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TOM TAT: D6 véi hdu hét cdc via ddu, téng hé s6 thu hdi ddu trong 2 giai dogn khai
thdc so cdp va thit cdp thuong chi chiém vao khodng 20 — 40%. Viéc sit dung phuong
phdp bom ép CO; cho nhitng via ddu can kiét vdi nhifng ddc tinh thich hop c6 thé ning
cao ddng ké hé s6 thu hdi ddu. Hiéu qud cia qud trinh bom ép CO; phy thugc vao
nhiéu y&u 16 dp sudt va nhiét dj via, cdc tinh chdt cia dd tdng chita, dau thé va khi
bom ép. Cdc y&u t& nay dnh hudng dén co ché tuong tdc giita CO, va ddu trong via.

Bai bdo trinh bay két qud nghién citu md phdng qud trinh thu héi tdng cuong
nhd bom ép CO,. Chutong trinh mé phdng mdt tién bom ép CO, cho phép dy dodn va
didu chinh cdc thong s6 ciia qud trinh bom ép d€ dat hé s6 thu hoi ddu cao nhdt.

1.CO SG LY THUYET

Dong chy hai pha trong md hinh hai chiéu dudi 4nh hudng clia dd nhdt, t6c do bom ép
va ty trong cia cha't Iuvu ddy trong méi trudng réng dugc xdy dung dya trén nhifng nghién
cttu cia Diezt va Buckley — Leverett.
P& don gidn héa trong viéc xdc dinh
mit tién cla chit lvu ddy 1a CO, doi
véi ddu, dong chdy chia luu chdt dugc
xem xét trong via dong nhat.

Hinh 1 minh hoa tic nhin diy
bing khi CO,.

Thé ning cia mdt phan ti¥ chat
lvu trong moi trudng rong dude xdc Hinh 1. Tdc nhan ddy bing khi CO,
dinh theo phudng trinh:

¢=Id—p—+gz (1)
P

D&i v6i khi, su khdc biét th€ ning giita diém A va diém B cdch nhau mot khodng dl
trén mit tién khi — ddu (hinh 1) dugc viét 1a:
(@), - (@), = [F++gan @

Vi gia thi€t riing 4p sudt dt 16n dé ty trong cda cdc chdt luu 1a hing 8, ta c6:
((Dn)n _(ch)a = (p ) p_(pg +gdh (3)

g
Ngoai ra, thé ning bing hing s (@,), = (®,), trén mit cit ngang cla thanh hé va theo
dinh luat Darcy c6 thé viét:

(p,), o, ) +ap,an = p,fl@,), -(@,), | = pg[- 9‘5’-]dx = [u -”—“]dx )

dx *k,

Trang 107



Science & Technology Development, Vol. 6, No. 11-2003

Tuong tu, d6i véi dau:

Bu)a = 6.) 00,0 =, Kk S
Néu trén mit ti€n, 4p suét mao din bing hiing s&, titc 14 p, = p, + P, thi:
R (e ©

K&t hgp hai phuong trinh ciia khi (4) va diu (5) ta dudc:

. g(po = pg}jh = [uo :o _uu k_]dx (7)

o

trong cdc cOng thic trén:
Pos Pg - ty trong pha diu va pha khi; po, pg - 4p sudt pha diu va pha khi (psi);
U, Ug - vAn tdc pha dau va pha khi (ft/s); o, 1 - 6 nhdt pha ddu va pha khi (cp);
Ko, kg - 6 thdm pha dau va pha khi (mD); P, - 4p suit mao din.
Hon nifa, tit hinh 1 ta ¢6 cdc quan hé sau:

dh =dlsinp
. dx dh __ sinp
N COS(cx - [3) e dx cos{a-p) ®)
Do vay:
Mo Hg
[ B, S u BeaEs
sing_ "k, "k, (9)
cos@—) dp.—p.)

Trudng hgp mit ti€n 8n dinh (u, = u, = hiing s6) doc theo tuy&n dong chay:

ucosa Ho —B—’—
k k

g(pu - pq)_USina[ta _El

tanp =

k

o 9

J (10)

Néu mit tién khong 6n dinh, ti phuong trinh (9) v6i via ddng nha't vdi dong chiy ting,
ta co:

=% vy oy =

q
8
o VA g = (11)
Gid st sy thay ddi 4p sudt dG nhd dé cha't Iuu c6 thé tich 1a hiing s6:
Qr=qo+ Qg ' (12)
Thé& biéu thitc (12) vao phudng trinh (9) ta cé:
sinp - Ho Ho
cwaBﬁ& ,)=0-a hA “hk A, S
Bo My Ho B sinp
qg[knAo kGAi} g&) ; )COS C(. B) (14)
Véi dinh nghia:
' B 8 (. -p,) SmB
n 9 _ k,A, q, cos a B) (15)
qt u‘n _ I'lﬂ
k,A, kA,
Tir ddy suy ra:
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kA sinf
1_ o o ’ _p o5’
% sede )
9
1+~—p°k°A°
p kA

e "g" 9

trong d6: f,- vAn t6c tuong d8i clia khi; ko, kg- d6 thdm cla diu, khi; g- luu lugng; po, Pe- t¥
trong ddu, khi; po, pe- 0 nhét dau, khi; a- géc nghiéng cia thanh hé; B- goc nghiéng clia
mit ti€n bom ép so véi mit phing nim ngang; Ao~ dién tich mit cdt dong chdy cla dau;
A,- dién tich mit cit dong chdy cla khi.

Phuong trinh (16) tinh van tdc tudng d6i k&t hgp vdi cong thifc cia Buckley — Leverett
(17) nhim x4c dinh mit ti€n cda chat luu trong qud trinh bom ép.

Cong thitc Buckley — Leverett cudi cing c6 dang:

(16)

q [ of
dx = —+—| — (dt
= [ss,] (17)
trong do: Sg» So- 40 bio hoa ctia khi va dau; Se- d0 bio hoa diu du trong d6i quét.
D6 bdo hoa clia khi va dau dugc x4c dinh theo cdc cOng thifc tudng ing sau:
A

5,="0-s,) v s,,=51§°;—A° (18)

Gié tri ciia f, khong nhiing phy thudc vao thanh phén E{S;]?’% , d6 bdo hoa tai diém
a s

da cho ma con phu thudc vao
do6 bdo hda cla nhitng diém

lan cdn. Do tinh phic tap nén Vit tan

phuong phédp sai phin hitu han 56 -7 ——
dugc sit dung dé tinh todn phin R B i

16n cdc diém trén mit ti€n bom

ép (hinh 2). iy 150 g

Né&u vi tri clia nhiing
diém theo toa d6 x, y trong
trudng hdp s6 gia dy 1a hing
s, thi gi tri dy/dx c6 thé tinh theo cong thic:

Nhitng di€ém trong: " L(xm, )

Hinh 2. So dé xdc dinh mdt tién ciia chdt luu bang
phuong phdp sai phdn hitu han

dy 2dy
. x dx 1 3 1
Piém diu: e O Y = 19
dy dy( m+i 2 m 2 m+2] ( )
Piém cugi: LS (P N N
dy dy 2 2
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Xéc dinh mit ti€n ban ddu
Tinh Puin

Trén 1An Khéng tron 1&n

Tinh sin (B) /cos (a-B)
Tinh céc hé s6 (
a.h.C,d&l:nA‘t +
Tinh f,
¢ dt=n At
Tfnh HWITXG!'TX‘ .
1= nAt —P,
e B Tinh dX(nﬂ)M
l Tinh f, &t = (n+1)At
Tinh 8y, S, ‘ nnig (n+1) |
¢t
l Tinh: ;1 _ h08Y+§(n+ 1)
oo
n=n+l
fﬂ = fn!t:l
¢ Tinh dxy, dX("M) L R
Tinh pit', Sgint', Sai i=i+1
A

Sai

K&t thuc ddu

K&t thiic ddu

Hinh 3. So dé khoi tinh todn

Gi4 tri f; tai mdi di€ém ciing dudc tinh todn theo cic cong thitc trén. Khodng dich
chuyén clia titng diém dugc viét lai nhu sau:

an=Or Gy g g dh . df (20)
A dS, ds, [ds /)
dy| ¢ .
dy

D6i véi trudng hgp trén 1dn thi phudng trinh dude diing d€ tinh todn mit ti€n cliing vdi
phuong phdp sai phin hitu han 1a: ‘

8[9S, 8RS, |_38[45;), 3(9R,S, @1 -
st{ B, B, | &i|B,) &l B,

2. CHUONG TRINH MO PHONG VA KET QUA NGHIEN cUU
2.1. Chuong trinh mé phéng

Chuong trinh md phdng mit ti€n bom ép CO, dugc viét trén ngdn nglt MatLab phién
ban 5.3, st dung cdc cOng cu tao giao dién, cdc him tinh todn v cdc tinh ning db hoa.
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Cic thong s8 ddu vao bao gém: luu lugng bom ép, df th&m tuong ddi, do nhét, tj trong
clia diu va CO,, d6 bio hoa ciia ddu du va do rdng clia dd ting chita. C4c gid thi€t clda bai
todn 12 via ddng nhat, ddng hudéng va nim ngang.

Cia s6 nhip s6 liéu (hinh 4) cho phép dua vao cdc thdng 0 ban dau véi cdc hé don vi
tiy chon khdc nhau trong 6 don vi. Gid tri th01 gian nhim xdc dinh vi tri cda mit ti€n tai thdi
diém khdo sat.

BANG SO LIEU & 5 '
Luy lvomg bom€p
ke md hd
06 hdm iﬂ CTI R [ [owd o
: = £ bdo hoa dfu dv
pdl o7 o =
6 nhat 0%
Khi 004 op = 0
3 1B
s o Lalcl
Ty frong 018
e [
SSogdy| 10 nody Tioh
M = - vigdd s % P
M, ‘Mu . TS :,-2,,[ \O(Ié u . . . E“EII Thodt } i
Hinh 4. Cita s6 nhdp s6 lidu Hinh 5. Mt tién bom ép CO; sau 10 ngdy

K&t qué tinh todn clia chuong trinh dugc thé hién trén mo hinh hai chiéu. Hinh dnh
gi€ng khai thdc, gi&ng bom ép CO; trong via ddu dugc minh hoa Wng vdi cdc dit kién da
dugc nhép § trén.

Trén hinh 5, gi€ng bom ép dugc bd tri § bén trdi va gi€ng khai thic & bén phél Thai
gian bom ép CO, ting tir thdi diém ban diu (t = 0) cho dén gid tri thdi gian khdo sét, tudng
ttng vdi sif thay d6i mat ti€n theo don vi 13 ngdy. Sy thay ddi mit ti€n bom ép CO, dudc lan
lugt khdo s4t thong qua hiéu suit thu hodi diu clia cdc thong s6 dnh hudng chinh nhv thdi
gian bom ép, Iuu lugng bom ép, tf s§ dd linh dong va do thdm tuong ddi cla d4 tang chia.
2.2. K&t qua tinh todn

Gia sit cdc thong s6 ciia tng chia va chét uu via dugc cho trong bing s6 ligu (hinh 5)
va mit ti€n bom ép CO; dudc khdo sdt sau khodng thdi gian 10 ngay. V4i cdc dit liéu dau
vio nhu trén, chuong trinh thé hién mit ti€n bom ép CO, trén hinh 5.

a. Anh huéng ciia thoi gian bom ép

Hinh 6 thé hién sy thay ddi mit ti€n bom ép theo thdi gian khi cdc thong s6 khdc
khong ddi. Luu lugng bom ép 13 200m’/ngay, tai cdc thdi di€ém 5,10, 20 va 50 ngay.

T= 5 ngay T=20 ngay

Hinh 6. Sy thay d6i mdt tién bom ép theo thoi gian
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b. Anh huéng ciia luu higng bom ép
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Hinh 7. Sy thay d6i mdt tién theo luu lugng bom ép

Khi ting luu Iugng bom €p (hinh 7), dudng cong mit ti€n cia CO, 3 phin néc cla via
ti€n nhanh hon d&n gi€ng khai thdc. Lugng diu khai thdc dudc trong cdc trudng hdp nay
khdng cao, do khi CO, s6m x4m nhip vao gi€ng khai thic.

Hiéu sudt ddy clia CO, gidm ddng k€ khi lvu lugng bom ép vugt qué lwu lugng t6i han
(gid tri nay dudc xdc dinh thong qua mé hinh thi nghiém).

c. Anh huéng cita t5 s6'dp linh dong
Hinh 8 minh hoa sy thay ddi mit tién bom €p tai cdc gid tri d§ nhdt khdc nhau ciia CO,
v6i t8c dd bom ép 200m>/ngay.

- e o

ey ——005cp
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Hinh 8. Sy thay déi mdt tién bom ép CO, theo d§ nhdt

K&t qué nghién cifu cho thy khi ting d§ nhét cia CO, thi hiéu qua ddy ddu ciia CO, s&
ting do mit ti€n ctia CO, ¢6 khé niing quét mdt Iugng 16n ddu trong via. Viéc x4c dinh gid tri
dd nhdt thich hgp clia CO; trong qué trinh bom ép s& 1am gidm ding k& sy phan tda dang
ngén va két qué 12 mit ti€n CO, trong via s& ddng déu hon.

d. Anh hubéng ciia dj thdm tuong doi ciia dd ting chita
Su thay ddi mit ti€n bom ép theo do thAm twong dGi ciia d4 ting chita dugc thé hién
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trén hinh 9.
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Hinh 9. Sy thay d8i mdt tién CO; theo d§ thdm tuong doi

Tinh chit clia dat d4 dnh hudng kha ning ddy diu cda CO,. D&i v6i via c6 do thdm
cao, diu s& dugc thay thé bdi CO; trudc hét tai cdc khu vye ¢6 do rdng 16n nhat. Khi dj thdm
hiéu dung clia CO, ting, dong chdy clia CO, s& d& dang hon. Diéu nay dnh hudng d€n higu
suit ddy ddu do van tdc ddng chdy ciia CO; tai néc via chi€m wu the nén bd sét mot lugng
diu déng k€ tai phin ddy via. Xu hudng nay hoin todn ngudc vdi qué trinh thu hdi ting
cudng biing polymer.

3.KET LUAN
K&t qua nghién cifu so bd cho thy ring:

- Trong qué trinh thu hdi ting cudng véi tdc nhan ddy la khi CO,, khi ludn c6 khuynh
hudng chi€m wu the€ & phin trén cda via do su phan di trong lyc.

“ - Viéc bdm ép véi t6c do 16n, ty s8 do linh dong khong thich hop, st khac biét I6n vé ty
trong giffa ddu va khi 1am cho khi di chuyén nhanh vé gi€ng khai thic & phan néc cia via.

- P& ning cao hiéu qué ciia qua trinh thu hdi ting cudng cdn phai t61 tu cdc thdng s6
trén, nhim han ch& kha ning khi xAm nhdp vao giéng khai thic, ddm bdo cho mit tié€n ciia
khi di vao via ddng déu hon.

- M6 phdng via 1a mot bai todn phic tap, vi vAy cdn ddi chi€u cdc két qud tinh todn véi
cdc chudng trinh thuong mai ciing nhu céc két qué thi nghiém.

STUDYING THE PROCESS OF ENHANCED OIL RECOVERY
BY CO, INJECTION

Le Phuoc Hao, Do Quang Khanh, Nguyen Kien Cuong, Bui Tu An
Faculty of Geology & Petroleum, University of Technology — VNU-HCM

ABSTRACT: For most of the oil reservoirs, the total recovery factor for the primary and
secondary stages only occupy by 20 - 40 %. The usage of CO; injection method for those
depleted reservoirs with suitable characteristics will considerably raise the recovery factor.
The effectiveness of this CO; injection process depends on quite a few of factors: reservoir
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pressure and temperature, characteristics of the reservoir rocks and the oil itself as well as the
characteristics of the injected CO,. The factors will influence the interactive mechanism
between CO; and oil in the reservoir.

This paper presents several results of enhanced oil recovery by CO; injection. The
simulation program of the front in CO; injection enable the estimation and adjusting of the
parameters of the injection process in order to reach the highest recovery factor.
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