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Abstract: In view of the large difference in productivity test results between low-permeability glutenite pay zone and sandstone pay
zones, taking the low -permeability glutenite reservoir of Liushagang Formation in Wushi Sag of Beibu Gulf Basin as the main
research object, the research on microscopic pore structure, microscopic seepage capacity , microscopic seepage characteristics and
strategies for improving water flooding effect to enhance oil recovery was carried out through the indoor core experiments. The
results show that the low-permeability glutenite reservoir has the characteristics of ternary pore structure, and the large pore throat
and micro pore throat are more developed, resulting in the seepage characteristics of "high gas permeability, low liquid
permeability, and low oil displacement efficiency” and the post-displacement fluid microscopic distribution characteristics of "large
pore throat is rich in injection water, medium throat is rich in remaining oil, and micro pore throat is rich in original bound water".
The key to improve the recovery factor of low permeability glutenite reservoir is to improve the microscopic sweep coefficient to
increase the utilization rate of medium pore throat crude oil. It is suggested to change wettability by injecting low valent and high
salinity water and utilize imbibition role by unsteady water injection to improve water flooding effect and enhance oil recovery.

Key words: low permeability reservoir; glutenite; complex pore structure; microscopic percolation mechanism; micro-distribution

of residual oil; low valent and high salinity water flooding; unsteady water injection; petroleum geology.
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Fig. 5 Histogram comparison of pore types in different lithology
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a. B o A U AL RIS L 3 5 B IR AL 7R D S e O P B0 A SRR I T T RS R LB s b D e O M R K IR SE IR 20 e AR OK

TR, TR0 A il 2 B A i B AL T AR AR A TR B AR 5 ¢ D R R O M AT BL I SE I e T AR PR R AT U TR D AR
S Y T LB 5 o DB S 2R R R SR BN B K T A AL A SR A il ey A T T AL o 22 A B RDIR R A

100 [ () N » 100 (b) L 2
® Wk & Wk . . ’0 ® WHkE L ZEe
30 F 80 L 2

_ *
§ 60 ~ 60 *
& =
40 L EE 40 [
@ R
= =z
& 20 [ T o20
= L 2

0 > ¢ ’é L 1 ® ] 0 1 1 1 1 )

0 1 2 3 4 5 0 1 2 3 4 5

S2IE % #2107 m”) SBIE (107 m?)
B20  FCSA O Y ROULIE U T AL S 90 45 SR X L
Fig. 20 Comparison of visualization experimental results of microscopic seepage in real cores

a BRI R 5 3B R L F ;b Wil R 5 BB R LR

5 5 (2) B0 A i A 7K BT 8 5T L 501 Y 4t 58 BT
KT8], 454G RSB e A% 7 IR R OR8] 58 S50 2
JBC T R A AR A 20, AT R v AR
T A7 K I AU (7] 4 5 GODR g U A TR i A K K
Jei T W A7 A8 A AR L AL ) L B A L 3 T A 23 A A

B, H LB L )

W AR R E 23 LA (D ERE
o5 A5 7K K AT 90 5T 23 HICHR 78 35T J00RE 18], e 4% K 9K
TR 1] 7 S5 23 HCUR B by 3 o i 4 ek e
A ORE 8 45 016 5 R A 7K BRI AR ) 22 1 A/ 5 IR
=L PN = e SR R e WS i N L R A L IV
BUR A A A9 DRI D/ SR R B RT L e T



58 P/NREE ARB W BREE)Z = T LB 25 R AE S 8 T L3 5 k3 K 3R X 3R 2973
- 100
100 —e— Ak . —e— K
| —— Rl s k —=— R
5 —— KR —a— KR
60 60
o i
£ £ 40
20 20
0 0
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
7,5 ¥ 16 6] (ms) T3t 74 1) (7] (ms)
K21 E O AR B B Be i g 34k T3
Fig.21 NMRz_2 relaxation spectra at different displacement stages of cores
a. WP WR A L b D
120 1 (a) — KR T B r — KR A 1 B
100 | — KR R ¢ L K5 b
= =60 I
el a0
£ 40k S
& K
5 k 20
0 1 1 1 1 J 0 1 ]
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000

7,3t # 1f [E] (ms)

T3 4 W) [l (ms)

P22 bR £ TR 1R A% 3 IR I 23 L
Fig.22 Comparison of NMR t_2 relaxation curves before and after high power water flooding
a. BV R A0 k=T7.29X 10 pm®;b. B A 0 £=6.88X 107 pm”

PG, s A0 1 7K 23 E — 20 7 AR B D 5 il
B AL AL B ZE A B L F AL B b g
T AT R0 5 SR o T DA B 0 ol A e (2
WULL A, 2012) 0 A% 5 D Bk o 3l 96 23 35 K 3R A0SR A
Uik

5 WOk IS K I A E R O SR

51 FRMBHTLKEZEEME

R S0 R 43 AT E B 5 55 KT R 17 SR i
o (B WIIE L 19955 BRIEF 4, 2009 F A 3 5%,
2017). 38 5o PR R T K B - 21 A AR AT A
VA I A 2 T R b 2K T R B R OR
KT S R (2206 W 4, 2017 MR 45, 20185 Al
Saedi and Flori, 2018). & = FL BR 25 #4 (1% 15 b 0k 4 fifs
J2 TR A AL O AN AR LR R B S B Rl
K TR R 58 S K R A HE TS IR T B B R
ARG @ TSN AR N =T I oy L IR R X e

ift J25 00 0 VP PR R 2R K AR SRy 55 3R K, DT Bl K
LSy % ¢

SR FH B o 6 7K T R [R) 7 4k B A A K, e B
2 U 0 43 B T T A K Ak B Yk /N 38 i 7 o 2
R 7K 3R 90 SE 5 (1 # 4, 2019) , 15 2R [R5 40 B
ZME R A B i L AR BTk L 24w,
M A TK BT AR BE R H 2 K R AR B 2R AR K T R K
FHAR X 35 32 JE /K R HE R R A0 238 38 3 B AIK
A K0 BE FR H 2 K 3 ) 345 H 2K B B
1o 7K AH AH X 2 325 S5 R SR WS S 4 T 1 L AFL 3 4% 1l 2
IR0 EE LA b 2 K B 1 JE KR HE R /N T
245 b 2K 0L B HL 3 A% L2 K T Ak B R 1A b )
KT AL &K BT AT A . 25 E 2Tk
h, 2 4% b 2 K AT Ak B 7K P 7K IR T AR B A

2 18 R0 1 K I S i H — R T K AR N
A TK KR B 7K A & A v R B R AR S T,
5y 5 b 2 K SN2 B A A B B R 400 B AR (R
HEEAE,2019). FE I VE S H ATE &SI T 488K



2974 HiEkF#  htp://www.earth-science.net 9 48 5

P23 b 2K A5 3R 1SS 41 B ke
Fig. 23 Comparison of SEM before and after high power water flooding
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