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Pore structure of tight sand reservoir and its influence on percolation
—Taking the Chang 8 reservoir in Maling oilfield in Ordos Basin as an example

Ren Xiaoxia',Li Aifen' , Wang Yongzheng® , Wu Songtao’ , Wang Guijuan'

(1. China University of Petroleum ,Qingdao ,Shandong 266580 ,China; 2. Zhejiang Ocean University , Zhoushan , Zhejiang
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Abstract;: The percolation of oil and gas in tight sandstone reservoirs is different from the conventional reservoirs because
of its tight lithology , tiny pore and throat, Jamin effect and strong stress sensitivity. In order to understand the influences of
pore structures on the percolation of oil and gas, the structural characteristics of micro pores of the Chang 8 reservoir were
analyzed based on core and flake observation,SEM ( scanning electron microscope) and mercury intrusion porosimetry.
The results indicate that the reservoir has low surface porosity, complicated pore types and strong heterogeneity. The per-
centage of nanopore throats and submicron pore throats in the total pore throats is high(30% ~55% ) in the cores with
permeability lower than 1 x 10 > wm® , while the percentage of micron pore throats in the total pore throats is higher in the
cores with permeability higher than 1 x 10 > wm’. The contributions of the pores with different throat sizes to the permea-
bility were analyzed with the capillary’ s model. The result shows that the submicron size pore throats play a major role in
the permeability of reservoir in this study. The result of core displacement experiments shows that the minimum starting

pressure gradient of oil (S, ) is negatively correlated with the largest pore sizes. The minimum starting pressure gradient of

oil (S

pm. As the core permeability decreases,the throat distribution curve is shifted to the left,the pore throat radius lowers,

we

.. ) increases rapidly along with the decreasing of pore throat size when the largest pore throat radius is less than 1.0
and the nonlinearity section of the velocity — pressure gradient curve becomes longer.

Key words : percolation,, minimum starting pressure gradient, structural characteristics of pores, tight sandstone, Maling
oilfield,, Ordos Basin
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Fig. 1 Types of pore and its assembly of the Chang 8 reservoir in Maling oilfield
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Fig. 2 Mercury injection curves of the Chang 8 reservoir in Maling oilfield
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Table 1 Pore throat parameters of the Chang 8 reservoir in Maling oilfield obtained from mercury injection curves
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Fig. 3 Porosity and permeability distributions of the Chang 8 reservoir in Maling oilfield



TR, 5. SR A R FLBRES K B B R 52 R

777

10
LIRS
. ¢ ¢
. -
—~ 1F * * .' PSE 24 *
& 3 $. 7%, 0 0% o
= AR :oo 0} 3 ";‘3’ LI
- \ ¢ W, TR
S ol ‘o v, ..:‘: PO AR
e dF * ® o
< ®o0 w - .
iR M 03:3: - g.’ .., RSRAZ IR
W) R o eat o, s .
@ e e, . .
T 0.01F 4
.
0.001 . L ]
0 5.00 10.00 15.00
FLERSE/ %

K4 Dl i 8 /= L B G
Fig. 4 Relationship between porosity and permeability of the
Chang 8 reservoir in Maling oilfield

fitt 2 ALBUE 58 3 AR B IE A (8 4) , AR EE A
L B R R 22 R, R LU B RE dh , 2 B R
22 10 1%, BE B W 2, n] BRSO AR R A7 (R R 4% 5 T
HARB B R ARER  FLBUE AR 2229 5% , X Ff 22 57 3R W
K 8 KB EW A )= ML AT I IR 24

4 FLERZE R 2B T 2 500 5 Wi

4.1 HSERWEI

FURTE B 23 A4 K 9 R 28 18] 0.000 1 ~
0.1 pm, WHORFNZEZSE] N 0.1 ~ 1 um, K HINE
21 ~S5 ume ARYE S R HORTBE Il ntr, &
e Hu X< 8 i 2 A 18 5 3L AN TR JUBE AL o 5
FLIBE ) LE B ), 098 3 3R B STRR R A A R (1 S)
TEAF XS BOABAR A, A0 K RORE FLIGE BT 7 G FL B 1) L 151 i
1 185 32 B SN T PR AR 5 I FOK R L o 5 LR Y
LU BEES 175 3 B 4 s o 22 B L S T s s AR B0
P AEBBERBUARM , HOR AL T (5 B AL Y 5L
/N BRI N BE 5 37 R B I B, B R N =
1x 107" pm? J5 , B & R A3 g K

FTBERNT 1107 wm® BFER, 90KR %S

AR AL o5 S AL ) B 8w, BARZE AR £
I BAE B BT Al [, 5 08 1 R 5 AL A2
(8 7 WGAE B, PR AR ) EE A9 B 490 2K 2 ALk 55
TR AL , P AR AL XS 32 175 % 14 5T Wk 3 20 i 72y
TURGALME, A O RB R . BERKR
T U107 wm® [RE & BIOK GFL IR 5 AL L 1) 1
T, X2 125 ) BTRR A BEOK 2L LI 2 1] 14
FCASE AN, TS 20 AT B0 08 S AROK AL X8 328 3 114
TURRE T A

4.2 FNHE&MSREHERRIT

MRE B 2 AL U IR AGS AR Ml 128 1K P e
R B B R 3 s B R AR R
A" X R IR EE RN A 3 A A
FLBRGEHE B IR A PR BT LA AR5 LB A B A
PR TR AR 22 AL A I P9 I S0 e 0 R A AL B R
T, 7 UR 2 T 1 BHAT B R B8 AR R 5 911 5
R SR 3RSl R 86 R U S i 1 AR d R A ke
ML FZ G AR A 2 ViR A, X AN BK Sl T
BB EE R LS (/) et B R BB o AR ThUR I
AT R A S A R B R IR S O T B R
ARAI AR ([ 6) al i, Bl O s 7 iy 38, i1 5 =
JEREDE /NN, AR RN R WLIE A B R AR TR A6 3, OF B
Z 580 0B RO 2 i - TR 2E SR Rk
H B BE 5 4 R T T 0 — AR R, AR
JEEJRE REAS AN I I s g ) I T s/ S RS R
T ALBR 22 5 8, T S R T iR
PSR

SRR BANE VAL GG R 2 - IR
MIZEET S SR T S X K 8 2 IR
FTIAT (S, ) e/ INE B ) 06 B 50 — e 22 5 A il
2, AR AN T MK 8 B, sy AR 7)), A
(S, ) e/ INA B JIRRIE S O die KM A2 2 ] 2

70 a 120 b
60 | 100 | o
£ 5 ¢ ° o o o
< F ~ o
2 . 2 80t o
R 40 | . ¢ i °
i 2 60|
E 30t ot . % °
= 3
WL . B 40 ¢
4T =4 0O 0o
10 . 2t o
n B 0
0 s _ lmmm n - . a—laea & & |
0.01 0.1 I 001 0.1 I 10

B2 /(10°um?)

r<0.1pm ¢ 0.lpym<<r<lpm =mr>1pm

BIER/(10°m?)

r<0.1pm 0 0.lpm<<r<lum O r>1um

FIS  ERyM HHC 8 i )2 ANTR] Lo AN [7) RUPE I T 2 422 70 R B HC X028 38 38 1) BTHR(E 0 He
Fig. 5 Distribution of different pore throat radius and its contribution to the permeability of cores in Chang 8 reservoir in Maling oilfield

a. ANJA) REEMEIE AR AT RFAE s b ANTR] ROBE MR 2142 X2 45 52 1Y) TR (X L



778 £l 5 R R TR 536 &
0.9 0.004 4 0.002
0.8 =
o 0.7 . 0.003 é()om
= 0.6 » et
05 S 0l
mh <.0.002 + 0 005 010 015 020
iy 0.4 ) FEJI BB JE / (MPa-cm™)
% 0.3 5
02 A 0.001 |
0.1 7*7777”””’***f:::::::i::j&
0 0% e —— . )
0 50 100 150 200 250 300 350 400 0 0.2 0.4 0.6 0.8 1.0
BE P12/ um FE 3 # E / (MPa-em™)
0.0050 MPa/cm 0.0199 MPa/cm By
0.1864MPa/cm —x—1.8715MPa/cm
0.469 1 MPa/cm —%—4.1097 MPa/cm 20
N . - , S .
6 ST 8 B IEAR LI 7B 5 s A
R 5B R R ﬁ [ 4
. . . . . S 10 [l
Fig. 6 Relationship between the thickness of oil boundary layer
oo AN
and the capillary size under different pressure gradients for the 5 el 9 4
/
Chang 8 reservoir in Maling oilfield""’ o o A ANV

20012
g
o
£ 001
g
= 0008 0*
g Amin=0.002 7K,0375
= 0.006 [ R=0755 8
J=a|
R 0004 |
i
= 0002 |
o
=
2 0
0 05 10 15 20 25 30 35

RfRiBIER/(107m?)

7 Sl 8 i Z A (S, ) Fe VA BT
BB (A, ) SARBER(K,) KR
Fig. 7 Relationship between the minimum starting pressure
gradient(A,,;, ) of 0il(S,,)and gas permeability (K, )for the

min

Chang 8 reservoir in Maling oilfield

PR ARG, 2O e KIMEIE EA2/N T 1.0 um 15, 1A
(S0 ) B0/ N Bl T 768 FEE B~ A P PR A

1 8 g e M IX < 8 fiff )22 M30 FH: AN [l T B2 Ak iy
FH S, o) WL — J 22 i 25 X IO o BRI 3 - A8 23 A
k. JE oA Al A, T AR RE BRI, 20 i LA A
LB B, BB 0B BRI, A8, Ak
LM BIE R o 23 B RS R U B A 1 2 A B, BE
FHB B R, W AR AT i 2 m 228 3y, Wl
PR/ AR TR TR0 BE T Ui A0 S T2 355 (i A £L
Bt R A VA S 5 U sl BT G B T, I A AR e
Bk

1) BBER/NF 1 x1077 um® B, gk 95 W ok
AL 7 ALY F 1R (30% ~50% ), IEROR AL
WS 5 5 R Y TR, W DB TR £ AR 2

il 242/ um

2 655.0 m,K=3.307 X 10 um? 2639.4 m,K=0.180 X 10" um?
2654.8 m,K=1.055X107um? ——2 639.0 m,K=0.146 X 10" um?

{m

K18 bl I 8 fiff )2 A A2 & A HUAN (S, ) B IR
£k (a) SEIE A 2k (b)
Fig. 8 Percolation curve(a) of single phase oil(S,,)and throat
distribution curve(b)for cores of different permeability in Chang 8

reservoir in Maling oilfield

BERERF 1107 wm® B, GBOKRGALIE 5 B AL )
B AT SR AT L) ) SIEAROR G L X 3 125 25 1Y) BTk
A

2) WRFEXAERLIAR (S, ) R/ NR SR SRR I 5
B R A8 22 [ 52 5% R SCIURE G, 0 i i R I
AT 10 wm AR (S, ) fe/IN R Bl 1R 786 Bl
e T~ A2 14 R 0 o

3) M Z BIE , 454 FLI I A th 26, %E Vi
B TARL B Wt R R, BEA OB B R
B, Wl > A58 2015 FHT 2K i) 22 8% 8, Wk > A2 980/, A T
FE NIRRT AR SR BRI fLB B AR S
55BN T B R T, B i 2 AR B

2 % x #t

(1] BRAs, 2wy, A A hEAm RS (=) - KKhH
[M]. L5 i ol ik, 199223 - 7.
Yang Junjie, Li Keqin,Zhang Dongsheng, et al. Petroleum geology of
China( Vol. 12)) Changqing Oil Field[ M ]. Beijing: Petroleum Indus-
try Press,1992.3 -7.

(2] ka2, BRitim, e, 4. SR St PO IX K 8 BUsEwh s
i ZRAE R [T]. A 5 KRR AT, 2013,34(5) :679 -
684.
Zhang Jizhi, Chen Shijia, Xiao Yan,et al. Characteristics of the Chang

8 tight sandstone reservoirs and their genesis in Huaqing area, Ordos



%5 1]

TR, 5. SR A R FLBRES K B B R 52 R 779

[3]

[10]

Basin[ J]. Oil & Gas Geology,2013,34(5) :679 — 684.

A/ R, X, A BB BUE A 82 A T oW AR
BHMEXRR— LSRN =& RERAUNHI[T]. Al
5RARS M5 ,2013,34(3) :288 -293.

Niu Xiaobing, Feng Shengbin, Liu Fei, et al. Microscopic occurrence
of oil in tight sandstones and its relation with oil sources—a case
study from the Upper Triassic Yanchang Formation,Ordos Basin[ J].
0il & Gas Geology,2013,34 (3) :288 —293.

TRIESC SRS, 4 SO, A5 SRR 223 A v A G AL R o 5
AR A SRR MR, 2012,33(4) 2582 - 590.

Su Fuyi,Zhou Wen, Jin Wenhui, et al. Identification and distribution
of the Mesozoic plays in Ordos Basin[ J]. Oil & Gas Geology,2012,
33(4): 582 -590.

LMK, TR, B AR, 45 SR 22 4 Th IRl TH A 8 il = 40
SEIZFHE S A BT 5T (1], RAR M ERFL,2012,23(3)
514 -519.

Ma Chunlin, Wang Ruijie, Luo Bilin, et al. Characteristics of Chang-8
oil reservoir and distribution of oil reservoir in Ma Ling oil field, Or-
dos basin[ J]. Natural Gas Geoscience,2012,23(3) ;514 -519.
AR R Sy B 8 il et )2 M BURFAE BT 58 [ D] 44 . Py 2
AR AR ,2012.

Qu Chunxia. Researeh on the reservoir characteristics of the Chang 8
Formation in Maling Oilfield[ D]. Xi” an;Xi’ an Petroleum Universi-
ty,2012.

ZER IS MZ Y B [ ML AE  ob I A Il R AL, 2011
142 ,278.

Li Aifen. Petro-physics[ M ]. Dongying: China university of Petroleum
Press,2011:142,278.

B AL, FRUEI AL, 55 IR B D i 2 K B I R B
PR 5 —— LA SRR 22357 0 4t V8 W i 1S4 565 8 )2 o 141
[J]. A S RERA 5 ,2012,33(2) :321 -328.

Liao Jijia, Tang Hongming, Zhu Xiaomin, et al. Water sensitivity ex-

periment and damage mechanism of sandstone Reservoirs with ultra
low permeability: a case study of the eighth oil layer in the Yanchang
Formation of Xifeng oilfield, Ordos Basin[ J]. Oil & Gas Geology,
2012,33(2) ;321 -328.

BIER IEN], 3, A5 AREE 2 AL B AR B it
[J]. Jr2f5500%,2013,35(5) -1 - 8.

Huang Yanzhang, Yang Zhengming,He Ying, et al. Nonlinear porous
flow in low permeability porous media[ J]. Mechanics in Enginee-
ring,2013,35(5) .1 -8.

KA. ARIB B Z AL BB R R 20 RUEROM [T]. A 4K
#%,2004,26(3) ;128 - 131.

=

Song Fuquan. Research of the size effect of liquid flow in low permea-
bility porous media and microchannels[ J]. Chinese Journal of Na-

ture, 2004 ,26(3) ;128 - 131.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Mapxacun , M. J1. il Z P FRAL =L M. 22850, 3. Jbat . A
Tolk i, 1987121 - 123.

Mapxacun , . JI. Reservoir physical and chemical mechanism[ M ].
Translated by Li Dianwen. Beijing: Petroleum Industry Press, 1987,
121 -123.

FREA B s, #AGRT. JE S MR LS R T]. A
2#4%,2013,34(1) . 188 - 191.

Wang Xiaodong, Hao Mingqgiang, Han Yongxin. Implication of the
threshold pressure gradient and its application[ J]. Acta Petrolei Sini-
ca.2013,34(1) .188 - 191.

RIS, 22 ZEAR 5 I H LRSS A XS 8 AR dh e isgm [ ] A1
MR 5 FF & ,2003,30(1) :79 - 80.

Gao Wanglai. The effect of pore structure on the characteristics of
percolation flow curves of Ansai low-permeability reservoir[ J]. Petro-
leum Exploration and Development,2003,30(1) ;79 - 80.

ABAT, R, XS5, A5 KRB E USSR RE [T ] il )
W5 H%,2009,36(2) :232 - 236.

Xiong Wei, Lei Qun, Liu Xiangui, et al. Pseudo threshold pressure
gradient to flow for low permeability reservoirs[ J |. Petroleum Explo-
ration and Development,2009,36(2) ;232 -236.

SROMR, XU ZE 4, A Kt 4. B0 UK 2 9K R AE B T R AR
R——UDISRR 2 ft b R XA 7 Sl 2 2H 0 [T ]
A5 KRS IT,2014,35(2) 2207 - 211.

Han Yonglin, Liu Junfeng, Yu Yongjin, et al. Displacement character-
istics and development effect of tight oil reservoir:a case from Chang
7 oil layer of the Yanchang Formation in Shangliyuan area, Ordos Ba-
sin[ J]. Oil & Gas Geology,2014,35(2) ;207 -211.
ZREIF W N, S — R R AR i U 3 D R
L] E AR 224 (A SRR ,2008,32(1) 68 -71.

Li Aifen,Zhang Shaohui,Liu Min,et al. A new method of measuring
starting pressure for low permeability reservoir[ J]. Journal of China
University of Petroleum,2008,32(1): 68 -71.

ZET MR, XM $03 20 00 0 IR 8 35 B AR A4 S i K
ARG T A SE IR —— LA Vb3l 7D 7 W LT ], i b T 5 2R
= ,2008,15(1) :84 - 86.

Li Hao,Zhao Dapeng, Liu Bolin. Effects of starting pressures on sin-

gle phase fluid and oil/water two phase fluid flow in low permeability
reservoir-case study in Sha 7 fault bloce in Shanian Oilfield[ J]. Pe-
troleum Geology and Recovery Efficiency,2008,15 (1) .84 —86.
ZRIEIS B, TR WE. RIS B T EOS RE SE SR T [T 7
LA (A AR ,2008,23(2)35 -9.

Li Aifen,Liu Min,Zhang Shaohui. Experimental study on the percola-
tion characteristic of extra low-permeability reservoir[ J]. Journal of
Xian Shiyou University ( Natural Science Edition),2008,23(2) .
35-9.

(%4 RILA)



