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Tom tat

M6 Té Giac Trang ngoai khoi thém luc dia Viét Nam thudc L6 16-1, bé Citu Long, la d6i tuong chiia dau rat déc biét véi tap hop cac
via dau mong xép chong lén nhau, ¢o dac diém dia chat phc tap, cdc than dau khdng lién tug, tap trung thanh tiing cum nhé phén tach
nhau béi cac dit gay kién tao. . . da tao nhiéu thach thiic cho qua trinh tinh todn trit lugng, thiét ké Iya chon vi tri giéng khai thac va quyét
dinh chién lugc mé via.

Bai bdo gidi thiéu phuong phap xac dinh chinh xdc chiéu cao c6t dau, ranh gidi nudc tu do clia tiing via chifa tai md Té Gidc Trang, la
thdng s6 quan trong trong thiét ké giéng, tinh toan trit Iuong dau khi tai chd va la co s6 d€ xay dung kich ban phat trién mo. Két qué khai
théc cho thdy hé s6 thu hoi dau hién tai ctia mo Té Giac Trang dat 32% va du kién dén cudi ddi md c6 thé dat 40 - 50% vdi phuong phap
khai thac tu phun va gaslift hé trg. Day 1 hudng di mi cho viéc phat trién cac mo cé diéu kién dia chat tuong tu nhu md Té Gidc Trang véi

tang chifa dau khila tap hap cac via phan I6p mong, cat sét xen kep va cd dién trd suat thap.

Tur khéa: Ranh gidi dau nudc, chiéu cao cot dau, vi tri giéng khoan, mé Té Giac Trang.

1. Giéi thiéu

Tai Viét Nam, dau khi dugc khai thac chd yéu tur doi
tugng da mong granitoid nit né trudc Cenozoic, ti€p theo
la tur tram tich Miocene dugi va Oligocene. La déi tugng
khai thac dau khi chinh, mac du c6 dac tinh tham t6t nhat
cta bé Cliu Long nhung céc via chira ddu Miocene dudi
thudc hé tdng Bach HE va Oligocene trén c6 dic diém la
phan I6p mong véi dién trg suat thap va dang chiém ty
trong I6n 8 mot s6 mo Té Giac Trang, Hai SuTrang, Rong...
Diéu nay da gay khé khan cho viéc nhan dinh, danh gia
via chifa phuc vu cho cdng tac phét trién va quan ly mé.

Mo Té Giac Trdng thudc L6 16-1, bé Clu Long ngoai
khai thém luc dia Viét Nam (Hinh 1), c6 phat hién dau khi
vao nam 2002. Dong dau dau tién dugc khai thac vao nam
2011 tU cum gian dau giéng H1-WHP. Dén thang 7/2012,
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cum gian dau giéng H4-WHP dugc két néi vao hé théng
khai thac chung; cum gian dau giéng H5-WHP duoc két
nGi vao thang 5/2015. Ngoai ra, 2 gian dau giéng ctia 2 md
Hai SuTrang va Hai SuDen lan can dugc két nGi vao mo Té
Giac Trang tai H1-WHP vao thang 5/2013.Toan b6 dau cla
3 mo dugc chuyén vé tau FPSO dé xur ly, luu chia trudc
khi xuat ban. Khi dugc chuyén sang gian khi nén trung
tdm Bach H8 CCP (Hinh 2). San luong khai thac dinh cda
mo Té Giac Trang dat 55.000 thung/ngay tu 2 doi tuong
chinh la Oligocene trén C hé tang Tra Tan va Miocene duéi
hé tang Bach HS. Md Té Giac Tréng thudc L6 16-1 dang
dugc khai thac véi luu lugng khé én dinh khoang 15.000
thung/ngay.

K&t qua khai thac cho thay hé s6 thu hoi dau cia mé
Té Giac Trang hién nay la 32% va du kién dén cu6i doi mo
c6 thé dat 40 - 50% vai phuong phap khai thac tu phun
va gaslift hé trg. Thuc té nay chiing minh cong tac hoach
dinh kich ban phéat trién mé da cé hudng di dung dén,
phu hgp véi diéu kién dia chat tai mo Té Giac Trang va
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Hinh 1. Bdn d6 vi tri m Té Gidc Trdng.
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Hinh 3. Chiéu cao cdt ddu xdc dinh bdng dp sudt du va phan cdp trit lugng.

dang mdra tién dé méi, huéng di mdi cho viéc phat trién cac mé co
diéu kién dia chat tuang tu véi tang chita dau khi la tap hop cac via
phan I6p mong, cat sét xen kep va co dién trg suat thap [1, 2]. Mot
trong nhiing théng sé dau vao rat quan trong cho viéc tinh toan
tham sé via chia, phan cap trit lugng phuc vu tinh toan tri lugng
dau khi tai ch, thiét k& gi€ng khoan, xac dinh ché dé thay déng luc
hoc va chién lugc ban ma via la xac dinh chiéu cao cé6t dau hay ranh
giGi dau nudc tai mo Té Giac Trang. Do vay, yéu cau cap thiét datra la

phai xac dinh chinh xac va c6 dé tin cay cao ranh
gisi dau nudc, chiéu cao cét dau.

2. Chiéu cao cdt dau va phuong phap xac dinh

Chiéu cao c6t dau dugc dinh nghia la chiéu
cao tuyét déi tinh tir ranh gidi nudc ty do (free
water level, FWL) dén ndc cla via chia. Nhdm
tac gia s dung phuang phap minh giai ap suat
du (excess pressure) dé xac dinh chiéu cao cot
dau [3]. Pay la phuong phéap xac dinh ranh giéi
dau nudc c6 do chinh xac cao, phu hgp cho déi
tugng via chia dau phan I6p méng, dang cat
sét xen kep, g6m nhiéu than dau xép chong lén
nhau v&i nhiéu ranh gigi dau nudc va cé dién tré
suat thap. Theo Hinh 3, chiéu cao cét dau con co6
mai lién hé chat ché véi phan cap trit lugng va
day cang la diém khac biét khi mé Té Giac Trang
st dung ranh gidi dau nudc trung vai phan cap
trir lugng 2P dé thiét ké giéng va tinh toan tri
lugng dau khi tai cho - co s& dé xay dung kich
béan phat trién mo.

3. Phuong phap xac dinh chiéu cao cét dau

Ap sudt thanh hé dugc thu thap va dung
cho nghién ctiu nay dugc do bang hé thiét bi
RCI/MDT clia Baker Hughes va Schlumberger.
Ap suat nay dugc do trong than tran ngay khi
via khoan xong va rtia giéng. Thiét bi dau do
dugc ap sat vao thanh hé xuyén qua I6p mun
khoan (Hinh 4). M6t lugng nho chat luu sé dugc
rat ra khoi thanh hé nhd chénh ap (AP). Ap suat
sau do sé phuc hoi khi chat luu tir thanh hé chay
vao thiét bj do (buildup) [4]. Do thé tich chat luu
lay ti thanh hé thudng rat nhé (khoang vai cc)
nén ap suat can bang lai rat nhanh, chi sau vai
phut. Cac gia tri do ap suat thanh hé dugc coi la
hap 1é khi ap suat phuc héi 6n dinh & giai doan
cudi trudc khi két thic do dac va su chénh léch
ap suat theo thdi gian la nho hon 0,01 psi. Véi
mot diém do ap sudt thi cac thong tin clia thanh
hé nhan dugc bao gém: ap suat thanh hé, nhiét
do, do linh déng cta chat luu (36 thadm thanh
hé/d6 nhét chia chat luu) dugc tinh toan bang su
két hgp gilta chénh ap - phuc hoi dp suat va luu
lugng I6n nhat [5].

Céach biéu dién dé xac dinh ranh gidi dau
nudc la st dung biéu d6 quan hé ap suat tuyét
déi hay ap suat du va dé sau tuyét doi.
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Hinh 5. Chuyén ddi d6 thi dp sudt thung sang dp sudt du.

Miocene 5.2U - TGT - 2P Minh gidi ap sudt thuting

Ap suat (psia)
740 3.760 3.780 3.800 3.820 3.840 3.860
—TGT-2P Oil line
= TGT-2P's 5.2 pressure point
520 02070
= TGT-2P's 5.2L pressure point
= TGT-2P's C pressure point
'

4. Ap suat du va phuong phap xay dung biéu dé ap
suat du

Ap suat du dugc tinh tir viéc mac dinh gia tri mat do
chat luu, chiéu sau diém do 4p suat thanh hé. Ap suat du
la su khac biét gira 4p suat do dac vdi ap suat tinh bang
ty trong cda chat luu tinh ti diém chuan téi diém do dac.
Céng thic biéu thi méi quan hé nay nhu sau (Hubbert,
1956):

Ap sudt dw = 0,4335 pz + Pm (ft, g/cm?, psi)
Trong do:
P_: Ap suét do duoc tai d6 sau tuong déi z tuong Ung
tinh tu diém madc;
p: Mat do chat luu tai diéu kién via chiia hay la gradient
ap suat.

Cac dé thij ap suat du dugc xay dung bai gia tri mat do
xac dinh va gia tri 4p suat du tai tuong Ung cac diém do
sau. Ap sudt du tai cac via nudc la bang nhau tuong Ung
V@i cac d6 sdu khac nhau. Hinh 5 1a chuyén déi truc toa do
tur ap suat thanh hé thuagng thanh ap suat du.

Via chita nuéc dugce chon lam via chudn 1a via cat
sach, c6 d6 bao hoa nudc 100% - la via ¢ dudng nudc
chudn di qua v6i mat dé nudc méc dinh 1a khodng 1 g/cm?
tuy vao néng dé khoang hoa nudc via [6].

Miocene 5.2U-TGT-HP Biéu d6 ap suat du

Ap sudt du (psia) & GR
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Hinh 6. So sdnh ranh gidi ddu nudc xdc dinh bang minh gidi dp sudt thuong va dp sudt du.

KHi - SO 1/2023



PETROVIETNAM

Bi€u dé ap suat - d6 sau truyén thdng rat khé dé phan biét
muc nudc tu do (nai ap suat mao dan bang khong) va ranh gidi
dau - nudc (d6 sau c6 dau luu ddng thap nhat). Tuy nhién, cac
ranh gidi trén déu c6 thé dugc nhan dién nhd st dung biéu do
ap suat du. Diém giao gilta dudng biéu dién clia nudc va dau
chinh la muc nudéc tu do (FWL) bdi vi tai d sau nay, ap suat clia
dau va nudc la bang nhau.

M6t trong nhitng thong s6 quan trong cho tinh toan ap
suat du la gradient cta dau. Tai khu vuc nghién ctu, gradient
clia dau dugc phan tich ti mau sau va dugc chuyén hoa vé
diéu kién via nhu Hinh 7 va 8.

Dua trén biéu d6 mat dé dau theo PVT cho ddi tugng tang
chta la Miocene dudi thi gradient ciia dau & cac cap ap suat
khéac nhau cé su bién thién rat nho, dao déng trong khoang
0,28 - 0,29 psi/ft va gradient clia dau & diéu kién via 1a 0,283
psi/ft @ 3.500 psi.

Theo Hinh 8, tang chia Oligocene cé gradient cta dau

khoang 0,3 - 0,32 psi/ft va gradient cia dau & diéu kién via la
0,31 psi/ft @ 4.000 psi.
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Hinh 8. D4 th gradient ctia ddu theo dp sudt, tang Oligocene.

Gradient clia nudc 1a yéu t8 quan trong dé tinh
ap suat du. Gradient clia nudc phu thudc vao thanh
phan va dé khoang hoa clia nudc via. Nudc via cla
déi tugng nghién ctu dugc lay tir qua trinh thir via
va giai doan khai thac khi luu lugng nudc via cao,
cac thanh phan ctia nudéc via dugc phan tich va doi
sanh vGi nhau. Nong d6 khoang héa ctia nudc via cho
tang chia Miocene dao déng trong khoang 25.000
- 30.000 ppm; tang chia Oligocene c6 néng do
khoang héa nhat hon, khoang 22.000 - 24.000 ppm.
Mat dé nudc via dugc do truc tiép tai bé mat cho dai
tuong Miocene dudi dao dong trong khoang 1,011 -
1,025 g/cm? (0,437 psi/ft @ 3.500 psi) va mat do cua
nudGc déi tuogng Oligocene 1a 1,006 - 1,01 g/cm? (0,438
psi/ft @ 4.000 psi) tuong Ung véi nhiét do day tu 100
-125°C[71.

Mat chuén cho tang chira Miocene duéi clia doi
tugng nghién ctru dugc ldy ti 1 giéng trung tam cuda
mo véi do sau tai via chira nudc va ¢é dinh cho toan
b6 qua trinh tinh ap suat du, chiéu cao tir mat chuan
dén cac diém tinh ap sudt du z |a chiéu sau thang
duing.

Mo Té Giac Trang dugc chia thanh nhiéu tich tu
& cac khu vuc khac nhau. Trong bai viét nay khu vuc
B dugc Iua chon la khu vuc dai dién dé tinh ranh gi6i
dau nudc, chiéu cao cét dau.

5. Chiéu cao ¢ét dau khu vuc B cila mé

Tang Miocene dugc phan chia thanh 2 phu tang
5.2U va 5.2L do c6 ranh gigi ap suat ton tai gilra 2
tang. Tang 5.2U phat hién c6 7 ranh gidi nudc tu do
khac nhau va chiéu cao cét dau (h) khac nhau; c6 duy
nhat 1 dudng nudc cho toan bod tang chia nay véi
hé thong nudc ddy chung; chiéu cao cot dau trung
binh 1421 m.Tang 5.2L phat hién c6 13 ranh gigi nuéc
tu do khac nhau va chiéu cao cét dau giiia cac via
chta cling khac nhau, chiéu cao c6t dau trung binh
khoang 13 m.

Tang Oligocene C phat hién c6 4 ranh gigi nudc
tu do. Cac via chita C20-30-40 c6 thé gop dugc vdi
nhau do cung ranh giGi nuéc tu do, chiéu cao cét dau
cla via nay kha Ién, khodng 36 m, cac via con lai ¢
chiéucao 12-24m.
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Biéu d6 ap sudt dutdng 5.2U
Ap sudt du (psia) & GR

Biéu d6 4p sudt durténg 5.2L

Biéu d6 ap suat du tang Oligocene C
Ap sutdu (psia) & GR

Excess Pressure (psia) & GR

4075 ¢ TGT-2X

3935 3940 3945 3950 395 3960 4060 4,065 4070 4435 4440 4445 4450 4455
2630 e P — —saL010 2900
- —52L_020 * TGT-2X
f{fé —5.20_010 —52L_0%0 2910
S eto — /. —520_040
64 —C 010
5 ——5.20_020 —5.2L_050 20 _
p— —— 521060 A
B 520030 A —cm
2650 ——521_080 T .
= (J 520_040 52109 , i .
—65465 T/ —52L_100 2 -
— l/ 520050 —52L105 *
2660 f— — ] - | o — 521110 2950 L o0
2615 = s 5 1
— | @ £ 2770 27717 521120
— ~
= —50060 B = 27 2955,95514
RN —— —52L130 = o
. 7/ H —saL_ 40 -
= —suon &
= bd S —52L150
; 267284 Y —521_160 — 060
5 = o/ —5.2_080 —52170
— —52L_180
2680 _ 520 0% —con
281,14 521190
Ci 830 ——5.2L_200 2990
— / 520_100 ol 22:3;;;7 saL 710 —
2690 %99 | / =K} 521220 o0
—— ——520_110 . 51230 C 090
— —
= 521 240 N
- - 520120 s 301 1
2700 (mﬁz 3 — 5220 - 3013,760859 / —C 100
. 520_130 s I
B —— 2L =
;:' L GRsaU - 3026,84754 o GR
20 [ —— &R S 52129 30 8 mod_C

Hinh 9. Biéu d6 ranh gidi nudc tu do xdc dinh dua trén dp sudt du cia khu vuc B.

6. Thiét ké lua chon vi tri giéng khoan khai thac

Lo

Ranh gidi nudc tu do sé dugc tinh la giao
diém chia dudng xu thé dau va dudng xu thé nuée.
Chiéu cao cot dau sé dugc tinh la chiéu cao ti ranh
gidGi nuéc tu do dén ndc via.

ELe ] [Resti ]

Ranh gidi nudc tu do dugc xac dinh dua trén
minh giai 4p suat du ké ca khi giéng khoan & vi tri
dinh cau tao va khéng di qua ranh gidi nudc tu do
Vi sai s6 nhd, dd chinh xac va tin cdy cao nén dugc
st dung dé phuc vu cong tac danh gia trit lugng
dau tai ché, xay dung mé hinh phat trién moé vai
ranh gigi dudi than dau lay trung véi dé sau nudc
tu do. Két qua xac dinh ranh gigi nuéc tu do da
giam dugc sai sé tinh trit lugng dau tai chd, phuc
vu thiét k& mang ludi giéng khai thac va dung dé
du bdo san lugng khai thac.

TR TRH TR TR R

Ngoai ra ranh gidi nudc tu do cling dugc xac
dinh dua trén tai liéu dia vat ly giéng khoan. Tuy
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nhién, ranh gidi nudc ty do chi dugc xac dinh néu
giéng khoan qua ranh gigi nuéc tu do hay khoan
& ria cau tao. Do vay, viéc xac dinh ranh gidi nuéc
tu do cho céc via dau khéng nam doc theo than
giéng khoan la han ché cua tai liéu log.

Trong qua trinh khai thac, thir via, viéc khao
sat mat cat dong giéng bang t8 hgp PLT ciing sé
xac dinh tuong déi dugc déng gop clia nudc via,
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Hinh 10. Bdn d6 ranh gidi ddu nuc cia mét tang san phdm dai dién (5.2U-050).

tuy nhién dé xac dinh ranh gigi nudc tu do ciing rat han ché vi
khong danh gid dugc chiéu cao nén nudc, cling nhu chiéu cao
déi chuyén tiép.

Thiét ké giéng dua trén ranh gidi dau nudc dugc t6i uu cho tat
cé cac tang vdi than giéng khoan phai di trong via dau va cach xa
ranh gidi dau nudc. Mang ludi giéng phai duoc phan bé hop ly dé téi
uu thu hoi va gidm thiéu dau sét trong dién tich than dau dugc thiét
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ké khai thac. Cac thiét ké giéng khai thac tir A dén L (Hinh 10) déu nam trén
ranh gidi dau nudc va di qua cac than dau cap 2P.

Mat cdt ding clia cac giéng khoan du kién qua than diu cdp 2P thé
hién & Hinh 11. Cac giéng khoan dugc thiét ké cat qua cac than dau véi
ranh gidi dau nudc dugc bat gap chu yéu & ria clia ciu tao; cac giéng tai
vi tri dinh c4u tao khéng gap ranh gidi dau nudc tai day cac via chira dau.

I- Géckhodng mé via | - Khai thac thir
- Cdckhodng mé via tuang lai

Hinh 11. Mdt cdt Tdy sang Déng di qua vi tri cdc giéng khai thdc durgc thiét ké.
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Hinh 12. So dd lua chon khodng mé via cia giéng E (PHT).
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Hinh 13. Dng thdi khai thdc thuc té sau khi mé via PH1 ctia giéng khoan E.

Giéng khoan C va B dugc thié€t ké nam & ria
cla cau tao dé ddm bao téi da thu héi dau,
tang hé s6 quét va lam gidm hién tugng
ngap nudc theo xu thé ludi nudc clia cac
giéng & gan dinh cau tao.

Nhiing noi c6 chiéu cao cét dau lon
thudng c6 do tham va doé réng t6t. Chiéu
cao cot dau tai d6i tugng nay dugc kiém
chuing bang két qua thir via trong giai doan
tham do.

7. Chién lugc ban mé via tai mé Té Giac
Tring

Day clia cac khodng md via phai ndm
trén ranh gidi dau nudc it nhat 5 m dé tranh
hién tugng ngdp nudc sém. Cac khoang
m& via phai cach nhau t6i thiéu 1a 3 m,
trong trudng hgp nudc ngap sém co thé ap
dung cac bién phap ngan cach nudc bang
cd khi, miéng va éng khai thac.

Can bang khai thac gitta cac tang bang
cach ma via so le, tranh hién tugng mat can
bang ap suat cla cac via khai thac gay ra
hién tugng chdy chéo trong qua trinh khai
thac.

Cac via c6 cung ché dé thay dong luc
hoc nhu cling ranh gidi dau nudc, cung hé
thong nudc day, tinh chat dau va dac trung
via chira dugc phép khai thac chung dong
cung thai diém.

Véi chién lugc mé via khai thac nhu
trén thi giéng E la mot giéng khoan khai
thac dai dién cho dang phan I6p mong xen
kep va cé nhiéu ranh gi6i dau nudc véi cac
via dau dugc xép choéng Ién nhau. Dong
thai khai thac ctia giéng thé hién tuang doi
én dinh v&i san lugng dinh cla giéng co
nhimng lic 1én dén 14,3 nghin thung dau/
ngay va khéng cé biéu hién nudc trong 2
nam dau tién. Day la bai hoc kinh nghiém
quy cho viéc dp dung chiéu cao cét dau
phuc vu lua chon vi tri giéng khoan va thiét
ké ma via.

Giéng khoan E dugc bat dau khai thac
vao thang 8/2011 vai san lugng khi bt dau
md via la 1,8 nghin thung dau/ngay va san
lugng dat dinh la khoang 14 nghin thung
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dau/ngay vdi ap suat day tuang déi cao, khoang 2.900 -
3.300 psi; giéng khéng c6 nudc trong 2 nam khai thac dau
tién vai ty s6 khi dau (GOR) 6n dinh & 800 - 900 scf/stb.

8. Két luan

DEi vai mo 6 tang chiia ddc biét gém nhiéu viaméng
xen kep, viéc xac dinh ranh gigi dau nudc hay chiéu cao
c6t dau da gép phan quan trong trong céng tac tinh toan
tri lugng, lua chon vi tri giéng khoan va lua chon cac
khodng m& via khai thac trong giai doan phat trién mé.
Nhiing bai hoc kinh nghiém ti mo Té Giac Trang da lam
phong phu thém cac phuong an phat trién mé c6 dang
bao gém nhiéu via dau mong véi cac ranh gidi dau nudc
khéac nhau dugc xép chéng 1én nhau.
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HYDROCARBON BEARING RESERVOIRS
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Summary

The Te Giac Trang field located offshore Vietnam's continental shelf in Block 16-1, Cuu Long basin, is a special hydrocarbon accumulation
of thinly stacked oil layers with complex geological features, discontinuous hydrocarbon bearing reservoirs separated into different oil pools
by tectonic faults, etc., which caused significant challenges toward the estimation of initial oil reserve in-place, production wells design, and

perforation strategy.

This paper introduces a method to accurately determine the height of the oil column, the free water level of each reservoir at Te Giac Trang
field, which are important parameters in well design, reserve estimation of oil and gas in-place and for field development plan. Accumulated
production shows that the current oil recovery rate of Te Giac Trang field is 32% and expected to reach 40 - 50% by the end of the field
life by natural and gas-lift production. This is a new direction to develop fields featuring similar geological characteristics as Te Giac Trang:
hydrocarbon bearing reservoir consisting of thinly laminated, alternating clay and sand layers with low resistivity.

Key words: Oil water contact, hydrocarbon column, well location, Te Giac Trang field.
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