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Abstract

Advanced water injection is an effective technology to improve the development effect of low per-
meability reservoirs, but its recovery changes with the permeability and pressure coefficient of re-
servoirs. In order to determine the technical limit of the implementation of advanced water injec-
tion measures, the indoor advanced water injection simulation experiment is carried out to study
the changes of oil displacement efficiency, permeability and micro pore structure parameters of the
cores after the implementation of advanced water injection. Then combined with numerical simula-
tion, the pressure coefficient range and permeability range of advanced water injection develop-
ment of low permeability reservoir are analyzed, which provides guidance for the popularization
of advanced water injection technology. The results show that the lower the permeability of the
core, the stronger the sensitivity of the oil displacement efficiency to pressure. Therefore, it is de-
termined that the pressure coefficient of the reservoir with advanced water injection in X71 test
area should be less than 1.1, and the permeability of the reservoir with advanced water injection
should be between 1.22 x 10-3 pum2 and 7 x 10-3 um2,
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LM EEIEAS L. KR [5]175 18 BB E M BT A AL rh A AR I 1), i B BN SEae it 7T, &
ALY RTE AR B A ANEC I 5 R I BOR R BT FUHLR, ASCIE R AT K % O sk, i
SERBRTEAKINEIER . WO AHORFLBR 5 SR, 25 G BRI T, WA 71 XA
R EEAIT RS ER S LIRS TR, IR AT K-S R KT R RER BT LG, DRl
TERBARRIHE MR IR BAE SRS

2. EBHNEKERE LR

SRS T FEOT R R 3 BRI ) B 2 LA 3R A2 JEL I AE i JR s A I R rh 7 2 K R O [6] 0 I =
FEHTA KT S BRSSO AR K IR LA S AR B B A M, W AT K 0L RIS E
RGO N R E QAT AT KM segs, BIUMR 250, RAIA RIS S 2T ik, B ez
FAERBE IR T, AT AT BRI E . KBRS R 520 o

2.1, BENEKIEERAFNE

KRR E DT W PEEL SRS, ARAEHE SR priBiE %, R T E N A O UK SEIe R, SR
3 HARNBIEZR PN 2 O AT B B mE 7 o

IV WK EIE. AOJCRRSS . THIRAR. e LB SR

SEG A SRERIRE 75°C, HlJE 36.8 MPa;

SERE O BHARN 2.5 om FIRARSEIGE O, SRR OSHLE 1.

Table 1. Core parameters
F 1L ALEH

1 FY4-2 12.06 1.97
2 2 FY4-5 15.26 2.02
3 FY4-3 13.03 2.05
4 FY2-6 12.24 3.98
4 5 FY2-7 12.16 4.03
6 FY2-10 13.21 4.06
7 FY3-2 12.03 7.01
7 8 FY4-1 16.14 7.04
9 FY4-5 14.92 7.05

FOSZIPIRIN R . 1) RAREOHIE . HIRYEH; 2) BAMEE BIER; 3) K O E A ER
FAN, T5°CHAF TIEIR 12 /NSF: 4) FEEE BT, &8 N (FAR) 2 O ik (B ILBRiR sl & 77, Til=
ANFIFLBR A 0 Fe e 1 T B IE % .

READLE BTV /K 5 M2 T 1K R IR GG HZ TR J1H 120%, 1535 3R B 2 LR AR K 1 T2 1L
W 2, BERBWELHENRRZME 1 s,

f#e 2 Al BEHUETARE I BT, AR E AR R RN, A ABERIEE TR, IR HBE
RIARKIE DBIERT R E, BERPURRLER, W5 0BIERZ R .
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Table 2. Pressure sensitive test results of advanced water injection
2. BATKESLINEER

o HRUER MO WER R BIEHL0 p)

(MPa)  (MPa)  (MPa)  (MPa) w1 wopin 03 b4 H05 H06 HLT HDS HLO
1 1900 1695 1798 1882 197 202 205 398 403 406 60l 604 6.5
2 2105 1900 2003 1677 203 206 211 405 409 414 606 609  6.12
3 2201 2084 2188 1492 205 208 211 409 413 416 610 614 6.8
4 2504 2299 2402 1278 207 211 215 412 416 421 616 620 622
5 2692 2505 2599 1081 209 213 218 416 420 424 621 625 628
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Figure 1. Relationship between permeability change rate and net stress of core

B 1 AL ERTURESNNXRZ

HP LA, B RRA OB R E 2 x 107° pm®y 4 x 107° pm? A1 7 x 1072 pm® 3538 3T 0
AN REE R T IS R E R R MR AL, HoA BB R ERR, HBERRRTEN. 4E5=
MEERFANE OB AR TR, BiER B, BTG, BER AR R
PRIL, DRIFEGS HIH)Z IR D10 71 586 DOB T AKOT Ao B R B

2.2. FBRTER IR AR

= NI SEE, AT TR K G, R R R AR SR . AN ERE
JIREOIRHBER N SRR, CHIRE SRR R, BRI A AR 3 SBR[
Mz 2, B FCAE SRR BT K AR, BRI R B LR IR B AR A, SEIR s SR L2 3.

7% 3 AT A, DR R BE AL AT 3h I 1 _E TR I X TSE R RN 2 x 107° um? (15
L, FLBAAR R 77 A 19.76 MPa 14 in %) 20.37 MPa (i 2+, 3Kl 3 M 18.35% F 7t 2 19.28%, 34 1
0.93 NE /s, MFLBRI ARSI E 1M 20.37 MPa #8151 21.53 MPa [t FEr, BRI RCRAE N T 0.63
ANE A, T BB BB InmE A, X BB FEFLBR IR A IR SR I WINIRas B TR, R AR BRI
SR AL, HFLER A A A R e A3 N B — e FR LI, DX 3G RN FE R B . 3R B A
MORE N — e R S, AEFLIE RO AR T2 2 8 B BRI BRI, bR Rk D4
THGRHAT IE B, G4k SR @mKRBI R PR RE IS, RIS (R 2 i R BB AR 22 [ 7]
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Table 3. Effect of fluid pressure in pore of pressure boosting displacement on oil recovery
2 3. FEIREFLBRAR A E I3 IR MR A #20

Bl EL UM mEE  MOEE ARER G0N0 s B0 Rk
(10° ) i O 0%um) (MP)  (MPa) il (MPR) HEGY) (%)

FY4-9 12.11 1.78 17.95 21.57 19.76 17.04 18.35 18.37

2 FY4-10 13.43 2.34 17.95 22.79 20.37 16.43 19.28 19.50
FY3-11 12.26 2.4 179 25.16 21.53 15.27 19.91 19.91

FY4-8 12.25 3.67 17.97 21.46 19.71 17.09 24.93 24.93

4 FYs-12 1219 4.02 17.94 23.49 20.71 16.09 26.1 26.10
FY4-7 1366 439 17.92 25.26 2159 1521 2634 2634

FY3-14 1542 6.68 17.92 21.42 19.67 1713 3059 3059

7 FY4-13 14.87 6.94 17.91 23.46 20.68 16.12 31.48 31.48
FY4-14 14.97 7.36 17.92 25.28 21.6 15.2 31.7 31.70

2.3. BaNEKRSRMNFLRE S E M

T ALBR S5 S B bons (il 2P MRS i e K PR A2 W 242, SR A Micro-CT 3l BT T8 12 b
b e F7 AR IS AR, P MIE AR B v T AR L 2.
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Figure 2. The curve of the change rate of mean roar radius with net pressure

& 2. FHMHEF R T RMESE DTN

1P 2 AT, SFRIMRIE AR AR 598 B R IR AU, B R AR AP O BB RN 2 x 107° pm?
4x107° pm?y 7 x 107° pm? 50 MEE AR IR/ FEEE 43 0 21.21%. 16.87%F1 13.45%, Ehi KT
R REIE AR DN IR E 5.14%. 4.59%71 3.45%.

BEEKEEE DR
75 71 R0 X 2 Y B 22 B AR IBIE 8], EHRTVEKAIN A, IR ER R R, REET

JEZE[9]. RIS, REMBIRL/D G IS E R, AR BR, AL FRINAAM I IS 04 2K T B, i
TFF A RE /Mg 5R[10], A 71 Bl X 7 R 805 B =i i o< &R LA 3.
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Figure 3. Pressure coefficient and daily oil production growth curve
3. ENERHEH~mibiEx Rihik

R 3 a5, A 71 R X WG S J R ECN 1.05 [11], 4326/ 28 n®) 1.1 5, E478R0E
AKX H H = BRI 0, H =l iE N 16.3%; BEEHZ K A7 R B4k S8 hn, b B H e 1
TNFR RS GG BEAG  SCERE ATV KT, E 7= e R 38 IR 55 B et R T 463 6 7 SR B3 i B A, W04R &
FIRHCH 1.15 K, Sl arEKIER, KA REEME 1.20 /5, Hrsims s it & -Gy, X
WINT 3.3%. LA FERTRD, AR IHGE SRR A K, Sl E I ) RECRROZIEE 1.10,

4. BENEKEERERER

H T AEARISE AR RIE B HBE AT AL R A7 A2 SR B R 0 s, 24 B SR 22 K T A B
W26 R B JE B I, KRR I 2 18] 4 RE S A R R 1 RS [12] - B HE K BOR BE 86 A 248
W= 3, BEARJR B S BRI RE M, TS i S i, 3G R ACR [13] 0 Sl IR T 3 1 76 BE X
T T A S A BRAOREM 25625 T Ak 2 S SR P A2 Ak, A BI6HJE B R IR, (2 1B 57
PR 73> 9zl R ANE A TR

4.1. BEFKRFEZEERZA TR

it 2B T BR¥E 18 39K R R RT3 —/MA LS, RV AL A AT KB AR J5 AR Y B
MM EIE I RS, SECOHEA ARSI . S TR FZHmhste . bk DL W 5 A i doe
1141, A 7158 X E 3 K B E 5B R 1 ok R 4 s,

B 4 w51, JABh RIS EERESE R RGN B, UHZ R I N RS, BIERMZ TR, A
RN EIt e FERHAT RD KB X3, FF X N AELE R HEIL P82 I -5 SO I R 1 40 R %
m TR, SO MBS R LR, AR T R R A T2, ANITSENE T IR
B. AFEFEM . ANFEEIKEF4 T BERSH TR 4.

H 7% 4 AN, HERTVE KR 1 R B0 1.20, R FEEE A 125 m i, A B E RS TR~ 1.04 x 1072
um?; T4 FFEERE N 180 m, BRI RTEK S FISE RS N IR N 2.56 x 107° um?, BBERMENH T
BRI, B4 aTR, MBERNT 1.22 x 1072 pm? i1, 7 71 X5 3h 5 86 B g i, % 8
FEBIERNT 1.22 x107° um? Ji5, RUESEREBATEKEAR, EERAREE . 4 Lnd, £ 141
mHFEE ST, A 70 KT AT AR ML 53 R B R A 1.22 x 10°° pm?.
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Figure 4. Relation curve between starting pressure gradient and permeability
B4 BatEOBESSERX R

Table 4. Lower limit of permeability production with different formation pressure level and well spacing

F 4 FEMERENKFE. FRIAESERIA TR

BERFA FIRA07 pmd)
HuJ2 Ik 1K

125 m i 141 m HHE 160 m H-#H 180 m H-iH
1.00 1.17 1.46 1.91 2.90
1.15 1.10 1.37 1.79 2.72
1.20 1.04 1.22 1.68 2.56
1.25 0.93 1.13 1.50 2.28
1.30 0.85 1.05 1.35 2.06

4.2. BENEKFRSEERA LR

BE A IS F G N, RIS IR MEAELE IR S B R IR FE ARSI, ARIA PRI G Al 22 1% T
RS, SR AT KON TR SRR I TTER A RS . B E R KB e R, SEhRE AT K RO 22
SHETIFRBREG. BT, @R KEEER LRI, b7 ES SRR, I E % E
TERME G [15]. ik SO BB, B E R 141 m, ARRZERNFERECEE WL 5, AFH
BIER N RS a5 Bis.

Table 5. Comparison of recovery under different mobility conditions

% 5. TRISE®EEMH TRUCE

BIER KA (%)

(107 pm?) A5 7k AT K i
3.00 17.26 21.84 4.58
5.00 22.19 24.75 2.56
7.00 24.82 26.00 1.18
8.00 26.41 27.00 0.59
9.00 27.40 27.76 0.36
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e 5 7%, BiEREM 3% 1072 um® BINE 9 x 1072 um? i, [FB KN, iR IR 17.26%
¥ hNF 27.400%; EBRTEK SR T, R ICE B 21.84%38 N £ 27.76%; R 118 1 4.58%7% /)N 31 0.36%.
M IER KT 7% 107° um® Ji, S R /K SRR (4 M R B 2 R o AR )3 Bh IR I B 59535
RIK R, BB RIEF] 7 x 107 pm® VL LI, J3 30K B C 248 AR5 /N, AU~ 0.015 MPa/m.
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Figure 5. The relationship between net income and permeabil-
ity under different oil prices

5 NEIMNFH TR ESEER KR

I 5 A, BEESERMIIN, SRaE N, 23 %N 7 x 10° um? B, B AT K SIS R
KFHEMERPEAK: HRIEERN 8 x 107° um? I, WRTE KB A ST H SR MBEEN
9x 107 um? I, BRIV /AN TR MR EAUK,  BUR 92 AR K S AN BEBA T AR B AR -
LiE R AR A BGE R IR R, Bhed 71 KGR AT KZE % LIRA 7 % 107° pm®.

5. S E R THR

& TR KHARME WL G MEE 10 4, FAUTEE 7.6 m, FEITLIE 15.7%, FI9i51E% 432
x 107 s WIRREE 1 RHCHE 1.05 2k, SR SMERRATE K OB R S o S H AR S BRI 7 5,
SR FE S 141 m, VEKIRREA 175 m¥l(chm), BRI 1 6-0 A F MEATBLIL, MLl 4 AR )i
BTSRRI B, 0 L R P ARG 178 M ET 408, KRRV KRS R R
R

Table 6. Comparison of recovery degree between advanced water injection and synchronous water injection

3 6. BANEKSRILZIEKRHIZEIILL

T RAE R R (%)
() RSk IR %1
2 4.84 5.04 0.20
4 10.73 11.16 0.43
6 13.34 14.18 0.84
8 13.96 15.25 1.29
10 14.10 15.88 1.78
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