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M@ Lan Tay (thuéc L6 06-1, b€ Nam Cén Son) cé dién tich khodng 950km?, du'oc dua vao khai thdc tir cudi ndm 2002.
Tinh dén hét thdng 12/2016, mé Lan Tdy da khai thdc duoc 47,53 ty m? khi (chiém 95,06% téng trir luong khi cé thé thu
héi), 18,71 triéu thiing condensate (chiém 94% téng trir lugng condensate c6 thé thu héi). Pén nay, mé Lan Tay chua xdy
ra hién tuong ngdp nu'dc tai cdc giéng khai thdc, tuy nhién viéc du bdo thoi diém ngdp nud'c cé y nghia quan trong trong
chién lugc qudn ly va khai thdc mé. Bai bdo phdn tich va du bdo hién tuong ngdp nu'éc ciia cdc giéng khai thdc mé Lan
Tdy, tir do dé xudt phuong dn khai thdc mé hiéu qua.

Tarkhoa: Mé Lan Tay, tinh trang ngdp nudc.
1. Gigi thiéu

Mo Lan Tay dugc dua vao khai thac ti cudi
nam 2002. Sau khi dua lan lugt 5 giéng (1P,
2P, 3P, 5P va 6P) vao khai thac, sdn lugng khai
thac cia mé Lan Tay trong nam 2004 dat 2,58
ty m? (0,091 nghin ty ft®) khi va 0,7 triéu thung
condensate. Trong giai doan 2005 - 2013, san
lugng khai thac khi dat trén 3,5 ty m3/nam (0,12
nghin ty ft*), sdn lugng condensate trén 0,6
triéu thung/nam. Tu nam 2014, k& hoach san
luong khai thac khi ctia mé Lan Tay dugc diéu
chinh gidm so vai cac nam trudc va lan luot &
muc la 2,7 ty m® (2014) va 2,5 ty m? (2015), 1,8
ty m? (2016). Tinh dén hét thang 12/2016, téng
san lugng khai thac ciia mé Lan Tay la 47,53 ty
m? khiva 18,71 triéu thung condensate [1].

Luong nudc khai thac cita mé Lan Tay la
lugng nudc trong khi ngung tu lai, do vay ham
luong mudi trong nudc khai thac kha thap,
trung binh 80 - 110ppm. TUr thang 5/2015 dén
nay, ham lugng muéi trong nudc khai thac ctia
mod ¢6 thai diém & muc kha cao (> 3.000ppm)
vugt ngudng cho phép (150ppm) khi cé su
tham gia khai thac véi luu lugng cao cla céac
giéng 5P va 6P (2 giéng c6 khoang mé via sau
nhat) (Hinh 1). Sy tang ham lugng muéi trong
nudc khai thac c6 thé du bao ranh gidi khi -
nudc dang dan tiém can téi khoang maé via clia
cac giéng nay. Hién tai ty s6 nudc - khi cia mo
Lan Tay la 1,78 thung/triéu ft3 tiéu chuan.

Trong bai bao nay, nhom tac gia phan tich va du bao kha nang
xay ra hién tugng ngap nudc cla cac giéng khai thac trén co s& ap
dung nguyén ly can bang vat chat, tir d6 dé xuat giai phap nham kéo
dai thai gian khai thac mé.

2.Dubdo co ché niang luong via va danh gia kha nang ngap nuéc
mé Lan Tay

2.1. Du'bdo co ché néng luong via

Dong thai ap suat via clla mé Lan Tay kha tét. TU nam 2002 -
2011, ap suat chi giam 530psia (tir 2.779psia giam con 2.250psia) tot
han nhiéu so véi dudng suy giam ap suat theo FDP. Theo xu huéng
suy gidm &p sudt hién nay (Hinh 1) thi khi t6ng san lugng khai thac
dat dén trir lugng thu héi 1,78 nghin ty ft3, ap suat via suy giam con
1.900psia tai 1.555mTVDss.

Dai véi via khi condensate, ca ché nang lugng via c6 thé dugc
xac dinh qua méi tuong quan gilia ap suat via (hay ty s6 P/z) va san
lugng khai thac khi - condensate céng don (Gp) [4].

Ty 56 nudc - khi (thung/triéu ft?) e Lutu lugng khi khai thac (triéu ft*/ngay)
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Hinh 1. Ham lugng chloride trong nudc khai thdc va ty sd nuéc - khi md Lan Tay [2]
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Hinh 2. Hién trang dp sudt via va san luong khi cong don [3]
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Hinh 4. Quan hé giita P/z véi san lugng khai thdc khi'va condensate cong dén md Lan Tay

Doi vai via khai thac bang ca ché nang lugng tu nhién khong cé
vung nudc hé trg (aquifer) thi méi quan hé gilia ap suat via véi san lugng
khai thac khi - condensate céng dén la tuyén tinh va dugc thé hién nhu
phuaong trinh sau:
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luong khi - condensate cong dén la khéng
tuyén tinh vi sy suy gidm ap suat via trong
qua trinh khai thac nho hon so véi truong
hgp khai thac bang co ché nang lugng tu
nhién khong cé vung nudc hé trg (Hinh 3).

Tu két qua do ap suat, viéc xay dung
dudng cong P/z (Hinh 4) cho thdy cac giéng
clla mo Lan Tay c6 nudc day hé trg nhu
da dé cap trong bao cao FDP vdi thé tich
aquifer la 220 ty thung.

3.2. Bdnh gid khd ndng ngdp nu'éc

Mo Lan Tay dang dugc khai thac véi
luu lugng 6n dinh, chua xay ra hién tugng
nudc xam nhap tai cac giéng khai thac.
Tuy nhién, do dac thuU mé cé vung nudc
day 16n nén c6 thé gay ra hién tugng ngap
nudc. Vi vay, viéc phan tich va dy bao kha
nang ngap nudc dé cé bién phap xt ly kip
thai nham nang cao hiéu qua khai thac la
rat can thiét.

DPé xac dinh vi tri ranh gidi khi - nudc
trong qua trinh khai thac va tai thoi diém
két thuc khai thac mo dugc thuc hién théng
qua viéc tinh toan lugng nudc xam nhap
vao via, dua trén phuong trinh can bang vat
chat [4]:

CwSwi+C, —
G(Bg-Bgi)+GBg,-[T:ﬂf]Ap+mch3g+me(1)

Trong dé:

G:Trit lugng khi va condensate tai chd;
B, Hé s6 thé tich cta khi;

B,:Hés6 thé tich cta khi ban dau;

B, : Hé s6 thé tich ctia nudc;

C,: Hé s6 nén ctia nudc;

C.:Hé 56 nén cuia dat d4;

S,: D6 bao hoa nudc ban dau;

W_: Lugng nuGc xam nhap;

W_: Lugng nudc khai thac.
3.2.1. Tinh todn ranh gidi khi - nuéc

Tinh dén ngay 31/5/2016, san lugng
khai thac cong dén cta mo Lan Tay dat
1.650 ty ft* khi (da khai thac dugc 91% trir
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luong thu héi) va 18,5 triéu thung condensate (da khai thac
dugc 92% trit lugng thu hoi) [1]. Lugng nudc khai thac cong
dén: 1,63 triéu thung. Mdc dé suy giam ap suat via theo san
luong khai thac cdng don dugc thé hién & Hinh 2. Dua theo
mé&i quan hé nay c6 thé udc tinh ap suat via trong thang
5/2016 la khodng 1.950psia tai 1.555mTVDss va 1.964psia tai
1.630mTVDss.

Cac thong s6, tinh chat chat luu va via chia dugc trinh bay
6 Bang 1 [5].

San lugng condensate va nudc khai thac quy déi dugc tinh
theo cac codng thuc sau [4]:

- Luogng condensate quy d6i dugc tinh theo céng thic:

nR'T. 350,5y (10,73)(520
GE=V=—"Ts_ %(073)(520) _ ;22000 Yo )
psc Mwu(14:7) Mwo
Trong do:
5954 4243y,

= = 3)
e p,API -8811 1,008-y,

Bdng 1. Ddc diém chdt luu va via chiia

Trit lugng khi tai cho (ty ft3) 2.370
Trit lugng condensate tai ché (triéu thiing) 27,3
By (cuft/SCF) 0,007274302
Bgi (cuft/SCF) 0,006063914
Cw (psi™) 3,46 X 10°
Swi 0,05
Ct (psi™) 6,30 X 10°
Do rébng da chua O, (%) 31
Thé tich khung da ban dau (BRV ban dau) triéu m? 1518
Bw, rb/stb 1,03
Ty s6 nu‘c:Jc - khi trung binh (WGR), thung/triéu ft? 098
tiéu chuan '
Do béo hoa khi du 0,3
Hé s6 nén hién taiz 0,87
Ap suét via tai 1.555m TVDss (psia) 1.950
Nhiét do via (°F) 205
Ap suat via ban dau tai 1.600m TVDss (psia) 2.795
Hé s6 nén ban dau Z; 0,903
Gradient ap suat (psi/ft) 0,0422
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Hinh 5. Xdc dinh ranh gidi khi - nudc theo BRV [5, 6]

- Lugng nudc quy déi duac tinh theo cdng thiic:
_nR'T, 350,5x1,00%10,73 x520
Y by 18x14,7
=7390 ft’ tiéu chudn/thiing

GE

(4)

- Lugng condensate quy d6i theo cong thic (2)
va(3)la13,1tyft

- Lugng nudc khai thac quy d8i theo cong thiic
(@) 12 12,1 ty f

Do vay, téng san luong khi khai thac gém nudc
va condensate quy doi, G = 1.670 ty ft’.

Luong nudc xam nhap vao via (We) dugc xac
dinh theo phuang trinh can bang vat chat (céng thic
(1)) 1a 1.500 triéu thung (238,5 triéu m3).

Nhu vay thé tich khung da (BRV) con lai la:

BRV = BRV ban dau - [W /O x (1 S S]
=334 triéu m3.

Do d6 ranh gidi khi - nudc tinh dén thang 5/2016
dugc xac dinh theo Hinh 5 1a 1.622mTVDss.

3.2.2.Tinh todn ranh gi6i khi - nuéc tai thoi diém du kién
két thic khai thdc mé khi san luong khai thdc khi céng
dén G, = 1,78 nghin ty ft’

Mé Lan Tay dugc du bdo khai thac véi trir lugng
khithu hoila 1,78 nghin ty ft3 va trit lugng condensate
thu hoi la 19,9 triéu thung. Ap suat via trung binh
tai thoi diém khai thac hét trir lugng khi c6 thé thu
hoéi dugc xac dinh la 1.870psia tai 1.550mTVDss va
1.884psia tai 1.630mTVDss.

- Tr lugng khi thu hoi: 1,78 nghin ty ft®

Lugng nuéc khai thac cong dén: 1,74 triéu thung

- Trlugng condensate thu héi: 19,9 triéu thung

Trit lugng condensate quy déi la: 14,06 ty ft?

Lugng nudc khai thac quy déi theo 1a: 12,9 ty ft3
Do vay, téng lugng khi khai thac bao gém nudc
va condensate quy d6i, G, = 1,81 nghin ty ft’.

Luong nudc xam nhap dugc tinh todn theo
phuong trinh can bang vat chat la 1.655 triéu thung
(263 triéu m3).

Thé tich khung da con lai dugc tinh theo cong
thuc:
BRV = BRV ban dau - [W/® x (1-5,-S_)]

=212 trieum?
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Bding 2. Két qud tinh todn lurgng nudc xam nhdp vao via theo san lugng khai thdc khi' va condensate cong don

San lugng khi va condensate cong dén
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Nudc xam nhap (triéu thung

Chiéu
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Lugng nudc xam nhap vao via

Do sau day giéng khai thac
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(ty ft3) (triéu thung)
457,86 348,57
488,19 369,71
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549,48 420,74
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1.313,91 1.155,01
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1.806,92 1.655,38
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Hinh 6. Du bdo lugng nudc xdm nhdp trong qud trinh khai thdc
Bding 3. Dy bdo ranh gidi khi - nudc
Do sau ranh gidi khi - nuéc GWC

(mTVDss) (mTVDss)
Ban | Thang Tai thai diém
LT-2P LT-3P LT-5P LT-6P dau 52016 Gp= 1,?83ngh|n
ty ft
1.576
1.581
1.591
1.607 1.603
1.612
1.622
1.671
Bding 4. Dur bdo thoi gian bdt ddu ngdp nudc cdc giéng mé Lan Tay
Thétich = Thé tich nudc xam
khung da nhap tai thoi diém Sanluong _ .. . "
Chiéusau taichiéu batdaungapnudc khaithac |10 9ian bat
A s : N . dau ngap nuéc
(mTVDss) sau day " cdng don .
ix ” Triéu 2 s du kién
giéng Triéu m? thun G (ty ft3)
(triéu m?) 9
1.581 105 285 1.791 1.949 Thang 7/2020
1.576 100 286 1.797 1.955 Thang 8/2020
1.591 140 278 1.746 1.907 Thang 11/2019
1.612 280 249 1.569 1.736 Thang 5/2017
1.607 250 256 1.607 1.773  Thang 11/2017
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Do dé ranh gidi khi - nudc tai
thai diém két thuc khai thac mo la
1.603mTVDss (Hinh 5).

Tinh toan lugng nudc xam nhap
vao via trong qua trinh khai thac dua
theo phuong trinh can bang vat chat
va ¢c6 mdi quan hé chat ché véi téng
san lugng khai thac khi va condensate
cdng don. Két qua du bao lugng nudc
xam nhap vao via theo san lugng khai
thac khiva condensate cdng dén (Bang
2 va Hinh 6).

Véi d6 sau ddy cla cac giéng khai
thac 1P, 2P, 3P, 5P va 6P lan luot la
1.581mTVDss, 1.576mTVDss, 1.591m
TVDss, 1.612mTVDss va 1.607mTVDss
va ranh gidi khi - nudc tai thang 5/2016
[a 1.622mTVDss c6 thé thdy réng giéng
5P sé s&m bi ngap nudc (Bang 3).

Du bao thoi diém ngap nudc tai
cac giéng khai thac dugc tinh toan véi
gia dinh san lugng khai thac cila méd
Lan Tay trung binh méi nam la 70 ty ft3
khi va 0,6 triéu thung condensate dén
cu6i ddi ma. Tai thai diém két thuc khai
thac du kién khi san lugng khai thac khi
congdon G = 1,78 nghin ty ft’, 2 giéng
khai thac sé bi ngap nudc la 5P va 6P,
néu tiép tuc khai thac cac giéng con lai
sé bi ngap nudc. Két qua du béo thai
gian va san lugng khai thac cong dén
tai thoi diém cac giéng bat dau ngap
nudc dugc trinh bay tai Bang 4.

4.Két luan

Du bdo thoi gian ngap nudc clia
mo Lan Tay dugc dua ra dua trén cac
thong s6 dau vao cua via va chat luu
trudc do, cac du bao vé ap suat via va
cac tinh todn dua trén phuaong trinh
can bang vat chat, vai gia dinh san
luong khai thac trung binh clla mé
moi nam la 70 ty ft* khi va 0,6 triéu
thung condensate. Két qua nghién
ctu cho thdy ranh gidi khi - nuéc sé
dich chuyén dan Ién trén va giéng
5P ngap nudc sdm nhat (vao khoang
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thang 5/2017), cac giéng con lai sé lan luot bi ngap
nudc vao cadc nam 2017, 2019 va 2020. Do dé, can xem
xét diéu chinh khai thac vai luu lugng hgp ly, trung binh
mbi ndm khong vuot qua 70 ty ft khi va 0,5 triéu thung
condensate dé lam cham lai thai gian ngap nudc va kéo
dai thai gian khai thac mé.
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Predicting water influx for gas production wells of Lan Tay field
using material balance method

Summary

Vu Manh Hao, Le Vu Quan
Vu Duc Ung, Pham Hong Son
Vietnam Petroleum Institute
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Lan Tay gas field, which is located in Block 06-1 of Nam Con Son basin in a total area of 950km? was put into
production in late 2002. As of end December 2016, Lan Tay field has produced 47.53bcm of gas and 18.7 1mmstb
of condensate, which account for 95.06% and 94% of its recoverable reserve, respectively. So far there has been no
water influx phenomenon in the production wells of Lan Tay field, however, it is important to forecast the water influx
period for reservoir production and management strategies. This paper analyses and forecasts this phenomenon for
the production wells of Lan Tay field and proposes an optimal production strategy.

Key words: Lan Tay field, water Influx.
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