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Bai viét gi6i thiéu kinh nghiém, phuong phdp ludn minh gidi tai liéu dia vét ly giéng khoan déi véi cdc via cdt sét
phdn 16p méng va 6 dién tré sudt thdp dua trén cdc tai liéu thu dugc tir giéng khoan nhu: wireline, FMI, 3D induction

resistivity, MDT/RCI, mdu I6i va dp sudt mao dan.

Tirkhoa: Dia vat ly giéng khoan, phéan I6p méng, dién tré sudt thdp, Thomas-Stieber, Tensor (3D induction resistivity), FMI, dp

sudt mao dan.
1. Giéi thiéu

Trong qua trinh danh gia, minh gidi tai liéu dia vat ly
giéng khoan, viéc tinh toan cac thong s via clia cac moé
c6 via cat sét phan I6p mong gap nhiéu khé khan do dién
trd sudt thanh hé thap hon dién trg that clia via, dan dén
tin hiéu bi sai Iéch trong qua trinh do dac. TU d6, viéc xac
dinh cac théng s6 via nhu dé rong, do bao hoa nuéc va
chiéu day cét hiéu dung chua dung véi tinh chat cta via.
Vi vay, can ap dung cac phuong phap phan tich, minh giai
dé danh gia chinh xac cac via cat sét phan I6p méng (Hinh
1,2,3).

Cat sét phan I6p mong bao gém cac phan 16p dia
chat méng c6 bé day < 24inch. Theo dia vat ly giéng
khoan, phan I16p méng la don vi tram tich c6 dé day nho
hon @6 phan gidi doc cta cac thiét bi do tiéu chuén, vi
du gamma ray, mat do, neutron, dién trg, am hoc... [1]
(Hinh 4).

Do réng

1 2 3 4
Giéng
® Phuong phap théng thuong
m Phuong phap minh giai cat sét xen kep mong

Hinh 1. Két qud minh gidi 4 rong bang phuong phdp thing thuong
va phuong phdp cdt sét phdn Iép méng
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2. Co s& ly thuyét tram tich cat sét phan 16p méng va
phuang phap minh giai tai liéu dia vat ly giéng khoan

Doi véi cac tap tram tich phan I6p méng, sét anh
hudng dén céc théng s6 via (Hinh 6).

06 Do bao hoa nudc

$05

=03
Q02
Q0
O-
01
0 1 2 3 4

Giéng
= Phuong phap minh gidi
cat sét xen kep méng

hoa nudc (%,
o
D

= Phuong phép
théng thuong

Hinh 2. Két qud minh gidi 6 bao hoa nudc bdng phuong phdp théng thuong
va phuong phdp cdt sét phdn Idp méng
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Hinh 3. Két qud minh gidi NTG bdng phuong phdp théng thudng
va phuong phdp cdt sét phdn Idp mong
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Hinh 4. D¢ phan gidi cdc thiét bi do trong giéng khoan

3D induction
resistivity

Tai liéu
DVLGK thuong

Phan loai da

bsd, Vsh-lam, Vsh-disp, Rsd

Khong dung

Két qua minh gidi NMR
Két qué phan tich core

Hinh 7. Cdc phuong phdp minh gidi tai liéu dia vdt Iy giéng khoan
cho via cdt sét phan Idp méng
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Hinh 5. Két qud minh gidi théng thudng va minh gidi bang cdc phuong phdp dp dung
cho via cdt sét phdn Idp méng
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Hinh 6. Su phdn bd'sét trong cdt két va su anh hudng dén do ring

Thomas-Sticber Petrophysical Model

fut(-4d)* ba

i

shale
Moddied, after Juhasz 1386

Hinh 8. Thomas-Stieber’ cross plot
Cac phuong phap minh giai tai liéu dia vat ly giéng
khoan cho via cat sét phan I6p méng dugc thé hién trong
Hinh 7.
2.1. Phuong phdp Thomas-Stieber

Viéc xac dinh thanh phan, thé tich sét phan 16p va sét
xam tan, do réng cat dugc xay dung theo phuong phap
Thomas-Stieber [2, 3] (Hinh 8).

Workflow minh gidi theo phuong phdp Thomas-
Stieber.
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L Minh giai thong thuong J
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f/ o ™
Thé tich sét D6 rong
Vsh = GRindex Neu-Den
Vsh_Neu-Den Neu-Sonic
o N
( Vh ; =(pt_(pgd—max+vsﬁ(1_(p§d I
sh—-lam
[1 - d)sd—max)
% _ Vsh ~ Vsh—lam
sh~disp 1- Vsh -lam
& - d)t B Vsh—lam(psh
tsd 1- Vsh—Iam
@ _ (Dt _ Vsh(‘bsh
\ Esd 1- Vsh -lam /
Trong do:
GR, . :Chisé gamma ray;

V,,: Thé tich sét;
V., . ThE tich sét phan 16p;

sh-la

V., .o,: Thé tich sét xam tan;
sh-disp

@: D0 réng téng;
et PO 1ONG 16N Nhét clia cat;
@ : Do rong cla sét;
@: ;DO roéng tong clia cat;
@ ;D6 rong hiéu dung cuia cét.
Viéc xac dinh dé bao hoa nudc déi véi cac via cat sét
phan 16p moéng dugc tinh thong qua cac phuong phap

sau:

Archie
o = a xR,
Wsd — ¢;?1X Rt

Waxman-Smits

R
R, = - - w 0
S o0 (14 R,B ﬁ)
Dual Water
1_ ‘V”_S[L+ Swp (L_L)]
Rt a Rw Swsd wa RW
S — Vsh—disp¢sh
Ve d)sd
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m*
_ ¢sh Rsh
Ry, = 0

D6 bao hoa nudc téng dugc tinh nhu sau:

_ Swsdd)sd(l - Vsh—lam) + Vsh—lamd’sh
‘ (oF
Trong do:

Sw

a, m, n, m* n* Hé s6 Archie;

Q) Volumetric CEC;

B: Equivalent Cationic Conductance of a Sodium lon;
S, ,- P06 bao hoa nudc mang bao trong 1 don vi cat;
R :Dién trg suat clia nudc;

R, Dién tr& sudt nuéc mang bao.

Tuy nhién, cac via cat sét phan I6p co dién trg suat
thap dan dén kho tinh toan chinh xac dé bao hoa nudc.
Phuong phép Thomas-Stieber chi c6 thé xac dinh dugc
thanh phan sét va d6 réng cat.

2.2. Phuong phdp hinh énh tir dung dich khoan géc dau
(OBMI-0Oil base mud image)

Dua trén dién trg suat tham riia R _ dé tinh thé tich sét
phan 1&p, ti do tinh dugc cac théng s6 vé do réng cat. Tuy
nhién, két qua tinh toan d6 bao hoa nuéc van gap kho
khén do viéc xac dinh dién trg suat cla via trong trudng
hagp via co dién tré suat thap.

2.3. Phuong phdp cam ting dién tré sudt 3D (3D Induction
resistivity)

Vé6i phuong phap nay, ngoai viéc minh gidi trén cac
dudng cong dia vat ly giéng khoan thu dugc tur wireline,
can phai do thém dién trd suat ngang va dién trd suat
doc cuia via dua trén cac thiét bi do dién trd 3D induction
[4-71(Hinh9).

Klein's plot dugc xay dung trén nguyén tac sau:

Ry, = FsanaRsana + FsnateRsn,
1/Rn = Fsana/Rsana + Fsnate/Rsn_n
1 = Fsana + Fsnaie
sa/(1— )
sn/ (1 — de)

Fsana =

Fsnate =
Trong dé:

R, ,:Dién trG suat sét ngang;

R, :Dién trg suat sét doc.
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Hinh 9. Klein’s plot (Diém 1: sét bdt ddng hudng, 2a: via cdt/sét chiia sén phdm,
2b: via cdt/sét khdng chiia san phdm, 3: kich thudc hat bién déi manh,
4: dd voi chdt sit)

TU d6 xac dinh dugc thé tich sét phan I16p va dién trg
suat clia cat dua trén bo phuong trinh sau:

i — Vsh—lam 1- Vsh—lam
Rh Rshh de

Vsh—lamRshv + (1 - Vsh—lam)de
Trong dé:

R: Dién trd suat ngang do dugc tu thiét bi 3D
induction;

R : Dién trd suat doc do dugc tir thiét bi 3D induction;
R, Dién trd suat ngang clia sét do dugc tir mau core;
R, : Dién tré sudt doc clia sét do dugc tir mau core.

Tiép theo c6 thé tinh dugc thé tich sét xam tan, do
réng clia cat nhu sau:

_ Vsh = Vsn—tam
Vsh-aisp = 5 -

sh—lam

¢t - Vsh—lam ¢sh

¢t5d B 1- Vsh—lam
¢ — ¢t_Vsh¢sh
fsd 1- Vsh—lam

Viéc xac dinh dugc dién trd suat clia cat gidp cho viéc
tinh d6 bao hda nudc chinh xac hon, tir d6 sé xay dung
dugc cac phuaong phép sau:

Archie
n _ aXRy

Wsd ¢;:l1 X de

Waxman-Smits

Rw
Ryq = . 0
sy ot (1+R.BE)
Dual Water
1 _ PhaSha L Sm( L 1)
Rgq a Ry  Sw,\Rwp Rw
S = Vsh—disp¢sh
i ¢sd
R _ ¢;'i11*Rsh
wp T a

D6 bao hda nudc téng dugc xac dinh bang cong thic:

Sw5d¢sd(1 - Vsh—lam) + Vsh—lam¢sh
Sw, =
be
Phuong phap Tensor model gitp tinh todn d6 bao hoa
nudc chinh xac hon so véi viéc st dung dién tré clia cat.

Viéc st dung thiét bi do dién tr& suat ngang va doc
van gap nhiéu kho khan. Nhung néu c6 cac thi nghiém
mau 16i dac biét va xac dinh dugc ranh gidi dau nudc
(Free water level) thi phuong phap Leverret J (Saturation
height/P_modeling) c6 thé dé dang tinh toan d6 bao hoa
nudc.

Trong trudng hop c6 mau 16i va thuc hién thi nghiém
vé &p suat mao dan, d6 bao hoa nudc dugc xac dinh theo
cong thic sau [8]:

Clab(air-water)

Cres(gas—water) X O-COSQTES(gaS—WatET)

Jcosglab(air—water)

Pc k

ocosO | P

Pe = (Gy — Go)h

] =0216

1/b
a ocosl |¢

Sw = 0216 X Tc X
Trong dé:

P_: Ap suat mao dan;

K: Do tham;

®: D6 rbng;

0c0s0: Suc cang goc dinh uét;

G, : Gradient nudc;

G : Gradient dau tai h (Free water level).
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Hinh 10. D4 thj J va d9 bao hoa nudc

3.Ung dung minh giai tai liéu dia vat ly giéng khoan mé X

Nhém téc gid Ung dung cac phuong phap minh gidi
tai liéu dia vat ly giéng khoan mé X (Bang 1 va 2). Tai liéu
mau l6i ctia gi€éng a (Hinh 11) cho thay via cat két phan 1p
mdng c6 nai rat méng, do d6 tinh toan thé tich sét bang
gamma ray kém hiéu qua hon so véi s&r dung Neu-Den va
thé tich sét tinh toan dua trén dién trg thdm nhiém R _ thu
duoc ti FMI.

Bdng 1. Tai ligu giéng amé X

Di liéu Giéng: a Pon vi
Gamma ray v GAPI
Apparent resistivity v Ohm-m
Density v g/cc
Neutron v VIV
Rt-Scanner v Ohm-m
Mau 16i v -
Anh mau l6i v -
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Bdng 2. Théng s6 ddu vao cdc giéng mo X

Théng s6 dau vao Giéng: a Pon vi
GRsh 20 GAPI
GRgq 72 GAPI
a 1 [-1
m 2.1 [-1
n 2 [-1
Pién trd suat clia sét (Rsh) 245 Ohm-m
Pién trd suat ngang cla sét
dugc do trén n%éu?éi (Rshh) 245 Ohm-m
Pién tr& suat doc clia sét
dugc do trén mau 16i (Ren) 35 Ohm-m
Dsh 0.13 %
Noéng d6 mudi 35.000 ppm

Vdi d6 rong In nhdt ca cdt @, tir 14 dén 20%

———_—
o
%]
3

—

X138,8m

Hinh 11. Hinh mau 6i giéng a
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Giéng a, Do sdu: X070-X175m

Giéng a, D6 sdu: X070-X175m
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Hinh 13. Thomas-Stieber giéng a
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Hinh 15. Két qud minh gidi giéng a

Hinh 12 cho thay c6 2 thanh phan khoang vat la clay va calcite, tur dé
gitp lua chon phuong phap double indicator la Neu-Den dé tinh dé réng
téng theo phuang phap Thomas-Stieber.

Phuong phap Thomas-Stieber (Hinh 13) cho thay & d6 sau ti X070 dén
X175 c6 > 80% la sét phan 16p (laminated shale), gan 18% la sét xam tan
(dispersed shale).

Dua trén Klein’s plot (Hinh 14) c6 thé xac dinh dugc da phan sét déng
hudng (isotropic shale) va khoadng dé sau 5m la mét via san pham dau khi.

Két qua minh giai giéng a mo X theo phuong phap Thomas-Stieber va
Tensor model (Hinh 15) nhan thay thé tich sét phan 16p (laminar shale) dugc
tinh toan theo 2 phuong phap bang nhau. Thé tich sét xam tan (dispersed
shale) bang vé&i phan tich tir mau 16i.

K&t qua minh giai d6 réng bang phan mém ciing gan bang phan tich
tu mau 16i.

K&t qua tinh dé bao hoa nudc tir phuong phap Tensor model bang véi
két qua tir NMR.

R, [Ohm-m]
Hinh 14. Klein’s plot giéng a
4. Két luan va kién nghi

- Phuong phdp Thomas-Stieber c6
thé& minh giai cac théng s6 via chia & céc
via cat sét phan I6p mong nhung khong
chiu anh hudng cua dién trg thap.

- Phuong phdp 3D Induction
Resistivity c6 thé minh gidi chinh xac
cac théng sé dia vat ly giéng khoan
trong cdc via cat sét phan I6p mong cé
dién tr& thap.

C6 thé ap dung két hop 2 phuang
phdp Thomas-Stieber va Saturation
Height (khi xac dinh dugc ranh gidi dau
nudc) dé minh gidi cac thong s6 via
chta & cac via phan 16p mong.

Déi v6i cac mo co via cat sét phan
I6p méng can 1dy mau 16i € phan tich
dién tré suat sét ngang va doc. Can co
ké hoach s dung céc thiét bi do dién
tr& ngang va dién tré doc théng qua
cac thiét bi 3D induction resistivity
cho cac giéng tuong lai trong via xen
kep méng.
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Petfrophysical interpretation methodology for thinly
bedded sandstone

Summary

Bui Thieu Son, Cao Huu Binh, Phung Van Hai
Nguyen Duc Dong, Phan Thanh Loi
Petrovietnam Exploration Production Corporation
Email: haipv@pvep.com.vn

The article provides experience and methodology for petrophysical interpretation of thinly-bedded sandstone and
low formation resistivity based on wireline, FMI, 3D induction resistivity, MDT/RCI, core samples and capillary pressure..

Key words: Wireline logging, thin bed, low resistivity, Thomas-Stieber, Tensor (3D induction resistivity), FMI, capillary pressure.
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