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Bai viét gidi thiéu nguyén ly hinh thanh via chdt sit tang Oligocene va méi quan hé giira dia tdng véi cdc ddc tinh co
ly ddt dd trong tdp Oligocene E va F, bé Ciru Long. Péng thdi, nhém tdc gia dua ra phuong phdp ludn nhdm xdy dung
tinh chdt co' ly dd néi chung dua trén tai liéu, két qua thirvia mét sé giéng khoan dp dung ky thudt nit via thay luc duogc

thuc hién tirndm 2012 dén nay.

Tirkhéa: Overburden, dp sudt 16 réng, hé s6 Young’s modulus, hé sé Poisson, luc ma sdt trong, Ging sudt nén mét truc, tng sudt

ngang I6n nhdt, ung sudt ngang nhé nhdt, nit via thay luc.

1. Giéi thiéu

Tang Oligocene & bé Clru Long vdi dac thu tram
tich Fluvial - Lacustrine cat sét xen kep, phan 1én
nam trén da méng nut né trudc Bé Tam. Cac giéng
khoan qua dé&i tuong nay c6 biéu hién dau khi tét,
tuy nhién thirvia phan I6n khong cho dong tu nhién.
Két qua phan tich mau 16i cho thdy cac via san phdm
c6 dac tinh chat sit, d6 réng khoang 10% va dé tham
rat nho khoang vai mD (Hinh 1) [1].

Theo théng ké, tri lugng dau khi tai ché cla
doi tugng nay xap xi 1 ty thung, trong dé tang
Oligocene E va F chiém ty trong I6n. Hién nay, cac
mo dau dang khai thac suy gidam nhanh, mé mai
dua vao khai thac chli yéu la mo nho, can nghién
cUu cac giai phap duy tri san lugng khai thac. Trong
dé, gidi phap dp dung céng nghé nut via thay lyc da
dugc thi nghiém & céc giéng tham do, tham lugng
va khai thac & cac mé Jade, Kinh Ngu Trang, Ruby,
Hai Su Pen... mac du sé lugng giéng ap dung/thu
nghiém khéng nhiéu nhung buéc dau dugc danh
gia kha quan (Hinh 2).

Dé danh gia, phan tich chi tiét hon két qua cac
giéng da ap dung nham loai tri cac rdi ro tiém &n
va tién t6i ap dung cong nghé ndt via thay luc rong
rai trong tuong lai, can nghién ctu va xay dung tinh
chat coly dat da dang tin cdy ctia khu vuc sé ap dung.

Két qua ctia Hinh 1 va 2 cho thay cac via dé tham
< 1mD sé cé hiéu qua cao khi 4p dung cdng nghé
nut via thay luc.
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Hinh 2. Két qud nuit via thily luc tang Oligocene E, bé Citu Long
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Bdng 1. Két qud niit via thily luc tdng Oligocene F theo dé thdm dd rong, bé Ciiu Long

. x Do tham Do tham
o a s borong S, L,
Giéng Tap via (%) trudc nut via sau nut via
thay luc (mD) thuay luc (mD)
1 E trén zone 2 7 1,331 -
E trén zone 1 0,035 0,241
2 E zone 2 5,6 0,101 0,301
3 Ezone 1 7,8 0,301 1,852
E zone 2 3,6 0,301 1,631
4 Ezone 1 11,3 0,086
E zone 2 10 0,046
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Hinh 3. (6t dia tdng thach hoc bé Citu Long

28  DAUKHIi - SO 11/2016

Luu luong Luu luong
trudc nit via sau nut via thay luc
thay luc (thung/ngay) (thung/ngay)
250 170
40 800
0 540
0 1580
0 1830
150 1200

2. Dia tang bé Cliu Long va nguyén nhan
hinh thanh via chat sit & ting Oligocene E
vaF

Theo co ché tang éap suat 16 rong [2] &
tang Oligocene c6 thé thay:

- Tram tich Oligocene E va F hau hét nam
trén da moéng tudi Dé Tam. Cac giéng khoan
qua tang Oligocene E va F bat gap cac I6p da
magma xam nhap, tu dé hinh thanh co ché
tang ap suat do tang nhiét dé (aquathermal
pressurisation). Su phan ra cac nguyén té
phdng xa ctia cac tinh thé magma lam cho céc
16 réng bi gian né va bi gidi han béi cac lop
dat da khong nén ép tir mong (basement) dan
dén viéc tdng ap suat via.

- Tram tich céc tang Oligocene E va F la
céac tram tich sét mat nudc dugc thé hién r6
vGi cd ché phan ung khi nudc (dehyration
reaction) [3, 4]. N6i cach khac, ¢ su chuyén
déi r6 rét tir sét ngdm nudc sang sét mat nudc.
Pién hinh 13 su c6 mat cta kaolinite, illite,
chlorite trong thanh phan sét giéng moé Hai Su
Pen (Bang 2).

- Ngoai ra, viéc xac dinh ap suat via tu
cac tai liéu DST, MDT/RCI cho thay &p suat &
cac tang Oligocene cao hon rat nhiéu so véi
ap sudt thay tinh [5 - 7]. Mot co ché quan trong
khéac lam tang ap suat 16 rong & day la mat can
bang tram tich (disequilibrium compaction).
Qua trinh lang dong tram tich nhanh dan dén
viéc ddy chat luu trong 16 réng ra nhanh hon
o vGi viéc mat 16 réng. Ap suat thanh hé thu
dugc ti két qua MDT/RCI cla cac giéng mo
Kinh Ngu Trdng, Hai Su Den, Su T Trang dugc
thé hién trong Bang 3.
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Bdng 2. Thanh phdn sét cho tdng Oligocene E md Hdi SuPen

- . .= Ao a Kaolinite = Chlorite lllite Smectite Mixed layer of illite-smectite
Giéng Thutuy Loaimau D6 sau (mMD) (%) (%) (%) (%) (%)
1 Cutting xx68,5 43 23,5 20 - 13,5
2 Cutting Xx75,5 45,5 31,3 15,2 - 8
3 Cutting xx03,0 45 30 12,5 - 12,5
5 4 Cutting xx13,5 - 100 - - -
5 Cutting xx16,0 - 100 - - -
6 Cutting xx21,0 - 100 - - -
7 Cutting xx31,0 26 43 31 - -
8 Cutting xx34,0 52,7 47,3 - - -
9 Cutting xx45,0 - 90,6 9,4 - -
Bdng 3. Ap sudt thanh hé cdc tdng Oligocene E va F ¢ cdc mé bé Ciu Long
Giéng Tang Khoang mé via (mTVD) Khoang mé via (mMD) Ap suat thanh hé (psi)
1 Oligocene E dudi - XX77 - xx84 -
Oligocene E trén zone 2 XX68 - xx92 xx01 -xx25 7.793
2
Oligocene E trén zone 1 - XX74 - xx79 6.854
3 Oligocene E zone 2 Xx24 - xx28 - 5.476
Oligocene F (zone 4 - 5) 4431 - xx23 XX74 - xx68
4 Oligocene F (zone 4 - 5) xx96 - xx06 Xx42 - xx55 8.500
C4c giéng khoan gdp nhiing via méi c6 cac biéu hién ,
A R L2 R Spre o A . Giéng tham do 1
trén cé thé khang dinh la via chat sit va can cé ké hoach ap
dung c6ng nghé nut via thay luc trong cong tac phéat trién h 4 v
mé trong tuong lai. L
coly da
3. Dic tinh co ly da cGa bé Clru Long dé xay dung niit Vv v

via thuy luc Giéng tham do 2 1dy mau I6i Giéng khoan 2 lam nut via
va phan tich co'ly da thay luc

Viéc xac dinh cac théng sé co ly da nhu luc ma sat
trong (internal friction), ing suat nén mot truc (UCS), cac -

AN , A LR e 2 Giéng tham do 3
hé s6 Poisson, Young's modulus, d6 bén nut né (fracture lam nét via thay luc
toughness), (ing sudt ngang nho nhét (S, ) va hudng ting
sudtngangIén nhat (S, ) rat quan trong dé xay dung niit
via thay luc cho cdc mé. Tuy nhién, viéc xac dinh cac thong Overburden (5, Ap suat I rong (Pore pressure)
s6 trén can cé tailiéu mau 16i dé so sanh va kiém tra. S do Density va Density tinh tir Sonic Sonic/Resistivity/Density & Seismic
s6 lugng giéng khoan téi thiéu dé t6i uu viéc xay dung nut
via thay lyc dugc thé hién nhu Hinh 4,

Cac théng s6 co ly da ddi vai cac mod khdng co mau
16i dugc xay dung dua trén nguyén ly ly tudng va dugc Binh huéng S
kiém tra lai v&i cac s6 liéu c6 dugc cta giéng khoan nhu -
di liéu log, ap suat... Hudng xay dung (workflow) va cac
phuaong phép luan dé xay dung cac théng s6 co ly da lam
déau vao cho niit via thly luc tang Oligocene E va F bé Clru Hinh 5. Workflow xdy dung mé hinh col dd bé Citu Long
Long nhu sau [8, 9] (workflow chung cho cac mé tang
Oligocene bé Ctiu Long Hinh 5).

hmax

Xac dinh (ing suat S

hmin

do6 gia dinh tinh tir dudng cong Sonic véi phuong phap
Gardner.

3.1. Overburden (S
) Pudng cong mat d6 dugc tinh nhu sau:

Overburden dugc tinh toan dua trén dudng cong mat 10648
p=4( ﬁ]

. . 1
do (bulk density) va cling cé thé tinh tur dudng cong mat Gardner: )
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Overburden (S) dugc tinh theo cong thuc sau:

Zo
S, =g f p(2)dz )
0

3.2. Ap sudt 16 réng (Pore pressure)

Ap suédt 16 rbng dugc tinh dua trén phuong phéap
Eaton cho dudng cong Sonic va dudng dién trd suat. Vi
s6 ma la 1,2 cho dién tré suat va 3,0 cho dudng Sonic.

1,2
Rshlog)
Rshn

PPZSV_(SV_Phyd)( 3)

3.3. Ung sudt nén mét truc (Uniaxial compressive
strength)

Phuong trinh bién déi Horsrud (2001) cho sét:
UCS=1,35xV, 2 )
Phuong trinh bién d&i McNally (1987) cho cét:
UCS = A x el0037%D1¢0) (5)
Trong d6: A tir 100.000 dén 150.000

3.4. Luc ma sdt trong (Internal fiction)

Luc ma sat trong dugc tinh bang phuong trinh bién
déi Lal-Vp:

IF = tan(asin((Vp - 1)/(Vp + 1))) (6)
Vp (km/giay)
3.5. Hé sé Poisson (Poisson’s ratio)

Hé s6 Dynamic Poisson’s Ratio dugc tinh theo céng
thuc:

v=(V?-2V2)/2(V}- V) 7)

Vi khéng cé cac thi nghiém co ly da nén Static
Poisson’s ratio dugc gid dinh tuong duong véi Dynamic
Poisson’s ratio.

3.6. Young’s Modulus

Hé s6 Dynamic Young’s modulus dugc tinh theo cong
thuc:

E,=p,V3EV?-4V2)/(V?-V?) (8)

Static Young dugc udc tinh bang cach st dung mét
phuang trinh phat trién bai Lacy (1996) nhu sau:

Cho cat:

0,0293 XxE} + 0,4533 XE, 9
Cho sét:

0,0428 XE? +0,2334 X E, (10)
Trong do:

p: Mat doé (g/cc);

A: Hé s6 (0,23);

B: Hé s6 m{i (0,25 - 0,23);

DT: Budng Sonic;

S,: Overburden;

Ry Ap sudt thay tinh;

Rsh,: Dién trd suat cla sét ti log;

Rsh : Dién trd suat cla sét theo do sau;
DTCO: Compression Sonic;

V_: Compression velocity;

V.: Shear velocity.
3.7.Binh huéng iing sudt ngang I6n nhdt (S, )

Hudng (ing suat ngang Ién nhat dugc xac dinh dua
trén cac dir liéu FMI tU do suy ra hudng nut né khi thuc
hién nit via thiy luc. Dya trén tailiéuS,  clacacmo[10,
11] nhu Bang 4 va két hop véi nghién ciu vé huéng S,
& bé Clru Long [12], thdy dugc hudng Shmax chi dao clia
tang Oligocene E va F la Bac Tay Bac - Nam Dong Nam dén
Bac - Nam.

3.8. Xdc dinh ting sudt ngang nhé nhdt (S, )

Viéc xac dinh S,
closure pressure (FCP).

duoc dua trén di liéu fracture

_ (Shmin B PP)

- 11
ESRSmin = (50— (11)

Trong dé:
ESR.. :Tylé ing sudt hiéu dung dé tinh S

Shmin hmin’

S,: Overburden;

Bdng 4. Hudng S, chii dao tdng Oligocene £ bé Citu Long

Mé/Tang Nha diéu hanh
Duong Boéng/Oligocene E JVPC
Hai Su Ben/Oligocene E
Kinh Ngu Trang/Oligocene E PVEP POC
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Thang Long JOC

Huéng Shmax
Béc Tay Bac - Nam Déng Nam dén Bac - Nam
Bac Tay Bac - Nam Béng Nam dén Bac - Nam
Bac Tay Bac - Nam Déng Nam dén Bac - Nam
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S, :Ung suat ngang nhé nhat;

hmin

P : Ap suét 16 rong. 25°

3.9. Xdc dinh dé bén nutt né (Fracture tough-
ness)

Dé bén niit né dugc xac dinh bai Whittaker 20° [ 20°

(1992):

KIC = 0,336 + 0,026E (12)

Qb Hoang Sa

4. Ung dung xac dinh co ly da cho giéng 15° 1 - 15°

khoan mé Kinh Ngu Tring

Overburden dugc tinh todn dya trén dudng
cong mat d6 tai dé sau tir ~2.250m TVD dén day 10° 4
giéng. Budng cong s6 ma dugc tinh toan xap
xi bang mat dé ctia mud line ~ 1,95g.cc dén do
sau ~2.250m TVD.

- 10°

Qb
Trudng Sa -

<]
Shmax 3 ¢/"k
A e = x , \ 5° ) - i ll“ 5°
Ap suat 16 rong (Pore pressure) dugc tinh tu o 102¢ 108° 114° 120°

dudng cong dién trd suat, Sonic va dugc hiéu Moot i Pl
chinh bang &p suat lay tir MDT/RCI va DST.

N
96

Hinh 6. Huéng S

hmax

cho tdng Oligocene E bé (i Long
4.1. Xdc dinh cdc théng sé co ly dd
KNT
Xac dinh Ung suat nén mot truc (UCS), j PRSNS——— | E——— — swose 00
8
-

luc ma sét trong (internal friction), hé s6 tinh e e = e W v T
Poisson va Young's Modulus dugc tinh todn
thong qua céc tai liéu dia vat ly giéng khoan
nhu Sonic, Compression velocity, Shear velocity.
Mac du giéng Kinh Ngu Trang khéng phan tich

ca ly da trén mau 16i nén két qua van con rdi ro.
Tuy nhién, két qua nay da dugc so sanh vsi mo
c6 cung cau tao la Duong Bong va két qua kha
phu hagp. k1%

4.2. Xdc dinh huéng S, dua trén tailiéu FMI

Déi véi giéng clia mo Kinh Ngu Trang, do
khong do FMI nén viéc xac dinh hudng S,
c6 thé xady dung dua trén huéng S, cdatang
mong nut né Dé Tam. K&t hgp vai thai gian
hinh thanh duat gay gitra tang mong va tang
Oligocene c6 thé xac dinh duoc S, cuatang
Oligocene va tdng mong cung huéng.

Xacdinh S, dua trén dif liéu ap suat dong
khe nut - FCP (fracture closure pressure) cho
elastic (nguyén ly ly tuéng) va dugc so sanh lai
bang poroelastic (dugc xay dung trén cac dit liéu
dia vat ly giéng khoan), xac dinh d6 bén nut né

(fracture toughness) theo hé s6 Young’'s modulus. Hinh 7. Overburden
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Hinh 10. Hé sd'tinh Young’s modulus va Poisson
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Hinh 9. Luc ma sdt trong va iing sudt nén mt truc
5. Ké&t luan va kién nghi

Tiém nang dau khi trong tang Oligocene E va
F, bé Cliu Long rat 16n. D€ khai thac dugc cac déi
tugng nay can ap dung céng nghé nut via thay luc.
P& gidm thiéu rui ro khi 4p dung céng nghé nut
via thuy luc can c6 cac nghién ctu tinh co ly dat da
qua cac mau 16i dé hiéu chinh lai cac két qua tinh
toan bang tai liéu dia vat ly giéng khoan.

Phanlén huéng S, tang Oligocene E bé Clru
Long la Bac Tay Bac - Nam Déng Nam dén Bac -
Nam (khao sat theo cac md Hai Su Pen, Duong
Pong, Kinh Ngu Trang...). Nut via thay luc cho
tang Oligocene E dac biét c6 hiéu qua cao véi do
tham 1mbD.

Nhom tac giad kién nghi can c6 ké hoach lay
mau cac mod chdt sit va lam cac thi nghiém co ly
déa dé hiéu chinh két qua trong mé hinh xay dung
co ly da. Viéc lay ap suat tu leak-off test trong sét
va minifrac test trong cat nén dugc thuc hién tai
nhiéu do sau khac nhau va khuyén khich sir dung
thiét bi wireline cho cac giéng.

Tai liéu tham khao

1. Bingjian Li, Nguyen Nhi, Nguyen Quoc
Quan, Hoang Dong, Cao Duy, Dave Weichman,
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Study of the mechanical properties of Oligocene rocks
in Cuu Long basin for optimisation of oil production using
hydraulic fracturing

Summary

Cao Huu Binh, Bui Thieu Son, Phung Van Hai, Nguyen Huu Danh
Nguyen Vu Thien Tu, Vu Thi Xuan Huong Phan Thanh Loi
Petrovietnam Exploration Production Corporation

Email: haipv@pvep.com.vn

The article introduces the principle of Oligocene tight reservoir formation as well as the relationship between the
stratigraphy and the mechanical properties of Oligocene sequences E and F in Cuu Long basin. In addition, the authors
present the methodology to estimate the geomechanical properties of rocks based on documentation and well test re-

sults using hydraulic fracturing technique from 2012 to date.

Key words: Overburden, pore pressure, Young’s modulus, Poisson’s ratio, internal friction, uniaxial compressive strength, S o

S,.. hydraulic fracturing.
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