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Tom tat

D6 tham 1a thong s quan trong dé danh gia chat lugng da chia, quyét dinh kha nang cho dong cla via. Gidi phap do do tham diém
trén mau I6i dugc phat trién da cung cap két qua nhanh chdng vai mat do diém do day va phu hop véi céc loai mau khac nhau. Do mau do
do tham diém & diéu kién bé mét (khdng c6 ap suat nén hong) va trong mau con ton tai pha long nén gia tri o tham diém thuong khac
biét so vdi gia tri do tham khi khi do trén ctng vi tri mau.

Thiét bi do do tham khi da dugc Vién Dau khi Viét Nam (VPI) nghién c(u, cai tién va nang cap thanh hé thiét bi da nang dé do dong
thoi do tham diém va do tham khi & cing 1 vi tri d6i v6i 3 nhém mau khac nhau gdm: nhom mau 16i ¢6 chét luong tot, nhom mau 16i chat
sit va nhom mau suon co duong kinh 1,5 inch. Két quéa do st dung hé thiét bi do do tham cai tién cho phép xac dinh dugc quy ludt bién
thién gia tri do do tham diém, cu thé 1 d tham diém thuong cd gia tri thap hon so véi do tham khi nhung dudng cong d tham diém va
thdm khi van bam sét nhau. Su khac biét giira 2 gid tri do cang tang khi gia tri do @ tham diém cang thap. Hién tugng ndit né trong mau

¢6 thé 1am cho do tham diém cao hon so véi do tham khi.

Tur khéa: D tham khi, d6 tham diém, thiét bi do do tham khi da néng, dong 6n dinh, mau 6.

1. Gidi thiéu

D6 tham 1a théng s6 quan trong dé danh gia chat
lugng da chia, quyét dinh kha nang cho dong cua via
chta. Tai phong thi nghiém, mau 16i dugc xé ra sau dé
chon céc vi tri khoan mau va gia cong thanh cac mau hinh
tru c6 dudng kinh 1,5 inch; mau dugc chiét rira sach dau va
mudi, sdy khoé va tién hanh do d6 tham khi [1]. Cong doan
chuén bi mau tén nhiéu thdi gian, thudng sau khoang 1
thang mai c6 mau dé do do6 tham khi. Hon niia, cac diém
do céch xa nhau do phai lua chon céc vi tri d€ khoan va gia
cdng mau. Mét s6 truagng hop khong co sé liéu do do mau
ba roi hoac nut gay.

Dé& c6 két qua do d6 tham nhanh véi mat dé diém do
day (sau 3 - 4 ngay ké tir khi nhan mau), giai phap do do
tham diém (probe permeability) da dugc ap dung [2 - 4].
Pay la cach do d6 tham theo tiing diém trén mau 16i ngay
sau khi 1dy mau véi khoang cach 2,5 - 5 cm/diém do, dé

Ngay bai bdo dugc duyét ddng: 18/7/2022.

s
% 3; xtx  Ngdy nhan bai: 7/7/2022. Ngay phdn bién ddnh gid va sia chifa: 7 - 17/7/2022.
E = r]

danh gia nhanh va chi tiét vé kha nang cho dong cuia tang
chta, cung cap thong tin kip thoi cho hoat déng thi via
trén gian. Gia tri d6 tham diém c6 thé dugc st dung déc
1ap hodc két hap vdéi gia tri @6 tham khi dé t6i uu hoa gia
tri clia d{r liéu trong danh gia via chua [5 - 7.

Do tham diém dugc do theo tiing diém trén mau vat.
Mau vat cé thé 1a mau I16i nguyén trang, mau 16i da dugc
chia thanh 1/3, 2/3, mau sudn hay mau thuc dia. Khac vai
phuong phap do d6 tham khi trén mau tru (Hinh 1a), khi
do d6 thdm diém, dong khi chay ti dau do va di xuyén
vao mau vat theo dang dong chay cau (Hinh 1b va 1¢).

Mau |6i thudng tén tai cac pha ldng (dau, nudc), vi vay
gia tri do dé tham diém phan anh dé tham khi hiéu dung,
khéac véi do tham khi thu dugc khi do trén mau hinh tru
(trong mau chi ton tai 1 pha khi). Do d6, can c6 danh gia
chi tiét vé d6 tham diém so véi dé tham khi dé c6 thé sur
dung s6 liéu do chinh xac va hiéu qua nhat.

Trén thuc t&, s6 liéu do d6 tham diém bang hé thiét bi
truyén théng sén c6 thudng cho két qua rat khac nhau. Dé
giai quyét van dé nay va cung cap théng tin dang tin cay
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Hinh 1. M6 hinh dong chdy qua méu khi do dd thdm khi () va khi do dé thdm diém (b, ) [2].

Hinh 2. Hé thiét bj do d thdm khi da ndng.

cho viéc du bao luu lugng dong, VPI da nghién ctu, cai tién va nang cap
thiét bi do d6 tham khi thanh hé thiét bi do d6 tham khi da nang dé c6 thé
thuc hién dugc déng thai do d6 tham diém va do tham khi cho nhiéu loai
mau khac nhau, c6 ca s so sanh va danh gia sai s6.

2. Hé thiét bi do dd tham khi da ning

Hé thiét bi do do tham khi da nang (Hinh 2) la hé théng ban tu dong
hoat dong & diéu kién phong thi nghiém theo phuong phap dong 6n
dinh. Hé thiét bi nay dugc nang cap va phat trién ti may do do tham khi
c6 s8n bgi B& phan Mau 16i thudc VP, bang cach tich hgp thém module
mai (ProbePerm) dé€ may c6 thé do thém dugc chi tiéu do tham diém ma
van gitr dugc tinh nang do do tham khi.

Hé thiét bi do d6 tham khi da nang c6 3 dai cam bién luu lugng 0 - 20
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cc/phut; 0 - 200 cc/phut va 0 - 2.000 cc/
phut. Ap suat dau vao tu 0 - 150 psi, c6
kha nang do trén nhiéu dang mau khac
nhau, cu thé:

- Do d6 tham khi: Ap dung cho mau
[6i hinh tru dudng kinh 1 inch hodc 1,5
inch, chiéu dai mau t6i da 3 inch. Trong
qua trinh do, mau 16i dugc nén hong &
diéu kién yéu cau, khéng qua 10.000 psi.

- Po d6 tham diém: C6 thé do trén
mau 16i chua x& hodc da xé 1/3, mau
hinh tru dudng kinh 1,5 inch, mau thuc
dia. Trong qua trinh do, mau & trang thai
khong nén hong.
3. Thi nghiém do dé tham khi va dé
tham diém
3.1. Co'sé ly thuyét
3.1.1. Co'sé ly thuyét do d6 tham khi

Do tham khi dugc do bang thiét bi do
dd thdm da nang trén mau hinh tru. Mau
dugc chiét riia sach dau va mudi, sau dé
sdy khd va dé ngudi trong binh kin. Khi
do, mau dugc cho vao bo gitt mau (Hinh
3) va dugc nén tGi diéu kién nén hong
yéu cau. Khi nitrogen chdy qua mau tu
dau dén cubi mau, ap suat dau vao va luu
lugng dong chdy dugc kiém soat va dé
6n dinh. D6 tham khi dugc tinh toan theo
dinh luat Darcy nhu sau [8]:

10001PQ, L

_I000C. L )
(P, - PPt Pe > Pz

Kair =

Trong d6:

K, : D6 tham khi (mD);

w: D6 nhét khi nitrogen (cP);

P.: Ap suat khi quyén (atm);

Q,: Luu lugng dong chay (cc/phat);
P,: Ap sudt dau vao (atm);

P,: Ap sudt dau ra (atm);

L: Chiéu dai mau (cm);

A: Tiét dién mau (cm?).
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3.1.2. Co sé ly thuyét do do thdm diém

Mau truéc khi do d6 tham diém can dugc lam nhén
bé mat bang dung dich dau dé bay hai sau d6 dé khoé tu
nhién & diéu kién phong trong 24 gi& [1, 3], trong qua
trinh do mau & trang thai khéng c6 nén hong.

Dat mau 16i vao khay gitt mau, nhap toa dé vi tri diém
do vao phan mém dé dau do tu dong di chuyén tai vi tri
can do sau do6 ép chat vao mat mau. Dong khi nitrogen
tur binh khi di qua van diéu ap va di qua cac cdm bién luu
lugng phu hgp sau d6 téi dau do va chay xuyén vao trong
mau (Hinh 4). Khi dat trang thai 6n dinh, cac di liéu do sé
dugc ghinhan va tu ddéng nap vao phan mém dé tinh toan
két qud, dé thdm diém dugc tinh theo cong thiic (2):

10004PQuy 1.

Kair— = @)
air-p (P; - P2)(¥) aG
Trong do:
K,, DO tham diém (mD);

iG = 0,04606: Hé s6 chuyén d6i, hang sé;
a

w: D6 nhét khi nitrogen (cP);
P_: Ap suét khi quyén (atm);

Hinh 4. S0 d6 nguyén Iy do dg thdm diém theo phuong phdp dong dn dinh.

Qap: Luu lugng dong chay (cc/phut);
P: Ap sudt dau vao (atm);

P,: Ap sudt dau ra (atm).
3.2. Thi nghiém

Thi nghiém do d6 thdm khi va dé tham diém dugc
ti€n hanh trén 3 nhém mau (Bang 1), cac phép do duac
tién hanh & cung 1 vi tri d6 sau hoac trén cing 1 mau.

Nhom mau 16i 1: Gém 5 m mau 6i lay & do sau 3.653
- 3.658 m trong giéng khoan st dung dung dich khoan
g6c dau, mau chi yéu la cat két hat min c6 dé chon loc
t6t, kiém tra bang méat thudng cho thdy mau c6 kha nang
c6 d6 tham tot. Mau 16i dugc chia thanh 2 phan: 1/3 (dugc
dung dé do d6 tham diém), 2/3 (dugc dung dé khoan cac
mau hinh tru sau d6 chiét rdia sach dau va mudi, say kho
mau dé do do tham khi). Téng cong c6 22 vi tri dugc tién
hanh do déng thai do thadm diém va dd tham khi, trong
d6 6 6 vi tri dugc xac dinh d6 bao hoa nudc theo phuong
phap Dean Stark [1].

Nhom mau 16i 2: GGm 10 m mau 16i dugc ldy & d6 sau
4.128 - 4.138 m trong giéng khoan st dung dung dich
khoan géc dau. Nhém mau 16i 2 dugc lay & dé sau 16n hon
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Bdng 1. Tong hgp s&'mdu thi nghiém

S6 diém do déng thoi S6 diém xac dinh d6 bao hoa nudc
22 6
10 -
10 -

Bding 2. Két qud do trén nhm mdu 16 1

Nhém méu Do sau (m)
Mau [6i 1 3.653 -3.658
Mau 16i 2 4.128-4.138
Mau sutn 3.761-3.774
Miu Dossu  APSUL o nsmin Dothdm - Chénhladh
e im) nén h?ng : (mD) diem sﬂo vei t’iq
(psi) (mD) tham khi (%)
TH  3.653,73 2.227 0,95 0,54 -42,6
2H  3.65390  2.227 1,25 0,51 -59,0
3H  3.654,25 2.228 2,02 1,31 -354
4H  3.65442  2.228 11,82 11,70 -1,0
5H  3.654,48 2.228 14,06 13,79 -1,9
6H  3.654,88  2.229 17,50 11,10 -36,6
7H  3.655,04 2.229 10,75 6,73 -37,4
8H  3.65532  2.230 9,91 6,07 -38,8
9H  3.655,36 2.230 10,79 11,65 8,0
10H  3.65548 2230 14,59 10,79 -26,0
1H  3.655,71 2.231 15,75 15,96 14
12H  3.656,22  2.232 7,90 4,47 -43 4
15H  3.656,34  2.232 12,85 137 -42,6
16H  3.656,73 2233 29,23 21,18 -27,5
17H  3.656,90  2.233 32,97 20,64 -37,4
18H  3.656,94 2233 27,43 16,26 -40,7
19H  3.657,16  2.234 15,89 9,55 -39,9
20H  3.657,38  2.234 15,08 15,43 23
21H  3.657,51 2.235 7,61 6,87 -9,7
22H  3.657,77  2.235 3,37 2,22 -34,1

va chat sit hon so vai nhém mau 16i 1, chu yéu la cat két
hat min c6 d6 chon loc tét, trong d6 c6 10 vi tri dugc do
déng thai d6 tham diém va dé tham khi.

Nhém méau sudn: 10 mau sudn hinh tru dudng kinh
1,5 inch dugc lay trong khoang d6 sau tur 3.761 - 3.774
m trong giéng khoan, cht yéu la cat két hat rat min cé
d6 chon loc t6t. Mau dugc khoan st dung dung dich
khoan géc dau. Sau khi nhan mau vé phong thi nghiém,
méau dugc cit ddu mau dé cé dugc hinh tru tiéu chuan.
D6 tham diém dugc tién hanh do trén cad 10 mau sudn
nay, sau khi do xong dé thdm diém, mau dugc dua di
chiét rira sach dau, mudi va sdy kho dé phuc vu viéc do
do tham khi.

4. Két qua va thao luan

Bang 2 cho thdy nhém mau 16i 1 c6 dé tham khi nam
trong khodng 0,95 - 32,97 mD, d6 thdm diém nam trong
khodng 0,51 - 21,18 mD. Chénh léch gilta d6 tham diém so
vGi d6 tham khi nam trong khoang -59% dén 8%, trong do
dé tham diém chi yéu bang hodc nhé hon so véi do tham
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Do bao hoa
nuéc Mo ta sobd
(%)
45,6 (4t két hat rat min, mau xam nhat, d6 chon loc t6t

- (4t két hat rat min, mau xam nhat, d chon loc tot

- (4t két hat rat min, mau xam nhat, d6 chon loc t6t

- (4t két hat rat min dén min, mau xam nhat, d6 chon loc tot
30,5 (4t két hat rat min dén min, mau xam nhat, d6 chon loc t6t

- (4t két hat rat min dén min, mau xam nhat, d6 chon loc tot

- (4t két hat rat min dn min, mau xam nhat, d6 chon loc t6t

- (4t két hat rat min dén min, mau xam nhat, d6 chon loc tot

- (4t két hat rat min dén min, mau xam nhat, d6 chon loc t6t

31,4 (4t két hat rat min dén min, mau xam nhat, d6 chon loc tot
35,8 (4t két hat rat min dén min, mau xam nhat, d6 chon loc t6t

- (4t két hat rdt min dén min, mau xam nhat, dd chon loc tot
35,2 (4t két hat rat min dn min, mau xam nhat, d6 chon loc t6t

- (4t két hat rat min dén min, mau xam ndu, d6 chon loc tot
- (4t két hat rat min dén min, mau xam nau, d6 chon loc tét
- (4t két hat rat min dén min, mau xam ndu, d6 chon loc tot
33,6 (4t két hat rat min dén min, mau xam nhat, d6 chon loc t6t
- (4t két hat rat min dén min, mau xam nhat, d6 chon loc tot
- (4t két hat rat min dn min, mau xam nhat, d6 chon loc t6t
- (4t két hat rat min dén min, mau xam nhat, d6 chon loc tot

khi. Gia tri @6 bao nudc & thai diém do d6 tham diém dao
dong trong khoang 30,5 - 45,6%.

Biu d6 do tham khi va d6 tham diém theo chiéu sau
(Hinh 5) thé hién r6 dudng cong d6 tham diém bam rat
sat va thudng nam duéi dudng cong d6 tham khi, gia tri
chénh léch tap trung chu yéu & muc -35,4% dén -43,4%.

Bang 3 cho thay nhém mau 16i 2 chat sit, d6 tham khi
nam trong khoang 0,003 - 0,042 mD, dé tham diém nam
trong khoang 0,0001 - 0,0164 mD. Chénh léch gi(ra d6
tham diém so vai dd tham khi rat I6n, bién dé bién déng
manh tir-99,2% dén 87,6%.

Bi€u d6 dé tham khi va do thdm diém theo chiéu
sau (Hinh 6) cho thdy, d6i véi cac mau tir 23H - 27H thi
d6 tham diém van tuan theo xu hudng nhé hon dé tham
khi, tuy nhién d6 léch 16n hon so véi nhom mau 16i 1, &
muic -43,4% dén -76,2%. Nguac lai, d6i véi 5 vi tri do bén
dudi (ti mau 28H - 32H) ing véi d6 tham thap hon so véi
khodng trén, d6 tham diém va dé tham khi chénh léch 16n
(~100%) va khong theo quy luat. Ngoai ra, mau & khoang
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Hinh 5. B3 thdm diém va dg thdm khi theo dg sdu ddi véi nhém mau 16i 1.

Mau

23H
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o

Do sau
(m)
4.128,26
4.130,84
4.131,48
4.132,26
4.133,20
4.134,81
4.135,78
4.136,45
4.137,88
4.138,29

3.761,4
3.763,4
3.764,7
3.767,3
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3.767,7
3.767,8
3.767,9
3.770,0
3.773,7

Bdng 3. Két qud do trén nhom mdu 16i 2

Do sau (m)

0,0001 0,001 0,01 0,1 1 10 100
4.126 +
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4.134

4.136

4.138

4.140

D6 tham (mD)

R

.
Anhmau 6i dai dién
—o-Dothimkhi  ——Dd thim diém

Hinh 6. D4 thdm diém va dg thdm khi theo dg sdu ddi véi nhém mdu 16i 2.

APSUB oo chamkhi  Dothamdiem  Connléch o
nén hong (mD) (mD) s”o véi do Ma ta so bod
(psi) tham khi (%)
2.265 0,042 0,0100 -76,2 (at két hat rat min dén min, mau xamvira, d6 chon loc tot
2.276 0,027 0,0107 -60,8 (at két hat rat min dén min, mau xam den, do chon loc tot
2.279 0,019 0,0087 -53,6 (at két hat rat min dén min, mau xamvira, d6 chon loc tot
2.282 0,022 0,0096 -56,5 (at két hat rat min dén min, mau xam den, do chon loc tot
2.286 0,029 0,0164 434 (at két hat rat min dén min, mau xamvira, d6 chon loc tot
2.293 0,009 0,0026 -71,8 (at két hat rat min dén min, mau xamvira, d chon loc tot
2.297 0,011 0,0001 -99,2 (at két hat rat min dén min, mau xamvira, d6 chon loc tot
2.300 0,006 0,0103 87,6 (at két hat rat min dén min, mau xamvira, d chon loc tot
2.307 0,003 0,0056 85,3 (at két hat rat min dén min, mau xamvira, d6 chon loc tot
2.309 0,006 0,0001 -98,4 (at két hat rat min dén min, mau xam vira, d chon loc tot
Bdng 4. Két qud do trén nhom méu suon
Ap suat pothamkhi Déthimdiém  Chénh léch so véi s i
b . NP Mo ta so bo
nén hong (psi) (mD) (mD) d6 tham khi (%) j
2.273 0,15 0,13 -12,5 (at két hat rat min, mau xam nhat, d chon loc tét
2.274 0,25 0,22 -11,6 (at két hat rat min, mau xam nhat, d6 chon loc tét
2.274 0,27 0,16 -419 (at két hat rat min, mau xam nhat, d chon loc tét
2.273 0,86 0,57 -333 (at két hat rat min, mau xam nhat, d6 chon loc tét
2.273 2,09 1,08 -48,2 (at két hat rat min, mau xam nhat, d6 chon loc tét
2.273 6,02 3,75 37,7 (at két hat rat min, mau xam nhat, d6 chon loc tét
2.273 1,98 0,88 -55,4 Cat két hat rat min, mau xam nhat, d chon loc t6t
2.273 0,56 0,23 -58,6 (at két hat rat min, mau xam nhat, d6 chon loc tét
2.272 0,18 0,08 -57,4 (at két hat rat min, mau xam nhat, d chon loc tét
2.270 0,10 0,06 -41,4 (at két hat rat min, mau xam nhat, d6 chon loc tét
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Hinh 9. Chénh léch d6 thdm diém so vdi dg thdm khi theo khoding dg tham.
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Hinh 8. Biéu d6 tdn sudt chénh léch do thdm diém so véi d6 thdm khi.

do nay c6 nhiéu khe nut (Hinh 6) nén c6 thé anh hudng
dén két qua do. G mét s6 diém do, d6 tham diém cao gan
gdp 2 lan so véi d6 tham khi.

Nhom mau sudn gom cac mau c6 dé tham khi lon
hon 0,1 mD, d& tham diém 16n hon 0,06 mD cho thay xu
huéng ré rang gitia do tham khi va do thdm diém (Hinh 7
va Bang 4). Cac mau do déu cho gia tri do tham diém nho
hon so vGi do tham khi tir -11,6% dén -58,6%. Xu hudng
nay tuong dong so vGi nhom mau 16i 1.

Téng hap két qua do ctia 42 diém do ti 3 nhém méau
& trén cho thay do tham diém thudng nhé han so véi
d6 tham khi khoang dugi 60% (Hinh 8). Trong d6, c6 téi
57,5% s& mau co gia dé tham diém nhé hon d6 tham khi
& muc 30% dén dudi 60%.

Chénh léch gitta @6 tham diém va d6 tham khithudng
thap d6i vSi nhitng mau c6 d6 thdm cao (Hinh 9), cu thé
d8i véi nhom mau c6 dé tham diém 1én hon 1 mD thi muic
dd chénh léch nam trong khoang -43,4% dén 8%. Néu do
thdm diém giam xuéng ngudng 0,1 mD thi d6 chénh léch
ciing md rdng t6i khoang -60%. Cac mau c6 do tham diém
nhoé han 0,01 mD thudng cho két qua chénh léch nhiéu
so vGi d6 tham khi, bién chénh léch rong. Hién tuong do
tham diém cao han dét bién so véi d6 tham khi & mot s
mau chat sit trong nhom mau 16i 2 dugc cho la do cacmau
bi nuit né (Hinh 6), khi dua Ién bé mat, & diéu kién ap suat
binh thudng da lam cho do mé& cua cac vi khe nut tang va
vi vay lam cho d6 thdm diém tang cao haon.

5. Két luan

Trén co sG phan tich két qua thi nghiém st dung hé
thiét bi do d6 tham khi da ndang, nhém tac gia rat ra mot
s6 két ludn sau:

D6 thdm diém thudng nhé hon so vé6i dé tham khi,
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muc d6 chénh léch phu thudc vao tinh tham, hién trang
mau va cac khe nut, vi khe nut trong mau. Trong nghién
clty, chti yéu s6 mau 16i (57,5%) c6 dé tham diém nhé hon
dd thdm khi & muic 30% dén dudi 60%.

D6i véi cdc mau 16i c6 d6 tham diém I6n hon 1 mD, d6
tham diém chénh léch tir -43,4% dén 8% so vai dd tham
khi, mic do chénh léch it va 6n dinh, dudng cong dd tham
diém va do tham khi theo chiéu sau bam rat sat nhau.

Khi gia tri do d6 tham diém md rong xuéng nguéng
0,1 mD, muc d6 chénh léch so véi dé tham khi cling tang
I&n t&i -60%, tuy nhién gia tri do van thé hién d6 chum va
xu huéng nho hon ré rang.

D6i v6i cadc mau 16i c6 dd tham diém dudi muc 0,01
mD, gié tri d6 tham diém c6 thé léch t6i 100% so véi gia
tri d6 tham khi, két qua phan tan theo chiéu I16n hon hoac
nho hon, gia tri do & khoang nay can dugc danh gia ky
trudc khi str dung.
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Summary

Permeability is an important parameter to evaluate reservoir rock quality, which determines the flow capacity of the reservoir. Probe
permeametry has been conducted on core samples as a technique to obtain quick permeability data at a thick density of measurement
points and is suitable for various rock types. Since the test method is performed on core samples containing liquid phase at ambient
condition, the probe permeability values are usually different from gas/air permeability values at the same measuring points.

In this study, a multi-purpose gas permeameter upgraded by the Vietnam Petroleum Institute (VPI) was used to measure probe
permeability and gas permeability for 3 different sample groups (the good quality core sample, tight core sample and sidewall
core sample with 1.5 inch diameter). The results allowed us to determine the probe permeability variability, namely that the probe
permeability values were usually lower than the air permeability but the gas permeability and the probe permeability profiles were still
close to each other. The difference between the two increased at low probe permeability. Fracturing in the samples likely caused the
probe permeability to be higher than the gas permeability.
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