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Abstract ; Steam-assisted gravity drainage (SAGD) is a mature thermal recovery technology for heavy oil. However, in the later stage
of exploitation, as the contact area between steam chamber and cap rock further increases, the heat dissipation is increased, the oil
displacement efficiency is decreased, and the cumulative oil-steam ratio declines. This paper investigated the replacement technology
for injecting light hydrocarbon solvent in the mid-late period of SAGD. Using dimethyl ether as the auxiliary solvent and propane as
the control, three sets of two-dimensional (2-D) visualization experiments were carried out to monitor the oil production, liquid pro-
duction rate, water cut of produced liquid, crude oil recovery, cumulative oil-steam ratio and solvent recovery, and also discover the
changes of temperature field and steam chamber. The experimental results show that SAGD recovery is mainly divided into three sta-
ges:upward development of steam chamber, lateral expansion of steam chamber, and downward development of steam chamber.
When the steam chamber has extended to the boundary of cap rock, i.e. , in the mid-late stage of SAGD production, the oil produc-
tion rate is decreased significantly. After adding solvent in the mid-late stage of SAGD, oil production and liquid production rate are
increased significantly. Compared with the oil recovery of 53. 67% and accumulative oil-steam ratio of 0. 141 in SAGD process, pro-
pane- and dimethyl ether- assisted SAGD can increase the oil recovery by 11. 91% and 19. 26% , as well as the accumulative oil-steam
ratio by 0. 012 and 0. 027, respectively. The recovery of dimethyl ether is 86. 6% , which is 6. 9% higher than that of propane.
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Fig.1 Changes in viscosity of heavy oil with temperature
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Table 1

Calculation of reservoir parameters and model parameters
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Fig.2 Two dimensional experimental flow chart



1002 i

2024 4 45 %

Bk, ZRGMNEN 2 MPa,

HF SAGD ZE R X FR M 8 7 AR A 7= O
BB R B 12 WERRERR. XS
Huang 55" (i i 3F 5 X — 2.

1.3 XBHER

) TR A - 2 A5 70 R0 52 0 T 9l o A 2 o
AL HE ARSI S P VIERD il LA I RK AR S R R T
E 80 C L SLE A A 100 C,

(2) LA 0. 5mL/min {3 560} 155 8 9E 1740 F1 i, I
THRASE T 4R B T AR RN

(3) A ZZE MRy TR b B IR S 50 €
Kt FBCE [ R Ry 0. 8 MPa, 78 78 V3 1 A H Sty 7 £z 0
JEE LR, B BRI EA SRR 5 mL/min(CY# KD,

(4) Sheng 857" 7E W EEH B SAGD BUH BT
BB AT Z IR I BE AR VR Iy 2 % . B H BT
FIBE IR E Ry 1. 35 %o XS I A SEBG K Ul 3.5 ¢ 1,78
AL SAGD FFRH— 5 . A DT 2 5 281500

(5) S 3k A% v el I BE B R AR A B Bl i SR Y
ek 54 & >Rt VORI R e LA LS S TR T T A
FEIKEAE R IR IR A AL

(6) X T ) SAGD SL5, #ie BSL I 5 R AE
YR i AB R M Al S BRS80S SAGD
S 0 AR AR AR ] 5 T ARG 7 SR R TR A Rk
BB 7 A B8 SO PN R T A S 3 ) HE R S 1
AR CE IRy AN

(7) TN G 0 5235 R W78 40 4 05 47 IR ik
B IE L CEAE 50 CHEAR 2 by A RIAS B 45 D)o R
SR HWBHR R TR AT

(8) I E5 G IR EL 9 A7 B IF I 2% AR it
FEE S BUREAL B AN 3 IR .

| | r 1

L L |

= 1 =1 -1

L L, I
\QE/\#

— — =1

] ] ) @

B3 MEERKBIEGMERETE
Fig.3 Schematic diagram of sampling for determination of

residual oil saturation

2 SEEER KAhE

2.1 BEBRZXEMEMEED

£ SAGD JF R B . SAGD 8K T £ 24
FEZRIE I R E 2R IR I 37 DL R IR 17 R
KB 3IABB(E 4. X5 Fsean 0 25 R 4
—F(:D0~35min J& T KKK 1M Lk BB B, 28 750E
AN JG AT TR i 280 2 R R 1) H 2538 KL A 77
Ji BB 9t 32 Fe 22 3R Bl Bl R . DR e 22 80K 7
LA K, BlE 78 V0 IR AR L 10 TN 78 YRk 78
TE 18 B30 B 1) B 5 ¥4 B 1 K AE 5 AR B R O 1) AR
72 OB A 5 A 7 - ) % i A Sy BRG%E L 7 ROIR
BAE R O/W BIF W /O RIZUAR BN B - S [ 52 05 S5
RS H . @35 min J& » 728 VR T U5 12 fioh 210455 70 15 0
2 Tt R ZE IR TF W B il i e . B 2R IR —
kB R TR B T 4G 3k B 150 C Ll T 28l
B ZR TR AR A T AR R S 2R R A R —
FAIE . D170 min B, 28 V30 35 BB A0 0 Bt 28001
e Ko T AR 2 o5 B R T AR B 50 % 5 IR 3 BT ik 3] SAGD
FER—JE . AR IR R TELE S 180 C, 2%
FIEVRAE LTI T R B . B AR 7 1 4k 22 i
AT 78 VR 32 BB A0 0 300 5 1y R o O e 328 ¥ 1) 1
B o HI TV P S RO A HOR ™ L SR
ZE M E T35 B ZE VM AR s HLih T Ak R
FhiE s BB W/ O B LR S k) 5 308 )
PN 5 ZE T P S RN 7 B RPN R, B
TER AR SE, 24 7 W& K R IE B 95% L E I, SAGD
TFR 4G

H & 5—& 6 i LA 1, A 3% R 4l B SAGD rh—
JE W R L R R I B R AR R
PLRZERIEI T RET 3 N B, Hof, 28k m 1k
F LA FEIRIE R 5 R B B A A [R] B TR R B ] P 3
F) SAGD ZZ R KE K BRH S SAGD ML, 78
SAGD FF % h—J5 B (160 ~ 180 min) Jil A ¥4 F %f B
J5 L ZEIRIE R O E A L SAGD TR B B4R & L 28K
i e B DX 355 Y S 4 R SR T 850 B R TSR R AE K

ML EE 7 T LA, — B kAl B SAGD 78 ¥R B i
SRR SAGD Ik 3~4 C, A I N ke 4 B SAGD
i 5~6 C. P, i i AR 2 & 4K R Sy 8 e B
SAGD WYz % . — W k4 B SAGD /) 28 VAR i
2 SAGD WZEIR N % . X WM T H R % T K.
AN CAEZE VR T 20 T B e W J3E 1) AU R AR AT L 12 280K
FE P o TR /N . Al G R AT B i T — R IR
N W B IR S T N b, W K EIRIR R
FEZRIRIE N SRV B B & T R e — K 28V IR R 8 Bt



% 6 3

AL S BT SAGD TP R MUA: — 4E M) BRI S5 1003

BEY

RRRE

(e) 210 min

- BEE REY
2. s

WEE/C

190
170
150
130
110
9%
70
50

WE/C

190
170
150
130
110
9%
70
50

WE/C

190
170
150
130
110
9%
70
50

L

(d) 170 min

(£) 250 min

B4 SAGD XWHEEELXBEMEER

Fig.4 Development of steam chamber and temperature field of SAGD experiment
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Fig. 14 Comparison of residual oil saturation field between SAGD and solvent-assisted SAGD in the mid-late stage
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