FHMEREEAR 201948 12 45 4 545 4 1): 378-389 I.'@ AT TR K
[

Petroleum Science Bulletin

g S B WM vl LS (YR

IS, AP BT, XK, XA, RAR?

1P (AL a0 FER AL SRR S BE, LAt 102249
2 A (R D) A BRA R H A A]L K 300459
* F5/E# , zhongliguo@cup.edu.cn, syge156@163.com

WK BB 2019-04-30
FEHZRHEE LI W FMHCRIE 5 T 2 RS AR (20162X05058-003-007) FIE S H AR FRL AT FIHE 25— PR
U E R IRAFAE " (51474227) BEBh

HE HHESHEENRGNTRERMdmER, Y THREARETRRR, AAGESE = £HEE
AGEFRTEN B HENLE, TR T FEEH TSAGD £ 1 KRB L T AL 5 ABAE, i+
T2 e I B SAGD By A3 & A 95 Bl At T SAGD #2 MFAGD #y JF R &, #F % 7 A At 3t MFAGD JF & %
Ry, EwFal b, #E TR RE EM b &N E okl %, B SAGD % MFAGD, 3 xt MFAGD 7
KB AKHTT b, HRERLEY: SAGDEFE N MAREYT BRAXGSEANE N B H, £
EhEE, RAEY ER, AXWHEAEEMER., mHELARE, ZRABRAZHRTRE, RAKLH
WEMY REE AR, ZFAKE R K. £FEIRE, FAKREBERS, FRE N EMERK,
SAGD FF X X R Mim, B2, AFEAME, REREBELEE, tXEXENERRET. £24HEAT L
4, 8% SAGD 4 =W i th &£ P2 JE /) h 5~7 MPa, MFAGD T %41 1 = & b bk, TR 8 B3 mEE, B
FEMBEREARE., AR, MFAGD & Xk mEMZR WA LA, EX KBS0 &,
MAERXHEMER AL EAABERE, EEFE S SMPafk T, MFAGD# EA AL A 50, AEHME £ E
71T, SAGD J& #1 % MFAGD # % T 4 & KUK F 5% % 4 . SAGD %% MFAGD Ff K By 41 #1 Z YU A 3 3 By Ak
J& 7 B K

Keoltia] AARHBEA MM SRR E ) M WEE R R R R R

Experiments of physical simulation of gravity drainage for a mid-deep
extra-heavy oil reservoir
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Abstract To study the development of gravity drainage, physical simulation experiments were conducted with a high-tem-
perature and high-pressure 3D physical simulation system for a mid-deep extra-heavy oil reservoir. The characteristics of steam
chamber development and production dynamics in SAGD processes under different pressures were studied to optimize the
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reasonable production pressure for SAGD development in a mid-deep extra-heavy oil reservoir. The development effects of
SAGD and MFAGD (Multi-thermal Fluid Assisted Gravity Drainage) were compared, and the influence of gas-water ratio on the
development effects of MFAGD was studied. On this basis, a gravity drainage method, SAGD-MFAGD, is proposed to efficiently
develop high-pressure heavy oil reservoirs, and the gas-water ratio in the MFAGD stage is optimized. The research results show
that the production pressure of SAGD has a significant effect on steam chamber expansion and recovery performance. At higher
production pressure, the steam chamber expands slowly, and at the initial stage of production, the steam chamber is elliptical
and the oil production rises slowly. After the steam chamber rises to the top of the reservoir, the upper part of the steam chamber
expands to both sides at a faster speed, and the steam chamber is shaped like a funnel. The higher the production pressure, the
higher the temperature of the steam chamber, the lower the residual oil saturation in the steam chamber, and the higher the re-
covery rate of SAGD production. However, the temperature of produced fluid increases with the increase of production pressure.
If the temperature of the produced fluid is too high, it will damage the production equipment. Based on the oilfield conditions,
it is recommended that the production pressure in SAGD process is 5~7 MPa. In the early stage of MFAGD, oil production
increases rapidly, while in the later stage of MFAGD, oil production decreases slowly, and instantaneous oil production and the
instantaneous oil-steam ratio are higher. With an increase of the gas-water ratio, the oil recovery and cumulative oil-steam ratio in
MFAGD both increased. However, when the gas-water ratio exceeds 50, the increase of oil production and cumulative oil-steam
ratio slows down. So the recommended gas-water ratio for MFAGD is 50 at a production pressure of 5 MPa. Under the same
production pressure, conversion of SAGD to MFAGD in the later stage can improve recovery by about 5%. In the initial stage of
SAGD to MFAGD, a higher gas-water ratio is recommended, which will gradually decrease in the later stage.

Keywords steam assisted gravity drainage; multi-thermal fluid assisted gravity drainage; physical simulation; mid-deep
extra-heavy oil reservoir
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Fig. 1 High temperature and high pressure 3D physical simulation system
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Table 2 Experimental results of SAGD with different production pressures
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Fig. 4 Production performance of SAGD simulation experiments with different production pressures
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Fig. 6 Micrograph of sand sample in the middle of the model after mining under different conditions

32000 0.2
G EERBE  —6— RIVHIRLL

30000 | 1028
E
“= 28000 f 1027 =
Bl i
2% 26000 | 1026 Bk
==

24000 | 1025

22000 0.24

3 5 7 9
£ EF/MPa

7 AEEFSAGD F R B BRI R B SR it 2 F0 RARH IS LL

Fig. 7 Oil production and cumulative oil-steam ratio of SAGD simulation experiments with different production pressures
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Fig. 10 Oil production and cumulative oil-steam ratio of MFAGD simulation experiments with different gas-water ratio
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