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Method of moderate water injection and its application in ultra-low per meability
oil reservoirsof Yanchang Oilfield, NW China
WANG Xiangzeng, DANG Hailong, GAO Tao

(Shaanxi Yanchang Petroleum (Group) Corp. Ltd., Xi’an 710075, China)

Abstract: To explore the method of improving development effect and solving the problem of water breakthrough and water out for
ultralow permeability fractured reservoirs, an indoor evaluation method of dynamic imbibition for fracture-matrix system was established
taking the Chang 8 reservoir in southern Yanchang Oilfield as a research target. Key factors for the imbibition effect were obtained, an
imbibition’s rate expression was obtained, a model considering the double effects of imbibition-displacement was built and optimal
injection and production parameters for the research area were obtained as well. The results show that an optimum displacement rate that
maximizes the oil displacement efficiency exists in the water displacing oil process, and the optimal displacing rate becomes smaller as
the permeability decreases. The imbibition displacement efficiency increases as the reservoir quality index and water wettability index of
rock become bigger. But the larger the initial water saturation or oil-water viscosity ratio is, the smaller the imbibition displacement
efficiency is. The optimal injection-production ratio for the Chang 8 reservoir of southern Yanchang Oilfield is 0.95, and the predicted
recovery is 17.2% when the water cut is 95%, it is 2.9% higher than the recovery of conventional injection-production ratio 1.2. By using
the moderate water injection technique based on the double effects of imbibition-displacement mechanism, the water injection
development effect for the ultra-low permeability fractured reservoirs can be improved significantly.

Key words: ultra-low permeability oil reservoir; fractured oil reservoir; water-flooding; imbibition; displacement; water-flooding

recovery; Yanchang Oilfield

E1N:E , , [n. ,2018, 45(6): 1026-1034.
WANG Xiangzeng, DANG Ha1long, GAOQO Tao. Method of moderate water injection and its application in ultra-low permeability
oil reservoirs of Yanchang Oilfield, NW China[J]. Petroleum Exploration and Development, 2018, 45(6): 1026-1034.

[1-5]



2018 12 1027
Olafuyi ! 0.5%
12 LW E
@)
®
[7-17] [18-19]
@
[20-22] @
n=V/IV,x100% 1

11 REHERRILE
17 8
1 8
CaC12 pH
7.1 15 220 mg/L 8
0.856 g/cm’
3. 75 mPa - s
160 C
120 MPa
z1 XTWHEOHEREARSY
/em /em /107 pm? 1%
1 5.041 2.51 0.040 3.74
2 5.050 2.51 0.124 6.41
3 5.059 2.50 0.213 8.01
4 5.028 2.50 0.325 8.85
5 5.017 2.51 0.261 8.64
6 5.016 2.50 0.272 8.74
7 5.025 2.51 0.268 8.34
8 5.104 2.51 0.262 8.67
9 5.003 2.51 0.265 8.74
10 5.122 2.50 0.262 8.34
11 4.990 2.51 0.253 8.26
12 5.140 2.51 0.265 9.12
13 5.149 2.51 0.257 8.74
14 5.158 2.50 0.258 8.82
15 5.167 2.51 0.231 8.25
16 5.122 2.50 0.182 8.17
17 5.185 2.51 0.053 5.24

1.3 SR EITiE
1.3.1 3h & B R IR i 505 )55,

1
0.058x107>  0.180x1073
0.230x107° pm? 09 12 1.4
m/d 11.34% 16.17%
19.32%
20

A BIER/107 pm?,
—=—0.058
——0.180
—4—(.230

BRI A%

0.5 1.0 15 2.0 25 3.0
JREF I E/(m-d)

E1 ZRIRHEERSRERE XFRML
132 ShAB BRI MM ES AR &



1028 Vol. 45 No.6
K/¢
2a 2c
0.0327 pm 2d
2b
20 - 25
" b
@ SR A 46 80 v —— Rk —e— BHEK
—=—00606 —e—0.0516 Al

16 —A—0.0440 —v—00327 20 - i %ﬁ%nﬁ .
& S
W12k M5k
e &
= =
= 8+ =10 |

4 L 5T

1 1 1 ] 1 1 1 ]
0 10 20 30 40 0 10 20 30 40
WA 7] /b MR A7) /b
20 20 -
(©) | FrKHMLANSEE/% (G TP A
—a— 30 —a—3
—e— 40
15 =30 s

BB %
=

1 1 1 J

10 20 30 40
LR i) /h

[23]

P (Ap+pc)

8\/(ﬂwL)2 (14—t ){T(prc 424, LL =L (11, — 4, )}

2

BRIKINEER %
>

1 1 1

0 10 20 30
LR /h

B2 MREERREH (a). T (b). BKEFME (o) RiMKFEL (&) SR MRS

133 A FHR LR B RRESE
L-W

2
"D

40

V. =

! 2
t
8\/(/vtwL)2 —(u, —ﬂo)hpc +24,LL, =L} (1, -

H, )}

3



2018 12 1029
3 pAr el
I+
3
K_ (1 sy o
, a fw(— ) E4 WANSMBERREE
V. =

\/(,qu)z —(u, —,uo){ ’%O‘OWI-FZ,UWLL —L (u, — 1, )} 2.1.1 BB R H R FARR

0.8

6

—=— O
—o— RBIEAXITE
—A— BIEANIHH

6 12 18
{5 ] /min
B3 EEZEWRESILMRERITLE

[24-26]

[27-28] 4

1 BR-BREZREFRE

®

24

o2 K@ g )| 2], KO g,
ox M, \ Ox NG My Oy N
o KK, (op, o(#o,S, ).,
o pw L_Gw +qwfm+qwm:(—)
0z M, 0z o ot
7
+2 Po KKTO apO _Go ii Po KK[O %_Go
ox M, \ Ox G M, \ Oy n
K'K 0 S
i o = %_ GO + qum +qom = M 8
Oz M, oz . ot
Km' — Kmoe*am([’m()*/’m) 9
5 P_g P.g
_p_G _ Oox Oox 10
ox 0 P<g
ox
2.1.2 B4R GRS AR
g(prK apw] _i( WKKYW%j .
0 Py My ),
a K 6]) a(¢pWSW )f
N w — + = 11
a (pw jf qwfm qwf 6t
0 K'K 0 0 K'K 0
a_(% " poj ‘ (p m%j .
ox ;oY H, o),
o KK, op o(¢p,5,);
i o Mo | + =" ° 2 12
62 (po : 62 ]f qofm qof 6t
Kf’ — Kme*”‘r(I’m*Pf) 13

+



1030 - Vol. 45 No.6

2.1.3 AR R A F AR

1.00 -
—o— KA, Zi4E
—e— A, Zd4E
075 - —o— KA,
K. p(p —o— i,
O = 7K, ( )(pm_pf_Glfm) 14 "
fm /u(p) "Qé
£ 0.50 -
Oy = PVi S 15
025
O = Ot T2 16
0 20 40 60 80 100
KA Y%
IMPES 6 1EEIESHE%
3 %2 EESHRE
‘ Mmf} i ‘ 4.58% 8m
| s | 0.25%107 pm’ 58%
1 0.1% 1.01 g/em®
—»{ TE 1 B0 M ‘ 500x107> pm? 3.5
v 0.86 g/cm’ 40 mN/m
BRI
] ‘ ﬁﬁﬁ ) ‘ 12 MPa 3.5 MPa
‘ RAFIANE ‘ 0.04 MPa/m 0.01 MPa/m
SWiET il 0.017 MPa™' 0.065 MPa™'
= 10 m*/d
| mageme |
8
B S5 HERIGTERREER
2.2 BBl
8
Xy z 100 100 2 15 a
10 10 8 m 0.32t
6 2 0.06 t 0.28 t
7 15a _
- 95%

9 9a 0.95



2018 12 1031

i i
TR % TR %:
70 70
60 60
50 50
L 40 — 40
=30 HL TR 30
20 . 20
10 10
0 100m
(a) RNE BB, HIk (b) RNE BB, 4t
all] all]
TR Y TR Yo
70 70
60 60
50 50
. . 40 40
30 130
20 20
10 10
0 100m
(c) BIEBY, Fhi (d) Hresn, 24
B 7 ERIEAXER S HEMNENS T
Sr 7.5m’ 17.4%
4 L 3 €~ & 2
Lhn SRR AR
— HEp 3.1 “EERM” E7 H
§3_ SRR 182 /% /m 7 Fﬁﬂ.
7
=, _
1 [~ 7 (X3 7

1
0 2000 4000 6000 8 000
AR )/

8 BRAER X BH H A HEIR M

17.2% 1.2
2.9 9b



1032 Vol. 45 No.6
m_m) 20%
° 15+ cc >
Y
ol
=
g 10
w 6 I I
£ I I
5 I I I I % : 1
0 0.3 0.6 0.9 1.2 LAy }
HR =0 ; ‘
£ | |
(b) ‘_;— O 1 1 1 1 1 1 1 J
2002 2004 2006 2008 | 2010 2G12 2014 2016 2018
| . | Ay |
L = 61 ‘ :
2 = 1 l
4 = I I
o Ho4rF I I
<ol z 1 1
£ N2 F ‘
& |
._;_ 0 1 + 1 1 + 1 1 J
5 . . . . 2002 2004 2006 2008 | 2010 2012 2014 2016 2018
0 2.5 5.0 75 10.0 H15 | Ay
H K i /m? 2 | |
L . _ #10 : l
B9 FXRtk () RBFKkE (b) WMREEEMNFEN i | ¢ o+
2 st | |
2 1 1
%_ 0 1 . 1 1 . 1 1 ]
2002 2004 2006 2008 1 2010 2012 2014 2016 2018
o ! Ay !
2 ‘ 1
B %
Holr 1
& | !
& | l
0 1 l 1 1 l 1 1 )
2002 2004 2006 2008 | 2010 2012 2014 2016 2018
100 | G2/ .
3.2 “IEERI GEKAIHN § i i
cc f:, 50 L 3 :
3 4: | :
&, 1 . ! x ! . |
11.2m 5.8% 0.28x1073 2002 2004 2006 2008 2010 2012 2014 2016 2018
i fy
um’ 58% 0.86 g/cm’ :
10 2004 B 10 EEEMEKIRIEXE =ihsk
2006 100 -
2006—
2008 1.2~1.6 80 -
o 60
2009—2012 2 I
- & 40 — B RBEE20%
1.45 0.96 61% —H%;AZ\M@S/
—— XX
53% 1.27t 126t 2013 20
“ 7z 0.95
~ 3 1 1 1 1 1 1
7.0~8.0 m'/d 0 5 10 15 20 25 30
TR %

11

& 11

1B BRAE KR I X FF L RITFMN



2018 12

1033

(4]
) [5]
L-W
(6]
.. vs (71
HSER
a n— A— m? [8]
G— Pa/m K— 10" pm?
Ky— 102 pm®> K—
K'— 102 um?  [g— m
L— m L, t m;
p— Pa py— Pa p.— ]
Pa Ap— Pa ¢gp gm—
kg/(m*s)  gm—
kg/(m*s)  Qpm—
kg/s Ot Ofmr— [10]
kg/s r— m
Stn— m’; S,— f t—
s vi— m/s; v;'— m/s; Vi—
m’ Vi—
m x y z— m o— Pa’
n— % pu— Pa-s p— [11]
kg/m® oo— N/m ¢— f
f— m— o— w—
SE -
[1] : : o o [12]
,2016, 23(1): 2-5.
WANG Xiangzeng, REN Laiyi, HE Yonghong, et al. Definition of
tight oil in Ordos Basin[J]. Petroleum Geology and Recovery
Efficiency, 2016, 23(1): 2-5.
[2] AUSTAD T, STANDNES D C. Spontaneous imbibition of water into [13]
oil-wet carbonates[J]. Journal of Petroleum Science and Engineering,
2003, 39(324): 363-376.
(3] , , ,
8 7.
,2016, 23(4): 102-107.
WEI Qing, LI Zhiping, WANG Xiangzeng, et al. Mechanism and [14]

influence factors of imbibition in fractured tight sandstone reservoir:

An example from Chang 8 reservoir of Wugqi area in Ordos Basin[J].
Petroleum Geology and Recovery Efficiency, 2016, 23(4): 102-107.
DING M, KWANZAS A, LASTOCKIN D. Evaluation of gas
saturation during water imbibition experiments[J]. JCPT, 2006,
45(10): 73-98.

HOGNESEN E J, STANDNES D C, AUSTAD T. Experimental and
imbibition into

numerical investigation of high

J. Pet. Sci. Eng., 2006, 53(1/2):

temperature
preferential oil-wet chalk[J].
100-112.
OLAFUYI O A, CINAR Y, KNACKSTEDT M A, et al. Spontaneous
imbibition in small cores[J]. SPE Journal, 2007, 4(3): 121-145.

, . [J]. )
1994, 15(3): 268-275.
CHEN Gan, SONG Zhili. Imbibition characteristics of rock matrix in
Huoshaoshan oilfield[J]. XinJiang Petroleum Geology, 1994, 15(3):
268-275.

, . [J].

42(6): 735-754.

, 2012,

CAI Jianchao, YU Boming. Advances in studies of spontaneous
imbibition in porous media[J]. Advances in Mechanics, 2012, 42(6):
735-754.
s s , . [11.
, 2003, 22(3): 50-52.
HUA Fangqi, GONG Changlu, XIONG Wei, et al. Low permeability
sandstone reservoir imbibition law research[J]. Petroleum Geology &

Oilfield Development in Daqing, 2003, 22(3): 50-52.

> B

[J1. , 2011, 18(5): 67-77.
LI Aifen, FAN Tianyou, ZHAO Lin. Experimental study of
spontaneous imbibition in low permeability core fractured

reservoir[J]. Petroleum Geology and Recovery Efficiency, 2011,
18(5): 67-77.
s s . [7].
, 1994, 16(4): 46-50.
PEI Bailin, PEN Kezong, HUANG Aibin. A new method of
measuring imbibition curves[J]. Journal of Southwestern Petroleum
Institute, 1994, 16(4): 46-50.
, , ;- [J].
, 2010, 31(4): 399-401.

PENG Yuqiang, HE Shunli, GUO Shangping, et al. Effect of
injection rate on spontaneous imbibition of sandstone[J]. XinJiang
Petroleum Geology, 2010, 31(4): 399-401.

, . [J].

( ), 2008, 30(6): 173-175.

WANG Rui, YUE Xiangan. Influence of pressure sensitivity on
imbibition for low permeability reservoir rocks[J]. Journal of
Southwest Petroleum University (Science & Technology Edition),
2008, 30(6): 173-175.

s s , . [11.

,2012,31(2): 112-115.



1034

Vol. 45 No.6

[15]

[16]

[17]

[18]

[19]

[20]

(21]

WANG Rui, YUE Xiangan, LI Yiyong, et al. Experimental study on
the imbibition under the conditions of different scales[J]. Petroleum
Geology & Oilfield Development in Daqing, 2012, 31(2): 112-115.
KEIJZER P P M, DE VRIES A S.
solutions[R]. SPE 20222-PA, 1993.

Imbibition of surfactant

[J1. , 2017, 44(6): 948-954.
GU Xiaoyu, PU Chunsheng, HUANG Hali, et al. Micro-influencing
mechanism of permeability on spontaneous imbibition recovery for
tight sandstone reservoirs[J]. Petroleum Exploration and Development,
2017, 44(6): 948-954.
s s . [J11.
,2014, 21(3): 330-334.
MENG Qingbang, LIU Huiqing, WANG Jing, et al. Imbibition law of
naturally fractured reservoirs[J]. Fault Block Oil & Gas Field, 2014,
21(3): 330-334.
[J1. , 2009, 36(1): 86-90.
WANG Jialu, LIU Yuzhang, CHWN Maogqian, et al. Experimental
study on dynamic imbibition mechanism of low permeability
reservoirs[J]. Petroleum Exploration and Development, 2009, 36(1):
86-90.
[M]. ,2012.

WANG Xiangzeng. Development technology in low permeability
reservoir[M]. Beijing: Petroleum Industry Press, 2012.

s s , . [11.

, 2017, 44(5): 761-770.
WANG Jing, LIU Huiqing, XIA Jing, et al. Mechanism simulation of
oil displacement by imbibition in fractured reservoirs[J]. Petroleum
Exploration and Development, 2017, 44(5): 761-770.
[7]. ,2017, 44(3): 415-422.

FANG Wenchao, JJANG Hanqiao, LI Junjian, et al. A numerical

simulation model for multi-scale flow in tight oil reservoirs[J].

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Petroleum Exploration and Development, 2017, 44(3): 415-422.
[D].
,2004.
YANG Zhengming. Porous flow mechanics for low permeability
reservoirs and its application[D]. Beijing: University of Chinese
Academy of Sciences, 2004.
s . [M]. ,2003.
QIN Jishun, LI Aifen. Reservoir physics{fM]. Dongying: University
of Petroleum Press, 2003.
SCHECHTER D S, ZHOU D, ORR F M J. Capillary imbibition and
gravity segregation in low IFT systems[R]. SPE 22594, 1991.
LI KEWEN, ROLAND N. Characterization of spontaneous water
imbibition into gas-saturated rocks[R]. SPE 62552, 2000.
CIL M, REIS J C, MILLER M A, et al. An examination of
countercurrent capillary imbibition recovery from single matrix
blocks and recovery predictions by analytical matrix fracture transfer
functions[R]. SPE 49005, 1998.
ZHOU X, MORRPW N R, MA S, et al. Interrelationship of
wettability, initial water saturation, aging time, and oil recovery by
spontaneous imbibition and waterflooding[J]. SPE Journal, 2000,
5(2): 199-207.
[J1. , 2002, 23(6): 56-59.
ZHU Weiyao, JU Yan, ZHAO Ming, et al. Spontaneous imbibition
mechanism of flow through porous media and waterflooding in
low-permeability fractured sandstone reservoir[J]. Acta Petrolei

Sinica, 2002, 23(6): 56-59.

E—EEE N T (1968-), F, ThFEA, Ht, pHEks

i (EH) ARIGTENS) FRAZALAN, TEAFHREBATRLT
REARL A, Hoik: ®RBE BHLT HIRAE LTS5, RBEKE
wh (EH ) A RAAENE), SRE%M: 710075, E-mail: sxycpewxz@126.com

i HEA: 2018-05-07  f&[EIHHEA: 2018-09-21

[iES=3

Y AR Y Y Y oY ALY HRY Y Y oY oY) AY) AY Y oY oY ALY AY HRY Y oY oY) ALY ARY) HY Y oY oY) ALY A HRY oY oY oY) ALY A Y oY oY oY) ALY HRY Y Y oY) )

19-6

1

...................................................................... 14;%_&%’ ﬂr’jﬁ/ﬁ, Ei’ é&f

.................................................................... /E/%‘EZ, X'Jﬁ%fl’ %/_ffh_’ %

........................................................................................................................... W, A

................................................................................... W, T, BEF, &£
....................................................................... FTHE, x| EE, FhA, &£
....................................................................................... ER, BEN, B@E, &
........................................................................................... e, TE, HRE, &
....................................................................... TR, B, hiER, &

.......................................... gp}\%ﬁ, IZ@),’EE, oé J

Jut
=
®





