xi mang cé ty trong nhé hon vira tiéu
chuén sé dugc coi la vita xi mang nhe.

Hién nay c6 2 bo tiéu chudn vé xi ming tram giéng
khoan dugc st dung phé bién trén thé gidi la tiéu chuén
API (Vién Dau khi My) va GOST (Lién bang Nga). Ty trong
viifa xi mang chuan 1a 1,90 cho xi mang loai G (tiéu chuan
API) va 1,83 cho xi mang loai PCG (tiéu chuan GOST). Cé
thé 18y cac gia tri nay (hodc khodng dao déng quanh cac
gid tri nay) la co s& xac dinh vira xi mang ty trong thuong,
tU dé xéc dinh vira xi mang nang hay nhe.

Vira xi mang thudng cé thé st dung an toan khi tram
cac giéng khoan c6 ap suat via cao di thudng (can dung

Bdng 1. Cdc logi viia xi mdng theo déc diém ctia phu gia, cdch diéu ché hodc ty trong ciia viia

T Halliburton [1] Schlumberger [2] Lién bang Nga [3]
Tén goi Ty trong Tén goi Ty trong Tén goi Ty trong
1 Tiéu chuan API (loai G, 1.90 Tiéu chuén API (loai G, 1.90 Tiéu chudn GOST (loai PCG, 183
ty 1é nudc/xi mang = 0,44) ’ ty [& nudc/xi méng = 0,44) ’ ty Ié nudc/xi mang = 0,50) '
2 - - V{ta xi mang rat nang 2,40- 3,00 - -
3 Viraxi mang + vatliéunang 1,92-2,52 Vira xi mang nang 2,10-2,40 Vta xi mang rat nang > 2,20
4 Via xi mdng dac 1,92-2,04 Vra xi mang dac 1,96-2,10 V{ra xi mang ndng 1,95-2,20
5 V{ra xi mang nguyén 1,80-1,92 Vira xi mang nguyén 1,78-1,96 Vira xi mang thudng 1,75-1,95
6 Vitaxi ming - puzolan 1,56 - 1,80 Vta ximang nhe 138-1,78 Vita xi mang nhe 130-1,75
théng dung
7 Viaxi mang + sét 1,44-1,80 V{ra xi mang siéu nhe 0,84-1,38 V{ta xi mang rat nhe <1,30
8 Virtaxi mang + vicau 0,96 - 1,56 - - - -
9 V{a xi mang + nitg 0,72-1,56 - - - -

-
N
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dung dich ndng dé khoan) véi hé sé di thudng &p suat via nhé hon
gia tri ty trong cla viia xi mang tiéu chudn. Déi vdi diéu kién ap
suat via binh thudng, can dung cac hé viia xi mang nhe vi khi do6
hé s6 ap suat va via chi bang hodc nhoé hon gia tri ty trong viia xi
mang tiéu chuan. Diéu nay ly gidi vi sao vita xi mang thudng khong
dugc st dung nhiéu cho bom tram giéng khoan. Theo nghién ctu
[4], vta xi mang thudng chi chiém khodng dudi 15%, con lai la vira
xi mang khac tiéu chudn (ndng hodc nhe han).

Vta xi mang ndang dugc dung trong cac diéu kién ap suat via
cao hodc rat cao vai hé s6 di thudng ap suat via I6n hon gia tri
ty trong vita xi mang tiéu chudn. Vita xi mang nang thudng cé ty
trong tu 2,0 trg 1én.

2. St dung vira xi mang ning dé bom tram cac giéng khoan &
bé& Nam Cén Son

2.1. Nguyén ly diéu chinh ty trong vira xi méng

Thanh phan chinh tao nén via xi mang la bét xi mang (pha
ran) va nudc (pha léng). Ty trong vira xi mang dugc tinh theo cong
thuc sau:

_ (1+m)XYmeYn (1)
vxm mxy,.. +v,

Trong do:

Y, : 1Y trong viia xi mang;

m: Ty [é nu&c/xi mdng;

Y,..: Ty trong cda xi mang;

y,: Ty trong clia nudGc tron xi mang (y, = 1,0).

Do c6 su chénh léch dang ké vé ty trong clia nuéc va xi mang
(ty trong nudc = 1,0 va ty trong bot xi mdang = 3,15) nén ty trong
2,40 -

2,20 A

2,00 -

Ty trong

1,80 -

1,60 -

A e e I |

1,40

Ty & nudc/xi mang

Hinh 1. Sy phu thudc cda ty trong vita xi mdng theo ty [é nudc/xi mdng

cla vira xi mang phu thuéc chd yéu vao ty lé
nudc/xi mang (Hinh 1). Viéc diéu chinh ty trong
vlia xi mang bdng cach thay déi ty I& nudc/xi
mang dugc sir dung hiéu qua nhat trong bom
trdm giéng khoan.

VE ly thuyét, theo cong thiic (1) va Hinh 1, khi
thay déi ty 1& nuc/xi mang tir 1,2 - 0,2 thi ty trong
cla vifa xi mang tuong Ung dat tir 1,45 - 2,31. Tuy
nhién trong thuc té, vita xi mang sé bi tach pha
(I3ang) rat manh khi lugng nudc cao va viia sé rat
dac khi lugng nudc thap. Vi vay, dong thai véi viéc
tang ty Ié nudc/xi mang dé giam ty trong viia xi
mang can bd sung cac phu gia (hda chat) dé ngan
ngua su lang ctia pha ran. Cac chat nay cé tén goi
chung la chat truong (extender) c6 kha nang hap
thu nhiéu nudc. Khi gidm ty 1& nudc/xi mang dé
tang ty trong viia xi mang can bd sung cac chat
phan tan (dispersant) gitup lam lodng vira xi méang
dé do linh dong dat yéu cau bom tram.

Khi st dung phu gia, ty trong cla v{a xi
mang sé phu thuéc vao ham lugng va ty trong
cla 3 thanh phan nuéc, bot xi mang va phu gia.
Trong trudng hop nay van coé thé st dung cong
thuc (1) dé tinh toan ty trong cda vita xi mang.
Khi d6 m sé la ty 1& nudc/hén hgp céc pha ran, ty
trong cla xi mang sé thay bang ty trong clia hén
hap cac pha ran (xi mang va phu gia).

Trén thuc té c6 thé st dung riéng hoac két
hop 2 nguyén tic trén dé diéu chinh ty trong cla
vla xi mang.

2.2. Phu gia lam ndng vira xi mdng

Gidm lugng nudc sé giup tang ty trong cla
vifa Xi mang, giup tang cudng do chiu luc va cac
tinh chat co ly clia da xi mang, song cling sé lam
tang tinh chat luu bién, khién vita xi mang dac va
kho bom. Thuc té cho thay khi giam lugng nudc,
ty trong viia xi mang cao (van gitt dugc do linh
déng dé bom dugc) cé thé dat 1,97 (tuang ducng
khoi lugng riéng 16,5ppg) cho xi méang loai G va
1,92 (tuang duong khaéi lugng riéng 16ppg) cho xi
mang loai PCG. Néu st dung chat phan tan tot thi
ty trong cla viia xi mang cé thé dat gia tri cao hon.

2.2.1. Yéu cdu d6i véi phu gia lam ndng via xi mdng

Khi can tang ty trong viia xi mang, can bé
sung cac phu gia c6 anh huéng dén hiéu qua lam
nang via tram:
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Bding 2. Mdt s6' phu gia ndng diing cho viia xi mdng

Phu gia nang Ty trong
Hematite 4,95
Barite 4,33
Magnetite 4,52
Manganese tetraoxide 4,84
IImenite 4,45

- Ty trong clia phu gia: Phy gia cang nang thi hiéu
qud lam nang cang cao, thudng c6 ty trong I16n hon ty
trong cta xi mdng.

- Kich thudc hat (d6 min) cia phu gia nang: Phu gia
nang c6 hat tho sé gitp lam nang viia xi mdng hiéu qua
haon, song sé dé lang va tach khéi vira xi mang. Hat nhé sé
lam tang do nhét, giam dé linh déng cda vira xi mang va
can nudc nhiéu hon. Vi vay khi lua chon hodc ché tao phu
gia ndng thi can cha y dén thong s6 kich thudc hat.

- D06 can nudc (lugng nudc can dé tham uét mot don
vi bé mat cac hat - phu thudc vao ban chat vat liéu) cta
phu gia nang (Bang 2): Phu gia nang c6 dé can nudc thap
sé cho hiéu qua lam ndng vita xi mang cao hon.

lImenite (FeO.TiO,) c6 ty trong 4,45, it anh hudng dén
thai gian quanh va su phét trién d6 bén cda xi mang. Hién
nay, ilmenite dugc cung cap trén thi trudng vai hat tho
mau den, dé can nudc rat thap, gan nhu khong can lugng
nudc b6 sung dé tham udt bé mat hat. Do d6, vita xi mang
st dung ilmenite c6 ty trong cao trén 2,40.

Hematite (Fe,0,) vai ty trong 4,95 c6 dang hat tinh
thé mau dd vdi do hat min. Do d6, khi sit dung phu gia
hematite véi ham lugng cao can phai bé sung chat phan
tan (lam lodng) cho vita xi mang. Vifa xi mang st dung
hematite c6 thé dat dugc ty trong trén 2,28.

Barite (BaSO,) c6 dang bot min, mau tréng, d6 can
nudc rat cao, do d6 sé lam gidam dang ké do bén cua da
xi mang. Tuy vay, c6 thé sir dung barite dé diéu ché via xi
mang vdi ty trong dat t&i 2,28.

Manganese tetraoxide (Mn304) c6 dang b6t mau nau
da, ty trong 4,84. San phdm nay dugc cung cdp & ca thé
ran va long. Dang 1dng rat thuan tién cho diéu kién khoan
bién. Kich thudc hat rat min (trung binh khodng 5um) nén
dién tich bé mat I6n nhat trong s6 cac loai phu gia nang
va muc dé lang cing thap hon nhiéu so véi hematite.
Manganese tetraoxide c6 thé pha truc tiép vao nuéc dé
trén xi mang. Ty trong clia viia xi mang c6 thé dat 2,64 khi
dling manganese tetraoxide két hgp véi hematite.
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Db can nuéc

m3/tan gallon/Ib Ghi chu
0,017 0,0020 [2, 5]
0,200 0,0240 [2]
0,006 0,0007 [5]
0,009 0,0011 [2]
0,00 0,00 [2]
7 -

I I I

| | I

| | |

I —e— Xi mdng v&i Hematite
: )4i mang vdi éarite

I —=— Xi mdng véi Magnetite
| S A

I ® Ximadng nguyén-
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DO bén uén cla da xi mang, MPa

1,8 2 2,2 2,4 2,6 2,8
Ty trong vira xi mang

Hinh 2. D4 bén udn ctia dd xi mang vi mot s6 phu gia lam nding & diéu kién: nhiét do
90°C, dp sudt mdi truong, 2 ngay, xi mdng logi PCG
Magnetite (Fe,0,) c6 ty trong 4,52, mau den, kich
thudc hat I6n nhat dén 0,30mm. Day la phu gia c6 hiéu
qua lam nang cao hon hematite va it anh hudng xau dén
chat lugng da xi mang nhat (Hinh 2). Magnetite dugc
dung & Nga va cac nudc thudc Lién X0 trudc day.

2.2.2. Anh hudng cta phu gia ndng dén tinh chdt co ly cla
dd xi mang

DPé c6 dugc vita xi mang cang ndng thi can cang nhiéu
(vé khéi lugng) phu gia, lam giam ham lugng xi mang (la
chat két dinh), dan dén cudng d6 chiu luc (d6 bén) cta da
xi mang sé gidm. Hinh 2 thé hién su phu thudc ctia d6 bén
u6n mot sé loai da xi mang theo ty trong véi phu gia nang.
Cling diéu kién (nhiét dé 90°C, ap suat méi trudng, 2 ngay,
xi mang loai PCG), d6 bén uén clia da xi mang nang giam
di nhiéu Ian so véi xi mang nguyén.

Viéc lam nang vira xi mang bang phuong phap giam
lugng nudc ¢o Igi hon so véi viéc st dung phu gia khi
duing trén quan diém bao toan do6 bén (tinh chat co ly) clia
da xi mang tao thanh.
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2.3. St dung vira xi mdng ndng & bé Nam
Cén Son

K&t qua khoan & b& Nam Coén Son da lam
r6 hon buc tranh vé dia tang, thanh phan
tram tich, ranh gi&i ctia cac hé tang, chiéu day
clia ching va dac biét su phan bo va gia tri ap
suat via, v& via theo chiéu sau giéng khoan
G cac 16. Bang 3 théng ké su phan bé ap suat
via cao dién hinh 8 mot s6 16 thudc bé Nam
Cén Son [6].

O bé Nam Con Son, phtic tap dia chat tai
cac giéng khoan c6 di thudng ap suat cao rat
I6n, dac biét a clra s6 ap suat gita ap luc via
va ap luc v& via nho. Diéu nay gay kho khan
cho viéc thiét k&, lua chon viia xi mang cé ty
trong thich hgp, vira ddm bao |6n hon ap suat
via nhung van khong gay vé via, tranh hién
tugng mat dung dich khoan va nhiém béan
thanh hé. Thuc té trdm xi mang déi véi cac
giéng khoan c6 &p suat cao cho thay ty trong
vlfa xi mang thudng I6n 1,92 (tuong duong
khoi lugng riéng 16ppg), do d6 da sir dung
cac chat phu gia nham tang ty trong. Cac nha
thau bom tram xi mang hién nay chud yéu sur
dung barite dé tang ty trong viia xi mang [6].
Loai héa phdm nay c6 ty trong 4,33 nén theo
ly thuyét co6 thé ap dung dé diéu ché vira xi
mang c6 ty trong tdi 2,28. Tuy nhién, barite c6
dod can nudc rat cao, sé lam giam dang ké do
bén clia da xi mang. P& tang ty trong via xi
mang va dé bén cla da xi mang, c6 thé xem
xét kha nang s dung hematite va dac biét la
manganese tetraoxide hoac ilmenite do d6
can nudc thap va hiéu qua lam nang cla cac
phu gia nay cao hon. Trong qua trinh st dung
phu gia tang can luu y viéc dung véi ham
lugng 16n c6 thé gay ra hién tuong ldng dong
cla vat liéu va gidm do6 bén ctia da xi mang
cling nhu céc tinh chat co ly va tinh chat cach
ly cda da xi mang.

Bang 3 cho thay hgp ly nhat la si dung
v{fa xi mang ty trong tiéu chuén (API) cho cac
giéng A-1X, C-2X, U-2X, U-3X va T-1RX. Giéng
T-1X va H-2X nén dung v{ta xi mang lam nang
bang cach giam ty |& nuéc. Cac giéng S-1X,
H-1X can dung via xi mang lam nang bang
phu gia.

Giéng
khoan

A-1X

C-2X

U-2X

U-3X

T-1X

H-1X

H-2X

Bdng 3. Ap sudt via cdc giéng khoan 616 04, 05 bé Nam Con Son

Chiéu sau
(m)
2.246
2.257
2.342
2.406
2.434
2.478
2.599
2.991
3.025
3.055
3.110
3.134
3.134
3.526
3.586
2.220
3.658
2.640
2.736
2.795
2.832
2.906
2.950
2.951
2.966
3.003
3.069
3.216
3.261
3.430
3.533
3.673
3.880
3.897
3.060
3.148
3.160
3.174
3.208
3.240
3.258
3.555
3.585
3.635
3.740
3.840
4.000
4.120
2.956
2.972
2.977
2.980
2.985
3.240
3.260

Ap suat via
(MPa)
36,17
35,97
38,00
37,93
39,61
40,04
34,01
44,84
44,88
45,53
41,82
42,94
41,18
50,36
50,36
34,73
60,24
39,42
43,48
45,22
47,45
49,39
51,27
53,69
55,24
56,79
58,49
61,92
63,71
67,36
69,73
72,85
77,14
78,11
62,54
62,90
62,94
63,02
63,11
63,27
63,33
58,23
59,47
70,88
73,64
75,84
79,98
81,84
53,41
53,44
53,47
53,61
53,63
62,80
62,76

Hésd dithudng Hé sé cao

chia ap suat via
1,61
1,59
1,62
1,58
1,63
1,62
1,31
1,50
1,48
1,49
1,34
1,37
1,31
1,43
1,40
1,56
1,65
1,49
1,59
1,62
1,68
1,70
1,74
1,82
1,86
1,89
1,91
1,93
1,95
1,96
1,97
1,98
1,99
2,00
2,04
2,00
1,99
1,99
1,97
1,95
1,94
1,64
1,66
1,95
1,97
1,98
2,00
1,99
1,81
1,80
1,80
1,80
1,80
1,94
1,93

nhat

1,62

1,63

1,50

1,43

1,91

2,00

2,04

1,94

DAU KHi - SO 2/2016

15



THAM DO - KHAI THAC DAU KHi

3.Két luan

Vi{ra xi mang nang cé ty trong I&n hon
tiéu chudn quy dinh. Can diéu chinh ty trong
viia xi mang hop ly dé tadng d6 bén cla da xi
mang, nang cao hiéu qua bom tram giéng
khoan dau khi.

St dung phu gia ndang thuong lam gidm
nhanh tinh chét co ly cda da xi mang. Do do,
déi véi cac giéng khoan qua dia tang ap suat
via cao di thudng can tang ty trong vla xi
mang bang cach giam ty & nudc trudce khi s
dung phu gia.

& bé Nam Co6n Son, nén lua chon phu gia
véi hiéu qua lam nang cao va chinén dung phu
gia nang khi ap suat via cé hé sé di thusng I6n
hon 2.
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Weighted cement slurry and their use for
oil and gas well cementing in Nam Con Son basin
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Heavy cement slurry is commonly used for well cementing in high pressure reservoir conditions. The paper pres-
ents the theoretical basis for adjustment of the density of cement slurry for oil and gas well cementing by changing
the water content or using additives to increase slurry density. It also reports the results of experimental work on the
effect of heavy slurry on flexural strength - one of the basic parameters of physical properties, which characterise
the working ability of cement stone in the wells. From the results of theoretical research and analysis of the actual
geological conditions, the authors made recommendations for improvement of the efficiency of heavy cement slurry
used for cementing wells in the Nam Con Son basin.
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