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Shale gas occurrence under burial conditions
Yu Lingjiel’2 , Fan Mingl’2 , Tengerl‘2 , Liu Youxiangl’2

(1. Wuxi Research Institute of Petroleum Geology, SINOPEC, Wuxi, Jiangsu 214126, China;
2. SINOPEC Key Laboratory of Petroleum Accumulation Mechanisms, Wuxi, Jiangsu 214126, China)

Abstract ; Shale samples were collected from the Longmaxi Formation in southeastern Sichuan Basin to carry out quan-
titative studies of shale gas occurrence under burial conditions. The impacts of TOC content, temperature and
moisture on adsorption capacity were studied using gravimetric isothermal adsorption, and some related empirical
equations were established to calculate adsorbed gas content under burial conditions. In addition, free gas storage
space was derived by deducting the volume of pore water and adsorbed gas from total space. The density of free
gas was calculated using the Peng-Robinson equation. Therefore, a quantitative calculation method for shale gas
occurrence was proposed. Under overpressure condition, adsorbed gas content decreases with the increase of burial
depth, while free gas content increases and becomes dominant. Shale gas content of well Jiaoyel was calculated
using 22 samples mainly from 38 m interval. The adsorbed gas fraction is 27.1% —47.8% with an average of
34.3%, and the free gas fraction is 52.2%-72.9% with an average of 65.7%.
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Table 1 Adsorption capacity of shale samples with different

TOC contents collected from the Longmaxi Formation, southeastern Sichuan
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g 0(T00)/  HLRIRY ;fﬁg/ CH\L‘ ol fy;’;;fm o
% (m? - g ™) (nL- &) :El()ijft dngml;lr 71/\ Langmuir J_
wmEE/C V/(m’ o) P, /MPa
WX-1 3.38 20.6 0.022 4 30 3.12 1.64
WX-1 3.38 20.6 0.022 4 60 3.02 2.49
WX-1 3.38 20.6 0.022 4 80 2.91 3.53
WX-2 3.69 17.8 0.025 1 30 3.08 1.63
WX-2 3.69 17.8 0.025 1 60 2.97 2.67
WX-2 3.69 17.8 0.025 1 80 2.94 3.60
WX-3 5.59 25.7 0.015 8 30 3.85 1.16
WX-4 5.44 29.5 0.017 5 30 3.85 1.47
WX-5 4.45 21.5 0.015 5 30 3.42 1.40
WX-6 4.21 18.9 0.013 9 30 3.51 1.55
WX-7 3.12 18.6 0.014 8 30 2.87 2.20
WX-8 3.05 17.3 0.014 0 30 2.38 1.80
WX-9 4.52 17.8 0.018 3 30 3.12 2.14
WX-9 4.52 17.8 0.018 3 45 2.92 2.59
WX-9 4.52 17.8 0.018 3 60 2.84 3.33
WX-9 4.52 17.8 0.018 3 80 2.63 3.97
WX-10 1.45 12.2 0.012 1 30 2.40 2.57
WX-11 1.35 11.9 0.011 6 30 2.14 2.78
WX-12 2.76 15.9 0.018 1 30 3.13 2.01
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Fig.3  Contribution to specific surface area of micropores

and mesopores in shale samples collected
from well Jiaoyel, southeastern Sichuan

BILIST Ay 2 T o it 1 1 2 67/ T B, TOC & &
R A ALt ) 2 T O PR IR B 2 A 2 A
BB A ) U 5 B Be 231 ROFE ) S5 W 1
FI e ORI BT, U T I 3 SRR A e I B
R, S, TOC — 7 T AT 4 At T 22 i A B BT Ik
B oz, [ I SCHG 5 1 F g o3 1 3R T R IR RRT
H i F2 TOC & &5 Langmuir EFREIE, S
Langmuir R,
2.1.2 BENA

R BETE I 2 T A IR R — SRS 7 B
TRBESGAN , SRR W B BE A BRI, X T B — A
&, BEAWESE i 8 3  F 2 Langmuir 22401
PR 5 4 %8 I B B B8R (1L/T) R R RERIR,
Zhang Tongwei %' i@ i nK—1/T X & (K K
Langmuir 'J.%L'éﬁ, R Langmuir JE P, E"J@ﬂﬁ) s 5%
TANFI A EE 1Y Barnett D376 AS [R]E 149 0% BfF
PERE LA LA [F] R 2 T B AR W R BE S IR &R
Ji Liming" ™ ZE0F 58 17 R0A% L xF 26 87 4 % ot
PERERYSE WA, JENL T ORI 2R BB ) InK—1/T
KF, EIEMEIRIE TR T X R R
TUE AN AR EE T W PR RE T e TR 280 S
I/THIRF , HABFE T N R 2T AN W) 0 s
AT W B A, U2 PR TE A © 7Y 30 °C
ZMF T Langmuir 2485 TOC 5 5 2850 ¢ R 1Y SEAl



4 ATVRAR, 45, MRS IF T UH SORATTE R - 441 -

(D) R(2)),#E—2 Lk 30 CAMF T Langmuir
SRS I A AT HEN HA IR B2 S5 7F T Langmuir
SHER KR,

AWFFEILEHE 3 A VUA R ITRE 30~80 C 5%
P S R A ST (B R 1R T 25 MPa) , &l 4
S BN Frk E#EY) Langmuir S 80484k 11 5 48 %)
AR Z O R K], Langmuir /4R AR fh %
(V./ Vi) Langmuir T SJZBEZ (P /P,,)) 548 6
FEHININAR (AT/T,) Z I 56 2R 0 A2

V,/Vyy==-0.506( AT/T,)+0.995 2

R*=0.5519 (3)
P,/P,=6.511 4(AT/T,) +0.965 9
R*=0.949 2 (4)

1T, 2 30 °C S HATRLEE X (246 % i B, 303 K
T RARTIREE K Vi P i Ty A5 XF 1 A g B
SRV, Py R T AT X0 W S5
2.1.3 REWMHH

MRS N DUA TR S — e R AR AiK
% BB TCHLE AL ( B E 0 AL 2

1.l

ool

O R

5 * Pk

S0 0 ® o TTE—a

B

X

=

o8| 3=-0.506x+0.995 2

é R'=0.5519 B

on

§ 07 WX-2

& Wx-9

06 g 0.05 0.10 0.15 020 025

WREEATIT,

¥4 Langmuir AR 5IREE A E R

Fig4 Relationship between Langmuir volume and temperature

291
” y=0.511 4x + 0.965 9
Q\_f ’ R'=0.949 2 %
=
;?P( 19+ %*
B X
= (]
= -
OED 14
§ * Hwx-1
P
ook WX-2
®wx-9
Il Il Il Il J
04 0 0.05 0.10 0.15 0.20 025
BB EATIT,

[§1'5  Langmuir FEJ7 5RE A CR

Fig.5 Relationship between Langmuir pressure and temperature

701
o *°¢ & TN
L 2R J B =Bk
50+ ~
X i\ =~ u
Sl N
=
| lﬁ
%E * & \“I? n
%301 a e
<FE[ % S~ ~
I.\ ¢
~
20 S~ \l
y=-6.092 Tx + 55.321
10 R=0.666 6
G Il Il Il Il Il Il J
0 1 3 4 6 7
w(TOC)/%

Ko IR A AT A JHFI
FEUT B I B KA S TOC & EKR
Fig.6  Relationship between TOC content and water
saturation degree of wells Jiaoye A and B
in Jiaoshiba area, southeastern Sichuan Basin

ORLRE % 4% ) SRR SR K BT, 1A HILAL B U A B
TR, BT AR S K 545 5 A2 A6 T AL o H
AHLFR AR S AR R, B oK T A
AIRE S PR ALBT R AL, 5 W IR e 4
KF, TS BT RE T o Bl 6 Sy £ A 30U IX £ ot
A JEREET B I 2 HHS KBRS TOC &1
KZ, AT LU 5200 01 A 19 5 7K Ab R A3 A 7
20% ~60% Z 8], H & /KMAIEE 5 TOC & & Z A 2
TR, i 2 X FR

S,=-6.092 7w(TOC)+55.321 R*=0.666 6 (5)

DUAIEFE R W T BE ) 23 1035 520, /i AT
P W GO A K S W R R K R
Merkel %5 BFSE B, M TS S K AR, Bl %
TrKEIG I W R T R (HAAAE — S e, B
MEKEET 1 mmol/g J& , RIME S 7K = A48, Wk
B U T AR E TR E R T P M B 539% (6
SN BE 97 % (584 AN ) B %) I BT R A A
R RAE T R BN S . AB WOAR E EAT ABE 5 h
KT P K G5 T 5 0 W B %o b SCal (&
7) I ELM LR EE, SKIUAW M RE 1290
TR TUE Y 50%
22 EBEEHFTRESBREENX

HGESAAE T, TUSSIRAAIE 3 A 32 1l
SRR R T AL ) S E K (RO WM ESE &R
il 2y, FEFRIIRCH AR IER WA e 45 R
J7 B MR AR B S S KA AN B S5 A R TSN [R]HE
AR T TUA T AR RS i e SR A 1 SWAE L
], SRR HCAS [R) A SR A T A i, )25 )&
FIHTOCSHOk K1k, tH5 AT 43 R LR 84 3K



- 442 - & b B

b B %38 &

=
1

v
T

1=1.956x
R=0.689 1

IS
T

w
T

M Gasparik(2014)""
Ross(2009)¥e #—

R . ® st R
* Ross(2009) 1k %' %
ﬁl% [16]
<

I I I I I J
05 1.0 15 20 25 3.0

KT PR /(m - 1)

TR R/ - 1)
1]
T
<
*

=]
S

P75k U5 4R A W BE T Xt L
Fig.7 Adsorption capacity contrast between
moisture equilibrated and dry shale

() A TOC &4 5 5 R M 2Bz K &
HEASE] 30 C 44T m ARS8 (1) A
X (2)).

(2) YGRS SFR WM S E AR LR,
TS BA R A5 T A A TR 280 (X (3)
M (4)) o

(3) M4k sy ZR B50RN b A B2 35S [ JL R
AEHTRE AL, IF AR Y b — 20 R b Ry S5 il
MBS E5, THEAR BAS R] HEER A 1 R B B ( S5 T
TRHE TUA TN ) .

(4) RAEEL 7 P K DU 5 T8 00 I
OCR, P 50% A5 4 dn R %, 15 3 52 br I A
TF R B A IR

(5) W Bt T 580 o 82 R I o 90 B L
Bt ), e B %% 32 30k R SC R o i ] Bdls 0,421
g/mL[zo—zl] .

(6) 5T B UKAF 23 8] 9 2 A 25 1]
Ay el FLB S T v 3 L B K DL W BT o 48 1Y
23 (], TR IR N

Vi=V.(1=5,)-V, (6)

K v, A e AT S AR 2 Al v, o SRR A ]
S, R EIKAFIEE ; V, SR BT i P 28 1]

SAFLBRZS [RITHERL A W] SR FH S ot L B B A
TR 2% 5 i 3 A R R A A DX N LB L
JE5 TOC i 450 0 2155,

TUFT S /K AR B, 5 A S0 5 A AR R B DU i
DASIIN 5 7K A 0 BE R, AN SR ml A =X (5) o7
(AR AT TOC S5 Sk LR,

(7) AR5 1 T i B A e 2 B, ATAR
P GRS T B e A5 21, v] SR A NIST $2 41 11 )

¥l http ;//webbook.nist.gov/ chemistry/ 5, REEPROP
AR, AHIETE 2R T B AR A5 T7 e Peng—
Robinson ( PR) J7 & 2 71 55 A [A] 3 & T Ui 25 0%
J& . PRITREATZIR N -

RT a(T)

p= -
Vi=b V7 +2bV -0
Ao
0.457 24R°T" )
a(T) = b [1+fQw) x (1 -T7)]°
0.077 8RT,
=
f(w) = 0.374 64 + 1.542 26w — 0.269 92w’
T
T, =~
Tc

T w0 ARG T oA, BUE Y 0.011 3;
T, F P, 535k e I SRR B e T, 43 S U
9191 K Fll 4.6 MPa; R Ay 35 3d <M H 5, B
8.314 472 m® - Pa/(K - mol) ; T Fll Pk SZBr i FE
KBS BALL 5350 K F MPa; VNSRS B
7 m*/mol , W] — 20 5E R o/ mL,

(8) M4 Ui B A7 25 1] B Ui 8 <0 %% 45 3
T AR 5, RS 65 (4) 215 B0 W B 3, 0
ZOARBUHE % T 0UA SRAFRRE

T EAREIR, R 2 BT — IR, R
i DU T 1 R ) R BRI b LA B RTA5 B AN )
TRIEE T W pUA <A

Pl 8 i1 11 9 Sy 44K 41 2 2 i 5040 T g 4 1% 4L 3R

—
— A

20+ MR

YR /km
I
T

351

40

451

50-

K8 HEERAF T SR URA A2t £
Fig.8 Shale gas storage capacity change
curves under burial condition



4 ATVRAR, 45, MRS IF T UH SORATTE R - 443 -

x2 EBEFHTRESREFEEITELS

Table 2 An example of shale gas storage capacity calculation under burial condition

HUE AT W B RAE TEE A T8 e L i

) e o, ALBR TR SOKMEHE WS IEER i i) v, UEEA WA
e VAR 2 VA Z VA A 11 V™

m € K MPa (m” - 7") MPa (-t (-t (mb-g") (mL-g™') (g-mL™h) (m® -t L % %

500 345 3075 72 34 16 278 1390 00023583 0011735 0051171  0.84 223 37 623

800 420 3150 115 33 19 283 1415 00024007 0011693 008280 136 278 489 509
1000 470 3200 144 33 20 290 1450 0.002460 1 0011633 0102183  1.66 311 534 466
1200 520 3250 173 33 22 293 1465 00024856 0.011608 0119929  1.95 34 570 428
1600 620 335.0 230 32 25 289 1445 00024516 0011642  0.148419  2.42 387 65 373
2000 720 3450 288 32 29 291 1455 00024686 0011625 0171731 279 425 656 342
2500 845 3575 360 3.1 33 284 1420 00024092 0011684 0193943  3.17 459 6901 309
3000 97.0 3700 432 30 37 276 1380 0.0023414 0011752 0211531 348 48 716 284
3500 1095 3825 504 29 41 268 1340 00022735 0011820 0225143 373 507 76 264
4000 1220 3950 57.6 29 45 269 1345 00022820 00118110 0236827  3.92 521 744 255
4500 1345 4075 648 28 49 260 1300 0.0022056 0.0118880 0246274  4.10 540 759 241
5000 147.0 4200 720 27 53 251 1255 00021293 00119640 0254638 427 553 T2 227
6000 172.0 4450 864 26 61 243 1215 00020614 00120320 0267623 451 573 87 212
7000 197.0 470.0 1008 24 7.0 224 1120 00019002 00121930 0278265 475 587 809 191
8000 2220 4950 1152 23 78 215 1075  0.0018239 00122690 0286624 492 600 820 179

T RSN TOC &1 4.5% , E KW 30% , FLBRIE 5% , WU 2.48 ¢/mL, RIS 22 °C IRERE 2.5 °C/hm, B RE 1.44,
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Fig.9 Shale gas storage capacity ratio
change curves under burial condition
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Table 3 Calculation results of shale gas storage capacity of well Jiaoyel, southeastern Sichuan
. w(roC), AUBE/ WA, TN WU/ WSS RS WIS
m % % (g+em™) ‘@*;F/ () (w7 W% HBl %
2334.43 0.94 4.30 2.69 50 0.82 1.75 68.1 31.9
2 360.85 1.51 3.45 2.63 46 0.91 1.45 61.4 38.6
2373.82 1.25 3.05 2.66 48 0.87 1.19 57.8 42.2
2 381.71 2.79 3.81 2.45 38 1.11 2.04 64.8 35.2
238226  2.89 4.89 2.56 38 1.16 2.63 69.4 30.6
2 383.93 3.43 4.10 2.53 34 1.21 2.27 65.2 34.8
2 386.03 3.48 4.95 2.56 34 1.21 2.83 70.0 30.0
2392.03 3.33 5.59 2.57 35 1.21 3.20 72.6 27.4
2394.71 1.96 2.87 2.67 43 0.97 1.18 54.9 45.1
2 397.47 3.24 2.88 2.64 36 1.21 1.32 52.2 47.8
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