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Experiments on gas and water injection for enhanced
oil recovery in porous carbonate reservoir
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(1. Research Institute of Petroleum Exploration & Development, PetroChina, Beijing 100083, China;
2. College of Petroleum Engineering in China University of Petroleum, Beijing 102249, China)

Abstract; In Middle-East area, there are some porous carbonate reservoirs with low permeability, few fractures and relatively
poor fluid properties. Taking S reservoir as example, the gas and water injection experiments were carried out, and micro-
scope seepage mechanism of EOR was researched. The results show that under formation conditions, miscible associated gas
flooding is not achieved easily because of high minimum miscible pressure. The flooding efficiency of hydrocarbon gas injec-
tion is higher than that of water injection, especially in the condition of miscible flooding. The immiscible flooding efficiency
of gas injection is relatively high, because gas flooding makes oil volume expanse and viscosity decrease, and then oil mobili-
ty is improved. In the experiments, water injection and gas injection mainly displace mobile oil in micropore, so changing
displacement manner should be considered to improve flooding efficiency further.
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Table 1 Compositions of injection gas

o FEIR 53 H n/ % o BEIRSYH n/ %
H,S 0.06 iCy 1.67

N, 0.51 nC, 4.75

Co, 3.17 iCs 1.89

C, 58. 14 nCs 1.99

C, 15.12 Ce 1.53

Cy 10. 57 C, 0. 60

F2 BUEFHMEHAS

Table 2 Compositions of stock-tank oil

44y JEE IR 538 n/ % i JEEIR 538 n/ %
C, 0 Cs 5.34

C, 0. 40 C, 5.05

G, 1.45 Cyq 6.62

iC, 0. 60 Cy 2.47

nC, 1.77 Cio 4.86

iCs 0.94 Cy 4.78

nCs 1.10 Ch 64. 62
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Fig.1 Relationship between volume factor

and pressure after injection gas
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Fig.2 Relationship between oil viscosity

and solution gas-oil ratio
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Fig.3 Solution of reservoir minimum miscible pressure
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Table 3 Properties of core samples

wn  mm | AE KE dmE  BER
D/cm L/cm @/ % ky,/1077 pm
1 YC20110702  2.468  6.636 20.3 5.20
2 YC20110712  2.442  6.450 16.29 2.81
3 YC20110722  2.572  6.152 13.85 3.29

PFHFEHRK A LBBERN 3. 54x107 um®, A
FH CO, SRR A0, HEBR H b s SO IR R S
PERE ], k2 KO, 87 v FRAR AR 2 B 4R A5 A
R QRS ORAE ] e KT B & B0 SR R K, T B
BEAGEAE T HROFRARAS . SRS AR AN [R] 1 3K .
HATAIR SR BRI, gk F ] — 2k, Bk
R0 58 UG HAT A O TR TR
2.2 RIKiAm

R Ty b 22 s g B dpe /IR A R T ki 2R
FEADL M J2 45 ()2 % 77 30. 6 MPa, i 95 °C) , #l]
M2 0RO RGEHA TR TR A O IR
B ms, U AN [ 3 AR BT R 503 | AT L AR
b, 25U 4, FE 4 TRLA W DRIM AR bl A
FLBR AR AR B i s S AR R LU , S
TH G SURIEE I, SRR IR K

AR SRR 1 A SRIM AR A& 5 iR,

%4

XM BHEE, /%

EANLBRAER A n
4 EMHERSHILSFENFLREREHHX R

Fig.4 Relationship between oil displacement efficiency,

gas-oil ratio and times pore volume of injected gas
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Fig.5 Relationship between oil displancement
efficiency and pressure
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Table 4 Comparison of oil displacement efficiency of gas flooding and water flooding in different pressure

SIRE S p=20 MPa SIRE S p=25 MPa

SIURE T p=30 MPa

S BRHE ST p=40 MPa JKUKFEFT p,, =30 MPa

EATLEE B FEASLE  WKImEeR

AL KR

TEATLEE SR EATLE WKIMECR

WU n En/% HBUER L En/% KBUEE 0 Ey/% HRUH 0 En/% HRUEE . En/%
0.14 7.51 0.14 12.59 0.12 12.85 0.13 9.77 0.13 9.77
0.33 23.73 0.35 32.35 0.31 33.85 0.30 30.97 0.30 30.97
0.53 40.30 0.55 45.40 0.51 45.90 0. 84 60. 19 0.48 53.76
1.21 47.84 1.03 50.55 0.69 49.26 1.09 63.15 0.62 42.94
2.38 50. 62 1.55 51.81 1.27 52.99 1.78 65.53 1.03 43.14
2.81 51.46 2.34 53.57 1.80 53.90 2.53 67. 85 1.20 43.58
3.36 51.47 3.30 54.63 2.92 56.04 2.69 67. 85 2. 60 43.88
3.67 52.02 3.61 54.81 3.07 56. 80 3.30 68. 64 3.50 43.92
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Fig.6 Relaxation time curve of water flooding and gas flooding
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