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Phuong phap minh giai két qua nghién ctru thuy dong luc
cta giéng khoan ngang dau khi
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! Truong Pai hoc Bach khoa Tomsk, Lién bang Nga
2 Truong Dai hoc Mo - Dia chat

TOM TAT

Xac dinh cac théng sd cta via chira va giéng trong qué trinh Kkhai thac dau khi v6i giéng khoan ngang bang
phuong phap thuy dong lyc dong vai tro quan trong, cung cép thong tin cho VleC giam sat, diéu khién hoat
dong cua giéng. Hién nay, viéc minh giai két qua nghién ctru thuy dong lyc gleng dau dugc thyc hién trén
cac chuong trinh nhu : Saphir, Pansystem...déu sir dung phwong phap truyén thdng 1a do thi - giai tich
khong cho phép xac dinh cac thong s6 trong qua trinh do ap suat, dong thoi kéo dai thoi gian ding giéng
gdy lang phi trong san xut. Muc dich cua bai nghién ctru la xay dung phuong phap minh giai méi cho phep
tu dong xac dinh cac thong sé cua via chtra va giéng trong qua trinh nghién ciru thay dong luc cua cac giéng
khoan ngang. Phuong phap nay dugc xay dung dua trén phuong phap nhan dang hé thong dugc nghién ciu
va phat trién tai Truong Dai hoc Bach khoa Tomsk, cac phuong phap phén tich hé thong, t6i wu hoa va dai
s6 tuyén tinh. Piém dic biét ciia phuong phap mai la cho phép st dung cac thong tin tién nghiém, cac dit
liéu co san nham nang cao do chinh xac trong viéc nhan biét dang dong chay va xac dinh thong sb cia via
va giéng. Trong nghién ctru ndy cac tac gia trinh bay mo hinh toan hoc, thuat toan va két qua (mg dyng cua
phuong phap nhén dang thich nghi trong minh giai két qua nghién ciru thily dong luc cua giéng ngang cho
cdc mo dau tai tinh Tyumen, Nga.

Tir khéa: Giéng khoan ngang; thiy dong lyc; moé dau khi; Tyumen.

1. Pit van dé

Trong nhiing gan day nham néng cao hiéu xudt khai thac cac cong ty dau khi d tién hanh khoan va dua
vao vén hanh s6 lugng 16n cac giéng khoan ngang. Cac thlet bi do thong sb cua via chira va giéng (4p sut,
nhiét do, ...) ciing duogc lap dit trong qua trinh 13p dat giéng giap theo ddi thuong xuyén trong qua trinh van
hanh, khai thac va giam chi phi lép dat, thao d& thiét bi. Viéc thuc hién cac nghién cttu, xac dinh thong sb
via c6 ¥ nghia hét sirc quan trong trong viéc giam sat, diéu khién hoat dong cua giéng khoan ngang. Mot
trong nhimg phwong phap nghién ctru phé bién va cho két qua tot 1a nghién ctru thuy dong lyc hoc cua
giéng. Phuong phap nay cho phép xac dinh cac thong sO cua via nhu : 4p suat, do tham, hé so skin, ciing
nhu d¢ dai hitu dung cua phan giéng nim ngang (Chaudhry A.U., 2003; Kuchuk F.J., 1995).

Phuong phap minh giai két qua nghién ctru thuy dong luc h(_)c cua giéng ngang pho bién va chinh xac
nhat hién nay 1a d6 thi - gidi tich. Phuong phap nay dua trén viéc phén tich duong hdi phuc 4p suit va
duong dao ham cua ap suat dé tim ra cac loai dong chay dic trung, tir 46 dwa vao mo hinh cua timg dong
chay tim ra cac thong so cua via chira (Bourdet D., 2002). Phuong phap nay c6 mot s6 nhuoc diém sau:

- Thoi gian ding giéng dé do 4p suat duoc xac dinh bang phuong phap m6 hinh hoa dua trén thong so
cho truée c6 d6 chinh xac khong cao, dan t6i thoi gian dung giéng thuong 16n hon nhiéu so voi thyuce té
hodc khong thé minh giai két qua do do thoi gian dimg giéng khong du 1au gay thiét hai vé khai thac va
lang phi trong san xuat;

- D6 chinh xé4c ciia két qua minh giai phy thudc vao trinh d¢ chuyén mén va kinh nghiém cta ky su thuc
hién.

Vi viée sir dung cac thiét bi do lién tuc v6i d6 chinh xac cao cho phép ap dung cac phuong phap tu
dong hoa qua trinh minh giai két qua nghién ctru thuy dong luc hoc cua giéng ngang. Mot phuong phap da
dugc phat trién va chirg minh hiéu qua cta minh 13 phuong phap nhan dang thich nghi hé thdng, dugc xay
dyng va phat trién tai khoa tai nguyén thién nhién, truong dai hoc bach khoa Tomsk, Lién Bang Nga
(Ceprees B.JI., 2011).

*Tac gia lién hé
Email: nguyenminhhoa@humg.edu.vn
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Minh giai két qua nghién ctru thuy dong luc hoc giéng ngang c6 nhing diém khac biét so voi giéng
dung. Thay vi mot dang dong chay hudng tam, giéng ngang déc trung boi ba loai dong chay: hudng tam
som, phang va huong tim mudn. Tur day, co thé néu ra nhiing van dé can giai quyét khi thyc hién minh giai
két qua thir via voi gleng ngang:

- Xéc dinh thoi diém bat dau va két thuc cua cac dang dong chay trong qua trinh thyc hién thir via trén
biéu do ap suat;

- Sir dung m6 hinh toan hoc ciia timg dang dong chay dé xac dinh cac thudc tinh ctia via chira bang cac
phwong phap hdi quy tuyén tinh.

Nghién ctru nay dua ra phuong phap giai quyét vin dé xac dinh cac thong s via chira trong qua trinh
dung giéng va do 4p suét vung can day giéng.

2. Co s& ly thuyét va phwong phap nghién ciru

Trong Béang 1 da trinh bay mé hinh toan hoc cua cac dang dong chay cho giéng khoan ngang dau khi.
Sau khi dimng giéng ba dang dong chay dac trung c6 thé xuat hién 1£1n luot theo thir tu la: hudng tim som,
phang va huéng tim mudn. Sy thay doi ctia ap suat ving can day gleng phu thudc rat 16n vao cau tric dia
chat va tinh chat ciia via chira. Nghién ctru nay xem xét via dong nhét v han chi chira 16 rong.

Bdng 1. M6 hinh todn hoc cdc dang dong chay ciia giéng khoan ngang (Chaudhry A.U., 2003; Kuchuk

F.J., 1995)
Dang dong Mo hinh Dang rit gon ciia mé hinh
chay

Huéng tim [k k k.t
som (early AP(r) = 2205984 ~7,12034+28,) AP(t) = @, + o, Int
radial) Jek L, e

2 53,68¢q,B 1090,01g,uB
Phang AP(t) — , 08¢, b U t+ , Vig M (Sm + Sz) AP([) _ ﬂ + ﬁ \/;
(linear) L,k duc, L, b
Huoéng tdm ) B [k & N .
muon (lately | AP() = 222D BH 1, NEBT 5 150344 28') AP(t) =, +a, Int
radial) kakyh duc.r;

Trong Bang 1 ap dung céc ky hiéu nhu sau: AP(¢) = P(¢)— P(t,) (atm); P(t,), P(t) - &p suit ving can
day giéng duoc do tai thoi diém dimg giéng 7, va tai thoi diém ¢ (atm); g - lwong dau khai thac dugc do tai
thoi diém truée khi dimg giéng (m%/d); B - hé s6 thé tich; 4 - do nhét dong lyc (cP); [k k. - do thim

theo mit phang thing dimg (mD); | [k.k, -do thim theo mat phing nam ngang (mD); L - &6 dai hiru dung

ctia doan giéng nam ngang (m); 4 - d day via chira (m); ¢ - d6 rdng; r, - ban kinh dng khai thac (m); ¢ -
d6 nén (atm™); S, - hé s skin thé hién trang thai cia ving can day giéng; S, - hé sb skin gia dinh;
S =(S,+S,); S - hé sb skin hinh hoc.

Bang cach st dung cac phuong phap hdi quy tuyén tinh, nhu phuong phap binh phuong t01 thiéu co thé
tim duoc cac tham sO cua md hinh trong Bang 1. Tur d6 c6 thé xac dinh dugc céc thong sb ciia via chra.
Tuy nhién, trong thuc té viéc sir dung cac phuong phap nay thuong dan toi két qua 1a cac gia tri tim dugc
khong 6n dinh, c6 d¢ sai léch cao. Dé khic phuc van dé nay c6 thé sir dung phuwong phap nhan dang thich
nghi tham s6 cta cac mo hinh va cac thong s6 can tim ctia via chira. Dé 4p dung phwong phap nay can xay
dung h¢ phuong trinh bao gdm mo hinh ciia dong chay va ham s ciia thong tin tién nghiém. Thong tin tién
nghiém c6 thé 14 cac thong sb ctia via chira can tim. Dudi day 1a vi du m6 hinh ctia dong chay hudng tam
mudn st dung thong tin tién nghiém vé d6 tham cua via chtra theo mit phang nam ngang (Sergeev V.L.,
Dong Van Hoang, 2016):

AP(t,) = (o, +a,, Int,)+&,

_ (D
h, 02n =a,, +1n,
2054, B 9,205¢,B k,, 9
Trong 86, a,, = 222dBH o D200 () Pon 5120341 08)); @y = 2200BE ong
kxy,nh k Xy, nh ¢/uct r, k xyh

tin tién nghiém vé tham s6 «,; kx - thong tin tién nghiém vé d¢ thim cua via chira theo mit phang nim
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ngang; &, - sai sd do 4p suét ving can day giéng; 77, - sai s clia thong tin tién nghiém, h, -hé s6 didu
chinh thong tin tién nghiém.
biem déc biét cua mo hinh (1) 1a sy két hop cua mod hinh dong chay va mo hinh théng tin tién nghiém
clia tham s6 @, va cac tham sé a,, @, thay ddi theo thoi gian (1a cic ham s6 phu thuge vao thoi gian). Qua
trinh nhan dang thich nghi cic tham s ctia mé hinh (1) dwoc thé hién bang viéc giai lan luot cic bai toan
toi uu duoi day (CepreeB B.JL 201 1):
a (h hk,n) = argmin q)(an zZ,n2"r n’hk 71) (2)

Bl*l = arg mpln JO (a: (hz,n’hr,n’hk,n )) (3)
trong do, ky hi¢u arg min f(x) c6 nghia la gia tri x" ma tai d6 ham s f{x) dat gia tri cuc tiéu;

D(a,,h h,,) =Dy (0,,h )], (0,

z,n / o r,n?

h.,)) -ham mat mat tong ciia hé model (1);
Jo(a,,h,)= sz‘ ((t,— )/ h_,)v,(&(a,)) - ham mat mét riéng ctia mo hinh 4p suat;
i=1
J(a, b b )=h v, (7,(a,)) -ham mit mit riéng clia md hinh thong tin tién nghiém;
B, =B(h.h..h.) -vectocachésdh_,, h. ., b ; v, v, -cacham sd; A. - tic tir ling quén;
h, - hé sb chinh hoa Tikhonov; a;, BZ - vecto cac gia tri t61 wu.
3. Két qua va thao luin

Cac mo hinh va thuat toan trén da dugc Gmg dung vao minh giai két qua thir via giéng khoan ngang cua
mo dau khi “X” thudc dia phan huyén Oktiabrskovo, tinh Tyumen, Lién bang Nga. Trong Bang 2 1a thong
s6 cua giéng s6 01 duoc sir dung dé minh giai dit liéu nghién ctru thuy dong lyc hoc.

Bang 2. Céc théng s6 ciia giéng 01

Théng sb Gia tri
Luong dau khai thac trude khi dimg giéng, m3/d 330
Hé s thé tich 1,191
Do nhét dong luc, cP 3,92
D¢ day via chira, m 4
Do rong 0,13
Bén kinh ng khai thac, m 0,108
Do nén, atm’! 1,84.10*

Theo két qua md hinh héa dé do ap suat giéng da duge dong trong vong 144,3 gio. Viéc xac dinh dang
dong chay dugc thyc hién bang phuong phép ) thi-giai tich. Phén tich dd thi cta ap suét va dao ham cua
ap suét theo logarit (In(7)) (Hinh 1) cho thay su xuat hién day du cua 3 dang dong chay. Sau khoang 0,25
gio dimng giéng dao ham ctia ap suét binh 6n, it thay doi va kéo dai trong khoang 0,7 gi¢. Day la dau hiéu
cua dong chay hudng tdm sém. Dong chay phang bat dau sau hon 1 gio dirng giéng va kéo dai trong khoang
19 gid. Trong giai doan nay dao ham cua ap sut ting theo dang dudng thang vé6i hé s6 goc 1a 0,5. Dong
chay huéng tim mudn bat dau sau khoang 20 gior ding giéng khi dao ham cua ap suét dan on dinh, it thay
d6i. Do qué trinh dong giéng duoc thuc hién bang khéa van trén miéng giéng, nén trong 0,2 gid dau sau
khi dong giéng xuat hién hiéu tng thanh dng.

Trén Hinh 2, 3 1a d thi gia tri cta ap suat via va do thdm theo mit phing nim ngang. Do tham va ap
suét via dugc xac dinh sir dung mo hinh dong chay hudng tim mudn (1). Thoi diém bét dau dp dung thuat
toan 1a diém bat dau cua dong chay phang. Gia tri ciia cac thong sb via thu dugce nhd dp dung phuong phap
binh phuong t6i thiéu (duong 1), phuong phap nhén dang tham s6 két hop chinh hoa Tikhonov (duong 2)
va phuong phap nhan dang thich nghi két hop thong tin tién nghiém (dudng 3). Do su dung m6 hinh cua
dong chay hudng tim mudn nén trudc thoi diém 20 gid cac gia tri ciia ap suét via va do tham tang hodc
giam dan va chi 6n dinh khi xuit hién dong chay hudng tim mudn. Dya vao dic diém nay c¢6 thé xac dinh
duogc thoi gian bit dau cua dong chay huong tdm mudn. Gia tri thu duoc bang phuong phap nhan dang
thich nghi (duong 3) co tinh 6n dinh cao hon phwong phap binh phuong ti thiéu va chinh xac hon so véi
phwong phap nhan dang tham s6 két hop chinh hoa Tikhonov. Phan tich Bang 3 cho thiy phwong phap nay
cling cho gia tri cua do thim va ap suat via sat v6i két qua thu duoc tir phwong phap d6 thi-giai tich (st
dung phan mém Saphir).
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Hinh 3. P tham ciia via chira theo mdt phdng nam ngang

Bang 3. Két qua minh gidi dit liéu nghién ciru thity déng lwc hoc giéng sé 01

Phuong phap minh giai Ap suat via, Do tham cuia via chira Thoi gian dung
atm theo mat phiang nim giéng, gio
ngang, mD
Phan mém Saphir 145,3 3480 1443
Nhén dang thich nghi 144,8 3563 25
Nhén dang két hop chinh héa Tikhonov 1443 3740 32
Binh phuong ti thiéu 144,7 3599 32
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St dung m6 hinh cta dong chay phing va huéng tim som cho phép phén tich toan bo duong phuc hoi
ap suét va xac dinh cac tinh chat con lai clia via chira va giéng.

4. Két ludn

Phuong phap minh giai két qua nghién ctru thiry dong luc hoc giéng khoan ngang dau khi (ap dung thuét
todn nhén dang thich nghi) cho phép xac dinh g1a tri thong sd cua via chira trong qué trinh dimng giéng va
néng cao do chinh x4c cua cac thong sO can tim. Ap dung phuong phap nay gitip giam thoi gian dung giéng,
tiét kiém chi phi thr via va giam mat mat luong dau khai thac. Tuy nhién, dé ap dung phuong phap nay can
giai quyét van dé xac dinh thoi diém bét dau va két thuc cua cac dang dong chay.
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ABSTRACT

Interpretation Method of Pressure Transient Test Results
in Horizontal Wells

Dong Van Hoang', Nguyen Minh Hoa?
! Tomsk Polytechnic University
2 Hanoi University of Mining and Geology

Determining the parameters of reservoirs and wells in the process of developing oil fields with horizontal
wells by transient tests plays an important role in monitoring and controlling wells. At present, the
interpretation of the results of transient test of wells is carried out in the following programs: Saphir,
Pansystem. These programs use the traditional grapho-analytical method, which does not allow determining
the parameters in the process of measuring pressure and causes losses in oil production. The purpose of this
work is to develop a new interpretation method that allows determining the parameters of reservoirs and
wells in the process of transient tests of horizontal wells. The method is based on the adaptive identification
method, which is developed at the Tomsk Polytechnic University. A feature of the proposed method is
taking into account additional a priori information about the parameters of reservoirs and wells, which
makes it possible to increase the accuracy of identification of flow regimes and the accuracy of determining
the parameters of reservoir systems. Models, algorithms of the proposed method and the results of their
testing in the interpretation of the transient test result of horizontal well in an oil field in the Tyumen state
of Russia are presented.

Keywords: Horizontal well; pressure transient test; oil field; Tyumen.
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