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Tém tit: Trong nghién ctru nay, dir liéu do rong, d6 tham tir tap cat két tang Miocen, mo
Alpha thudc bé Nam Con Son dugc thu thap, phuong phéap don vi dong chay thuy lyc (HFU)
duogc ap dung dé phan chia via chira thanh cac don vi dong chdy. Tir moi quan h¢ rong—tham
tuong Ung trong moéi don vi dong chay co thé thiét 1ap duoc cong thirc du doan do tham
Ngoai ra, dua trén dir liéu phan tich 4p suit mao dan bom ép thuy ngan (MICP), thong s6
R35 duoc két hop véi sb liéu do rdng, do thim dé xdy dung cong thirc thuc nghiém ciing
cho phép udc tinh d6 tham. Két qua du doan do tham cua cac mé hinh tir phuong phap HFU
va MICP déu cho ra cac két qua du doan c6 do tin cdy cao hon so v61 mo hinh rong thim
truyén thong. So sanh sy thay d6i do tham theo do sdu cta cac giéng khoan trong khu vuc
nghién ctru, d6 thim du doan tir hai phuong phéap cho két qua khdp véi s6 liéu do thim do
dugc trén mau 16i. Do d6, md hinh dy doan do tham két hop phuwong phap HFU va MICP
co thé duge ap dung vao thuc tién giip nang cao hi¢u qua cta cong tac du doan do thadm
trong khu vire mo Alpha.

Tir khéa: Dy doan d6 tham; HFU; MICP; R35.

1. Mé dau

Do thim 1a mot thdng sd quan trong dé danh gia chat lugng via chira va xdy dung mo
hinh mé dau khi. Thong thuong, d6 tham duoc xac dinh tir phan tich mau I6i tiéu chuan
(Routine Core Analysis — RCA) trong phong thi nghiém. Do viéc ldy mau 16i kha han ché va
chi mot sé doan ngan dugc chon cho mot gleng khoan mot giai phap thuong dugc ap dung
1a dy doan d6 thim theo mo hinh rong thim truyen thong. Tuy nhién, giai phap nay chi co
thé ap dung cho céc via chira cat két dong nhat, dbi véi cac via chira co tinh bat dong nhat
cao hoic c6 h¢ thong kénh rdng phirc tap viéc ap dung mo hinh réng thim truyen thdng cho
két qua du doan do tham co6 d6 tin cay khong cao. Muc tiéu cua nghién ciru nham xay dung
cac mo hinh du doan do tham cé do tin cdy cao va it sai s6 S0 v6i két qua do duoc trén mau
I6i bang cach &p dung phuong phap HFU va MICP.

Bé Nam C6n Son (NCS) (Hinh 1) 1a bé chira c6 trit lwong dau khi 16n thir hai chi sau bé
Ciru Long va 13 bé chira ¢ san luong khai thac khi lon nhat tai Viét Nam [1], vi thé cac hoat
dong tham do va khai thac & bé NCS ¢ dong gop rat 16n cho nén cong ‘nghiép dau khi trong
nuée. Tuy nhién, cac via chira cat két thudc bé NCS thudng co tinh bat dong nhét cao, dic
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biét 1a tap cat Kkét tﬁng Miocen [2]. Do dé, viéc du doan d6 thAm mét cach chinh xac co v
nghia rat quan trong.
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Hinh 1. Ban db khu vyc nghién ctu [3].
2. Co s6 dir liéu va phwong phap nghién ciru

2.1. Co so dir liéu

Dit liéu phan tich mau 15i tiéu chuén gém d6 rong, do thAm dugc thuc hién trén 189 mau
I6i hinh try. Cac mau nay dugc thu thap tir 2 giéng khoan Alpha—1, Alpha—2 thudc tang
Miocen, mo Alpha, bodn trling Nam Con Son. Cuy thé, 117 mau hinh tru thudc giéng khoan
Alpha—1 va 72 miu hinh try thudc giéng khoan Alpha—2 duoc tién hanh phan tich d6 rong
trén thiét bi UltraPore-300™ va CMS-300, d¢ thdm duogc thuc hién trén thiét bi GasPerm.
Két qua cho thy tap hop mau 1a cat két, cat sét xen kep hat min dén hat trung c6 do rong
giao dong trong khoang 3,0-22,7%, d6 thAm niam trong khoang 0.00007—182 md. Dua trén
biéu d6 (Hinh 2) c¢6 thé thiy rang mdi quan hé rdng thim tir dit liéu phan tich miu 15i 1a
khong tuyén tinh, thé hién cac mdi quan hé phirc tap do su thay doi chat lugng d4 chira va
cho thiy tinh bat dong nhét cao cua via chira ting Miocen thugc mé Alpha. Ngoai ra, 32 mau
vun tir 2 giéng khoan Alpha—1, Alpha—2 ciing dugc phéan tich MICP dé khao sat kich thudc
hong kénh rdng ciia d4 chira cho khu vuc nghién ctru.

Biéu db mdi quan hé giira d6 réng véi dd tham
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Hinh 2. Méi quan hé¢ giita do rong véi do tham trong tap hop 189 mau thugc mo Alpha.
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2.2. M6 hinh tham—réng theo HFU

Déi v6i cac via chira c6 tinh chat bat dong nhét, can thiét phai phén chia via chira thanh
cac don vi dong chay riéng biét c6 dic trung vé& mit dia chét, phan bd kich thudc kénh rong
cling nhu kha ning cho dong va céac tinh chat nay c6 thé du bao dugc [4]. [5] da dé xuit
phuong phap xac dinh quan hé d6 thAm—do rdng theo timg don vi thiy luc dong chay, dong
thoi ciing dua ra cac khai niém chi sé chit luong d4 chira va chi s ving chay dua trén cong
thirc Carman—Kozeny [6]:

L (1)

F‘rzszg,, 1-¢2)

Tir cong thire (1) c6 thé viét lai nhu sau:

Pe 1
0,0314 \E T—on TR (2)

Trong d6 F 1 yéu t6 hinh dang; 7% 12 d6 udn khuc; Syg 12 dién tich bé mat trén thé tich
hat, pm; K 12 d6 thdm (um?): ®e 12 d6 réng hiéu dung, ti s6; 0,0314 1a can bac 2 cia yéu tb
chuyén d6i tir pm? sang md.

Chi s6 chit luong da chira RQI (reservoir quality index):

RQI = 0_0314\/(/)2 3)
Chi s6 ving chay FZI (flow zone indicator):
1
FZI = 7= (4)
Tu phuong trinh (2), (3), (4) co:
RQI =¢FZI (¢2) (5)
Vi Pz = ;e (6)

Phuong phap nay dya vao sO lidu do rong, do thim tir phan tich RCA s& xdc dinh dugc
cac thong s6 RQL @z, FZI. Cac mau co gla tri FZI nhu nhau s€ cung thu¢c vé mot HFU, do
thAm ctia mot mau cu thé dugc tinh bang gia tri chi s6 ving chay trung binh (FZlavg) cia HFU
va d6 rong clia mau, theo cong thic:

3
k= 1014(FZlavg)” (2) ()

2.3. M6 hinh tham—rong theo MICP

Phan tich MICP dugc thuc hién trén thiét bi Autopore IV (Hinh 3), diém ndi bat cua
phuong phap nay 1a ¢ thé tao dugc ap suat bom ép thity ngéan rat cao 1én toi 60.000 psi va
thu duoc lwong 16n dit lidu kich thudc hong kénh rdng trong khoang tir 0,003 dén 360 um.
Washburn di dua ra cong thirc mé ta moéi quan hé giita ap suat day va kich thudc hong kénh
rong nho nhat dugc thity ngan xam nhap [7]:

C2y cos 6
= Greost ®)

Trong d6 r 1a ban kinh hong kénh réng (um); P la dp suit mao dan (psi); C 1a hé sé
chuyén d6i don vi; y |12 strc cang bé mit cua thuy ngan (480 dynes/cm); 0 1a géc dinh wét (140
do);

[8] da phat trién mot cong thirc thuc nghiém tir méi quan hé giita d6 rong, d6 tham va
kich thudc hong kénh rdng twong mg véi diém béo hoa thily ngan 35% (R35) cho mét tap
hop mau gdm da cat két va da cacbonate. Thong sé R35 (Hinh 4) c6 anh huéng 16n t6i kha
ning cho dong qua méi trudong rong, do d6 R35 duge xem la chi bao dinh lugng cho kénh
rong 16n nhat va c6 tinh két ndi nhat. Cong thirc Winland nhu sau:

Log(R35) = 0.732 + 0.588 x Log (k) — 0.864 X Log(¢p) 9

Trong d6 R35 12 ban kinh hong kénh rdng tai diém bao hoa thity ngan 35% (um); k 12 do
thidm khi (md); ¢ 1a 6 rdng (%).
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Duya trén mé hinh ctia Winland, ¢6 thé dugc xay dung cong thirc thuc nghiém dé woc
tinh 6 tham trén mdi quan hé giira R35 voi d6 rdng, do thAm cho mot tap hop mau phan tich
MICP, nhu sau:

Log(k) =a+ b x Log(p) + c X Log(R35) (10)

Trong d6 a, b, ¢ 14 cac nghiém ctia phuong trinh hoi quy.

Hinh 3. Thiét bi bom ép thay ngan ap suat cao Autopore IV.
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Hinh 4. R35 trén biéu dd kich thudc kénh rdng va do bio hoa thuy ngéan [8].
3. Két qua va thao ludn

3.1. Dur dodn dé tham theo mé hinh thd’m—ro:ng theo HFU

Dua trén s6 liéu d6 rong, 6 tham cua tap hop 189 mau, tinh toan duoc cac thong sb lién
quan dén kénh rong nhu @z, RQI, FZI. Tu do, co tNhé xac dinh dugc cac don vi dong chay
thuy luc va gia tri FZI trung binh tuong ing v4i moi don vi dong chay thay luc d6. Hinh 5
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thé hién mbi quan hé giita RQI v6i ®z tuong Gmg voi timg HFU, theo d6 xac dinh duoc 6
HFU c6 céc gia tri FZI trung binh lan luot: 0,03; 0,147; 0,48; 1,274; 2,020; 2,923 (Bang 1).
C6 thé théy rang cac HFU c6 gia tri FZI 16n s& c6 chét luong via cao va c6 kha ning cho
dong t6t hon céc HFU c6 gia tri FZI thap. Trong tirng HFU, d6 thdm duoc wéc tinh dua vao
moi quan hé gitra do rong v6i d6 tham theo cong thirc (7), ciing dugc thé hién trong Béang 1.
M&i quan hé gitta d6 réng voi dd thAm cho timg HFU ciing dugc thé hién trong Hinh 6.

Biéu db giira RQI va PHIZ
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Hinh 5. Mdi quan hé giira RQI v6i ®z twong tmg véi timg HFU.
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Hinh 6. Méi quan hé¢ giita do rong v6i do tham tuong tng véi timg HFU.

Két quéa do thim du doan bang phuong phap HFU dugc so sanh voi két qua do thérn do
trén mau 15i (Hinh 7) c6 hé s6 tuong quan R?= 0,86, cho thady m6 hinh du doan d6 tham cua
phuong phép nay c6 do tin cay cao hon so véi md hinh dg rong tham truyén thong (Hinh 2).
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Bang 1. Gid tri FZI trung binh va cong thirc wéc tinh do thdm cho ting HFU.

HFU FZI trung binh Cong thirc wéc tinh do thAm
1 2,923 K = 8664,11x(¢%/(1-¢)?)
2 2,020 K = 4138,42x(¢%/(1-9)?)
3 1,274 K = 1646,25%(¢%(1-9)?)
4 0,480 K = 234,09%(¢%(1-¢9)?)
5 0,147 K = 22,03%(¢¥/(1-¢)?)
6 0,030 K =0,935%(¢%/(1-¢)?)

D doan d6 tham bang phuong phap HFU
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Hinh 7. So sanh d6 thim du doan bang phuong phap HFU vé6i d6 thAm do trén mau 16i.

3.2. Dy dodn do tham dwa trén mé hinh lhcfm—rgng theo MICP

Duya trén moi quan hé twong quan giita R35 v6i d6 tham, do rong cho tap hop 32 miu
phan tich MICP va ap dung cong thirc (10), c6 thé xdy dung dugc cong thire thuc nghiém
nhu sau:

Log(k) = —0.628 + 1.159 X Log(¢) + 1.26 X Log(R35) (12)

Véi cac hé s6 a=-0,628, b = 1,159, ¢ = 1,26 thu dugc dugc bang ky thuat hoi quy gitra
cac phuong trinh thyc nghiém duoc xay dung tir moi quan hé R35 (MICP) vé6i do tham, do
rong cho tap hgp 32 mau phan tich MICP.

Ap dung cong thirc (10) dé udc tinh do tham cho tap hop mau cat két trong khu vuc
nghién ciru. So sanh két qua do thim wdc tinh voi d6 thim do trén mau 15i, cho thay phuong
phap MICP cho két qua c6 d¢ tin cdy rat cao véi R?= 0,93 (Hinh 8).

Ap dung cic mé hinh dy doan d6 tham tir hai phuong phap HFU va MICP dé du doan
d6 tham cho via chira cat két thudc ting Miocen & 2 giéng khoan Alpha—1 va Alpha—2. Sau
d6, so sanh do thim trén mau 15i v6i do thim du doan tir céc md hinh dugc bicu dién theo do
sau (mMD) (Hinh 9). Ket qua cho thay 2 phuong phap HFU va MICP cho két qua du doan
khép voi do tham thyc té do duoc. Pac biét, tai giéng khoan Alpha—1 khu vyc khao sat 13 via
chta trong dbi dong nhét ket qua do thim du doan tir cac mo hinh bam sat véi két qua do
thdm do trén mau 13i. O giéng khoan Alpha—2, khu vuc khao sat 1a via chira co tinh bat dong
nhit cao c6 thé thdy rang tai khoang do sau c6 d6 tham tir trung binh d&én t6t (> 0,1 md) do
thdm udc tinh tir cac mo hinh ciing bam sat do tham do trén mau 15i.
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Hinh 8. So sanh d6 thAm du doan bang phuong phap MICP vé6i d6 thim do trén mau 16i.
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Hinh 9. So sanh d6 thdm dy doan bang phuong phap HFU, MICP véi do thim do trén mau 13i theo
d6 su cia GK Alpha—1 va GK Alpha-2.
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Tuy nhién & cac khoang d6 sau c6 do thim thap (< 0,1 md) c6 sy khac biét giira d6 tham
duir doan tir cac mo hinh va do thim do thuc té, cu thé & khoang d6 sdu 4675-4684 m (d6
tham < 0,01 md) c6 su sai léch nhoé va c6 thé théy rﬁng d6 thAm tir MICP ¢6 it sai 1éch véi do
tham thyuc té hon do thdm tir HFU. Sy khéc biét vé d6 thdm tir cac mé hinh v6i d9 thdm do
dugc c6 thé do anh huong cua viée phén chia don vi dong chay khong chi tiét & cac miu co
chat lwong via thap hodc sb liéu phan tich MICP khong bao gom cac mau co kich thude kénh
rong nhd (R35 < 0,5 um). Tuy nhién, cAc miu nam & cac khoang d6 sau nay c6 chit luong
via kém khong dong gop vao kha ning cho dong nén sai s6 c¢6 thé chap nhan duoc.

4. Két luan

Via chira ting Miocen mo Alpha, bé Nam C6n Son c6 tinh chat bat ddng nhat cao, do d6
dé xay dung mo hinh dy doan do thdm c6 do tin cay cao can phan chia via chtra thanh cac
don vi dong chay riéng biét ¢6 dic trung vé mdi quan hé rong tham.

Theo phuong phap HFU, xac dinh dugc 6 don vi dong chay riéng bi¢t twrong ung véi 6
HFU va tir mbi quan hé d6 rdng d6 tham tuong v&i FZI trung binh trong timg don vi dong
chay thiét 1ap duoc cong thuc tinh do thim.

Ngoai ra, theo phuong phap MICP ¢ the xdy dung cong thuc thyc nghiém dy doan do
thim duy trén mdi quan hé giita d6 tham, d6 réng v4i thong sd R35:

Log(k) = —0.628 + 1.159 X Log(¢) + 1.26 X Log(R35)

Ca 2 phuong phap HFU va MICP déu cho ra cac mo hinh dy doan d6 tham c6 d9 tin cay
cao hon so véi md hinh réng thim truyén théng.

Két qua so sanh sy thay d6i do thAm theo d6 sdu cua cac giéng khoan trong khu vuc
nghién ciru cho thiy d6 tham du doan tir hai phuong phap cho két qua khép voi sd lidu do
thim do dugc trén miu 18i. Do do, viéc két hgp 2 phuwong phap duoc dé xuét trong nghién
ctru s& giup nang cao hiéu quéa cong tac du bao d tham trong cac via chira co tinh bt dong
nhat cao. Tuy nhién, dé c6 thé 4p dung cac mé hinh dy doan tir HFU va MICP cho céc khu
vuc 1an cin chua ldy mau 18i can két hop voi tai lidu dia vat Iy giéng khoan, minh giai tudng
da.

Dong gop cua tac gla Xay dung y tuong va lya chon phuong phap nghién ctru: P.N.Q.,

P.D.K.; Phan tich va xt 1y s liéu: P.N.Q.; Kiém tra cong viéc phan tich va xu ly s6 lidu:
P.D.K.; Viét ban thao: P.N.Q.; Chinh stra bai béo va chip thuan bai bao dung dé giri dang tap
chi: P.b.K.

Loi cdm on: Chung t6i xin cdm on Vién Déu Khi Viét Nam (VPI), Truong Pai hoc Bach
Khoa, PHQG — Tp.HCM da cung cap so li¢u va phuong ti¢n vat chat cho nghién clru nay.

Loi cam doan: Tap thé tac gia cam doan bai bio nay 14 cong trinh nghién ciru ciia tap thé tac
gia, chua duoc cong bd & dau, khong duoc sao chép tir nhitng nghién ctru trude day; khong
c6 su tranh chap loi ich trong nhom tac gia.
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A Model for Permeability Prediction from Core Analysis Data
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Abstract: In this study, the core analysis data from Miocene sandstone reservoir, Alpha
field, Nam Con Son basin were collected, the method of hydraulic flow unit (HFU) was
applied for dividing Miocene sandstone reservoir into flow units. From the relationship
between porosity and the corresponding permeability in each flow unit, a formula for
predicting permeability can be established. In addition, based on Mercury Injection
Capillary Pressure (MICP) data, the pore throat channel size parameter at 35% mercury
saturation (R35) was combined with porosity and permeability data to establish the
empirical formula for permeability estimation. The permeability prediction results of the
models from HFU and MICP methods both give higher reliability than the traditional
method based on the relationship between permeability and porosity. Comparing the change
of permeability versus depth of the wells in the study area, the predicted permeability from
the two methods matches the permeability data measured on the core sample. Therefore, the
permeability prediction model applying HFU and MICP methods can be applied in practice,
the combination of HFU and MICP methods for comparison will help improving the
efficiency of water permeability prediction in the Alpha field area.

Keywords: Permeability prediction; HFU; MICP; R35.



