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Fig.1 Methods used to characterize the pore structure of unconventional oil and gas reservoirs

(modified from Clarkson et al.'”’ | Bustin et al. Ren et al.''3))

AL ST A RRAE SR AT BE 5T, 7R BE 3R -, B H 0B L
o] BRIE T R 80 S A2 FLME ST AR AR | J1 R E it /= FL
BREAGTE 566 2B TAE LB ZS SR R
B E B B ER S T & AR b R
1 M E s S5

SRR Z W s TR 5 P 2%, AR LU 4
M BRI L PR ARG P Bl | AR 2 P e
i JE TAEILHL S IR B E RIT, HNET — RS
b 1) Ay A 2RV [ P SRR B AR Y DX 35 T S 1 S
EH BT AETHE S VI FE A iHi—=
PP, Z 2P0, b KT A E 10, o s
JRFRILA — A HOR BT A, e g — LK X,
DR DUR @ K i A fle A b 3 G A A
I By ok Rl — DR SRR A A A SR
MDA B,

AR BEHCER IR Z2 i i b & 8 BBV b A <

WA X IR AR S X 13 HORE S (IR
/NT 3500 m) |, Ko EAH0E T X A B AR X 3 e
FESh CFEREEFE 4 000 m 247) , 3611 16 Heft &1k
ABCRR R AR il a X O R (8, R A oL A —
FURLEC B D7, LB AR i DX A ot 3 A AF G B I 2
%, 1 16 BRI AR N 2.5 om MIBRIEAFE
FE THUEIFHE T, 2 18 SY/T5336—1996 Hx i X} 7 A
HEAT ZALREE Fi2 37 2 | 45 5% o FLIREE 3 A 7F
6.53% ~ 15.45% , V- YJ{E } 9.45% ; & 35 F 73 i 1
(0.042~1.690) x 107 pm*, ¥4 0.470x 107 um’
(%1),

2 HUED A LM AR

21 EWHE

i HISE B XA 0 52 50 &R 4e 2\l WF & 19 APSE-730
RUPE 38R R A B4, I TAE K 71 0~6.205 5 MPa,
HEFRHESE 0.000 001 mL/s~1 mL/min, 3 fili f 140°,



51 EN

T4 BUR R AL DR IE B S8 R R 153

RIATK ) 485 dyne/ cms BRI 5 HE 2E st )
PRI E AR R 1 em 9 (BRI A U e

F1 B IREBRERYIERE
Table 1 Samples, experiment information and

its helium porosity and air permeability

P e W fLBRE BER fEd MR
el %S M /m /% /107 um? FEGR SR
FEAME P 1Sz S16 334298  10.60  0.631 %
2-Sz  S59  3509.61 979  0.121 & K
3-8z SI20  3639.15 950  0.960 ¥
4-Sz  $315  3750.65 7.20 0521 %
58z T6 3365.05 10.00  0.659 %
6-Sz  Sn309 345200 850  0.377
THEMAERW 7-Sd Ted  2907.55 1545  1.690 ¥
8-Sd  Tg31 282532 930  0.119 %
9-Sd  MI2 189727 1179 0290 ¥ %
10-Sd  Sgll  2269.79 920 0339 %
11-Sd  Sg52  2269.32  9.00  0.598
12-Sd Sg54  2633.96 840  0.042 ¥«
13-Sd Y19 2285.12 10.40 0.393 ¥
B A HiX 14-Ld L3 3773.94  6.53  0.103 Yo %
15-Ld Q4 432420 879 0141 %
16-Ld  Sn324 3859.30  6.80  0.543

TE s A R X AT YL

RELK, XA IS B s R R A R, 1
25°CHMT, DAH 2 BRI EE BE 0.000 1 mL/min [A] ¢
WSHRIETR, R AR b 2 o F S AR T AL R K
Pk oK st R v R T 58 SR B T — L SR U i 2 AL
B ANNGEIE (& 2) . o2 8508 A4 BRI, B Al
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Fig.2  Schematic diagram of the principle of constant rate mercury intrusion technology
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Table 2 Pore structure parameters of the He 8 Member tight sandstone samples in Ordos Basin

b JE R A eI IRI I

Sis  FIHBEFER pm FIALBEER pm CFIALRIE EWRMOEEAR pm IEBRR S¢/% r<0.05 pm S,/ % r>0.05 pm
1-Sz 0.95 146.83 151.74 1.07 0.64

2-Sz 0.79 150.96 208.17 1.00 0.45 62.33 37.67
3-Sz 1.34 168.74 166.92 1.68 0.43

4-Sz 1.53 163.42 140.71 2.05 0.37

5-Sz 0.81 117.38 193.77 1.02 0.48

6-SZ 0.78 135.20 236.89 0.93 0.54

7-8d 1.79 151.64 106.78 2.47 0.28 31.35 68.65
8-Sd 0.91 113.04 146.19 1.09 0.59

9-Sd 1.21 142.15 132.85 1.48 0.40 52.27 47.73
10-Sd 0.81 138.71 161.28 0.92 0.67

11-d 0.89 138.81 200.19 1.05 0.67

12-8d 1.16 110.89 209.80 1.72 0.40

13-8d 0.96 117.43 127.44 1.10 0.65

14-Ld 0.66 152.09 243.19 0.70 0.67 36.36 63.64
15-1d 1.12 136.14 138.17 1.66 0.39 79.05 20.95
16-Ld 1.23 142.11 184.03 1.65 0.41
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Fig.5 Pore-throat fractal characteristics of different samples
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FLBRAMEZE 1 (18 5a,b) , 23 B Be =20 B
G569, HLIXFR AT RRAE (0 FL R 45 48 2 R /K 22 1 4 b
& 8 BLEUR SMEZ M) R BALBR S A R R BT
I BLAS s FUZAR Y | LGRS A0 R fiE 5 98 0 Ry M 1
e FLB AU (B 3) o FEHER T TP 342
1 MPa &b, XF R (G E AR 2958 0.7 pm B, J253TE
SERI— AT, MUERE SR T 1 MPa, fLIfEE
AR TE LA S (4 43 T AR AL | ot IO A 40T 4 55043 31 A
2.179 1~2.892 0 F12.674 3~3.235 6, V-1 2.640 6
F13.018 2 8RT MR J1/NF 1 MPa, fiff 2 FLIE S
ANEACRHE, R 3 Fortral A0, )2 LM ik
T AEEL D, /N T WRE S TR 45 D, | UL it )23 i
AR LA 2% AR B

FLBRAMEE AN E 5¢,d) , 6P R Bk R 40 E 25
¥, HAzZeo U R e i 3508 32 & B AR >, &
FEIN B A FI B A5 0 X & 3, FLME A0 A R AE o 3
PRy 2 R B LB 22 R Bl A IR ) e = (R
3) o TEFEANFLIGE A7 Y P, FLIGE R AR 16 1 H oy

TE R AE, XN 3 T2 4E %0 D, . D, 43 518 2.829 9 ~
3.312 57112.794 0~3.286 9, F-#4°k 3.391 8 F13.096 3,

stk b, N2RFLBR TR 454 1 TR 4% D, Fil D,
PIKTF 1 BALBR A IE 4548 , (H LB AN BEAR 3 53T 4 L
() JLART 7 SO A B 11 2 AL R 53 T2 285 4 1) i )= L AL
S A RN S % R T 2SR B it 2 e A4 F LI 3
TR M | 2R SRR s B a5 R, i iR 1
KALBR L EEAT S (2 1 MPa b)) ¥ T 2854 R
I3 RPAER AT, LB 5 T X0 1 T G5k 53 1 43 B
AR ARRT AN (B Se, £) , I, B4k | HLIT 2841
B o T8 S0 ) i 2 AL 5 I AR R BE 3455
33 IMEAESERFIUENXR

IF5E K B A A )2 L B 55 4 118 3 A B Bt =4
T FNEEAR AT G50 5 4 22 B B i o b 0 B il 4 2L
ARG LR, BRI Z LB TR S5 1 R
I 280 6 2R B TFRE L B — 2 Ry, B 24
TELERTR 4 (R R 129K T 1 MPa) £ iy Britt ik i
2 PARAE RN IR G LT th Wk sk ; 2, B
JZ SR i R FLBR TR (K 6a,b) o [RIFE T
T 2R ALBR L WO S Z T XN R TR
R R B Bk ok 4 i 32y ik A BT ] (B 6c,
d) . B, 82 FUME I 4508 55 Wi AE & VA G,
A Je AT R AR )2 0 LR 3 T SRR AE SR S B N 4 iR 308 X

R3I BESHBELBESIBERLER

Table 3 Fractal dimensions of pore-throat and throat of tight gas reservoirs

I e Sy BT A3 5
el AR D, IR B R, D, MIXRER,  BEIEH/MPa  WEEFEF/pm
1 1-Sz 2.576 8 0.980 5 3.019 8 0.964 8 0.927 0.793
3-Sz 2.179 1 0.979 2 2.704 5 0.976 9 0.973 0.755
4-Sz 2.270 4 0.996 6 2.674 3 0.991 2 0.946 0.777
5-Sz 2.627 7 0.971 3 2.987 6 0.969 0 1.078 0.682
6-Sz 2.892 0 0.992 8 3.138 0 0.986 6 1.172 0.627
8-Sd 2.861 1 0.993 9 3.187 4 0.988 2 1.002 0.734
10-Sd 2.771 8 0.990 3 3.096 8 0.981 1 1.110 0.662
11-Sd 2.819 5 0.982 5 3.122 0 0.978 0 0.864 0.851
13-Sd 2.731 0 0.995 0 3.016 2 0.986 4 1.066 0.690
14-Ld 2.676 3 0.948 7 3.2356 0.941 6 1.035 0.710
S 2.640 6 0.983 1 3.018 2 0.976 4 1.017 0.728
I 2-Sz 3.2911 0.981 4 3.177 7 0.989 9 — —
7-Sd 2.8299 0.942 8 2.794 0 0.991 0 — —
9-Sd 3.3125 0.953 8 3.286 9 0.973 1 — —
12-Sd 3.2459 0.988 3 3.123 3 0.984 3 — —
15-1d 2.986 2 0.976 6 2.964 5 0.979 7 — —
16-1.d 2.942°5 0.936 1 3.203 1 0.981 5 — —
S 3.034 7 0.963 2 3.124 9 0.983 3 — —
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Fig.6  Mercury incremental intrusion curves of tight sandstone reservoirs
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Fractal Characteristics of Pore-throat of Tight Gas Reservoirs and Its Rela-
tion with Percolation: A case from He 8 Member of the Permian Xiashihezi
Formation in Ordos Basin

WU Hao'?,LIU RuiE’, JI YouLiang'*,ZHANG ChunLin’ ,CHEN Sheng’ ,ZHOU Yong'*,DU Wei'",
ZHANG YunZhao*, WANG Ye'”

1. College of Geoscience, China University of Petroleum, Beijing 102249, China
2. State Key Laboratory of Petroleum Resources and Prospecting, Beijing 102249, China
3. PetroChina Research Institute of Petroleum Exploration & Development-Langfang Branch, Langfang, Hebei 065007, China

4. Unconventional Natural Gas Research Institute, China University of Petroleum, Beijing 102249, China

Abstract; Constant-rate mercury intrusion (CRMI) was performed on 16 samples from the He8 Member tight sand-
stone of the Permian Xiashihezi Formation in Ordos Basin, and combined with the NMR experiment, the pore ( pore
and throat) structure features were investigated finely. Based on the research of the pore structure features, fractal
characteristics of pore (pore and throat) in tight sandstone reservoir were carried out, and the relationship between
pore fractal and percolation characteristics and pore structure parameters were quantitatively characterized. The results
show that the effective pores and throats of tight gas reservoir are controlled by submicron and micron scale pore-
throats. The pores are mainly composed of macrospores and mesopores, and the throats consist of micro throats, micro-
fine throats and fine throats. In the light of effective pores and throats recognized by CRMI and NMR, it is suggested
that both pore-throat and throat distribution conform to the fractural structure with dimension value D, and D, , respec-
tively, while pore distribution does not. Based on the characteristics of pore fractal structure and percolation, pore
fractal structures of He 8 Member tight gas reservoir are divided into two categories: type I has the staged fractal char-
acteristic, i.e., there is a clear inflection point with about 1 MPa pressure of mercury injection ( MIP). When the MIP
is greater than 1 MPa, the reservoir pore-throat has fractal characteristic and the throats contribute to mercury satura-
tion increment ( MSI). On the contrary, the MSI is almost entirely contributed by the pores. Type I is the integral
fractal, and the MSI is almost all contributed by the throats. The fractal dimensions of tight gas reservoir pore which
has a certain correlation with pore micro geometrical parameters where as its relationship with permeability, average
throat radius and mainstream throat radius are obvious negative correlation. The fractal dimensions show a positive lin-
ear correlation with micro heterogeneity coefficient, while no direct or weak relationships with porosity, average pore
radius and average pore-throat radius ratio.

Key words: pore structure; fractal dimension; percolation characteristic; tight gas reservoir; constant-rate mercury

intrusion



