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Fig.1 Geologic background of the research area (modified from reference [24])
(a) tectonic map of Kuga Depression; (b) Kelasu tectonic belt and location of the research area; (c) comprehensive stratigraphic

histogram of the research area



2 SEEG RBE AR AR Y
2.1 HIRERNSEIG o A

YA FEHT I 30 A BUBRS R S350k B 5 LR B P R 4 AR s A 1~2 B
HEYR 6 600~6 900 mo FT A SLH7E 1 BUATH FH A Bk rpoCy 5E B 7 20 Bk, S Al
kG 5 = SR LB R, SRHURE S P T R AN 2544 36h: SRS AE 120°CHEIE A T4
24h. FLBREERIEIE K3 CoreLab 2 A 1) CMS—300 H 2K R4 56 i FLIEEF
FHR SR AR N5 203 3 )3 REVAAE 2 5.5 MPa [ R N IIlEE, JExHi2iE %
DR G5 AT s E A8 AL IE 8 He He R 525628 F 9% [ Micromeritics /A 7] AutoporelV 9510
2 E B ERALTE B (XS B K AR R 1 414 MPa, RS R II & P FLIGE 4236 FELA 0.003~1 000
um. T Washburn 7788, 5 F H R 5256 TR B8 7 i 23R AL 2 i (A3 D,

_ 20cos b

P=— (M
Arh: POABATEIES), MPa; GHARATHS, A URMREE A 485 mN/m; 9l
i, 5 KR ) OB 9 135°7% 15092 1), 70 =140 r HALESE, nm.
RIS 3R 9250 R 94 8 Oxcford Instruments /A 7 Maran Ulra 1 BERI 0 5 7 55 1 £
BEHRE Y 2 Mz, FUMEWRHOY 100:1, EIWEITRR 0.6 ms. FREQHEBLIE, &

FH 189 098 ppm Nacl FIAIHLZE K BEAT NIRRT, W& T il Wija AR (15000

, 8.53MPa) THHTEIE L, FRIE ik, 0525 K H 9 E Oxford Instruments 2
A OD-16R A4 =i B OoHLIEAT s ORFF 1 /NP B0, USRI BE RS 0 vl B
22 BIERWMNES
22,1 ATmEERERGSEF MR

L B2 T i R R R R BB 2R TN 9 Winland #5278, Rezaee et al.Bl
Kolodzie!"'"All Pittman!"2Vif it 1% HUAS [6] (I ARFAEFLIG ARV E RIB B R IFN S8, SHZAR AL T
T, =FMHE A (2) KR
K=a;x®P1x ()1 ©))
K K NBIER, x10°um?; @ NILBE, %; ri AR THRMFIEE %X N FLME =42, um.
Kolodzie. Pittman Al Rezaee 73l LA BT HEZRMIAIE 35%. 25%. 10%%F BRI FLIEAR1E A
WAL SE, LT sy rsy no B BRI,

B I SR TR A ZE BRI o — AN LR & Swanson R, Z BRG] N T Swanson

T GRUFIREBE R/ MR KFEiE%.



RFEEE: BTN HRKBUERD B B R N

SHg)nl
Lt

Xt K NBIER, x10°um?; Sug ARKMWAE, %; P NEEET, MPa; miv n

Pittman 4 Swanson &% 5 Winland BiH%55, 5] N\ Swanson [E5XF B[ FLMEFAE rapex

K=m1 X (

F| Winland BT, FE ST rapex 121121
K=a,%0"% (1)
X KRBIEZR, x10°um?; @ AFLBREE, Y%: raped NARVEFIEE/ B R 0B AE XS B
FLMERAR, ums
222 #F NMR #5554 A
JSLF B2 B 2 T AR AR B (9 A~2 12 22 B A 2 Timur-Coates B A1 A 5 5)

A SDR BT (450 6):

Keagxanx (B
% BVI
Rofte KOWBIBER, «10°um’s & WILBE, %: FELREERAHHE, an’s BV AT

WA, cm’s
K=ayx@*x(Thg, )™
X KABIER, x10°um?s @ AFLBE, %: Toem AMEASRI FIFJLATSE, ms.
Iy — AN AR Prince-Rezaee #E7HB), BT (7)
K=— a5 — bsx® — c5xTh, (7)
A KABER, <10°um?s @ AFLEEE, %: Toy MR SIRIS (8] A, ms.
223 AF oMy bE E MR
T HRIHRBAR, 48 2 B S %) Timur-Coates #5784 5 SDR A7 g itk 8181 4 ()
A9 PiR:

FFI\‘
K=a5 X (p(bs +maD) (B_VI) (8)
K=agx@etmaDlx (T, Y% €)

3 HUER AR RE

3.1 HMEHFIE
WEFEIX 30 ANEA R T BUS i A A AL E (25D 1T 2.9%~8.4%, “FIMHE

4)

©)

(6)

©)



IRk

AHE T 5 5.29%F1 4.97%:; 5 IRiZFE R K, AHZE 2 A HE0(0.003x10°~0.678%107
um?), T 0.036x10° um?, FH 0.013x10° um?; J& A FHRHKSL . BIRBBEW A ZE
([ 2a, b)o FLBREE 5BBRIPEZ MR REE (R=0.5), $RnILREimmAE
B (B 20).

K2 KS2 Ul & e H BUE A T RHIE
() FLBRED A ETTE;: (b) BEFSMHEETTE; (o FLBESBEFRZILE
Fig.2 Physical characteristics of the Bashijiqike tight sandstone from the KS2 gas reservoir.

(a, b) distribution frequency histograms of porosity and permeability; (c) intersection of porosity and permeability
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B3 KS2 AU A FE 2 T 4L B0 b RO R AE
(a) ZRfzfb5ss, KS215 9k, 672544 m; (b) Hifafl, KS215JF, 6730.77m; (o) KAEMAL, KS223 JF, 6805.63 m;
(d) FAfL, KS2153F, 6741.77m
Fig.3 Microscopic characteristics of the Bashijiqike tight sandstone from the KS2 gas reservoir
(a) line contact and micro-fracture, well KS215, 6 725.44 m; (b) intergranular pores, well KS215, 6 730.77 m; (c) dissolution

intergranular pores developed in the feldspar, well KS223, 6 805.63 m; and (d) intercrystalline pores, well KS215, 6 741.77 m

4 KS2 AU AT 5 B e A U b LB S5 e R R R AIE
(a) BANE LML (b) FLAR5 0 Lk
Fig.4 Pore structure characterization using a high-pressure mercury intrusion experiment for the Bashijiqike tight
sandstone from the KS2 gas reservoir.

(a) capillary pressure curve; (b) pore size distribution of nuclear magnetic resonance (NMR)
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Fig.5 NMR analysis of the pore structure of the Bashijigike tight sandstone from the KS2 gas reservoir

(a) NMR T, spectrum; (b) pore size distribution of NMR
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Fig.6 Fractal analysis of the pore structure of the Bashijiqike tight sandstone from the KS2 gas reservoir
() fractal analysis of pore structure based on HPMI, well KS215, 6 730.60 m; (b) fractal analysis of pore structure based on NMR, well
KS215, 6 730.60 m
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Fig.7 Accuracy analysis of the permeability prediction models based on high-pressure mercury injection (HPMI)
data

(a) r3smodel; (b) r2s model; (c) r1o model; (d) Swanson model; and (¢) rypey model
42 ETRHHRERPTNZIER
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Fig.8 Accuracy analysis of the permeability prediction models based on NMR data

(a) Timur-Coates model; (b) the Schlumberger Doll Research Center (SDR) model; (c) Prince-Rezaee model
43 ETHRIELRSEETNER
SR RIBE R A 45 AL, Timur-Coates M FEAR AL AN SDR 43 AR A I8I7E [
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(a) Timur-Coates 7rJEA7Y; (b) SDR 7} JEARY
Fig.9 Accuracy analysis of the fractal permeability prediction models based on NMR data

(a) Timur-Coates fractal model; (b) SDR fractal model
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() BBEFERBOHIJG PSD, KS215 9F, 6730.60m; (b) i RMSERTTRE, KS215 3, 6730.60 m
Fig.10 Characteristics of movable fluid accumulation and seepage of sandstone reservoirs from the Bashijiqike
Formation
(a) pore size distribution before and after centrifugation for NMR, well KS215, 6 730.60 m; (b) Proportion of penetration rate

contribution for HPMI, well KS215, 6 730.60 m
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Abstract: Permeability is a key factor that determines the seepage capacity of tight sandstone reservoirs and
ultimately determines productivity. [Objective] Owing to the complex pore structure and strong heterogeneity of
tight sandstone reservoirs, the permeability exhibits significant variation and is difficult to predict. Thus, it is
urgent to develop a permeability prediction model suitable for tight sandstones. [Methods] Taking the Cretaceous
Bashijigike tight sandstone in the Keshen2 gas reservoir of the Kuga Depression of the Tarim Basin as the research
object,, we qualitatively and quantitatively characterized the pore structure of tight sandstones by integrating
routine physical analysis, microscopic observation based on thin section and scanning electron microscope,
high-pressure mercury injection, nuclear magnetic resonance and fractal theory. [Results] Based on fractal theory
and fully considering the influence of pore structure heterogeneity on permeability, two novel tight sandstone
permeability prediction models based on fractal theory were proposed. [Conclusion] Compared with the 7apex
permeability prediction model, the permeability prediction accuracy of the r20 fractal model and the SDR>40) fractal
model increased by 42% and 20%, respectively.

Key words: tight sandstone; high-pressure mercury injection; nuclear magnetic resonance; fractal dimension; pore

structure; permeability



