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Tom tat

Phén tich duong cong suy gidm (DCA) la phén tich su suy giam san lugng hodc ap suat theo thoi gian khai thac, dugc thuc hién bang
cach khdp 1 dudng cong qua cac diém dir liéu lich st véi gia thiét xu hudng nay sé tiép tuc trong tuong lai, tir do dua ra du béo cho giéng.
Dé khac phuc mot s6 bat cap clia phuong phap DCA truyén thdng, nhém tac gia da nghién ciiu dp dung hoc may vao DCA nhdm dua ra du
bao su suy gidm clia ap sudt dau giéng, tir d6 xac dinh thai diém dong giéng va trit luong cta giéng. Ap dung du béo cho 2 giéng véi lich
st khai thac phiic tap do anh hudng ctia ban via bo sung va kiém chiing véi két qua mé hinh dong cho thay két qua du bao tir hoc may 6

d6 tin cdy cao.

Tur khéa: Hoc may, dudng cong suy giam, ap suat dau giéng, du bao, trif lugng.

1. Gi6i thiéu

Dai v6i nha diéu hanh dau khi, phan tich duéng cong
suy giam (decline curve analysis, goi tat la DCA) déng vai
trd khéng thé thiéu trong viéc du bao kha nang khai thac,
san lugng va trir lugng cta giéng. Pay la nhiing thong
tin quan trong gitp nha diéu hanh c6 thé lén ké hoach
van hanh, khai thac, kinh doanh va danh gia trir lugng.
Phan tich DCA truyén théng dugc thuc hién dya trén viéc
st dung 3 dang dudng cong la hyperbolic, harmonic va
exponential dé khdp céc diém dir liéu trong lich s khai
thac. Sau d6, mac dinh 1a xu hudng khai théac sé tiép tuc
trong tuong lai, viéc phan tich DCA sé dua ra du bao vé xu
hudng suy giam san lugng hodc 4p suat cda giéng, ti do
¢6 thé xac dinh dugc thai diém déng giéng va trit lugng
cla giéng. Nhu trong Hinh 1, phan mau den clia dudng
cong suy gidm di qua nhiing diém di liéu mau xanh
tugng trung cho viéc khép lich st khai thac, phan mau do
la két qua du bdo cho tuaong lai.

San lugng va ap suat clia nhiing giéng khai thac dau
(hodc khi) s6m hay muén déu suy giam trong qua trinh
khai thac, cudi cing dan tdi viéc phai déng giéng. Mac du
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da qua nhiéu lan cai tién ké ti mé hinh dugc Arps [1] gidi
thiéu, phan tich DCA van la moét cong viéc phuc tap, doi
hoi nhiéu thai gian va cong stic. Cong ty Diéu hanh Dau
khi Bién Déng (Bien Dong POC) van dang thuc hién DCA
theo phuong phap truyén théng nhung phuong phap
nay cho thdy mét sé bat cap trong qua trinh phan tich,
dac biét la két qua bi anh hudng béi danh gia chd quan
clia ngudi thuc hién. Cling véi su phét trién manh mé clia
tri tué nhan tao trong nhiing nam gan day, nhom tac gia
nhan thay day |a thai diém phu hgp dé tng dung hoc may
vao phan tich DCA.
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Hinh 1. Vi du minh hoa phan tich DCA.
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Nganh c6ng nghiép dau khi gan day da khong con xa
la vai nhiing nghién ctiu vé tng dung hoc may, vi du nhu
trong phan loai thach hoc [2, 3], du bdo tuéng méi trudng
[4, 5], khdp lich st khai thac [6, 7] va bo do luu lugng ao
[8]. Lién quan dén DCA ta c6 thé tim thdy mot vai nghién
cliu néi bat vé du bao san lugng va khad nang khai thac
cla cac giéng dau va khi. Nam 2019, Lee va cac cong su da
st dung mang bd nhd ngan dai (long short-term memory
hay LSTM) dé xay dung mét mé hinh ¢6 khad niang dua
ra du bao san lugng cho mét thang ti€p theo dua trén
dir liéu lich st khai thac cta nhitng thang truéc doé [9].
Nhém tac gia lua chon 315 giéng thudc khu vuc ciu tao
Duvernay, phia Tay Canada, trong d6 c6 15 giéng dugc lua
chon ngau nhién dé thi nghiém mé hinh. D{t liéu ctia 300
giéng con lai dugc st dung cho viéc huan luyén. Két qua
cla 15 giéng cho thay mé hinh ma Lee cling céc céng su
dua ra c6 thé du bao san lugng vai d6 chinh xac cao hon
mo hinh hyperbolic truyén théng. Tuy nhién, mé hinh
trong nghién ctiu nay chi dua ra két qua du bao ngan han
(trong vong 1 thang).

Trong 1 nghién ctu khac, Zhan va cac céng su da
st dung dit liéu tir hon 300 giéng dau phi truyén théng
vGi d liéu lich st khai thac clia tiing giéng 1én t&i 2 nam
nham xay dung 2 mé hinh LSTM, 1 mé hinh dy bao su
suy giam san lugng va mé hinh con lai dy bao san lugng
cdng don [10]. VSi mbi giéng, nhém tac gia chi sir dung
dit liéu khai théac clia 3 thang dau dé hudn luyén mé hinh
va strdung 21 thang con lai cho viéc thir nghiém. Bé khic
phuc khé khan do tich Iy sai s6 trong du bao chudi thoi
gian va md phéng su sut gidam san lugng nhanh choéng
trong nhiing thang dau, ngoai ap suat dau giéng va san
luong dau clia mdi giéng, 12 giéng ¢6 san lugng tuong tu
giéng dang dugc phan tich dugc chon ra ti bd dir liéu va
chuyén d&i thanh cac théng s6 dau vao. Két qua ctia 2 mé
hinh LSTM cho thay du béo la cao déi véi du bao su suy
gidm clia san lugng va thap déi vé6i du bao san luong cong
dén. Do d6, nhém tac gia da két hgp 2 mo hinh nay bang
phuang phap trung binh trong sé dé nang cao do chinh
xac cla két qua du bao.

Trong 1 nghién ctu khac cling lién quan tng dung
clia hoc may trong DCA, Han va cac cong sy da st dung 3
m& hinh hoc gidm sat khac nhau bao gém random forest
(RF), gradient boosting machine (GRM) va support vector
machine (SVM) [11]. Nhém téc gid da st dung dit liéu thu
thap dugc tir 129 giéng khi kho khoan ngang trong khu
vuc bén triing Eagle Ford, bang Texas, Hoa Ky, bao gém
cac théng s6 hoan thién giéng va théng s6 via dé du bao
san lugng khi cong dén sau 36 thang. Phan tich muc d6
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anh huéng cla cac thong s6 va ky thuat kiém tra chéo da
dugc ap dung dé tranh hién tugng qua khép. Trong ca 3
mo& hinh, 80% lugng d( liéu dugc st dung cho viéc huan
luyén, 20% con lai dugc st dung dé kiém tra dé chinh xéac
ctia mé hinh. Két qua du béo tir cd 3 mé hinh dugc so sanh
VGi thuc té va cho thay rang mé hinh RF cho két qua du
bao chinh xac nhat.

Nhin chung, cdc m6 hinh dugc xay dung trong nhiing
nghién ctu noéi trén déu c6 han ché 1a khong thé phan
anh dugc cac thay déi dot ngot trong qua trinh khai thac.
Viéc khong khap duagc lich st khai thac sé lam giam do tin
cay cla két qua du bao. Trong nghién ctu nay, nhom tac
gia dat muc tiéu khac phuc han ché nai trén, tir d6 dua
ra du bao vé ap suat dau giéng va tri lugng co6 dé tin cay
cao haon.

2. Phuong phap nghién citu

Tai budc dau tién ctia nghién cidu, bo di liéu cho tling
giéng sau khi dugc trich xuat tor nén tang luu tri di liéu
clia Bien Dong POC sé dugc phan tich va sang loc ki luéng.
B6 dir liéu hoan chinh clia ting giéng sé dugc chia ty 1é
phu hgp dé sit dung trong khau huén luyén/thd nghiém
c6ng cu hoc may. Sau khi hoan thanh viéc chudn bi dir liéu,
nhom tac gia sé tién hanh danh gia, tht nghiém mot s6
thuat toan cé thé st dung dé xay dung céng cu hoc may,
tir dé chon ra thuat toan téi uu. Cudi cung, céng cu hoc
may sé dugc st dung d€ du bado su suy gidm cula ap suat
dau giéng, nhdm xac dinh thai diém dong giéng va trir
lugng clia giéng. Bai bao nay la mot phan két qua nghién
ctu clia dé tai cdp Nha nudc dé nang cao hiéu qua quan ly,
khai thac mo khi - condensate Hai Thach - Méc Tinh [12].

Cong cu hoc may trong nghién cdu nay dugc xay
dung dé thuc hién 2 nhiém vu. Nhiém vu dau tién 1a dua
ra mot dudng cong suy giam di qua cac diém trong lich
sU khai thac. Sau khi da khép dugc di liéu lich s, nhiém
vu thd hai cdia cong cu hoc mdy la du bdo xu huéng suy
giam cua ap suat dau giéng trong tuong lai, trong diéu
kién san Iuong khi khdng ddi, tir dé dua ra dugc thoi
diém doéng giéng - 1a thai diém 4p suat dau giéng cham

Xay dung cong cu Al
+
Hudn luyén cong cy Al
+
Khdp lich st bang cong cu Al
+

Dy bdo dp sudt dau giéng

Hinh 2. Luu d6 cdc budc trong phuang phdp nghién ciu.
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Két qua huan luyén/th{f nghiém
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Hinh 3. Két qua hudin luyén va kiém tra cho thudt todn XGBoost trén giéng HT-F con nhiéu han ché.
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Hinh 4. Két qud hudn luyén va kiém tra cho thudt todn hoi quy tuyén tinh trén giéng HT-F
con nhiéu han ché.
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Hinh 5. Két qud hudn luyén va kiém tra cho thudt todn hoi quy da thiic trén giéng HT-F con
nhiéu han ché.
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Hinh 6. Lich st khai thdc giéng HT-A.

ngudng téi thiéu. Vé phia ddi tugng nghién cuu,
nhom tac gia lua chon 2 giéng khi condensate tiéu
biéu véi lich s khai thac c6 su thay d6i dot ngdt do
bdn mé via b8 sung.

2.1. Chudn bi dit liéu

B6 dirliéu dugc str dung la lich st khai thac cta 2
giéng dugc chon, bao gom: dir liéu ngay/thang/nam,
s6 gid M3 giéng trong 1 ngay (uptime), san lugng khi,
d6 mé& giéng (choke size), p suat dau giéng (WHP).
Dé bo dit liéu c6 tinh dai dién cao, nhém tac gia chi
st dung nhing diém dit liéu khai thac ¢ 24 gid mé
giéng trong 1 ngay.

2.2. Xay dung c6ng cu hoc mdy

Trong giai doan dau, moét sé thuat toan dugc
st dung dé xay dung céng cu hoc may bao gém
mang LSTM, extreme gradient boosting (XGBoost),
hoi quy tuyén tinh (linear regression), héi quy da
thiic (polynomial regression) va héi quy tiing doan
(piecewise regressor). Cac thuat toan XGBoost, héi
quy tuyén tinh va héi quy da thic cho két qua khap
lich st ¢ nhiéu sai s6, dac biét tai nhimng diém thay
déi dot ngot trong xu hudng suy gidm ap suat do
giéng dugc bén via b sung (Hinh 3 - 5). Mang LSTM
cho két qua khap lich s khai thac rat t6t nhung
khéng c6 khad nang du bdo trong tuong lai xa. Vdi
thuat toan hoi quy tiing doan, nguyén tac cda thuat
toan nay la dung thuat toan cay hoi quy (decision tree
regressor) dé chia nhom cac d liéu (bucketization)
va thuat toan héi quy tuyén tinh dé€ tim xu hudng
cho tling nhém. V&i nguyén ly hoat déng nay, thuat
todn sé xt ly tét cac bo dit liéu c6 nhiéu xu hudng
khac nhau. Nghién ctu vé (ng dung clia thuat toan
h6i quy tiing doan c6 thé dugc tim thay trong nhiéu
chu dé lién quan dén moi mat clia doi séng. Mot
nghién ctu dang chd y la nghién ctu cGia Al-Azzeh
va cac cdng su, xuat ban nam 2022 vé phuong phap
Ung dung thuat toan hoi quy tung doan vao viéc
tang d6 chinh xac cdia nhitng mé hinh toan hoc [13].

2.3. Hudin luyén céng cu hoc mdy

Nham phuc vu viéc hudn luyén céng cu hoc may,
nhom tac gid st dung nhing di liéu dau vao la lich
st khai thac cta cac giéng dugc chon, véi tan suat
la 1 diém di liéu mdi ngay. DU liéu ngay/thang/nam
dugc chuyén vé dang datediff (s6 ngay tinh tir diém
d@ liéu dau tién). D liéu dau vao clia cac giéng sé
dugc chia thanh tap hudn luyén va tap kiém tra theo
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ty & 50:50, tinh tU th&i diém ap suat dau giéng
thay d8i dot ngét do anh huéng clia ban via bg
sung. Trong sudt qua trinh huan luyén, sai sé gilra
ap suat dau gi€ng dugc mé hinh du bao va ap suat
dau giéng thuc té sé dugc tinh toan dé kiém tra
tinh chinh xac ctia mé hinh. Sai s6 nay la co s& dé
chon Iua mé hinh t6i uu nhat dung dé€ du bao xu
hudng clia &p suat dau giéng.

2.4. Sirdung céng cu hoc mdy dé du bdo

DPé du bao thai diém &p suat dau giéng cham
ngudng gidi han, toan bé di liéu lich s khai thac
dugc st dung thay vi chia ty Ié 50:50 nhu & budc
huan luyén. Céng cu hoc may sé dugc huan luyén
lai mot 1an nita trén bo dit liéu mai nay nham tang
tinh chinh xac cta dy bao. Sai s6 trong qua trinh
nay van sé dugc tinh toan dé lam cg s& chon lua
mo hinh dung cho dy béo vé sau. V6i dit liéu dau
vao cho qua trinh dy bao, di liéu datediff trong
tuong lai sé dugc tang dan theo tiing ngay trong
khi san luong khi va d6 ma giéng sé dugc gilr
nguyén theo ngay gan nhat c6 sé liéu. Cudi cling,
mo6 hinh t8i uu nhat sé dugc st dung dé du bao
xu huéng suy giam clia ap suat dau giéng trong
tuong lai. Trong pham vi nghién cdu, céng cu hoc
may sé dugc ap dung cho 2 giéng la HT-A va HT-F
dé dua ra du bao vé xu hudng suy gidam ap suét
dau giéng, tir d6 du bao thoi diém déng giéng va
trit lugng tai thai diém déng giéng.

3. Két qua nghién ciu
3.1. Két qua cho giéng HT-A

HT-A bat dau khai thac vao Quy 11/2014, san
lugng ban dau cla giéng rat tét, dat 50 triéu ft3/
ngay va ap suat dau giéng xap xi 7.000 psia. Tuy
nhién, sau 4 nam khai thac, ap suat dau giéng
gidm manh xuéng duéi 2.000 psia vGi san lugng
cla giéng dao ddng trén dudi 10 triéu ft>/ngay.
Giéng HT-A dugc ban via b6 sung vao Quy 111/2018,
tuang ung vai datediff khoang 1.600. K&t qua sau
khi ban via bé sung cho thay, véi cing mot dé mé
giéng la 20%, ap suat dau giéng tang ti khoang
2.000 psia lén gan 5.000 psia va di theo mét xu
huéng suy gidm méi (Hinh 6). Ngoai ra, sdn lugng
khi tir khoang 10 triéu ft3/ngay tang lén khoang 18
triéu ft3/ngay.

Két qua huan luyén va kiém tra cho thdy mé
hinh hoc méy khép di liéu lich st ap suat dau
giéng cla giéng HT-A rat t6t (Hinh 7). Hién tugng
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Hinh 7. Két qud hudn luyén va kiém tra cong cu hoc mdy cho giéng HT-A.
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ap sudt dau giéng thay déi dot ngét do
bédn via b8 sung cling dugc khép bai
m& hinh hoc may.

Theo két qua du béo tur cong cu
hoc may (Hinh 8), v&i muic khai thac 6n
dinh 18 triéu ft*/ngay thi giéng HT-A c6
thé khai thac dén Quy 1V/2027. M6 hinh
déng cho két qua du bao vé thai diém
dong giéng HT-A la Quy 1V/2026, sém
hon 1 nam so véi két qua ctia mo hinh
tur cong cu hoc may. Nguyén nhan dan
t&i su chénh léch la do trong khoang 1
nam cudi cda lich s khai thac, ap suat
dau giéng ti mo6 hinh déng thap hon
dir liéu thuc té trong khi mé hinh hoc
may da khép dugc dir liéu cta toan bo
lich st. Chinh su chénh léch trong viéc
khép lich st khai thac dan t6i chénh
léch gitta két qua duy bao suy giam ap
sudt ctia 2 md hinh va két qua du bao
tU cong cu hoc may la dang tin cay hon.
Tr(t lugng giéng HT-A sé dat khoang 72
ty ft? tai thoi diém déng giéng vao Quy
IV/2027.

3.2. Két qud cho giéng HT-F

Tai thoi diém bat dau khai thac
vao Quy 11/2015, &p suat dau giéng cua
giéng HT-F dat muc trén 7.000 psia va
giam xudéng dudi 4.000 psia sau gan 4
nam khai thac. D& cai thién kha ning
khai thac, giéng HT-F dugc ban via bd
sung vao Quy 1/2019, Uing véi datediff
khoédng 1.400. Sau khi ban via bé sung,
ap sudt dau giéng tang lén gan 7.000
psia va sau dé suy gidm theo moét xu
hudng mdéi khac hoan toan véi trudc
khi ban via. Bén canh d6, san lugng khi
cGng dugc cai thién tur khoang 20 triéu
ft*/ngay lén khoang 25 triéu ft3/ngay
(Hinh 9).

Tuong tu giéng HT-A, mé hinh hoc
may da thanh céng trong viéc khép lich
sttkhai thac chia giéng HT-F, bao gém ca
giai doan ap suat thay déi dot ngot do
bén via b sung (Hinh 10).

Ap suat dau giéng clia HT-F theo du

Ap suét dau giéng (psia)

S6 diém S6 diém

Ap suat (psia)

8.000,

— Ap suét dau giéng

7.000

5,000
4000 |

||

3.000 }
2.000

1.000

225

6.000 m\*\ M

500 1.000

—— Sanlugng khi | 70
=== D) m@ giéng *0,1

{60

v
o

;
o

N
o

%
e
—i?'
pr
San lugng khi (triéu f/ngay)
D6 md giéng *0,1 (%)

1.500 2.000
S6 ngay

2.500

Hinh 9. Lich sit khai thdc giéng HT-F.
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Hinh 10. Két qud hudn luyén va kiém tra céng cu hoc mdy cho giéng HT-F
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Két qua du bao &p sudt suy giam
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Hinh 11. Két qud du bdo dp sudt ddu giéng cda HT-F.

bdo bang thuat toan héi quy tiing doan sé cham nguéng khai thac
t6i thiéu vao thai diém Quy 11/2027 néu nhu tiép tuc khai thac véi san
lugng khéng déi la 25 triéu ft3/ngay (Hinh 11). Khac véi giéng HT-A,
xuyén suét giai doan lich s khai thac va giai doan du bao clia giéng
HT-F, c6 thé thdy dugc su tuong déng gitta mé hinh hoc may va mé
hinh @6ng. Do d6 két qua tir 2 moé hinh nay déu c6 dé tin cay cao. Trir
lugng clia HT-F tai thoi diém déong giéng dat khoang 100 ty ft3.

4.Két luan

Trong nghién ctu nay, nhém tac gia da ap dung hoc may dé thuc
hién phan tich dudng cong suy giam. M6 hinh hoc mdy da thanh
cdbng trong viéc dua ra dudng cong suy giam ap suat khdp vai toan
b6 dit liéu lich st bao gém ca nhiing giai doan thay d&i dot ngét do
bédn via b6 sung. Hon thé nira, cong cu hoc may ciing dua ra dugc
du béo hop ly vé thai diém déng giéng cla nhing giéng dugc chon,
dugc thé hién qua kiém chiing véi két qud mé hinh déng.
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APPLICATION OF MACHINE LEARNING TO DECLINE CURVE ANALY SIS
(DCA) FOR GAS-CONDENSATE PRODUCTION WELLS WITH COMPLEX
PRODUCTION HISTORY DUE TO ADD-ON PERFORATION OF NEW

RESERVOIRS

Ngo Huu Hai, Pham Hoang Duy, Nguyen Ngoc Tan, Hoang Ky Son, Tran Ngoc Trung, Tran Vu Tung

Bien Dong Petroleum Operating Company (Bien Dong POC)
Email: sonhk@biendongpoc.vn

Summary

For every oil and gas operator, DCA plays an essential role since it provides crucial information for production planning and reserves
estimation. DCA is the analysis of the decline in production rate or pressure over time, which can be done by fitting a curve through
production or pressure historical data points and making a forecast for the well based on the assumption that the same declining trend
will continue in the future. However, the conventional DCA method has been shown to have some limitations. On the other hand, machine
learning has been vigorously and extensively researched in the last decade; its applications can be found in every aspect of life as well
as in the oil and gas industry. Therefore, it is the ideal time to study the application of machine learning to DCA, to complement this
important analysis. In this case study, machine learning was used to predict the decline of wellhead pressure, thereby determining well
life as well as estimating reserves. The method was applied to 2 wells with very complex production histories due to add-on perforation
of new reservoirs. The prediction was verified to have high reliability by comparison with dynamic modeling results.

Key words: Machine learning, decline curve analysis, wellhead pressure, production forecast, reserves.
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