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Tom tat

San luong dau ngoai khoi Viét Nam dugc khai thac chd yéu tir via chita mong Bach Ho, nai ¢d ché do dong chay rat phic tap do su
phan bd khong gian bat dong nhat cla cac thudc tinh vat Iy thach hoc nhu dd rong, d6 tham va do bao hoa nudc. Do d6, phuang phap du
bédo san lugng dau truyén thong dua trén md phong via chiia thudng thiéu chinh xac hodc doi héi nhiéu cong stic va thoi gian dé t6i uu
hoa céc thong s6 thiy dong luc hoc. Su phat trién gén day clia cac thuat toan hoc my (machine learming - ML) sé gidp du doan dugc san
lwgng dau tif luu lugng bom ép nudc cia tiing giéng bom nhanh hon va dang tin cdy hon. Mt khi c6 thé du dodn san lugng dau bing
phuong phap hoc méy, viéc téi uu hda qua trinh bom ép nudc cd thé duac trién khai bang nhiéu thuat todn t6i uu héa khac nhau.

Trong nghién ctiu nay, st dung thuat toan mang neural nhan tao (ANN) da cho két qua tot nhat: hé so tuong quan gitia cac gia tri du
dodn va gid tri thuc té€ lan lugt 1a 0,98 va 0,95 ddi vdi tap di liéu hudn luyén va kiém tra. Sau d6, thudt todn t6i uu Gauss-Newton dugc ap
dung dé tim ra luu lugng bom ép nudc toi wu nhat cho tiing giéng bom nhdm tang sén lugng dau. Két qua cho thdy san lugng dau khai

thac tang trung binh 1,5% khi st dung cac lugc do bom ép mdi dugc ti uu héa.

Tut khéa: T6i uu hoa bom ép nudc, md phdng via chita, mang neural nhén tao, hoc may, mé Bach H.

1. Giéi thiéu

K& tur khi dugc dua vao khai thac téi nay, mé Bach
HS (L6 09-1, bé Cliu Long, ngoai khaoi Viét Nam) da cé
déng gép 16n nhat vao téng san lugng dau clia Viét Nam.
Dong dau dau tién cia mé Bach HS dugc khai thac tir via
chira Miocene vao nam 1986, sau do lan luot tir via chita
Oligocene va méng vao nam 1987 va 1988. San lugng dau
tich Ity dugc khai thac tir da mong bé Clu Long chiém
hon 95% t6ng san lugng dau cta Viét Nam, trong d6
han 90% ti mé Bach HE - con s6 nay bat dau suy giam
ti ndm 2005. TU nam 1996, phuong phap bom ép nuéc
(waterflooding) da dugc trién khai tai mé Bach HS dé duy
tri ap sudt via chua.

Muc tiéu chinh clia bom ép nudc la diéu chinh cac
bién diéu khién (manipulated variables) sao cho téng san
lugng dau dugc t6i da héa. Do d6, lugng dau khai thac
phai dugc du doan dua trén téng lugng nudc bom ép, viéc
-E Ngay nhan bai: 13/6/2025

H Ngay ddnh gid va sita chifa: 13 - 22/6/2025
[w].» E Ngay duyét ddng: 22/6/2025

nay thudng dugc thuc hién thong qua mé phdng via chia
dong luc hoc. Quy trinh bom ép nudc dién hinh gém 2
budc. Buéc thi nhat la du doédn san lugng tucng lai dua
trén két qua khap lich st (history matching) ti mé phong
via chira vdi lugec d6 bom ép nudc hién tai. Budc thi haila
t6i uu héa viéc kiém soét giéng (well control), gém téi uu
hoéa luu lugng bom va lap dat giéng bom mdéi, bang cach
t6i da hoa luu lugng dau (Andrea Capolei va nnk, 2013 [1],
Bjarne Foss va nnk, 2015 [2], Van den Hof va nnk, 2012 [3],
Bjarne Foss va nnk, 2011 [4], J.D. Jansen va nnk, 2014 [5]).
Phuong phap nay xem xét tat ca anh hudng clia cac qua
trinh vat ly va cho phép mo6 phong qua trinh khai thac
thuc té€ nhat c6 thé bang cach giadi cac phuong trinh vi
phan tiing phan (partial differential equations). D6 chinh
xac ctia mé hinh phu thudc vao muc dé phuc tap clia cac
diéu kién dia chét, dugc thé hién qua su phan bé khong
gian cla cac thudc tinh vat ly thach hoc nhu d6 tham, do
bao hoa nudc va dé réng, cling nhu nang luc cta ky su via
chira trong viéc thu thap dit lieu dé xay dung va xéc thuc
moét mo hinh via chida da chinh xac. B&i véi mé hinh mé
phong via chita quy mé I6n hodc phtc tap, mot lan chay
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mo phdng thuan (forward simulation run) c6 thé mat tu vai gi&
dén vai ngay dé hoan thanh (Tailai Wen va nnk, 2014 [6]; Zhenyu
Guo va nnk, 2018 [7]).

Thay vi mé phdng via chira kiéu vat ly, cac ky thuat mé phéng
khong dua trén via chira, nhu mé phdng dudng dong (streamline
simulation) (Khalid Aziz va nnk, 1979 [8], Akhil Datta-Gupta va
nnk, 2007 [9], M.R. Thiele va nnk, 2010 [10]), m0 hinh dién dung
- dién trG (capacitance resistance model - CRM) (Nguyen Anh
Phuong, 2012 [11], Daniel Brent Weber va nnk, 2009 [12], Ali A.
Yousef va nnk, 2006 [13], L.W. Lake va nnk, 2007 [14]) va mé hinh
két noi gilta cac giéng (interwell interconnection model) (Hui
Zhao va nnk, 2016 [15], Zhenyu Guo va nnk, 2018 [7]) c6 thé la
cac phuong phap thay thé nham téi uu héa bom ép nudc. Nhiing
phuong phap nay sé udc tinh tac déng ctia cap giéng bom ép
va giéng khai thac thong qua viéc dao ngugc cac hé sé truyén
dan (transmissibility coefficients) sao cho khép véi san luong thuc
té tai gi€ng khai thac. Viéc trién khai cac phuong phap trén sé
ddy nhanh qué trinh mé phéng bang cach dan giadn hoéa dong
chady, nhung viéc tinh chinh céc théng s6 mé hinh, nhu tinh tham
tucng déi, dd bao hoa nudc ban dau va téng thé tich 16 réng, doi
hoi phai c6 cac chuyén gia giau kinh nghiém dé c6 dugc két qua
tin cay.

Viéc ap dung cac phuong phap tiéu chuan trong giai doan t6i
uu hda bom ép nudc doi héi rat nhiéu né luc. Nhiéu trudng hop
khéng c6 da dit liéu dé xay dung cac mé hinh phuc tap dua trén
vat ly, dac biét doi véi via chita méng. Cac dac trung vat ly thach
hoc nhu @6 réng, @6 tham va d6 bao hoa nudc cuc béd phu thudc
dang ké vao mang ludi nuit né (fracture network) - von rat khé xac
dinh tu di liéu dia chan truyén théng. Do d6, dé c6 dugc mét mod
hinh chdp nhan dugc can phai dua ra nhiéu gia dinh.
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Hinh 1. San iong khai thdc cda bé Ciu Long theo thoi gian.
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Gan day, vai su phat trién ciia phuong phéap
hoc may (ML), nhiéu nghién ctu da ap dung ML
dé du doan san lugng dau, t8i uu héa lugc d6 bom
ép nuéc nham nang cao hiéu qua khai thac. Rui
Zhang va nnk, 2021 [16] da s dung chudi thai gian
da bién (multivariate time series) va phuong phap
hoc may tu héi quy vector (vector autoregressive
ML) dé du bao san lugng dau tai cac via chua
bom ép nudc. Trong nghién clu, cac tac gid da
xac dinh cac giéng bam cé anh hudng dén giéng
khai thac bang cach tinh hé s tuong quan don
gidn gitta luu lugng bom ép va luu lugng khai thac
dau. Mot s6 phuong phap ML khac nhu hoc tang
cudng (reinforcement learning), mang bé nhé dai
han - ngén han (long short-term memory network
- LSTM network) da dugc dé xuat dé téi uu hda
bom ép nudc (Farzad Hourfar va nnk, 2019 [17],
Cuthbert Shang Wui Ng va nnk, 2022 [18]).

Trong nghién ctu nay, nhém tac gia ap dung
quy trinh lam viéc (workflow) ctia Alfarizi va nhiing
ngudi khac (Muhammad Gibran Alfarizi va nnk,
2022 [19]) két hop mang neural nhan tao (ANN) dé
du doan luu lugng khai thac dau va thuat toan téi
uu hda Gauss-Newton nham t6i uu hoa qua trinh
bom ép nudc théng qua téi da héa gia tri hién tai
rong (net present value - NPV).

Nhom nghién cru da thuc hién: i) thu thap s6
liéu vé san lugng dau cua cac giéng khai thac ciing
nhu luu lugng bom ép nudc clia cac giéng bom ép
tai moé Bach Hé; ii) phan tich théng ké trén dir liéu
c6s8n dé chon loc dac trung (feature selection); iii)
téng quan ngédn gon vé cac phuong phap tiép can
ANN cho bai toan hoi quy (regression problem) dé
du doan luu lugng khai thac dau ciia mo dau da
cho ti luu lugng nudc bam ép clia cac giéng bom
hién tai; iv) dé xuat lugc d6 bom ép nudc téi uu
nham nang cao hiéu qua khai thac dau bang thuéat
toan t6i uu héa Gauss-Newton.

2. San lugng dau méng Bach Hé

Via chta mong nut né (fractured basement
reservoir) dugc coi la mot trudng hop dac biét
trong nganh cong nghiép dau khi. Do ché do
dong chay phtc tap, nhiéu nghién ciu da dugc
thuc hién dé cai thién viéc khdp lich st san lugng
dau (oil production history matching). Vi dy, trong
nghién ctu clia Lé Ngoc Son va nnk [20, 21], cac
thong s6 vat ly thach hoc (petrophysical) va via
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Hinh 2. Luu lugng bom ép va luu liong khai thdc ddu tai khu vuc mdng trung tam md Bach H.

chiia nhu d6 réng, dé tham cac thong s6 nén ép da va kich
thudc tang chia nudc (aquifer size) da dugc diéu chinh
bang cach sir dung thuat toan t6i uu héa trong qua trinh
mo phong nham dat dugc két qua khap lich st san lugng
dau tét han. Mot s6 phuong trinh thuc nghiém da dugc
dé xuat cho cac muc dich nay.

Tuy nhién, cac phuong phap hoc may, vén tiép can
muc dich du bao san lugng dau theo mét cach khac, gan
day da dugc st dung va ghi nhan nhiéu thanh cong tu
viéc xem xét tai liéu. Chi dir liéu thuc té vé téng san luong
dau tu cac giéng khai thac va téc dé bom ép nudc ti cac
giéng bam mai dugc xem xét cho viéc khdp va du doan
ti€p theo.

Tai via cha méng Bach Hé, c6 gan 50 giéng bom ép
nudc, tuy nhién tai thai diém nghién cdiu chi cé 8 giéng
dang hoat déng véi luu lugng bom ép dugc thé hién
trong Hinh 2 (truc doc bén phai), ciing véi téng san lugng
dau (truc doc bén trai). Trong Hinh 2, luu lugng bom ép t6i
da khoang 3.000 m3/ngay tai giéng bom ép s6 2, trong khi
giéng bom ép s6 5 mai dugc kich hoat lai véi luu lugng
bom ép trung binh 154,3 m3/ngay va sé khong dugc xem

xét trong t8i uu héa bom ép nudc cling nhu du doan téng
san lugng dau. Do do, chi st dung 7 giéng bom ép nudc
lam céac dac trung dau vao (input features) trong bai toan
hoc may.

Hinh 3 cho thdy cac biéu d6 cap (pair plots) gilia
cac giéng bom va téng san lugng dau, su phan bé va hé
sO tuong quan Pearson gilia cac cap. Hé s6 tuong quan
Pearson chi ra rang 4 gi€ng bam c6 tuong quan nghich
(negatively correlated) v&i téng san lugng dau, trong khi 3
giéng con lai c6 tuang quan thuan (positively correlated).
Diéu nay vé mat théng ké c6 nghia lIa c6 thé sg bo giam
luu lugng bom tir 4 gi€éng bom c6 tuong quan nghich va
tdng t6c d6 bom tu 3 giéng tuong quan thuan dé tang
téng san lugng dau (total oil productivity).

Ngoai ra, cac hé s6 tuong quan khéng di cao dé cho
phép st dung tat ca luu lugng bom ép nudc ti cac giéng
bom ép nay lam déc trung dau vao cho du doan téng san
luong ctia mo6 dau. Sau khi dugc chon, cac dac trung di
liu sé dugc xao tron (shuffled) va chon ngau nhién 80%
cho huan luyén (training) va 20% cho kiém tra (testing).
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3. Thuat toan ANN st dung cho du bao khai thac

Trong nghién cru nay, mé hinh hoi quy (regression
model) sé dugc st dung dé anh xa luu luong bom ép nudc
hién tai tir cac gi€éng bom ép sang téng luu lugng dau.

Theo thong 18, X = {x;}%, € R™% biéu thi tap huan
luyén (training set), trong dé d la s6 luogng giéng bom ép
va n la s6 budc thai gian trong lich sir bom ép. Cot gia tri
muc tiéu (target values) dugc biéu dién dudi dang vector
Y = {y;}1=, € R™L No6i chung, bai toan dat ra la can tim
mot ham xdp xi f(x,8) : X = Y bang cach téi thiéu hoa
ham sai s (loss function) % L(f(x,6),y;) » min®,
trong d6 £ (x, 8) la mé hinh héi quy véi tham s6 mé hinh 6.

- M6 hinh héi quy tuyén tinh

M6 hinh héi quy tuyén tinh dugc dinh nghia la
fl,w) =wTx 4+ wy. D& huan luyén mé hinh nay, viéc toi
thiéu héa ham sai s6 d6i véicachésé wi € R™*1, w, ER sé
dugc thuc hién dé tim ra tham s6 mé hinh t8t nhat, dugc
biéu dién nhu sau:

n
wT,wo] = argmin Z 1(WTxi +wo—v)?+ R(w,a) (1)
i=

WT,Wo

S8 hang diéu chuan (regularization term) R(w, a) sé
loai bd cac hé sé c6 gia tri cao nham tranh hién tugng
khép qua muc (overfitting) va co thé gitp gidm thiéu hé
s6 clia cac dac trung c6 dnh hudng nho dén bién muc tiéu.
Co6 mét s6 loai diéu chuan:

Lasso R(w,a) = a Z?zl |wj| (L1 regularization);
Ridge R(w,a) = « Z?=1 w} (Lz regularization);

Siéu tham s6 (hyperparameter) a lién quan dén diéu
chudn L /L, sé dugc tinh chinh bang cach si dung cac ky
thuat diéu chuén Lasso va Ridge cla thu vién Scikit-learn
cho thir nghiém (Fabian Pedregosa va nnk, 2011) [22].

- Mang neural nhan tao (ANN)
Mé hinh ANN c6 thé dugc biéu dién dudi dang:
F ) = 8, (Wi Sp_1 (.. w 8, (Wyx + by) + by) ...) + b) (2)
Trong do:
61: Ham kich hoat (activation function);
k: S6 16p;
w; € Routixini: Ma tran trong s6 (weight matrix);
bi: Do léch (bias) cho I16p thuri.

Tuong tu mé hinh hoi quy tuyén tinh, viéc téi thiéu
héa ham sai s6 binh phuong (squared loss function) gilra

gia tri tinh toan va gia tri thuc sé dugc thuc hién dé khdp
mo hinh bang cach st dung thuat toan gidm d6 déc ngau
nhién (stochastic gradient descent) hodc phién ban cai
ti€én c6 tén la Adam (Diederik P. Kingma va nnk, 2014 [23])
nhu sau:

1 n_
[Wy, by, oo, Wi, bl = argmin — E ' (f(xi)—yl-)2 (3)
i=1

w1,b1,..Wg, bk n
- Dénh gia mo hinh
Pé udc tinh muc d6 chinh xac ma cdc mé hinh du
doan hoat dong trén toan b tap dir liéu, nhom tac gia da
st dung sai s tuyét doi trung binh (MAE) (mean absolute
error) lam phuong phap chdm diém cho kiém chiing chéo

5 lan (five-folds cross-validation). Chi sé 16i nay dugc dinh
nghia nhu sau:

A I LN
MAE(FCy) =2 ) Ifeo-nl @

Pé danh gia kha ndng 4p dung clia mé hinh trong
thuc té va so sanh véi danh gia cta nha diéu hanh vé
hiéu qua cla viéc bom ép, nhom tac gia da tién hanh thi
nghiém tinh todn nhu sau:

- Chia mau d liéu thanh tap huan luyén (80%) va
tap ki€ém tra (20%) va hudn luyén mét s6 mé hinh da dé
cap G trén véi cac tham s6 mac dinh cho viéc lua chon mo6
hinh;

- Tinh chinh dé t8i uu héa cac tham s6 mé hinh trén
tap di liéu huan luyén. Sau d6, mé hinh sé dugc ap dung
cho tap dir liéu kiém tra d€ xac minh viéc khép qua mdc
(verifying the overfit) trudc khi dugc quyét dinh lua chon.

Két qua du doan ANN trén tap hudn luyén va kiém
tra cta di liéu sau khi xao tron va dugc chon ngau nhién
dugc thé hién trong Hinh 4a. Tai day, du doén trudc 1 ndm
dugc thuc hién bang cach gilr nguyén lugc d6 bom ép cla
nam hién tai, sau d6 nhom tac gid ap dung mé hinh ANN
dé du doan xa hon va hién thi dugi dang dudng cong mau
xanh lam trong Hinh 4a. Du doan nay sé dugc st dung lam
truding hgp ca s& (based case) cho viéc t6i uu hoa luge do
bom ép nudc ti€p theo.

Cac chisd MAE (sai s6 tuyét d6itrung binh) 1a 37.644,24
va 61.160,15 tuong tng cho tap dit liéu huan luyén va tap
dit liéu kiém tra, trong khi hé s6 tuong quan (coefficients)
ctia mé hinh ML gilia cac gia tri dau ra cda tap huan luyén
va kiém tra vGi sén lugng dau thuc té 1an lugt 1a 0,985 va
0,959, nhu thé hién trén Hinh 4b. Hé s6 xac dinh cao cda
m& hinh ANN va sy khac biét khong 16n gitia tap di liéu

DAU KHi - SO 3/2025 17
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hudn luyén va kiém tra cho thdy mé hinh nay
la chap nhan dugc cho viéc du doan va téi uu
héa tiép theo.

4. Téi wu héa bom ép nuéc

Pé t6i uu héa lugc d6 bom ép nudc (water
injection scheme), ham muc tiéu gia tri hién
tai rong (NPV) dugc dinh nghia nhu sau:

NPV = Z(Qo(u)P Qi,WP, QWL(u)PWl)At

(1 + interest rate)D (5)

Trong d6 u la vector tham s6 t6i uu hoa;
Q' la luu lugng bom ép toan mo tai budc thoi
gian i; P la cho gia hodc chi phi; cac chi s6 dusi
0, w va wi lan lugt chi dau, nudc khai thac va
nudc bom ép; n, la tdng s6 budc thai gian.
Trong nghién clu nay, gia dau (P) dugc dat la
90 USD/thung, trong khi cd chi phi nuéc khai
thac (P,) va chi phi nuéc bom ép (P, ) déula 3
USD/thung. Hon nia, tham sé t6i uu héa dugc
st dung & day la téc d6 bom ép toan mé. Do
d0, bai toan t6i uu hoa sé lién quan dén viéc
diéu chinh t6c dd bom ép nudc toan moé trong
vong 12 thang clia nam tiép theo.

Nhiéu thuat toan t6i uu héa c6 thé duagc
st dung dé t6i da héa ham muc tiéu (7) trong
phuong phép diéu chinh ctia nhém tac gia da
mo ta trong Muc 3. Bay thuat toédn t6i uu hoa
truyén théng khac nhau da dugc tich hgp vao
chuong trinh may tinh ctia nhom téac gia gom:
Thuat toadn gidam dé déc dbc nhat (Steepest
descent algorithm) (Roger Fletcher, 1987 [24],
William H. Press va nnk, 1992 [25]); thuat toan
Gauss-Newton (Gauss-Newton algorithm)
(RogerFletcher, 1987 [24], William H. Press va
nnk, 1992 [25]); thuat toan xap xi ngau nhién
xao0 tron dong thai (simultaneous pertubation
stochastic approximation - SPSA algorithm)
(J.C. Spall 1992, 1998 [26, 27]); thuat toan
SIMPLEX (SIMPLEX algorithm) (J.A. Nelder va
nnk, 1965 [28]); thuat toan tap hgp hudng
(Direction set algorithm) Roger Fletcher, 1987
[24]; William H. Press va nnk, 1992 [25]; thuat
toan gradient lién hgp (Conjugate gradient
algorithm) Roger Fletcher, 1987 [24]; William
H. Press va nnk, 1992 [25]; thuat todn ma tran
bién thién (Variable metric algorithm) Roger
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Bdng 1. Luu lugng t6i uu cdc giéng bom ép

Luu lugng dong hién tai
(m*/ngay)

416,8

523,2

703,4
2.009,0
2.005,1
3.007,2

602,7

Giéng bom ép

~N oy W N =

Fletcher, 1987 [24]; William H. Press va nnk, 1992 [25]. Mo
ta chi tiét vé cac thuat toan téi uu hoa liét ké trén day co
thé dugc tim thay trong cac tai liéu tham khao.

D6i vai bai toan cu thé tai mé Bach HE, thuat toan
Gauss-Newton da dugc chon va két qua t6i uu héa dugc
thé hién trong Hinh 5 véi luu lugng bom ép t6i uu dugc
chira trong Bang 1.

Nghién ctiu t8i uu hoéa, dua trén cac thay déi dé xuat
dé6i vai luu lugng bom ép nudc, cho thdy rang trong khi du
doan tuong lai theo luu lugng hién tai (dudng mau xanh
luc) ti€p tuc di xudng, thi luu lugng téi uu hoa (dudng mau
do) da lam chimng lai phan suy giam déc nhat va gilp gia
tang nhe trong du bao san lugng ngan han. Tac déng tich
cuc nay, du nhé, dat dugc nhd phan bé lai nuéc bom ép,
dang chu y nhat la giam 686,2 m*/ngay tai giéng bom ép
s8 7 (c6 kha nang la giéng c6 watercut cao) va chuyén
huéng phan 16n lugng nudc d6 dén giéng bom ép s6 6
(+208,9 m3/ngay), giéng bom ép s6 4 (+126,2 m*/ngay),
va giéng bam ép s6 2 (+97,3 m?/ngay). Viéc diéu chinh luu
lugng bom ép téi uu nay nham muc dich cai thién hiéu
qué quét theo thé tich (volumetric sweep efficiency) bing
cach hudng dong nudc dén cac khu vuc chua dugc quét
trudc day clia via chura, qua dé t6i da hoa lugng dau con
lai c6 thé thu héi.

5. Két luan va kién nghi

Mét quy trinh méi dé t6i uu héa bom ép nudc tai via
chta méng Bach HE da dugc phat trién thanh céng, tich
hgp mang neural nhan tao dé€ du bao san lugng dau véi
thuat toan t6i uu Gauss-Newton nham t6i da héa gia tri
hién tai rong. M6 hinh mang neural nhan tao da chung toé
dugc dé chinh xac du doan chdp nhan dugc, thé hién su
tuong quan cao va sai khac rat nhé gitra san luong thuc té
va san lugng du bao trén ca tap dit liéu huan luyén va tap
di liéu kiém tra.

Lugc d6 bom ép nudc t6i uu hoa thu dugc da cho thay
mot phat hién quan trong: viéc gidm dang ké luu lugng

Luu lwgng t6i uu (m*/ngay) Thay ddi (m*/ngay)

4071 -9,7
620,5 973
752,6 49,2
21353 126,2
2.2140 208,9
2.321,0 -686,2
635,4 32,6

bom tai giéng bom ép s6 7 la yéu t6 chu dao cho dy doan
gia tang téng san lugng dau va nang cao NPV. Diéu cét yéu
la, quy trinh lam viéc dua trén di liéu nay mang lai téc do
tinh toan nhanh hon so véi cac phuong phap mé phong
8 truyén théng. V6i uu diém nhu vay, phuong phap nay
dugc khuyén nghi st dung cho viéc sang loc va phan tich
sa bo, nhung két qua thu dugc can phai dugc xéac thuc
bang danh gia chuyén mén va mé phdng sé day du trudc
khi trién khai thuc t& ngoai mo.

Phuong phap t6i uu héa hiéu qua va thuc tién nay
duoc khuyén nghi dé (ing dung cho céc via chlia méng
tuong tu trong bé Cliu Long, bao gém cac mé Réng, SuTu
Nau, va SuTu Trang.
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AN ARTIFICIAL NEURAL NETWORK APPROACH TO OPTIMIZE THE WATER
FLOODING OF BACH HO OILFIELD, OFFSHORE VIETNAM
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2Institute of Mechanics, Vietnam Academy of Science and Technology (VAST)
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Summary

The predominant oil production offshore Vietnam originates from the Bach Ho basement reservoir, where the flow regime is highly
complicated due to the heterogeneous spatial distribution of petrophysical properties such as porosity, permeability, and water saturation.
Therefore, the conventional reservoir-simulation-based methods for forecasting oil production often yield limited accuracy or require
substantial time and effort to optimize the dynamic parameters. Recent advances in machine learning (ML) algorithms enable more rapid
and accurate prediction of oil production rates from water injection rates at individual injection wells. Once the oil rate prediction is achieved
using ML approach, the waterflooding optimization can then be achieved by any suitable optimization algorithm.

In this research, an artificial neural network (ANN) algorithm is used, yielding very good results: the correlation coefficients between the
predicted and actual values are 0.98 and 0.95 for training and testing datasets, respectively. Subsequently, the Gauss-Newton optimization
algorithm is applied to determine the optimal water injection rates for each injection well, aiming to enhance oil productivity. The results
show that the newly optimized injection schemes yield an average oil production increase of 1.5%.

Key words: Waterflooding optimization, reservoir simulation, artificial neural network, machine learning, Bach Ho oilfield.
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