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Hydrocarbon production forecasting for the field lifetime in the short
and long term is an important phase, the accuracy of this process plays
a tremendous role in giving the decision of reasonable field
management and development. In this article, the logistic growth
models using the function MATLAB’s ‘nlinfit’ have been built to forecast

Ke ds:
Hz:(; or riatchin rOCesS oil production yield for the Oligocene C sequence, X field, Cuu Long basin.
Logis:iyc arowth ;‘gn I()) del ’ Thanks to the combination with the history matching process, the

logistic growth model expressed high accuracy, the results of the model
are very close to the actual production data with a relative error of
1,85%. The article analyzed and evaluated the production parameters
of wells obtained when building logistic growth models such as the time
at which half of the carrying capacity has been produced, the steepness
of the decline of the rate, and the production rate of the wells at the
forecast time. Without applying any improved oil recovery method, the
decline of the rate of all wells approaches 100 bbl/d before reaching the
validity period of the oil and gas contract. This is the basis for operators
to establish and improve field development plans.

Production forecasting.
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Dw bdo sdn lwong khai thdc ctia cdc giéng khai thdc trong ngdn han va dai
han la mét céng tdc quan trong, sw chinh xdc ctia cong tdc dw bdo co y nghia
to Ién trong cdc quyét dinh qudn ly va phdt trién khai thdc mé hop Iy trong
twong lai. Trong nghién ctru nay, nhom tdc gia xdy dung mé hinh tdng
trwdng logistic str dung ham nlinfit trén phdn mém Matlab dé dw bdo sdn
Iwong khai thdc ddu doi vdi cdc giéng khai thdc trong tdng chira Oligoxen C
thwe nghiém tai mét mé thudc bé Ciru Long. Qua qud trinh khép lich stk khai
thdc cho thdy, str dung mé hinh tdng trudng logistic c6 do tin cdy cao, két
qud ctia mé hinh rdt sdt vai di liéu khai thdc thuc té vai sai so twong doi la
1,85%. Bai bdo phdn tich, ddnh gid cdc théng s6 ctia giéng khai thdc thu dworc
khi xdy dwng mé hinh tdng truéng logistic nhw: thoi diém giéng khai thdc
dwoc mét niva trie long co thé thu hoi cudi cung, toc do suy gidm lwu lrong
trong sudt qud trinh khai thdc, lwu lwong cia cdc giéng khai thdc tai thoi
diém dw bdo. Két qud dw bdo cho thdy cdc giéng déu cd lwu luong suy gidm
t&i 100 thung/ngay trwéc thoi han cta hop dong ddu khi néu khdng cé cdc
bién phdp tdc dong dé tding lwu lwong khai thdc. Pdy la co sé gitip nha diéu
hanh Idp va trién khai cdc phwong dn phdt trién mo.

© 2022 Trwong Pai hoc M6 - Bia chit. Tt ca cac quyén dwoc bdo dam.

1.M¢& dau

la cdc mo hinh thwc nghiém truyén thong Arps
(Arps, 1945). Tuy nhién, qua nhiéu nghién ctru da

Mot giai doan quan trong trong ky thuat via
dAau khi 1a viéc dw bao khai thac dau khi chinh xac
va dang tin ciy. Hién nay, phwong phap phé bién
nhat trong dw bio khai thac thwong duoc str dung
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dwa ra két ludn khong cé bat c mé hinh nao cé
thé ap dung cho tat ca cic giéng khai thac trén thé
gi¢i (Nguyén va L&, 2019). V6i sw nghién ciru
thong ké san lwong khai thac (SLKT) diu hang
nam trong moi lién hé véi quy luét ting trudng
theo mo hinh logistic, bat dau tir Hubbert, wérc tinh
tai nguyén va du bao san lwgng dau khi da nhiéu
l4n dworc thywc hién thong qua viéc st dung cac
dwong cong ting truwdng logistic (Laherrefre,
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2000; 2002; 2004; Campbell and Heapes, 2008;
Mohr and Evans, 2008). Trong nghién ctru nay,
nhom tac gia da nghién cru st dung ham nlinfit
dworc tich hop trong bd cong cu ctia Matlab dé xay
dung mo6 hinh tang trwdng logistic du bao khai
thac dau cho tAng chira Oligoxen C, mo X tai bé Ctru
Long.

2. Co s& ly thuyét vé md hinh ting trwdéng
logictic

2.1. Phworng trinh logistic

C6 nhiéu mé hinh mé phong sy ting trwdng
cta cac hé thong sinh hoc da dwgc nghién ctru
(Tsoularis va Wallace, 2002). Cac m6 hinh ham
mii c6 thé phan 4nh ding thuc té trong ngan han,
tuy nhién mo hinh sé khong chinh xac néu str dung
trong thoi gian dai vi sw tang truedng theo cip so
nhan (ham mii) khong thé tiép tuc mai. Vi du, mot
néng din cham chi gieo 2 hat mam vao ngay dau
tién va dy dinh ting gip d6i s6 hat mdm ma anh ta
gieo mdi ngdy trong mot thang. Dén cudi thang, s6
hat mdm ma anh 4y sé phai gieo la hon 1 ty hat
mam - mot diéu phi thuc té. D€ dwa ra nhitng
phéan tich va dw bdo phu hop véi nhiéu bai toan
thuc t€, mot mo6 hinh ham mii phai bat dau dat dén
mot gia tri gi¢i han va sau d6 toc do ting trudng
budc phai cham lai. Vi Iy do nay, mé hinh c6 gioi
han trén - mo hinh tang trudng logistic dworc st
dung, thay vi md hinh ting truwdng theo cip s6
nhan. Tang trwdng logistic mang mot s6 diém
twong dong véi tang tredng theo cip s6 nhin: &
giai doan ban dau tang trwdng x4p xi theo cip s6
nhan, nhung thay vi tdng ma khong bi rang budc,
khi bat dau bao hoa, téc do ting trwdng sé cham
lai thanh tuyén tinh, & giai doan cudi, toc do ting
truedng sé dirng lai va mo hinh sé tiém can mot gia
tri hiru han.

Phuwong trinh tang trwdng logistic da dwoc
cong bd lan dau tién vao nam 1838 bdi nha toan
hoc va nhan ching hoc nguai Bi P.F. Verhulst dé
mo ta sw tang trudng tw gidi han cda din s6 trong
sinh hoc (Verhulst, 1838). Sau dd, phwong trinh
logistic dd dwoc str dung d€ mo hinh héa nhiéu hé
thong sinh hoc da dang. Ngoai ra, cling c6 nhirng
trng dung cia phwong trinh logistic bén ngoai linh
vie sinh hoc nhw mo ta sy tham nhap thi treong
ctia nhiéu san pham va cong nghé mai; mo ta cudc
cach mang cong nghiép v&i sw chuyén dai ti 16 lwc
lwvong lao dong trong nong nghiép va cong

nghiép,... Phwong trinh ting trudng logistic tong
quat dwgc dwa ra bdi Tsoularis va Wallace (2002)
c6 dang:

Y
av _  all (NP
E—KN[I(J] o)

Trong d6: a, B,y - cac hé s6 mi; N - dan s6; t -
thoi gian; r - ty lé tang trwdng; K - gia tri nguong
ma dan so dat dworc (carrying capacity).

2.2. M6 hinh logistic trong dw bdo khai thdc ddu
khi

M6 hinh logistic 1a nhitng mé hinh toan hoc
thwc nghiém rit linh hoat va da dwgc st dung dé
mo hinh héa nhiéu xu hwéng trong nhiéu linh vuc
thuec té. Trong linh vuc dau khi, [an d4u tién Gng
dung mo hinh logistic dwoc dwa ra béi Hubbert
(1956). Khi phan tich théng ké san lwong khai thac
than va dau khi hang nam cida cac bang tai My va
clia toan thé gi¢i, Hubbert nhan thiy rang viéc
khai thac cac nguon nhién liéu hoa thach hiru han
sé tuan theo mo hinh tang truwdng logistic, twong
tw nhw quy luit gia ting din s6. Ban dau, san
lwong ting tir tir khi cac giéng dau tién dwoc
khoan, sau do6 tang theo cip s6 nhan dat mirc toi
da va sau dé gidm xudng. San lwong dau khai thac
tich liiy la mot ham cuda thoi gian:

Qr) = dmax (2)

1+a.ebt

Trong do: Q(t)- san lwong dau khai thac tich
liy (thung); Qmax - trit lwong dau cé thé thu hoi
cudi ciing (thing); a va b - cac hang s6 (Sorrell va
Speirs, 2014).

Sau d6, mo hinh Hubbert thwong dwoc st
dung dé dw bao mirc dinh san lwgng khai thac dau
ctia khu vuee va thé gi¢i (Hubbert, 1982; Juvkam-
Wold, 2009; Campbell, 1997; Nashawi va nnk,
2010).

b€ dw biao khai thac cho cac giéng dau khi
riéng 1é, sau khi phan tich thuc nghiém md6 hinh
tang trwdng logistic dwoc dé xuat cé dang:

Q) = (3)

Trong dé: Q(t)- san lwong khai thac dau hodc
khi tich ldy (thung); K - gia tri ngwong (thung); a -
hang s6; n - hé s6 mi; t - thoi gian khai thac (ngay).

LAy dao ham theo thoi gian ctia phwong trinh
(2) sé cbé cong thirc tinh lwu lwgng khai thac
(LLKT) dau hodc khi:

K.t"
a+th
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n-1
q0) = =" “)

Trong d6: q - lwu lwgng khai thac (thung/
ngay).

Phwong trinh (4) la tredng hop dac biét cua
phwong trinh ting trwdng logistic tong quat (1)

1
véi r=n.(§)ﬁ; a= 1—%; B=1Lvay= 1+%
(Clark va nnk., 2011). M6 hinh nay khac véi mo
hinh Hubbert & chd né dwoc st dung dé dw bao
san lwong cho mot giéng riéng 1€.

K - gia tri ngwdng, 1a tdng lwong dau hodc khi
c6 thé thu héi tir via ma khoéng phu thudc vao cac
yéu t6 thoi gian hodc kinh té. K ¢ ¥ nghia nhw la
trit lwong c6 thé thu héi cudi cung clia giéng
(estimated ultimate recovery - EUR) néu khong
tinh dén cac gi¢i han kinh té. San lwgng khai thac
tich Ity (SLKTTL) cudi cung sé tiém cin K, khi luvu
lwong khai thac cta giéng tién téi 0. Can lwu y
rang, néu du bao khai thac trong dai han thi gia tri
t&i han K wéce tinh theo mo hinh sé luén cao hon
EUR, do trong thuec té cic giéng sé khong thé khai
thac dén lic can kiét ma ludn bi rang budc bai yéu
to kinh té.

Gia tri hé s6 mii n phdn anh trang thai suy
gidm lwu lwgng khai thac. Gia tri hé s6 mii n cang
16m thi giéng sé c6 toc do suy giam lvu lwgng 6n
dinh, ngworc lai, gia tri hé s6 mii n nho phan anh toc
dd suy giam & lwu lwong cao trong khoang thoi
gian ngan ban du, sau dé 6n dinh & lwu lwong
khai thac nhd. Néu n>1, md hinh sé c6 diém udn,
tirc 12 lwu lwgng sé ting & giai doan ngan ban dau,
sau d6 méi suy gidm. Ngwoc lai, néu n<1 thi lvu
lwong cta giéng dat dinh & thoi diém bt dau khai
thac va giam dan theo thoi gian.

Khi t® — a, dé dang nhan thdy md hinh
logistic dat d&n mot nira gia tri t&i han:

Kt" K

=3 (5)

1
tnosqg a+t™ 2

Nhu vay, hé s a bang lily thira bac n cda thoi
gian t ma tai thoi diém d6 mot niva gia tri triv
lwong téi han sé dworc khai thac. Gi tri a cang thip
thi cang nhanh chéng khai thac dwgc mot niva triv
lwong c6 thé thu héi, Ivu lwong ban diu cia giéng
cao, nhuwng sau dé sé giam manh va mot ntra trir
lwong c6 thé thu hoi con lai sé dwoc tiép tuc khai
thac trong khoang thoi gian dai hon rit nhiéu.
Nguworc lai, néu gia tri a cao sé phan anh lvu lwong
khai thac 6n dinh cta giéng khai thac trong suét
qua trinh khai thac.

3.Két qua va thao luin

3.1. Théng s6 ddu vao

Théng s6 dau vao 1a dir liéu lich st khai thac
tAng chira Oligoxen C cta 4 giéng khai thac mo X,
bé Ctru Long.

Dit liéu khai thac ctia cac giéng khai thac dwoc
cap nhat dén ngay 31 thang 12 nam 2019. Giéng A
duwoc dwa vao khai thac thir dai han bat dau tir
thang 6 nam 2014, sau 67 thang khai thac Iwu
lwong cua giéng 1a 90 thung/ngay va san lugng
dau khai thac tich liy la 1.192 nghin thung. Giéng
B dwoc dwa vao khai thac tir thdng 8 nam 2017,
sau 29 thang khai thac lwu lwong cta giéng la 454
thling/ngay va san lwgng dau khai thac tich liy
tinh 1a 816 nghin thung. Giéng C dwgc dwa vao
khai thac tir thang 7 nam 2018, sau 18 thang khai
thac lwu lwgng cua giéng la 597 thling/ngay, san
lwong dau khai thac tich lily tinh 1a 798 nghin
thiing. Giéng D dworc dwa vao khai thac tir thang 8
nam 2018, sau 16 thang khai thac Iwu lwong cda
giéng van rat cao, dat 1.319 thung/ngay, san
lwong dau khai thac tich liy 1a 811 nghin thung.
Hinh 1 chi ra rang, hién tai lwu lwong khai thac cta
giéng khai thac D chiém wu thé khi khai thac trong
tang chira Oligoxen C. Lwu lwong cua giéng A hién
da kha thip, chi dat 90 thung/ngay nén giéng sé
sém bi dong vi hiéu qua kinh t€ thip.

3.2. Xdy duwng mé hinh tdang trwéng logistic

Nhoém tac gia da xay dung mo hinh logistic
cho mdi giéng khai thac, str dung phwong phap hoi
quy phi tuyén (nonlinear regression) bang cach
ng dung ham nlinfit trong Matlab.

Cac bién dir liéu c6 thé dwoc nhap vao tir file
excel, va dwoc biéu dién dwédi dang ma tran cé kich
thwdc m x n (m hang va n c6t).

Ham nlinfit dworc tich hop trong Matlab véi
cAu tric: beta = nlinfit(X, Y, modelfun, beta0) cho
phép wérc tinh cic hé s6 cho héi quy phi tuyén cta
cac phan hoi trong Y (la san lwgng khai thac tich
liy cta giéng khai thac) trén bién s6 X (la thoi gian
khai thac) bang cach str dung mé hinh dwoc chi
dinh b&i modelfun (cong thirc 3) véi betal la
vecto chira cac gia tri ban diu bat ky cta K, n, a
dwoc nguwoi dung chi dinh. Gia tri trd vé ciia ham
nlinfit 13 vecto beta 1a bd ba hé sd “K, n, a” dwoc
xac dinh bang cach st dung wéc lwong binh
phwong nho nhit.
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Hinh 1. Lwu lwong khai thdc ddu ctia cdc giéng khai thdc tdng Oligoxen C.

Cac théng s6 cia mo hinh dwgc xac dinh dwa
trén thuat toan t6i wu, do vy mo hinh ting trudng
logistic c6 tinh thuc t€ cao hon so véi mo hinh
Arps truyén thong (Tran va nnk., 2019).

Két qua xac dinh cac thong s6 cia mé hinh
logistic cua cic giéng khai thac rng dung ham
nlinfit trong Matlab dwgc thé hién trong Bang 1.

Bdng 1. Két quad xdc dinh cdc théng s6 cla
mé hinh logistic.

K, nghin n 2, ngly
thung ’
Giéng A 1539 1,346 6948
Giéng B 1135 1,313 2830
Giéng C 1238 0,921 181
Giéng D 1585 1,154 1237

Bdng 2. Tinh todn thoi gian khai thdc mot
nira triv lwong cé thé thu hoi ctia cdc giéng

khai thdc.
Thoi gian
n a,ngay| dakhai |tk ngay

thac, ngay
Giéng A [1,346 | 6948 | 2036 715
Giéng B [1,313 | 2830 882 426
Giéng C [0,921 | 181 545 283
GiéngD [1,154 | 1237 493 478

Giéng A va D c6 gia tri K rat gin nhau nhung
hé s6 n cia giéng D thip hon va gia tri a ca giéng
D thdp hon rat nhiéu. Ttic 1 mé hinh nhéin dién
giéng D khai thac & giai doan dau véi lvu lwong
cao, sau d6 lwu lwong suy gidm manh, con giéng A
khai thac vé&i leu lwong suy gidm 6n dinh hon. Hé
sO n cta 3 giéng khai thac A, B, D déu 1én hon 1,
tirc 12 cac giéng nay c6 lwu lwong ting trong
khoang thoi gian ngan ban dau, sau d6 mai suy
gidm, con giéng C c6 gia tri n thip hon 1, tirc 1a mbé
hinh nhén dién giéng khai thac nay c6 lwu lwong
ban diu la dinh va dan suy gidm trong qua trinh
khai thac. Ttr két qua tinh toan tai Bang 2 cho thiy
giéng D vira dat dén moc khai thac dwoc mét nira
triv lwong c6 thé thu hoi cudi cung tk/, (khi t™ -
a), cac giéng con lai thi @3 qua mdc nay tir lau.
Giéng C c6 gia tri a va n déu thip, do d6 co su suy
giam lvu lwong nhanh nhét va chi sau hon 9 thang
tir khi bat dau khai thac véi luu lwong cao & giai
doan dau da thu hoi dwoc mot nira triv lwgng tdi
han cda giéng.

Qua danh gia cac hé s6 thu dwgc cho thdy, mo
hinh logistic phan anh rit dung sy suy giam luu
lwong thuee té trong cac giéng khai thac.

3.3. Phdn tich dé tin cdy ciia mé hinh tdng
trwémg logistic va dw bdo khai thdc ddu khi
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Tlr Hinh 2 cho thiy, san lwgng khai thac tich
liy rat khép véi mo hinh logistic. Qua trinh khép
lich str khai thac cta cac giéng khai thac dugc thé
hién trén cac Hinh 3+6. M6 hinh logistic c6 thé
phan anh tot xu hwéng so liéu khai thac cda cac
giéng khai thac.

Tong san lwgng khai thac cdng don cia tang
chtra Oligoxen C wéc tinh béi mo hinh logistic da
x4y dung theo cong thirc 3 va cac thong s6 & Bang
1 rit sat véi dir liéu thuce té (Bang 3), sai sO tuyét
d6i 1a 67 nghin thung, sai s6 tuyét ddi trung binh
cac giéng khai thac 1a 16,8 nghin thung, sai s6
twong doi la 1,85% va sai s6 twong doi trung binh
cacgiéngla 1,72%. C6 thé nhan thiy, c6 giéng khai
thac m6 hinh wéc tinh cao hon so véi gia tri thyc
té, cling c6 giéng thi nguoc lai, mé hinh wéc tinh

1400

1200 |

g 8 8 8

San lwgng khai thac tich liy, nghin thing
N
8

0 500 1000

thap hon so véi gia tri thuece té. Do vy, dé tranh cac
sai sO tiém an bi che dau khi cic giad tri &m va
dwong nay triét tiéu nhau khi tinh toan sai s6 tuyét
ddi ctia moi giéng khai thac nhom tac gia da 14y gia
tri tuyét déi. Két qua so sanh chirng td6 mo hinh
logistic dung dé tinh todn cho dd chinh x4c cao. Vi
vay, nhom tac gia st dung cac mo hinh logistic da
x4y dung theo cong thirc 3 va cic thong s6 & Bang
1 dé dw bao san lwong khai thac cho cac giéng khai
thac cho dén thoi diém két thic hop dong dau khi
da duwgc phé duyét (hét ngay 31 thang 03 nam
2025), ngoai trir giéng A do Ivu lwgng khai thac da
thap dwdi 100 thung/ngay. Dw bao cling c6 thé két
thic sém hon néu lvu lwong clia giéng giam t&i
100 thung/ngay (cac Hinh 3+6).

——SLKT tich I0y - thyc té
—SLKT tich IGy - m6 hinh

1500 2000 2500

Thoi gian, ngay

Hinh 2. Két qud khop lich s sdn lwong khai thdc tich lily giéng A véi mé hinh tdng trudéng

logistic dé xdy dung.
Bdng 3. So sdnh sdn lwong khai thdc tich Iy woce tinh theo mé hinh logistic (LGM) va di liéu
thuc té.
Thuec té, nghin LGM, nghin Sai s6 tuyét déi, | Sai so twong
thung thiing nghin thung doi, %

Giéng A 1192,060 1227,913 35,853 3,01
Giéng B 815,896 804,861 11,035 1,35
Giéng C 797,681 791,984 5,697 0,71
Giéng D 811,206 796,707 14,499 1,79
Tang Oligoxen C 3616,843 3621,465 67,084 1,85
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Hinh 3. Két qud khép lich sir khai thdc giéng A véi mé hinh logistic.
(LLKT - lwu lwong khai thdc, SLKTTL - sdn lwong khai thdc tich Iy tinh)
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Hinh 4. Két qud khop lich st khai thdc giéng B véi mé hinh logistic va dw bdo khai thdc.

Tong hop két qua dw bao khai thac cho cac
giéng khai thac ting Oligoxen C bang mo6 hinh
logistic dwgc thé hién trong Bang 4. Theo do, ¢
thé thiy cac giéng déu co lvu lwgng suy gidm téi
100 thung/ngay truedc thoi han ctia hop dong dau
khi néu khong c6 cac bién phap tac dong dé tang
lwu lwgng khai thac. Giéng B va C gidm téi gia tri

lwu lwgng téi han (cut-off) trong nam 2022, chi c6
giéng D duy tri khai thac dwoc dén cudi ndm 2024.

Giéng D vira dat dén mdc khai thac dwoc mét
ntra triv lwong c6 thé thu hoi cubi cung tx/, (khi
t™ - a) sau gan 16 thang va mét nira trir lwong
con lai sé dwoc khai thic trong sudt 58 thang tiép
theo.
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Hinh 5. Két qud khép lich st khai thdc giéng C véi mé hinh logistic va dw bdo khai thdc.

Giéng D
3500 .

) Khép lich str| i .

3 p T Dw bao i 1200 E
S 3000 _ 2
> 1200 §
5 20 1000 & &
2 2000 52
; 800 72
S 1500 *
‘s 600 gagﬁ
£ 1000 wo £
2 o
S 500 200 &
= 0 "

=2 0 500 1000 1500 2000 2500

—LLKT - mé hinh —LLKT - thwc t€ —SLKTTL - thwc t€ —SLKTTL - m6 hinh

Hinh 6. Két qud khop lich st khai thdc giéng D véi mé hinh logistic va dw bdo khai thdc.

4.Kétluan

Nhom nghién ctru da thuc hién dy bao lwu
lwong khai thic ting chira Oligoxen C cho cac
giéng khai thac cia mot mé thudc bé Clru Long
bang mo hinh logistic da xay dung c6 do tin cay
cao véi sai s6 twong déi la 1,85%. Cac giéng déu cd
lwu lwgng suy gidm téi 100 thung/ngay trwére thoi
han ctia Hop déng diu khi néu khéng c6 cac bién
phap tac déng dé ting lwu lwong khai thac. Trong
twong lai, c6 thé hiéu chinh m6 hinh dy bao dwoc

deé xuit trén bang viéc tiép tuc cap nhat cac s6 liéu
khai thac thuc té va kiém tra dé tin cy cia mo
hinh. Phwong phap du bao khai thac st dung mo
hinh logistic c6 thé dwoc dp dung giang day cho
sinh vién va cho cac can bo ky thuit trong thuc té
tinh toan.

Pong gop cua cac tac gia
Bui Thi Ngan - phan tich, xady dung md hinh

logistic, danh gia két qua; Nguyén Duy Muoi - thure
hién téng hop va xtr 1y s6 liéu dau vao; Tran Thi
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Oanh - tinh toan, danh gia cac thong s6 thu dwoc
clia giéng khai thac; Nguyén Minh Hoa - danh gia
dd tin cay ctia md hinh; Lé Ngoc Anh - dw bo khai
thac.
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