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Compressibility derivation and experimental verification of two-component rock

JIANG Yu-jiang, LIMin, XUE Xiao-ni, XIAO Wen-lian
(State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University, Chengdu 610500, China)

Abstract: The rock compressibility has always been the focus of reservoir workers; and the influence of clay characteristics on the
rock compressibility gets more attention in recent years. Rock is regarded as two-component model ‘clay + matrix’, based on
definition of rock compressibility and theories of elastic mechanics, two-component rock compressibility formula is derived; thus the
theoretical relationship between the rock compressibility and content of clay as well as the mechanical properties of clay has been
found. Clay-containing sandstone cores from Daniudi gas field are regarded as the research objects, the compressibilities of these
cores are measured by triaxial compression experiment with variable internal pressures, the micro-experimental study is carried out
simultaneously. Theoretical values of compressibility of these cores are obtained by using the two-component rock compressibility
formula as well as the other traditional mathematical methods which do not take clay into consideration. By comparison among the
theoretical values of compressibility of different mathematical methods and the measured ones, two-component rock compressibility
is proved the closest to the experimental result, which indicates the rationality of theory of two-component rock compressibility, this
theory develops a new ideal for predicting the reservoir compressibility.
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Fig.1 Intergranular pore of sample D15-9 and the clay
mineral (aggregates of kaolinite and illite)
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Fig.2 Pore cross-section of two-component model
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Fig.4 Decomposition of two-component model
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compressibility with fn and G,y
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Fig.6 Variation of two-component rock
compressibility with Gy and vy

F P AT 50, i R B 2 A LU 88 o i v
AN, REMEMARE LR, HFLIE AR b —Fh L ook
ST, Wl 7 Bk

P NFLRE 13 ?k

e ) TRk E .
e
z

B 7 MRS R R onik
Fig.7 Unit of clay separated from model

VERAERG L Soo ik IG5 AP R AXINS,
AT r T RN IEAR, AR LG E 3,
YRR LA LR, G L SRoC ke 0 -Z 1H1 1)
WEfE (O FREEREOR, (He-Z T &R
B RSB RITRZ M E 2y, B, & b7Ee-Z
TR AR B2 B, fiaRs b SO —E I, itk
RAGAER R r 5, I T AAE r T
A, A da/dp i/, SRR RSN, W (13).

g4k, ME 6 IERT LU H, A A 48T Y)
Bt Gy RNV L FES, SRS By D) i
G XU 25 2 0 R R, WAL 4
REAKX (200 ANEIETINALE v, AT LABEE N«
TEX AL 45 R BB, A B R 5H
o G RN, X0 Ja ARSI i R 4L
FH e I s 1) 7 AR B s A i BTG T s A 1 %
I JPRATRAE T ER A -

3.43 MAM LGRS A AR LA Gy /Gaay

RIS R

i b fn FALBRIZ ¢ 0028 15%F1 10%, i1

TARA L veray B 0.350 BFFT CrBTEFE L G /Gy 12
WK R, WK 8 Fin.

—— [ A A A IR Gy
—o— [HE R LIV oy

S = N W A U N
T 1

BTG R S Cr /(107 MPa )

0 100 200 300 400 500
HAF L Gw/ Gaay

B8 MAMrE A EERBFEEE L Gu/ Gy KIZEAL
Fig.8 Variation of two-component rock
compressibility with Gy /G jay

XHRAFRE G/ Gy M 1 ZRALENECE, IFERY
Tl 5 Lo 7 4 2 R AT A T il 26 2 [ e %
B Guay =150 MPa f35f¥, 7 T 15 FTLEH
I 28 2 [ 2 B 4R BY DR i Gy=30 GPa #3311,

FEIR KM ) 2255 Gy =Glaay (150 MPa), #24
TR 2R L2 LN, ColEIR & B iR L
Ban, WA Gy W, Colud, 240 gk
GBI, Cola T V2%, Wil Gyt Crlf 52wk ik
N, HE 6T Gy G R,

FET7 TG MR I /23 Gaay =Gw (30 GPa), Ik
I 16 Crat S 18 5 v fn =0 (KB4 R0 R Kb
4 0.033 3x10* MPa'; Bl CLIG N, &L
Cr RITAR MR . 4R, LB AR B R EE AR
&, AOEPBEEEASEE)LE Ik, Mt
P E— AN S A BT IR

4 e f i R BN D E

4.1 AR

4 HORKEA PO KA S SRR, s
it 4 D15-8. D15-9. D15-11 il DT1-6. AFEFA
ZHWNK 1. FYCEFEE S AW B — B T
WEHERRAL, 75— B T A AR 25018
XA . BRI SR, A LR LG
RRLAFLBA &, B LA L) 2R, BRARGHA
AR TUIR R AR T o XATSHRE 85 o b3 2
F e E A SME AR (R 2, Y
TELR L 21.5%.
42 RBRPBREZER

B9 JE AU 5 2 A TR 4 R B RS e EAE
i, FE ALK BIE RS WERS.
AR IR DL AR R T2



1284 b +

b 2013 4

R1 AEAHERYHESH

Table 1 Fundamental parameters of experimental samples

HRET KJZ/cm H4%/cm FLEEE/ %
D15-8 5.068 2.504 10.673
D15-9 5.067 2.504 10.602
D15-11 5.033 2.502 13.309
DT1-6 5.085 2.491 11413
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Table 2 Mineral composition of experimental samples
W E R/ %

AR

A% BRA=fA EaA O BT BB AL
DI5-8 745 3.7 03 215
DI5-9 701 9.5 02 202
DI5-11 840 0.7 153
DT1-6  81.0 2.6 0.7 15.7
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Fig.9 Process of rock compressibility determination
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Fig.10 Measured values of rock compressibilty of the
samples under different pore pressures
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Table 3 Average measured values of C;of samples

HRES Bilfra/% W CoTHE/(10 ¢ MPa )
D15-8 215 2.4160
D15-9 202 2.3036
D15-11 153 2.493 4
DT1-6 15.7 2.1292
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Table 4 Parameters of samples and C; theoretical
values of two-component rock

HEE /% fn/% Vi Gaw/MPa Gu/MPa C;/(10*MPa')

D15-8 10.673 21.5 0.35 150 32000 2.134
D15-9 10.602 202 0.35 150 32700 2.039
D15-11 13309 153 0.35 150 30900 1.716
DTI-6 11413 157 0.35 150 32300 1.718
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Table 5 Values of C;obtained by different theoretical
methods and experiment
Cefti/(10* MPa ")
AR Hall - Newman ) Zimmer UG e
Ji ik Ji ik ik R#RK
D15-8 0.676 0.950 0.010 0.034 2.134 2.416
D15-9 0.673 0.952  0.010 0.032 2.039 2.304
D15-11 0.765 0.902  0.016 0.043 1.716 2.493
DT1-6 0.702 0.936  0.014 0.035 1.718 2.129
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