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Két hop hai phuong phap nang nhan tao sit dung bom dién chim
va Gaslift cho giéng ngoai khoi Viét Nam
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TOM TAT

Cac hé théng nang nhan tao da dugc st dung ti lau trén toan thé gidi. Cac hé théng nang nhan
tao tac dong lén cot chat luu trong 6ng khai thac nham dua cot chét luu 1én bé mat. Thong qua
viéc strdung va phan tich su tac dong cung vai su han ché clia tiing phuong phép, tir dé ta co thé
thiét ké mot hé thong nang nhan tao nham téi uu luu lugng khai thac. Ngoai ra, nhimng han ché
thuc té nhu ap sudt bom khi va luu luong khi cé sén gay ra suhan ché khita st dung GL, hodc cong
suat bom va nguén dién cung cap gay ra su han ché déi véi viéc st dung ESP. V&i nhiing mat han
ché do, ta c6 thé két hap hai phuong phép trén lai véi nhau dé tao mot hé théng khai thac hiéu
qua.

Trong nghién cdu nay, phan tich nhimng tac dong lén cot chat luu trong 6ng khai thac khi két hop
phuong phap GL va ESP.Véi mbi phuong phap nang nhan tao ta sé phan tich dua vao phuong phap
"equivalent depth', @€ biéu dién céc diém ap suét tai ting vi tri trong éng khai thac. Thém vao do,
phuong phép phan tich diém nut "nodal analysis" dugc st dung dé dua ra luu lugng khai thac khi
ta két hop hai phuong phép. Dua vao su phan tich cta hai phuong phép "equivalent depth" va
"nodal analysis" da chiing minh dugc tinh kha thi clia phuong phap két hop nay cho nhiéu giéng
khai thac, dac biét véi nhiing giéng co do sau I6n. Va hé théng nay cé thé dugc st dung cho giéng

'Khoa Ky thudt Dia chdt va Ddu khi,
Trudng Dai hoc Bdch Khoa,
DHQG-HCM, Viét Nam

’Céng ty TNHH MTV Diéu hanh Thiam

do Khai thdc Ddu khi trong nuidc -
PVEP POC, Vigt Nam

Lién hé
Pham Son Tung, Khoa Ky thuat Dia chat va

Dau khi, Trudng Dai hoc Bach Khoa,
PHQG-HCM, Viét Nam

Email: phamsontung@hcmut.edu.vn
Lich st
© Ngay nhan: 17/5/2021

® Ngay chdp nhén: 06/9/2021
o Ngay ding: 04/11/2021

DOI : 10.32508/stdjet.v4iSI3.843
M) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma dugc phat hanh theo cac diéu khodn cua
the Creative Commons Attribution 4.0
International license.

A

—
VNU-HCM Press

trong khodng thdai gian dai.

Tur khoa: Bom dién chim, Khi nang Gaslift, D6 sau tuong duong, Phan tich diém nut

GIGI THIEU

Hién nay, stii dung phuong phép nang nhén tao da
dugc ting dung rit nhiéu noi trén toan thé gigi. Nho
vao su ting dung do, san lugng khai thic ctia cidc mo
cing tang lén. Nhung kém theo d6, nhiing vin dé anh
hudng dén cac phuong phép dugc dua ral2. Sy anh
huéng cht yéu dugc néu ra d6 chinh 13 nang lugng
do cac phuong phap tao ra chua du dé€ dua chit luu
1én bé mit hodc chua dat dugc san lugng khai théac.
Nguyén nhén ctia nhiing vin dé trén d¢ la chiéu cao
cOt ap trén thiét bi, hay con goi la ap suét thiy tinh tac
dong 1én thiét bi. Diéu nay khong da khong dem lai
hiéu qua kinh t€ cao cho cong ty khai thac. Tt nhiing
van dé d6, cac ky su ddu khi khong ngting céi tién cac
phuong phép trén nham cai thién san lugng khai théc
dat hiéu qua cao. Muc dich cta su cai tién nay l1a ha
thép chiéu cao thay luc ctia cft chat luu trén thiét bi,
lam giam é&p sudt thiy tinh tdc dong 1én thiét bi.

Duya vao diém t6i uu khai thac, d6 1a giao diém ctia hai
dudng IPR va VLP. Diém nay dugc xem la diém tdi
uu khai thdc ciia mét hé théng khai thac. Viéc phan
tich diém t6i uu khai thac ta c6 thé xdc dinh dugc mo
hinh khai thac nao la mang lai hiéu qua kinh t€ nhat.
Néu ta phan tich cac phuong phap nang nhén tao trén

mo hinh phén tich diém nut ta c6 thé xdc dinh dugc
nhiing tic dong clia muc tiéu ctia cdc phuong phap.
Dai véi ESP, nang lugng clia phuong phép nay la gay
ra cuc b tai mot vi tri ma bom dugce lap dat doc trén
ong khai thac. Trong khi d6 GL lién tuc sé tac dong
1én cot chat luu bat dau ti van bom khi van hanh. GL
lién tuc sé lam gidm ct p suét thy tinh tic dong
lén nédng lugng cua via. Viéc st dung phuong phap
ning nhan tao theo kiéu truyén théng, trong mot s6
truong hop sé gy ra sy han ché trong viéc khai thac 1
Vay nén sy cai tién phuong phép 1a cin thiét dé€ khai
thac thac dat san lugng hiéu qua nhat. Nghién ctiu
nay sé dua ra phuong phap két hgp ESP va GL trong
mot giéng. Cung v4i do ta sé phén tich phuong phap
nay béng phuong phdp phén tich diém nut dé thiy
dugc san lugng cla giéng dugc ting 1én. Song song
v6i d6, ta cing phén tich bang phuong phép d¢ sau
tuong duong dé thiy dugc mit lgi ich vé ap sudt yéu
cdu trong giéng hodc chiéu cao muc thiy luc yéu ciu.

Phuong phap st dung bom dién chim ESP

Viéc sti dung ESP trong thu hoi ddu ting cuong da
dugc st dung rit nhiéu trén thé giéi. Vi du nhu
viéc thiét lap ESP trong duy tri vong doi cia mo tai

Oman?. Viéc st dung ESP con nhiéu han ché boi

Trich dan bai bdo nay: Tung P S,Hau T D, Nghia T L H. K&t hgp hai phuong phap nang nhan tao sirdung
bom dién chim va Gaslift cho giéng ngoai khai Viét Nam. Sci. Tech. Dev. J. - Eng. Tech.; 4(SI3):51107-
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nhiing tac dong ctia chat luu nhu do nhdét, ty 1é¢ GOR,
nhiét d9,... Nhung diéu quan tdm & day chinh la ap
sudt do bom tao ra cho dong chit luu trong ng.
Hinh 1 biéu dién dudng gradient p suéit trong cot 6ng
khai thac do bom tao ra. Ap sudt do bom gay ra la 4p
sudt cuc bo tai do sau lap dit bom. Hay noi cac khdc,
néng lugng do bom tao ra ddy cot chit luu ti do siu
lap dat di lén bé mit.

Theo phuong trinh Q > 0 néu P; < (P,,y - DP; -DPy)
(1)* thi luu lugng chat Iuu chi khai thic dugc khi diéu
kién trén thoa man.

Nhung trong vong doi mo, ap suit ddy giéng sé giam
dan theo thoi gian t6i khi bt déng thiic (1) doi déu.
Khi d6 can lap dat ESP d€ tang phan ap suét ddy. Khi
dé, ta xt 1i phuong trinh trén trg thanh:

Pyf+ Py — P — APy — AP,

Ap sudt bom sé dugc cong don vao ap sudt day giéng
dé tao thanh ap sudt ddy cot chét luu 1én trén.
Nhung 4p suit bom chi tdc ddng vao luc ddy cot chit
luu. D€ duy tri moét luu lugng bom cén thiét véi sy
giam 4p sudt ¢ ddy giéng cin phai tang dp sudt cla
bom, dong nghia véi viéc ting cong sudt cia bom.
biéu nay sé lam ting chi phi van hanh khai théc, dan
dén khong hiéu qua vé mit kinh té.

Phuong phap Gaslift lién tuc

Mot thanh phén quan trong qua trinh khai thac d6 1a
do gidm dp sudt. Ta c6 thé goi d6 1a VLP. Nhu ta da
biét d6 giam ap sudt trong khai thac dau khi bao gom:
do giam ap sudt do gravity DPg, d¢ gidm ap suit do
ma sat DPf, d0 gidm éap sudt do sy thay d6i van tdc
DPac. Do do, téng su thay d6i ap sudt trong mét don
vi chiéu dai ¢4 thé tinh theo cong thic:

ADPotal = APg + APf +AR, (2)

Duia vao su gidm dp sudt d6, ta c6 thé stt dung phuong
phép GL d€ lam giam sy gidm ap suédt d6 dén mic
t6i uu nhat. GL la phuong phép st dung khi d€ bom
vao dong chét luu trong tubing. Muc dich ctia phuong
phdp nay la ting ti 1é khi long GLR. Viéc ting ti 1é
GLR dan dén gidm dudng gradient 4p suét trong 6ng
khai thac. Diéu nay dong nghia véi viéc ting gia tri
VLP ctia 6ng khai thic bing viéc tic dong vao chit
luu trong 6ng khai théc.

Ciang gi6ng nhu ESP, GL ciing c6 nhiing han ché nhat
dinh trong viéc khai thac. Han ché d6 ta c6 thé dé
dang thdy dugc do la su han ché vé d6 sau van GL.
Thoéng thuong, GL chi dugc st dung trong cac giéng
6 @6 sau tuong d6i nong>°. Véi cac mé ngoai khoi
viing Dong Nam A di chi ra ring viéc st dung GL
trong khai thac bi giéi han béi d¢ sau, dan téi viée san
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lugng khai thdc khong dat yéu cdu. D6i mat véi su
gi6i han d6, ngudi ta khong ngling cai thién thong qua
phuong phap DGL2. DGL dugc xem la phuong phap
néang cdp tit phuong phap GL thong thudng. Bang 1
thé hién két qua khai thic ctia hé théng DGL da lam
tang san lugng khai théc, dong nghia véi viéc su gidi
han cta phuong phip GL truyén thong dugc khic
phuc d€ nang cao hiéu qua khai thac. S6liéu tit Bang 1
cho thiy, vé6i giéng 1 san lugng tang gin 37% va xdp
si 235% d6i véi giéng 2. Tl d6 cho thdy, su cai tién
trong cong nghé 1a can thiét trong viéc duy tri mo dé
nang cao san lugng khai thac ddu khi.

Két hop ESP va Gas lift

Nhu sy phan tich trén cta bai bdo, méi phuong phép
néng nhén tao déu cé nhiing uu diém riéng va kem
theo d6 la nhiing nhugc diém ma ta da phan tich khd
rd rang. Tu d6, mot phuong phap khac dugc dua ra,
d6 chinh 1a két hgp hai phuong phép GL vé6i ESP dé
tao thanh mot hé thdng nang nhan tao. Viéc két hop
hai phuong phap ESP va GL trén da dugc 4p dung tai
mot s6 noi trén thé gisi.®® Nhung bai bao trén da
cho ta théy, san lugng khai théc tang khi ta két hop
hai phuong phép lai v6i nhau. Cu thé mo ngoai khoi
tai Uc® da tang ning suit 1én dén 60% so véi viéc s
dung ESP theo kiéu truyén théng, cic giéng lan can
ciing cai thién tir 40% dén 80%.

PHUONG PHAP NGHIEN CUU

Equivalent depth (Phuong phap d6é sau
tuong duong)

Su két hgp ESP va GL déu nhdm muc dich d6 la tac
dong vao cdt dp sudt thay tinh ctia cft chit luu trong
ong khai thac. Mo6i quan hé gitia ap sudt va do sau
dugc biéu dién dudi dang d6 thi Hinh 2. Trong bai
bdo nay, tac gia da cho gia tri ap sudt tai ddu giéng
la khong d6i. Khi d6, ESP sé lam cho ap suat ting
cuc bo tai mot diém va GL lam giam d6 tdn thit ép
sudt. D6 thi Hinh 2 da thé€ hién 2 dudng gradient,
trong d6 duong thi nhat nét dit la dudng gradient
4p sudt khi chua thiét 1ap hé thong GL c6 g6c d6c nhd
hon duong gradient 4p sut khi da thiét 14p hé thong
GL nét lién. V6i d6 thi & Hinh 3, tac gid da dua ra
mot phuong phép dé la “equivalent depth” Dua vao
phuong phap nay, ky su khai théc c6 thé dédnh gid lgi
ich ctia hé théng. Phuong phédp nay dua trén dp suét
dé dua ra mot do sau tuong duong cé cling ap suit.
Thong thuong, do sau tuong duong dua ra nong hon
dé thiét ké hé thong. Diéu nay ciing ddng nghia véi
viéc 4p sudt yéu cdu nho hon. Dya vao Hinh 3, ta ¢
thé thiy néu ta ding hé théng ning thong thusng chi
sti dung ESP thi ap suét dugc yéu cdu c6 thé rét Ion.
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Hinh 1: Phan b6 ap suét theo d6 sau clia giéng>.
Bang 1: Luu lugng khai thac giita GL thong thudng va Deep Gas lift 2.
Well No Convetional Mode
Gross Net Average Average
(bpd) (bopd) BSW(%) FBHP (%)
1 317 59 80 1500
2 66 53 18 1180
Well No DeepLift Mode
Gross Net Average Average
(bpd) (bopd) BSW (%) FBHP(%)
1 427 95 76 1350
2 221 172 22 880

Nhung néu két hgp véi GL thi 4p sudt cin thiét clia
bom trong giéng sé bing ap sudt yéu ciu bom truyén
thong trii di khodng dp suit AB. Tl d6 ta c6 thé thdy
dugc lgi ich khi két hgp hai phuong phap ESP va GL.

Nodal analysis (Phuong phap phan tich
diém nat)

Trong hé thong khai thac, luu lugng dugc khai thac
dugc xéc dinh tai diém giao nhau cta dudng IPR va
VLP. Dé6i véi viée st dung viéc ndng nhan tao thi ta
c6 thé sti dung phuong phap nay trong viéc tim ra luu
lugng khai thac ctia hé théng. Dua vao dic diém do
la phuong phap GL sé gay anh hudng dén gid tri VLP
1a thay d6i duong VLP trong d6 thi phén tich diém
nut. D6i st dung ESP, tiry thudc vao diém nat thi ESP
lam thay ddi dusng IPR hoac VLP 1. Cu thé khi xét
diém dit tai dau vao cta bom thi gid tri ctia VLP sé
gidm va dudng IPR khong thay déi, ngugc lai khi dat
tai d4u ra ctia bom thi gid tri IPR ting va duong VLP
khong d6i. D€ don gian trong bai todn nay, ta gan sy
dnh hudng ctia GL lam thay d6i gid tri VLP va ESP 1a
thay ddi gid tri IPR trong hé théng, tuong ting la ta sé

dat diém nut phan tich tai dau ra ctia bom.

Su thay d6i dudng IPR phu thudc vao ap sudt tao ra
do hoat dong ctia bom. Dé6i v6i diém nut xét tai dau
ra ctia bom, thi ap suat tao ra do bom lam ting duong
IPR (Hinh 4). Ap suit tao ra do bom phu thuéc vao
cong sudt bom. Khi ap sudt tao ra do bom cang 16n
thi cong sudt bom can ldp dit cang cao. Trong khai
théc, chi st dung mdt bom trong sudt vong doi bom
nén mudn thay ddi céng sudt bom thi nhiing nguoi
ky su chi can thay d6i tan s6 hoat dong bom. Vi vay
mudn thay d6i dp suét yéu cdu tao ra do bom can thay
d6i tan s6 hoat dong bom bang dién thé dau vao. Mdi
quan hé gitia cdng sudt bom va dién thé dau vao dugc
thé hién theo cong thiic (3), (4) 1,

U, =0, (%) (3

HP, =HP, (%) (4)
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THP Pressure—>

Hinh 2: Gradient ap sudt s&t dung ESP truyén théng
va dugc két hop GL”.

Pressure —»

Equivaient depth

Hinh 3: Yéu cau bom khi két hop GL.

POI TUGNG NGHIEN CUU

Giéng X nam ngoai khoi phia nam Viét Nam. Giéng
c6 d6 sdu MD = 1796 m va c6 4p sudt via trung binh 1a
1968 psi. Véi dp sudt trung binh nay thi giéng khong
khai thdc ty nhién bang nang lugng do via tao ra. Vi
vay, ngudi ta da 4p dung phuong phép nang nhan tao
cho giéng nay.

Giéng X thudc cum mo Pong Po6. Giéng khai thac
trong ting Miocene, v6i lugng khi GOR rét thdp va
ap suét di€ém bot khi rat thip vao khoang 92 psi. Boi

Si110

[~~~_IPR+ESP
L VLP = -_ e ﬂ—z Node = P,
® — — ascharge
3 ™~ /
@ PR ~o
VLP - ESP T —~—Node = P,
S
N
Flow Rate

Hinh 4: Anh hudng ctia ESP dén dudng IPRva VLP 1°,

vilugng khi hoa tan trong dau rat thdp nén khéi lugng
riéng cta chét luu khai théc cao, tao nén d¢ giam ap
sudt theo do sau 16n.

Do siu cua giéng khai thac tuong d6i sdu cong voi su
anh hudng ctia tinh chat cua chét luu trong giéng nén
giéng khong thé 4p dung phuong phép ning nhén tao
theo kiéu truyén thong dé khai thic dat hiéu qua kinh
té. Vi vay, nhiing ky su da két hgp hai phuong phap
néng nhén tao dién hinh d6 la phuong phap gas lift
lién tuc va bom dién chim (ESP).

Hinh 5 cho ta thdy chudi thiét bi dugc khai théc trong
long giéng X. Chudi gobm 4 van GL, trong d6 3 van trén
¢6 nhiém vu unloading va van cudi ciing thuc hién
qué trinh bom khi vao 6ng khai thac. ESP dugc thiét
ké & cubi ciing ctia chubi tubing. Ca hai phuong phép
déu dugc dp dung cho giéng nay dé dat dugc hiéu qua
kinh té trong khai thac.

KET QUA VA THAO LUAN.

Equivalent depth (Phuong phap d6 sau
tuong duong)

Dua vao cdng thiic (1) ta dé cap dén, theo ly thuyét
khi ap sudt dau giéng khac 0 thi lugng chat luu trong
giéng méi dugce khai thdc. Nhung trong thuc té, hé
théng khai théc phai yéu ciu ap sudt ddu giéng phai
& mot gia tri nao d6. Nhu trong giéng ta phén tich,
yéu ciu d6 1a gan béng 330 psi va luu lugng khai thac
1423 stb/day. Gia tri trén tuong doi cao, khi d6 hé
théng nang nhan tao sé thiét ké va lap dat dé tic dong
vao cot chit luu trong 6ng khai théac. Hinh 6 thé hién
cac duong gradient ap sudt trong ong khai thic. Véi
mot yéu cau vé ap sudt ddu giéng, khai thac véi mot
luu lugng nhédt dinh. R6 rang véi ap suét trung binh
via thi khong thé khai thac dugc. Duong mau cam thé
hién gradient dp sudt khi ta lap dat ESP. Pudng mau
xanh thé hién dudng gia gradient dp sudt khi khong
13p dit nang nhén tao nhung van khai thac v6i 4p suét
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Hinh 6: Cac dudng gradient ap suat.

dau giéng yéu ciu. Dudng mau cam thé hién gradient
ap sudt khi stt dung phuong phap GL va luu lugng khi
bom giéi han 2 mmscf/day. Khi st dung GL giéng
cing khong thé khai thdc dugc véi dp suit dau giéng
yéu cau. Dua vao do ta thdy, déi véi giéng nay chi
st dung dugc phuong phép ESP thiét 14p cho giéng.
Nhiing yéu cdu vé cong sudt bom dé tao ra ning lugng
tac dong lén cot chat luu bi gidi han. Do d6 khi ta két
hop hai phuong phap nay lai v6i nhau sé c6 mit lgi vé
nang lugng cin cung cip d€ van hanh thiét bi. Piéu
nay co nghia la tao ra sy chénh léch 4p suét bom cén
cung cdp it hon. Lgi ich d6 dugc thé hién rat 16 vé
kich thudc thiét bi, nguon dién, chi phi van hanh....

Duia vao d6 thi hinh s6 6, ta ¢ thé danh gid mat c6 1¢i
vé 4p sudt khi stt dung ning nhan tao véi phuong phép
d0 sau tuong duong. D¢ sau tuong duong la phuong
phép c6 thé dugc dp dung d€ phan tich ap suit theo do
sau khi c6 tac dong tii bén ngoai. Theo phuong phap
nay, tai mot do sau chi ton tai mot gia tri 4p sudt nhat
dinh. Cu théla khi vin hanh GL ta thay gradient ctia
ct ap sudt chit luu trong 6ng khai thac nho hon khi
khong van hanh. Ap suit tao ra do bom trén db thi
Hinh 7 va Hinh 8, dp suét dugc cong véi ap sudt tai
diém do khi chua lap dit bom d€ tao ra ning lugng
d4y cot chit luu trong 6ng. Khi ta két hgp hai phuong
phép ta xdc dinh dugc diém X 13 diém giao nhau gitia
duong gradient 4p sudt theo GL va dudng ting 4p suét

do ESP. T diém giao ta khi ta ké dudng thing ding
v6i d6 bién thién dp sudt bing 0 tai diém A. Pudng
vita ké sé cit dudng gradient chi st dung ESP tai diém
B. Khi d6 ta thdy c6 sy chénh 1éch gitia diém X va diém
B theo phuong thing diing 14 272.48 m. Va tit diém X
ta c¢6 thé tinh sy chénh 1éch ap suét viia xdc dinh véi
4p sudt yéu cau bom ta tim dugc la 389.94 psi. S liéu
nay c6 nghia la khi ta két hgp GL v6i ESP thi yéu cau
vé nang lugng do bom tao ra sé nhd hon nhung vin
dat dugc luu lugng khai thac va dp sudt diu giéng yéu
cau. So véi dp sudt bom tao ra dugc thiét ké ban dau
cén 540.16 psi nhung khi két hgp véi GL thi 4p sudt
yéu ciu cin dugc tao ra la 60.22 psi. Va c6 lgi chiéu
cao muc thay luc la 272.48 m chat luu.

Phuong phép d6 sau tuong duong dugc xiy dung dé
danh gia loi ich khi st dung hé théng ning nhan tao.
Phuong phép nay da danh gid vé mat dong luc hoc ctia
dong luu chit trong dng khai thac do hé thdng nang
nhén tao tdc dong. Hon niia, phuong phdp nay c6 thé
danh gia dugc hé thong véi su thay d6i nhiing yéu t6
lién quan nhu 4p suét via, ap sut ddu giéng, luu lugng
khai théc, va cic thong s6 lién quan dén gradient ap
sudt. D& xay dung phuong phdp nay trong mét diéu
kién cu thé ta bat dau véi dudng gradient ap sudt do
khi ta thiét ké ESP giy ra. Tu dudng gradient phia
trén bom, ta xay dung dudng gia ap suit. Dudng gia
ap sudt 1a duong ma ta gid st v6i ap sudt dau giéng va
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Hinh 5: Chudi tubing khai thac thac trong long
giéng X.
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luu luong thiét ké thi cin mot ap sudt via tuong Gng
d¢€ ta khai thac v6i nang lugng via. Khi do, uing véi
gia ap sudt via nhu trén ta sé thiét ké GL vdi thiét bi
can thiét d€ thiét lap va lugng khi bom giéi han. Boi
vi, khi lugng khi bom di vao cft chat luu sé lam giam
trong lugng riéng ctia cot chét luu trong dng, vi vdy
duong gradient dp sudt do GL tao ra c6 do doc 16n
hon d¢ déc khi chua thiét 1ap. Khi d6, véi mot dong
IPR chéy vao giéng ta c6 thé thiét ké hé thong ning
nhan tao § mét d6 sau ndong hon déng nghia véi viée
ap sudt yéu cdu nho hon.

Nodal analysis (Phuong phap phan tich
diém nat)

bé x4y dung hé théng két hop GL va ESP trong
phuong phap nay ta cin thiét lap riéng tiing phuong
phép. Khi ta thiét ké GL cho hé thong khai théc, ta xac
dinh dugc dudng VLP cta hé thdng. Sy thay déi vé
lugng khi bom ciing gay anh hudng t6i dudng VLP.
Tuong tu, d6i v6i ESP ta ciing xac dinh dugc dudng
IPR cho hé thdng. D3&i véi ESP, su thay d6i tin s6 hoat
dong bom sé lam thay d6i dudng IPR nhung khong
dugc phép vugt qué 60Hz. Bai vi ¢é thé lam gidm
tudi tho bom. Khi ta c6 dugc duong IPR va VLP, giao
hai dudng trén lai ta sé c6 luu lugng khai thac ctia hé
thong.

Do thi Hinh 9 th€ hién diém giao nhau ctia duong IPR
va dudng VLP ctia hé thong khai théc véi sy thay d6i
tan s6 bom tai nhiing luu lugng khi dugc bom khac
nhau. Dya vao d6 thi Hinh 9, ta c6 thé thdy dugc véi
lugng tang tdn s6 hoat dong ctia bom thi gid tri dudng
IPR dugc tang 1én, & cing mot toc do khai thac tdn s6
hoat dong cang cao thi gia tri ting IPR cang 16n. Phu
thudc vao gisi han luu lugng ctia may bom dugc st
dung ma khi luu lugng dong vao 16n hon luu lugng
giéi han bom khi d6 ESP sé khong tac dong 1én gia
tri ctia duong IPR. D6i v6i dusng VLP, luu lugng khi
bom da lam gidm dudng cong hiéu suat dong ra VLP.
Luu lugng khi cang 16n thi 6 gidm 4p sudt ctia duong
VLP trong mot gid tri luu lugng cang 16n. Khi giao cac
dudng IPR va VLP lai v6i nhau ta sé dugc diém hoat
dong t6i uu ctia hé thong khai thac (Bang 2). Dé dang
théy v6i mot luu lugng khi duge bom vao giéng nhit
dinh va tan s6 hoat dong clia bom cang 16n thi luu
lugng khai thac dugc sé cang cao. Tuong tu v6i mot
tan s6 hoat dong bom nhét dinh va luu lugng khi bom
vao cang l6n thi dp sudt thu dugc cang cao.

KET LUAN

Khi stt dung phuong phap Equivalent Depth d€ phan
tich ta da théy r6 dugc su yéu cdu vé€ dp suit bom khi
két hgp ESP va GL sé it hon so véi chi st dung méi
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Hinh 7: Phuong phap d6 sau tuong duong cho giéng theo MD giéng X.
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Hinh 8: Phuong phap d6 sau tuong duong cho giéng theo TVD giéng X.
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Hinh 9: D6 thi IPR va VLP trong giéng két hgp ESP va GL.
Bang 2: Luu lugng khai thac t8i wu chia titng hé théng.
Gas rate injection Operating frequency
40 Hz 45 Hz 50 Hz
Liquid rate Oil rate Liquid rate Oil rate Liquid rate  Oil rate
(MMscf/day) STB/day STB/day STB/day
0 0 0 892 387 1422 617
0.3 1103 479 1419 616 1752 760
0.5 1220 529 1520 660 1852 804
1 1314 570 1611 699 1957 849
1.5 1370 595 1664 722 1995 866
2 1409 611 1704 740 2025 879
Luu lugng khi nang Tén s6 hoat dong
55 Hz 59 Hz
Liquid rate Oil rate Liquid rate Oil rate
(MMscf/day) STB/day STB/day
0 2258 980 2575 1117
0.3 2429 1054 2692 1168
0.5 2493 1082 2736 1188
1 2589 1124 2810 1220
1.5 2623 1138 2844 1234
2 2648 1149 2869 1245
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mot phuong phap ESP. Su bom khi di vao dng khai
théc da lam gidm mat d¢ cta cht luu trong 6ng khai
théc tit d6 gidm dugc d6 gidm 4p suit. Khi ta st dung
phuong phap GL d6 giam 4p sudt doc theo 6ng khai
théc nho hon so v6i khéng st dung GL. Thém vao d6
phuong phap nodal analysis dugc dua ra trong bai bao
nay da chi ra dugc diém khai thic tdi vu cta tiing luu
lugng khi bom ting véi tiing tin s6 bom két hgp. Ung
vGi mot luu lugng khai théc ta ¢6 thé quyét dinh mot
hé thong ning nhan tao ¢4 hiéu qué nhét vé kinh té.
Déi véi viée tang luu lugng khai thac, viéc tang tin s6
hoat dong qué 16n cho bom sé lam giam tudi tho bom.
Vi véy dya vao phuong phép phan tich diém nut bén
trén, ta c6 thé€ d€ bom hoat dong véi tan s6 trung binh
két hgp v6i GL bom khi vé6i luu lugng da tinh dé khai
théc vé6i luu lugng yéu ciu.

DANH MUC CAC TU VIET TAT

GL = Gas lift (phuong phap nang khi).

DGL = Deep Gas lift (Phuong phap ning khi sau).
ESP = Electric submersible pump (Bom dién chim).
IPR = Inflow performance relationship (Hiéu sudt
dong vao).

VLP = Vertical lift performance relationship (Hiéu
suét nang doc / Hiéu suét dong ra (OPR)).

DANH MUC CAC KY HIEU

Q = Total fluid flow rate (Luu lugng chét luu), STB/D
Pt = Wellhead pressure (Ap suét dau giéng), psi
UPwf = Bottom-hole pressure (Ap suét ddu giéng), psi
DPf = Pressure losses due to friction (D¢ gidm ap sudt
do ma sat), psi

DPg = Pressure losses due to gravity (D¢ giam 4p suét
do thé néng), psi

DPa = Pressure losses due to change speed (D¢ giam
ap sudt do thay dd6i 4p sudt), psi.

Pb = Pressure head gain due to ESP (Ap sudt do bom
dién chim), psi

GLR = Gas liquid ratio (Ti 1¢ khi va luu lugng long),
rb/stb.

U = voltages (hiéu dién thé), V.

f = frequency operation (tin s6 hoat dong bom/ tan
s6 dién 4p), Hz.

HP = motor power (céng suidt bom), Hp

XUNG DOT LOI iCH
Nhom tac gia khong c6 bét cti xung dot loi ich véi bat
ky mot ¢4 nhan hay co quan, t8 chtic nao.

DPONG GOP CUA TACGIA

Cac tac gia déu tham gia vao cong viéc thu thap va xu
ly dit liéu, x4y dung mo6 hinh va xt ly két qua, phan
tich két qua, viét bai nghién ctu.
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Combination of electrical submersible pump and gaslift for
offshore wells in Vietnam

Pham Son Tung'"", Tran Dinh Hau', Truong Le Hieu Nghia?

ABSTRACT
Artificial lifting systems have been in use for a long time all over the world. Artificial lifting systems
; act on the fluid column in the tubing to support and push the fluid column to the surface. Through
Use your smartphone to scan this the use of each method separately, we can analyze the advantages and disadvantages, the impacts
QR code and download this article and limitations of each method on the fluid column in the tubing, from which we can design an
artificial lifting system to optimize production. In addition, practical limitations also have negative
effects on the system such as injection pressure and injection gas available causing a restriction on
the production when using GL, or pump horsepower and power supply causes limitations when
using ESP. For those reasons, we can combine the two methods together to create an efficient
production system.
In this study paper, the effects on the fluid column in the tubing are analyzed when combining two
methods, which are the GL method and the ESP method. Each method causes a different effect
on the fluid column. That difference in this paper will be analyzed based on the "equivalent depth"
method, which will represent the pressure points at each position in the tubing when using each
artificial lifting method. In addition, we will use the "nodal analysis" method to find out the actual
product of the production system when using a combination of the two methods. Based on the
analysis of two methods "equivalent depth" and "nodal analysis", it has been proved that it is feasible
and appropriate to combine the two methods GL and ESP for many special production wells that
can be used for specific fields, such as deep wells. The systems of this combination can be used for
wells for long time with respect to the pressure drop over time.
Key words: Electrical Submersible Pump, Gaslift, Equivalent Depth, Nodal Analysis
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