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Tém tit. Bai bdo trinh bay viéc dp dung phuong phap gidi lip Gauss-Newton sira ddi cho hé
phuong trinh phi tuyén dé x4c dinh théng s6 mo hinh md phong cua céc via dau theo lich str khai
théc (phuc héi lich st). Phuc héi lich sir & day van dya trén cic budc co ban cua phuong phap binh
phuong t6i thiéu (cuc tiéu hod tong binh phuong sai sO giira lich sir khai théc va két qua md
phong). Céc théng sb via nhu do rong, do thim hay bat ky thong sé mé hinh mo phong via du can
phéi xdc dinh déu c6 thé coi 1a cdc tham bién dé cuc tiéu hod ham téng binh phuong sai sé va bat
ky s lidu thuc té nao ciing c6 thé sir dung dé dua vao danh gid binh phuong sai s6. Mot s6 ky
thuat ciing da duoc sir dung dé dam bao tinh hoi tu va giam thoi gian tinh khi bai toan 16n va phi
tuyén.

Trong cdc tinh todn, chuong trinh md phong via la chuong trinh IMEX ctia CMG, Canada.
Mot s6 vi du dp dung ciing di duoc thuc hién va trinh bay. Cac két qua ciing da dugc so sanh,
danh gia va cho thiy qua trinh hoi tu la twong d6i tét va dam bao do chinh xac. Tuy nhién thoi gian

tinh tang nhanh khi kich thudc cling nhu tinh bat dong nhat cia via ting.

1. Mé diu

Xic dinh cdc thong sé cho cic md hinh mb
phong 13 bai todn can thiét va ¢6 y nghia quan
trong khong nhitng trong cong nghé mé phdéng
céc via dau ma con c¢6 thé ap dung cho nhiéu
van d& khéc — van dé xdc dinh théng s6 cho cic
mo hinh md phong néi chung.

Viéc xdc dinh thong s6 mo hinh via theo
lich sir khai thic 12 cong doan quan trong dé
xay dung mo6 hinh s6 phu hop md phdng hoat
dong, tinh toan khai théc hiéu qua cic via diu.

" DT: 84-4-7549667
E-mail: badt@vnu.edu.vn

213

Cong viéc ndy yéu ciu mot qud trinh thay doi,
tinh thir theo cdc thong sb via gia dinh va ddnh
gid sai sb gitra két qua tinh todn bing md hinh
va s liéu quan sét thuc té. Qua trinh nay duoc
thuc hién lién tuc cho dén khi nhan dugc su phu
hop can thiét giita két qua tinh va sb liéu khai
théc thyc té va hién nay chu yéu lam béng thu
cong, ton nhiéu thoi gian, d6 tin ciy chua cao vi
viy gy khong it khé khin trong viéc dé xuat ké
hoach khai théc cdc via dau, dic biét 1a cdc via
¢6 cau tric phtic tap, cic via l6n, hodc mo cé
nhiéu via phan tan [1,2].

Nhiéu phwong phép xdc dinh thong s6 md
hinh via béng cac chuong trinh - Ty dong phuc
hdi lich st da dugc phét trién [3,4,5]. Trong d6



214 D.T. Ba/ Tap chi Khoa hoc DHQGHN, Khoa hoc Ty Nhién va Céng nghé 23 (2007) 213-222

céc phuong phép 4p dung ly thuyet diéu khién
t6i rru to ra hiéu qua Va duogc su dung nhiéu hon
cd. Tuy nhién mot 56 phuong phdp doi hoi
nhiéu k¥ thuat phtrc tap, va thuong yéu cau phét
trién riéng chuong trinh tinh todn md phong via
phit hop (hodc phai ¢6 chuong trinh ngudn dé
thay d6i); khdi luong tinh todn 16n, hiéu qua
chua cao [6,7]. Ap dung phuong phédp lip
Gauss-Newton cho hé phuong trinh phi tuyén
¢6 uu diém 1a don gian, cho phép st dung cic
phé‘m mém md phéng via c¢6 sin (nhu 1a mot
ham 4n), vin d& 1a diéu khién duoc céc file dir
lidu vao va file két qua ra ciia chuong trinh mo
phong [8]. Miac du vay, khi sir dung tryc tiép
phuong phdp ldp Gauss-Newton thuong gap
phai van dé hoi ty khi hé phuong trinh 1a phi
tuyén manh, vi vay dp dung cho thuc té con khé
khan [8,9]. Trong bai bdo nay, phuong phdp lap
Gauss-Newton sira dbi dugc sir dung dé giai hé¢
céc phuong trinh phi tuyén thu nhan dwoc khi
cuc tiéu hod ham sai s6 dam béo tinh hoi tu cho
cdc bai téan phi tuyén manh, dac biét 1a cac via
16n, tinh bt ddng nhat cao. Giam tdi da yéu cau
md phong, tiét kiém thoi gian tinh todn. Ngoai
ra mot s6 k¥ thuat ciing da dugc dp dung dé qua
trinh 18p vugt qua céic diém dung hoac cédc cuc
tiéu dia phuong.

Trén co s& phuong phap va thuat toan da
phat trién, chuwong trinh tinh todn xdc dinh mot
sb loai thdng $6 via co ban nhu do tham, do
rong...ciing da duoc tao lap. Chuong trinh c6
thé sir dung tryuc tiép khi diing chwong trinh mo
phong via RESSIM (Vién Co hoc) hoac IMEX
(CMG, Canada, dang st dung rong rdi & céc
Cong ty dau khi trén Thé gidi va Viét nam)
hodc v6i nhimng sira d6i nho khi diing véi mot
phé‘m mém mo phong via khac. Chuong trinh da
st dung dé xdc dinh thong s6 cho mot s6 md
hinh via vi du. Céc két qua cho thiy tat cic bai
todn déu hoi tu va cho két qua nghiém voi do
chinh xdc kha cao va hoan toan c6 thé dua vao

dp dung cho tinh todn thuc té via hién cé cua
Viét Nam.

2. Xac dinh thong s6 mo hinh via dau-khi
qua so liéu khai thac

2.1. M6 hinh moé phong via dau-khi

Trong tinh todn khai thdc cdc via ddu khi
hay nudce ngam cong cu hitu hiéu da dugc phat
trién va sur dung rong rai dé tinh todn cic
phuong dn khai thic la cdc chuong trinh, phan
mém tinh todn mo phong via. Trong céc chuong
trinh, phé‘m mém nay, md hinh su dung hiéu qua
nhéit hién nay la m6 hinh dong chdy ba pha
(dau-khi-nudce; ki hiéu véi chi sb o, w, g) trong
moi truong rong (Black Oil Model) [10,11].
C4c phuong trinh md ta chuyén dong cua dong
chday ba pha trong via viét & dang:
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Trong d6 cdc thong s6 ciia md hinh gém cic
thong sb dac trung cho tinh chét hinh hoc va vat
1y cia mdi trudong cling nhu cua cic chat l6ng
nhu: d6 rong (¢), do thdm (k), do gian ng thé
tich (B), d6 nhot (), mat d6 (p), do thAm tuong
d6i (k.),..., ¢ 1a luu luong tai cdc giéng. Cic
tham bién cua md hinh 12 dp sudt (P), do bdo
hoa cua céic pha (S).

v| ks g, —pogVD)} ds- Ro =
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Ngoai ra dé déng kin hé phuong trinh, con
can thém cdc biéu thirc déng kin, cdc diéu kién
ban dau va diéu kién bién [10,11].

Cac phuong trinh (1)-(3) cuing véi céc biéu
thirc déng kin dugc giai bang phuong phip sb
dé thu nhan cdc phan bd theo thoi gian cua cic
tham bién trang thai chinh cta via nhu 4p sudt,
d6 bao hoa pha...trong qud trinh khai thdc.
Trong bai bdo nay chuong trinh md phong st
dung la chuong trinh imex (cmg-canada),
phuong phép giai 1a phuong phdp sai phan hitu
han. Mic du van ton tai nhiing khé khan nhét
dinh, cic chuong trinh md phong via da duogc
phét trién va str dung rat thanh cdng trong cong
tac tinh todn cdc phuong an khai thiac cic via
diu khi, nuéc ngim trén thé gidi ciing nhu &
Viét Nam. Tuy nhi€n d¢ chinh xdc cua cac Kkét
qua tinh béng md hinh phu thude vao tinh chinh
x4c cua céc thong s6 md hinh via va hién nay,
kh6 khan 16n nhat trong k¥ thuat via van 1a xdc
dinh cic théng sé6 md hinh, céng viéc tén rat
nhiéu thoi gian, cong strc.

2.2. Xdc dinh théng s6 via qua sé liéu khai thdc

Khi mdt md hinh md phong via da duoc xay
dung, bai todn tinh todn du bdo cidc phuong dn
khai théc 12 ¢6 thé duoc giai quyét, vin dé con
lai trong quan 1y khai thdc la chon phuong dn
trén co sO cdc tinh todn du bdo. Bai todn quan
1y nay c6 thé giai quyét trén co s& ghép ndi bai
todn md phong via véi bai todn didu khién tdi
uu.

Khé khin dau tién khi dp dung phuong
phép st dung cong cu md phong vao thuc té 1a
céc théng s& cho md hinh mo phong phai dwoc
xdc dinh phii hop, sao cho cdc két qua mo
phdéng md ta ding cic quan st thuc té. Mot mb
hinh m6 phong via diing phai thoa mén hai diéu
kién sau:

- Cong cu md phong phai cho phép lap md
hinh mo ta ding v6i thuc té quan st via.

- Céc thdong so0 cua mo hinh phai dugc xdc
dinh ding véi cac thong so via thuc té.

Trong thyc té, viéc xdc dinh chinh xdc céc
thong sé cho cdc md hinh cho toan bd via 1a hét
suc khé khan. Tuy nhién, mft may mén khéc 12
cdc bién trang thai (ap suat, do bao hoa,...) ¢6
thé xdc dinh mot cach dé dang tai céc giéng
(khai thac hodc bom ép) trong qud trinh khai
thac via (lich str khai thac). Tur d6, voi yéu ciu
mot md hinh ding phai cho két qua ding véi
céc gid tri cta cdc bién trang thdi quan st khi
céac thong sb via dugc chon ding va nguoc lai,
chiing ta ¢6 thé sir dung cdc gid tri quan sat cia
céc bién trang thai dé xdc dinh céc thong sb via
thong qua cdc mo6 hinh mo6 phong via (phuc hoi
lich su).

3. Phuong phsz lap Newton cho hé phuong
trinh phi tuyén 4p dung cho bai toan xac
dinh thong so via

3.1. Ap dung phwong phdp (,Jiéu khién toi wu
cho bai todn xdc dinh thong so via

Trong thuc té mo phong via, céc tham bién
nhur 4p suit tai giéng, ty s6 dau-nude, ty sb khi-
dau thuong duogc st dung dé xdc dinh, hiéu
chinh céc thong s6 md hinh via. Trong qua trinh
xac dinh, hiéu chinh cic thong sb via, mot sb
thong sb va tinh chét chét 1ong coi nhu da biét,
mot s6 thong s6 khic can phai xdc dinh. Tép
céc thong s can phai xdc dinh, hiéu chinh ky
hiéu 1a X(X;, X,,...Xy). Muc dich dat ra trong bai
béo nay 1a xdc dinh tap cdc thong s6 X sao cho
sai s6 binh phuong giira két qua tinh ton tir md
hinh va cdc gid tri quan sat thuc té cta céc tham
bién 12 bé nhit. Vi du, néu c6 bd dit lidu quan
sat 1a dp suat tai cic giéng P.°”, khi d6 ham
muc tiéu s¢€ 1a [3,8,9,12]:
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EX,X,,...X,)=
=Zw§ (B” -P“(X;, X,,..X,)) @
k=1

Trong d6 : wy 1a trong s6 ; P la gid tri dp
sudt quan sit, P, 1a gid trj 4p sudt tinh todn
bang céc chuong trinh m6 phong via, m la s6
diém quan sat.

Cac thong sb can xdc dinh X(X),Xa,...Xy)
thong thudng 1a d6 rdng, d thim cia cdc viing
khéc nhau trong via, mdi viing c6 thé mot hay
nhidu 6 ludi. Dya trén cdc hiéu biét vé& via
thong qua cac k¥ thuat via, ching ta c6 thé ¢6
dugc cac rang budc cho mién gia tri cua céc
thong s6:

XF<X,<x!, i=12.N (5)

Trong d6 X;* va X;¥ 1a céc gidi han mién gid
tri cia cia cdc tham s6 thuong tng.

Nhu vdy, bai todn xédc dinh thong sb via sir
dung cac chuong trinh md phong via dugc phat
biéu dudi dang bai todn t6i wu nhu sau: Xdc
dinh tap cic gid tri X(X;,X5..Xy) vOi cic rang
budc (5) dé ham sai s6 (4), E(X;,X,..Xy) dat gid
tri cuc tiéu.

3.2. Phuwong phdp Gauss-Newton sia déi cho
hé phuwong trinh phi tuyén

bé cuc hod (4) ta c6 phuong trinh

8E(X0+6X) i Fk(X,,+6X)8F"(X0) _o»
oxX, ~ )¢
i=1,2..N (6)

Trong d6 X’ 1a gia tri gia dinh ban diu cua
tap thong sb, & 1a s6 gia phai tim dé ham E dat
cuc tiéu tai X+8X.

St dung khai trién Taylor dén dao ham béc
nhét cho ham F(X) trong phuong trinh (6);

" IF(X")
F(X"+6X)=F(X")+) &,
( J=F(X" )+’ X

j=1 J

).

Thay phuong trinh (7) vao (6), nhan dugc

k k
ﬁli “ 9F =—ZF a2 aF
S 0X, X
i=1,2,.. (8)

bay la hé phuong trinh dang ¢ dién cia
phuong phdp Gauss-Newton cho bai toan binh
phuong téi thiéu. Trong d6, cdc dao ham riéng
ctia ham 4n Fi (X) tinh duoc béng céach tinh toan
md phong v6i mot thay ddi cia mot thong sb X;
trong khi gilt nguyén cdc thong sé khéc. Dbi
véi bai todn xdc dinh thong sé via, phuong trinh
(8) la phi tuyén vi vy céc phuong phdp lap
phai dugc dp dung va ludn gap phai van dé hoi
tu. Dé giai quyét vin d& hoi ty, dd c6 mot s ky
thuat do tim dugc dp dung nhu do tim theo
huéng (huéng gradient clia ham hodc hudng
cia budc lip Newton), hay xdp xi da thirc
[3,9,13] dé dam bao gid tri ham muc tiéu giam
sau mdi budc lap. Tuy nhién khi 4p dung cho
cic bai toan thyc té, cdc k¥ thuat nay cling
khong may hiéu qua vi yéu cau chay nhiéu mo
phong xudi, qud trinh 1ap hay bi dimg & cuc tiéu
dia phuong hay céc diém yén ngya.

Trong chuong trinh tinh cua bai bdo nay
chung t6i da dp dung, phat trién va kiém tra mot
k¥ thudt don gian va hiéu qua hon, tém tat nhu
sau:

Gia str sau mdi lan giai 1ap Gauss-Newton
tir (8), ching ta c6 duoc gid tri X"*'=X"+X".
gia tri ham E sau d6 duoc kiém tra tai X"*, néu
E(X"")<E(X") thi budc 1dp goi 1a thanh cong va
tiép tuc cic budc lap tiép theo. Néu E(X") >
E(X") budc lap Gauss-Newton goi 1a khong
thanh cong, khi d6 qud trinh do tim theo céic
huong khac nhau dugc ap dung [Sun Ne-Zheng,
1994]: Huéng quyét dinh dé do tim s& 1a

p _{éX” né'ug, oX"<0

N . €))
—g, nfug, X" >0

Biéu thirc (9) ¢6 nghia 1a néu X nguoc
hudng véi gradient cia ham muc ti€u, khi d6
huéng can tim d,, 12 huéng cta X, ngugc lai thi
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hudng can do tim 12 huéng nguoc véi gradient
cua ham muc tiéu, -g,. Khi d6, phuong trinh ldp
(8) thay dbi va viét lai & dang

k k k
j=l k=l
1_1,2,...N (10)

trong d6 I={d;} 1a ma tran don vi, A la h¢ s6.
Khi A4 =0, (10) tré thanh phuong trinh lap
Gauss-Newton (9) va hudng do tim la hudng
ctia 8", khi A 16n dén vo ciing, 8" tién dén 0,
va hudng do tim trung véi hudng cia —g,. Nhu
vay sau mdi budc 1ap ta ludn cé thé tim dugc
X" = X"+ &X” sao cho EX"")<E(X") voi &X"
xdc dinh tir (10) bang viéc ting din gid tri cia A.
Trong bai bdo nay gid tri A tinh theo biéu thirc:

- Gia st b thong s6 X°=(X"1,X’5,...X")
- Goi chwong trinh m6 phong
- Tinh ham sai s E’=E(X°)

A, =m*10% A, +0.001 (11)

Trong d6 4,=0.0; m=1,2...MMAX 1a s6 lan
tang A can thiét dé dé diéu chinh hudng cho dén
khi nhan duoc diéu kién gidm cua ham muc tiéu
trong mdi bude lip Gauss-Newton.

Dé thoat khoi céc diém dirng hodc cyc tiéu
dia phuong, cich gdy nhiéu dugc thyc hién
b@“mg cach tang lan luot s6 gia cta cédc thong )
khi tinh dao ham riéng s6 cua ham muc tiéu
trong (10).

Trén co s& phuong phap va cac k¥ thudt da
trinh bay & trén, chuong trinh tinh da duoc viét
b@“mg ngdén nglt FORTRAN. Thuat todn chinh
cua chuong trinh, trinh bay trén Hinh 1.
Chuong trinh sau d6 da chay thir, kiém tra va
tinh todn cho mot s6 vi du 4p dung.

QIEP‘>

IDEL 1
=0.005*X";
!

<—| A= M*10%A,, 1+0.001 |

| IDEL=IDEL+1 |<—"

Tinh dao ham 9F" _ F(X/ +DX?)-F'(X") | 4
=~ X, DX/

v
M=0; 2,=0.0

- Tinh hé s cua (10)
- Giai phwong trinh (10) tim 8X

| DX;=2*IDEL*DX’; |

- Tinh X=X+&X -
- Goi chuong trinh md phong
- Tinh ham sai s60 E=E(X)

) — DX(),‘:DX,*

| Ham muc tiéu khoéng giam |<4'

v
| Khéng héi ty |_,

v
b
E < EPX
S
E<E’ S >
D,
ILAP=ILAP+]1
b S

7 »  Hoitu

Két thic |«——

A

ILAP<MIAP

Hinh 1. So d6 khéi chuong trinh xac dinh thong s6 via.
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4. Cac vi du tinh toan ap dung

4.1. Xdc dinh thong 56 mé hinh via ciia bai todn
SPE]

Trong bai todn nay, md hinh via dé xuét boi
Aziz, S.O. [14] va dugc SPE (Society of
Petroleum Engineers) stt dung nhu mot trong
nhimg bai todn mau (SPE1) dé kiém tra va
chuén hod céc chuong trinh mo6 phong via trude
khi cong bb va dua vao dp dung thyc té. Bai
todn nay thudc loai bai todn dong chay 3 pha, 3
chiéu, bom ép khi 5 diém. Trong d6 pha nudc
ton tai dang nudc lién Kkét va khong chuyén
dong (5,=0.12, S,=0.88, S,;=0.0). Via c6 kich
thudc 3048x3048x30mm. Qua trinh hoat dong
ctia via da dugc mo phong diy du bang IMEX
v61 mo hinh via gém 10x10x3 6 ludi. Trong via
c6 2 giéng, 1 giéng khai thic dit tai 6 ludi
(10,10,3), 1 giéng bom ép dat tai 6 ludi (1,1,1)
(16p trén cung la 1). Thoi gian md phong 1a 10
nam.

Bang 1. Hdi tu (1P)

Két qua md phong véi tap thong ) géc cua
bai todn nay dugc gili lai mot phé‘m nhu 12 s
lidu quan sat (59 gid tri 4p sudt tai 6 giéng khai
thac theo thoi gian). Sau d6 ciac thong s6 via
duoc thay déi dé chuong trinh xdc dinh thong
s6 tim lai céc thong s6 sao cho gié tri tinh todn
md phong phu hop véi s6 liéu quan sat.

Céc thong sb cin xdc dinh 1a do thdm theo
hudng 1 cia cdc 16p (3 thong sd, gid tri d6 thim
la b@“mg nhau trong mdi 16p). Chuong trinh da
st dung cho hai truong hop 1a dong chay 1 pha
va hai pha (tuong trng 1a c¢6 va khong c6 giéng
bom ép). Trén Bang 1 1a Kkét qua cua qud trinh
hoi tu va trén Hinh 2, Hinh 3 va Hinh 4 12 két
quéa phuc hdi lich sir sua dp suét tai 6 ludi chira
giéng khai thic, luu luong dau va ty sé khi diu
(GOR) cho bai todn mot pha. Tuong ty Bang 2
va Hinh 5, Hinh 6 va Hinh 7 12 két qua tinh todn
cho bai toan SPEI hai pha (cé giéng bom ép).
Két qua cho thiy nghiém tim duoc ¢ bai todn
niy gan nhu chinh xdc vi s6 thong sb it, via kha
ddng nhét va kich thudc via khong 16n. Thoi
gian tinh ghi trong Bang 4.

S61an | Saisé ham 4000 1
lap muc tiéu
Ban dau
0 88593 1 ¢  Quansat
1 10924 3500 — — Phuc ho
2 1503 © ]
3 61 a
4 57 s
5 40 «z |
6 16 1I< 3000
7 6 |
8 5
9 1
| ~
2500 T T T -
0 500 1000 1500 2000 2500
Thoi gian, ngay

Hinh 2. Phuc hdi 4p suat 6 giéng khai thac (SPEI, 1 pha).
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15000

10000 [~

GOR SC (ft3/bbl)

5000 =

Ban dau ’
= = = = Phuchoi //
€  Quansat ,

18000

16000

14000

12000

10000

Luu luong day, bbl/ngay

8000

6000

4000

0 5(‘)0 ! ! IOIOO ! ! ISIOO ! ! 20‘00 SJD-D WDIJTD WSJD_D E_D,DD
Thoi gian, ngay Thoi gian, ngay
Hinh 3. Ty s6 khi dau (GOR) (1pha). Hinh 4. Luu lugng dau tai giéng (1pha).
Bang 2. Hdi tu (2P).
S61an | Sai sé ham 6500
lap muc tiéu 6000 /\\ Ban dau
0 667614 5500 * = = = =Phuc hoi
1 117270 © / 0 \ ¢ Quansat
2 43992 a 5000 b
3 43232 5 / ',
4 14715 @ 4500 -
5 1944 < /
6 1258 4000 N K
7 917
3500
8 289 e
9 20 3000
10 13 0 500 1000 1500 2000 2500 3000 3500 4000
Thoi gian, ngay
Hinh 5. Phuc hdi 4p suat 6 giéng khai thac (SPE1, 2 pha).
20000 - 20000+ R
Phuc hoi 18000 ) N \ Phuc hoi
sl | e o toom | N T e
3 ! _ 5“14000 F
g ; 12000
$10000 <
8 - £romof
Z ok
5000 6000 b
4000 [
0 1000 2000 3nlnn‘ 4(;00 0 mlmznlmznlmmlm
Thoi gian, ngay Thoi gian, ngay

Hinh 6. Ty s6 khi dau (GOR) (2 pha).

Hinh 7. Luu lugng dau khai thac (2 pha).
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4.2. Xdc dinh théng s6 cho mo hinh via ciia bai
todn SPE9

Bai todn kiém tra mo hinh via tht 9 cua
hiép hoi dau khi (SPE9) [15] 1a bai todn 3 pha,
3 chiéu, via ¢6 kich thudc 2200x2300x110m va
¢6 tinh bt déng nhit cao (46 thAm va do rong
thay d6i manh theo khong gian). Via dugc khai
théc boi 25 giéng khai thic va 1 giéng bom ép,
thoi gian hoat dong 1a 2.5 nam. Trong bai todn
nay, mo hinh via chia thanh 24x25x15 6 luéi c6
dd thAm khdc nhau, do réng cua cic 6 khic
nhau theo 16p. Dé kiém tra chuong trinh xéc
dinh thong s6 md hinh via cho bai todn nay,
cach lam ciing dugc tién hanh twong ty nhu bai

D.T. Ba/ Tap chi Khoa hoc DPHQGHN, Khoa hoc Tw Nhién va Cong nghé 23 (2007) 213-222

todn SPE1. Két quad md phdéng cua bai todn
SPEY 1a 4p suit tai cic 6 giéng khai thic ciing
dugc gitlr lai nhu 1a s liéu quan sét vé ap suéit.
Sau d6 thong s via 1a do rong ciing bi thay doi
dé chuong trinh ty xac dinh céc gia tri do thAm
cho tung 16p (15 16p, 16p trén cung la 1) sao
cho két qua mod phong phit hop véi két qua
quan sdt. Qua trinh hoi tu cho trong Bang 3. Két
qua phuc hdi lich st trinh bay trén c4c Hinh 8a,
8b, 8c, 8d. Tur két qua nay cho thay hoi tu cua
phuong phép cling kha t6t mic du sb giéng hoat
dong tang dang Kké, sb lugng 6 ludi 1a tuong dbi
16n va tinh bt dong nhit cta via ting. Thoi
gian tinh ghi trong Bang 4.

Béng 3. Qua trinh hoi tu cia bai todin SPE9

So lan Sai s6 ham So lan Sai s6 ham So lan Sai s6 ham So lan Sai s6 ham
1ap muc tiéu 1ap muc tiéu 1ap muc tiéu lap muc ti€u
0 1227234
1 104874 11 3168 21 1016 31 620
2 43707 12 2807 22 983 32 538
3 15660 13 2694 23 862 33 524
4 13753 14 1538 24 844 34 508
5 7428 15 1502 25 757
6 7061 16 1273 26 715
7 6566 17 1169 27 695
8 5171 18 1095 28 678
9 4772 19 1072 29 670
10 4071 20 1025 30 628
oo o R 2400
1400 s ®  Quansat ®  Quansat

----- Phuc hoi
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a) Luu luong dau giéng 9

b) Ap suat 6 chira giéng s6 9
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7000 -

6000 -

5000 -

GOR (ft3/bbl)
b
8
S
T

3000 GOR - ban dau

GOR - phuc hoi
[ ] GOR - quan sat

2000

1000
0 400 600 800
Thoi gian (ngay)

1000|

WCUT (%)

o

o

Ban dau
Quan sat
Phuc hoi

200 800 100

400 600
Thoi gian (ngay)

¢) Ty s6 khi diu (GOR) giéng 9

d) DB ngap nuéc (WCUT) giéng 9

Hinh 8. So sénh két qua phuc hoi véi két qua ban dau va quan st tai giéng 9.

Béng 4. Thoi gian tinh cua céc bai todn

O0ludi  thdng so S0 lan lap Sai s0 Thoi gian
Bai todn SPE1-1P 300 3 9 1 16 phut
Bai todn SPE1-2P 300 3 10 13 60 phiit
Bai todn SPE9 9000 15 34 508 360 phiit

5. Két luan

Trén co s6 sai s6 binh phuong t6i thiéu gifta
s6 liéu quan sat va két qua tinh todn tir mo hinh,
thuat todn tdi wu da duoc 4p dung dé xay dung
va giai bai todn xdc dinh, hiéu chinh thong s6
md hinh cho cdc md hinh m6é phdng céc via
diu-khi theo sé lidu quan sét tir thuc té khai
thac. Phuong 1ap Gauss-Newton stra d6i va k¥y
thuat gy nhiéu da dwoc dp dung dé dam bao sy
hoi tu cua qua trinh giai 18p. Mot chuong trinh
tinh da dwoc lap va da tién hanh tinh todn véi
mdt s6 via vi du. Céc két qua tinh kiém tra cho
thdy qud trinh hoi tu 1a tvong ddi tot. Chuong
trinh hoan toan c¢6 kha ning phat trién, ap dung
cho thyc té khai théc cdc via dau-khi cling nhu
céc via nudc ngém hién dang khai thic cua Viét
nam.

Bai bdo duwoc hoan thanh voi sy tro gitip
mét phan kinh phi tir dé tai nghién citu khoa
hoc cua Truong Dai hoc Cong nghé- Pai hoc
Quéc gia Ha ndi va Quy nghién ciru co ban
trong khoa hoc ty nhién.
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Model of Three-Phase Three-Dimensional Flow

Modified Gauss-Newton method for automatic
history matching

Dang The Ba

Department of Engineering Mechanics and Automation, College of Technology, VNU
144 Xuan Thuy, Hanoi, Vietnam

The paper presents an application of modified Gauss-Newton method for a nonlinear equation
system to obtain parameters of the oil reservoir models based on production data (automatic history
matching). Herein, history matching still followed on the main steps of the least-square method
(minimizing the summing of error square between production data and modeling results). For apply to
reservoir engineering's practice, any reservoir parameters such as porosity, permeabilities...may be
treated as control variables to minimizing the error function and any production data such as well
block pressure; water, oil and gas rate... may be used to evaluate the error function. Some techniques
are used to ensure the convergence and save the calculating time when the reservoirs are big and
heterogeneous.

In this study, the used simulator is IMEX (CMG, Canada). To test the algorithm and program,
some test cases are implemented and presented. The results are analyzed, compared and they show the
good convergence, although the calculating times are increasing as the reservoir's dimension and
heterogeneous increasing.



