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Abstract The permeability stress—sensitivity of formation rock is one of the most important research subjects in the petroleum industry
and geotechnical industry. A capillary tube—pore network flow model is presented in order to explain permeability stress—sensitivity based
on permeability stress—sensitivity experiments. The new model fully considers the complex connectivity among pore throats, pore structure
tortuosity, different types and sizes of pore throats, and their different contribution ratios to the rock permeability. When effective stress is
loaded on the low permeability rock samples, the larger pore throats, as the main flow channel, are firstly compressed smaller. Therefore,
both fluid flow resistance and pore tortuosity simultaneously increase; it is the main reason that the rock permeability dramatically
declines in the initial period for increasing effective stress. Since there are less large pore throats in the rock with lower permeability,
those larger pore throats compressed smaller could have a greater impact on the rock permeability. Therefore, the smaller the rock initial
permeability is, the stronger its stress—sensitivity is. Comparing with the experimental results for pore structure deformation, the new
model is very reasonable for explaining the permeability stress—sensitivity of low permeability rock.

Keywords ulira-low permeability reservoir; permeability stress—sensitivity; pore—network model; tortuosity; effective stress

0 3l=s S5 A WP S B 1 T RS T AR R R AR R AR R BRI,
il J2 55 40 BN T U R AR LS BB R R4 R R TB B AR X T AUROT K AR b A H A
HAH BB 2012-10-25; 15 = B #:2012-11-14

KERA . ‘1"55‘5? XA H 2 % A B (CNOOC-KJ 125 ZDXM 07 LTD 02 ZJ 11)
Ak WA B, LA B 5 @) A il A A T, T 15 4 1zhangql208@163.com

N 44



] jcmik

## S 2012,30(35)

£ 8 X (Special Issues)

TR AN SR R, UL T SO 2 S B R N
U AR 2 A 00 T 453 B — > R S A A Y PR R

Fatt A1 Davis T 1952 47 e R 5E T 0 2 45 41 1915 35 L
T BUBRR AR, SE AT kB, 2 R A O B8 3 249 21MPa
(3000psi ) B, 8 HLH FE B 3 R K R M TE 11%—41%, 4
FEAR S B4 SN S (B SR A B B R S M B A &
BRI , F Fau GHF 5 R EERE L ENAMR Z 2B S A A
B 75 175 2R N B E B R e DR 2R R AT T K S e
GE RO A R ST RN ) 2 R RN ROWE LR S R A
Davis ZFP%F A [F] 15 15 3 50 B 55 A 5 15 3R N T SUS kAT
TRGERX LIS, R FIRES B AT &3 a A, LR
JE B3 R ) L S B R R (HRE S5 B AR B
FABEIMN N ) U R, TR PSS H R
TRV S e oK S 36 AR DA SO0 AL B IR 2 R L 0k 3 A R A5
RIS T BRI 2 A W8 3% 260 1 BURAR AR R 45
TR B8 RN AR N 7 R B L R 2SS AL
W & T RRAIE SR 52 T 98 358 23R 1 7 AR I 1 2 S PR 3, 0% S i
K 25 15 7 I 5 | A 1 07 BRI B8 B O B
WSR2, F D iR AEUIE T iR oy 45 R S T R E RTINS
BRI S 1 R 7 2 R R AL A B A R IR
WEEE T AR B 20 4 1 2 AL A R g SRR E i R AR Z Y
K F I A R R AN R BUR TR B K )E I i
TR AL, T 2% 35 5 i IR E i A A LB SR
Bk H R R B S I A R AT ST TINRER
B E R0 B AR | AR LT Sk ) S PR A AT T IR
B AR U () 2 AL

LA IR, H T4 R 28058 Bt s B IR B i A
B 3 N T HURER T b B B RS BB N
N SRR R R IR B A AR R I T UMY
P AE AL 50 I A AR AR A0 1 f e, BRI S R AR S R
A RO R OR ST ADLACRR LR T 75 A L 7 2 (9 (1K 12 s 2 AL B 25
B AR X AR X TARB E A A ToREl, MBEAEAE
PERE S5 S0% 1R S P 55 W) 3T B A AR R R L
RIS TR A LR AR T B Wb SR AR /N OB TEvE i B IR B B A A
Vo 400 PR 55 0 ) v 1 B 0 SR A I ) R A5 1 Y A R
ESN

AR L A RHAR B B R A 0B B BN ) U S 56 1
FEGE R A8 75 EAR IS G 2 SOV FL IR 25 4 AH B 3% 3 P 1) Sty
PR T A A AL SRR | A A BB A T A i R AIG
B i A 2 0 AU R i N E TR AL

1 HEEEEARNBEMIR

1 U 3 BReIiB 82 Sk B0 A 6 2 A b IR — L X
MPBERGAMB I Z W B SEHR . N1 aT VR RS
G5 3 AR AU T S e S B R A A K
S 3 35000 4 400 UK/ W BE DN A AT AR T 48 ¢ e 3T

SCIESCE & TECHROLOGY REVIER

1.0r ~-0.1063x10 *um?*
B —@-0.2083x10 *um?
» 0.9 ‘“‘*H__H*L —c—0.4960=10 *um?*
> T
¢ e
g 0.8 *—
=
v 0.7
:‘Tﬂ 0.6
o e
0.5 “*Q—___:
0.4 y

Y4 8 12 16 20 24 28 32
HAUN J1/MPa
B1 A—USNeEXE5FHEAZEHXER
Fig. 1 Relationship between normalized permeability
and effective stress
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Fig. 2 Distributions of pore throat radius for
different permeability rock samples
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Fig. 3 Relationship between permeability
cumulative contribution ratio and pore throat

3 EER-IEMSEHHEE
BT HNR O FLBR S M BT 45 50, s T i B -

FLER R A5 B P 4 s

P efLB
Ensr [/ e 0 8 WO
————— > 4 iy
/ - )
N a0 )
afLLI \'“\‘:;'_‘_/,/'/ [
biLi || =

B4 EER-FLEMEZERREE
Fig. 4 Schema of capillary tube—pore
network model
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