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Abstract: To study the shale gas occurrence characteristics of the Longmaxi Formation in northeast Chongqing, the isothermal
adsorption data under high temperature and high pressure and porosity data under burden pressure of the well WX2 shale were
analyzed. According to the principle of minimum error, we have chosen a suitable adsorption model for the study area. Based on the
relationship between porosity and effective stress, the free gas model is established. In addition, comprehensive analysis of the
characteristics of adsorption gas, free gas, and changes in total gas with the buried depth was conducted. The results show that excess

adsorption quantity of well WX2 shale increased first and then decreased under different temperatures with an increasing pressure. The

KA BEI: 2016-05-31; fEEIHEA: 2016-08-20

BB 2R S B PR E M E S s (hEG R JFBOEE R IINE (2016-005); EZKAKRESEETH (41272155); EXK
FERFSE &SRR (973) HWiEH (2012CB214702) A ¥eih

fEE®T: A, B, 199044, PR, MFAEEAIMAHBAFSY ;. E-mail: spirit1208@163.com



680 OB M o 4R 22% 44

maximum adsorption capacity decreased gradually as the temperature increased. After correction, the absolute adsorption quantity
shows a rapid increase first and then a slow increase with increasing pressures. As the absolute adsorption data can be fitted with D-A
model with the minimum average error, it can represent the real adsorption process of shale in the study area. Pores and micro-cracks of
shale samples will gradually close during pressurization, and reopen during depressurization. This process will cause irreversible
damage by plastic deformation, but irreversible damage accounts for small proportion. Porosities of samples from different directions
have a negative exponent relationship with effective stress. Parallel samples of lamina-rich shales have greater initial porosity and
stronger pore stress sensitivity than the vertical samples. Shale gas occurrence characteristic is comprehensively controlled by reservoir
characteristics, adsorption capacity, reservoir temperature, and reservoir pressure. Among them, temperature has the negative effects on
adsorption gas content and free gas content, and the reservoir pressure has the positive effect. The adsorption gas content, free gas
content and total content increases first then decreases. Adsorption gas content and free gas content are mainly controlled by

temperature and reservoir pressure, respectively. In addition, relative abundance of adsorption gas and free gas will change near the

critical depth, and this will be of great importance for evaluating shale gas enrichment.
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Table 2 Sample porosity data in confining stress
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Table 1  Isotherm experimental data of the Longmaxi Formation
L 30°C L 40°C L 50°C L 60°C L 70°C 1L 80°C
£ W B T R B J£J W Bt JEJ1 W 5t JEJ1 W B JEJ) W B
MPa ml/g MPa ml/g MPa ml/g MPa ml/g MPa ml/g MPa ml/g
0 0 0 0 0 0 0 0 0 0 0 0
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Fig. 2 Excess adsorption isotherm (left) and absolute adsorption isotherms (right) of the Longmaxi Formation
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Fig. 3 Adsorption characteristics of shales under different
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Table 3  Fitting results and fitting errors of different models

T LAY FAEA L-F 5 D-A fi1 D-R i1

WE v, op a WX v P WE OV, WE OV, W
FC mllg MPa %  mLAg-MPa) %  mllg MPa % wig D " % wi D
30 0933 3331 2618 2298 0.107 5609 3.020 1392 1939 0243 3.105 0002 4718 0319 3245 0039 3.553
40 1561 2960 2.856 1.690 0160 7.027 2727 1767 1511 0476 2.664 0010 3.534 0565 2.826 0.058 3.949
50 2238 2694 4.082 1387 0.179 7.872 2380 3.152 1734 0405 2342 0011 3739 0.191 2491 0072 4.742
60 2.144 2361 4418 1271 0.165 7336 2088 3.697 1915 0.869 2059 0.008 4.100 0.878 2.188 0.068 4.883
70 2.643 2265 6.036 1.132 0.178 9225 1912 5314 2.188 0419 1.897 0.005 4.581 0537 2.048 0.077 6.233
80 3.497 2210 7.808 0.990 0.197 10802 1784 6956 2.8 1254 1765 0007 4470 1.135 1924 0.091 7.466
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Fig. 4 The relationship between vertical sample porosity and

effective stress
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Fig. 5 The relationship between porosity and effective stress



686 [T

Bt o 4

22 % 4

GELBRE, (RS, BFE S B B R MALBRE,
i 5 A B A A9 L RN 7 BUR A (Milliken et al.,
2013), FZRIMRAN S8, LB RIS R 4
LTS

XFE S EHEIUAT AR R
LR, G0 DUE S5 K £ 1) S RS I,
LA AT T2 S M BT 2 m AR AE LB,
BULFE . Bk, FIHZE 2 P2 fL B R Sl
AL WX2 U B R ALIR LR AR, I 13,

b, =4.4507% " (13)

KL b, (%) FTFIFLBRE.
324 HBAAEIHE

VA AP T B R R SR T U LB R
(WA N4, 2015), R HER 3R A5 AS [R) 65 45 1F
T oAU S Ak, BIAT G A i R A e
PEATHIFE o PR T S0 A AR A R 3 X L B EE 11 5 i)
B, AR YA TEAS [ J2 0 e AN [ L
TR B DU B S sZ e, E A T X AR AR

7 SREa )AL S
XU B B TR AR ST
pV _ PV
T T (14)

A p (MPa) WERERMEZE T, V' (ml/g) A
SRR FLBUARL; T (K) BB i i )2 T
M E, Xdp, o vV, . T, NITEF 0C,
101.325 kPa B} 06 B 19 F 97 o i B <03 & T G
T

AR SRR AT, 5 SRR E
b, SR STREROCR

T=h/1000 xdT + 15 (15)
K b (m) HIUAHGEIEE, dT (C/km) Mk
JERREE
it 2T A R
p=hgnp, x10™° (16)

AP g (Nkg) RSN, (HE100, 7K
=K py (kg/m') NAKIREYEE R, (HH1.0x
10°,
YR AR M RN W
p,=hg(py—mpy)x 107 (17)
XA p, (MPa) WEEEA BT, pr (kgm®) FE
AEEI R, BOF(E 2.6x10°,

A BB A, 2353 R A6 2 AL
BRAAR . W RIE ) (S MRS S b
B HE R it s T i BE UELAH ) ), AR B AR s
Jife, Rl SRR (EURS) AT H 0UE i
BURHIE (B16).

3.5 —=—20C/km; 0.8Mpa/hm —4—25 C/km; 0.8Mpa/hm
I —e—20C/km; 1.5Mpa/hm  —¥— 25 C/km; 1.5Mpa/hm
3.0
4000
2.5 * ywwvm::;’,:;;;
2 20
E L
gﬂ 1.5
r [
w10
0.5+
0.0

0 500 1000 1500 2000 2500 3000 3500 4000
HH/m
Ko AFEMRZSE T U A7 Rk
Fig. 6 Characteristics of free gas in shale under different

burial depths

T 0 %] 4000 m 3 ERIE Bl PY, Ui B A A A
SIS RGN ARG, Rl RS &
EANFGEZE BT 258K, 457
1900 m £ 2900 m B 3, 10 3 AR U 37 Ml il A6 i 1)
. AR, 2RISR, i
RN, WS ERER; k2, 2%
JIREEE R, bR AR B RGO R R
ANo EHIERT DL, I X T U A R ) R R S
TR, TG 2 7 A X T 0t 25 A< ) 52 T[]
FERFM L, HXTEERT R, )2 R ) it 2 R
B R, P, XA R RIR oA,
T RS A2 RS S, R T
JEETJT, HBEE SRR B 03K, AR R A%
HRIEER G EER BN, RWAMZEE X
Ui 5 /50 0 T 52 i s L % P 344 KT 228
HR,

325 EASABTARERWMALHBE A

TUA SRR RIA IR, WIS &R E
AR T B S R S 2 M 43 A [R]
bR S i JE 0T B R B A S e A, RERT
FOEARHER GRE) FIUA B AERE (K
7). FEMEEGRE MR, SERERAE KRS
TN . MR RS T, )2 R e
FERR Y, AR S AR E MR, H B R



44 FHHEAE: WA WX2 T AR S R 7R 5 X 687

55
sol

45 S St
40l M. ~~,

35t /
300 /
25l

33 20 /
" 15[

K

t/ml/g

1.0 f/ —=— 20 C/km; 0.8Mpa/hm —a&—25 C/km; 0.8Mpa/hm
0.5 ——20 C/km; 1.5Mpa/hm —¥— 25 C/km; 1.5Mpa/hm

0.0 I I I I I I I |
0 500 1000 1500 2000 2500 3000 3500 400

R /m
17 RFER AT G & R

Fig. 7 Characteristics of total gas content under different

burial depths
K, AEJZ I R6 R R, R R el s i
ANy MR IBREETS , BEERERMG R, BE R
PIEAHKNT, HAKZ By, SE AR

=
IR R N PR, X AN R R T A,
MBS R R AR N, T 2 TR
71, MEEIRER A ERENFERE,
FITFHIRE S i s R SR AR B G R, TR
W S S I LI 8. WA S R 2 Ul
SR B 3 OB/, B B SR
HICERHE/DN, SR LEREIN R, Y2
JIR6EE 4 0.8 MPa/hm B, LUAEEIRT 1, FRIALD
SIS 5, YRR RIS 1.5 MPa/hm
Bf, EHEER 1700 m BT, HUfER 1, TUAREARS
TEBS AR, PRI TR B E SO DU SR AR S
e IR . BIEIR, 7E 1.5 MPa/hm 5544 T,
MGUAHEREE /N T 1700 m, W R S K TS

6 —=a— 20 C/km;0.8MPa/hm —a— 25 C /km;0.8MPa/hm
—e— 20 C/km;1.5MPa/hm —v— 25 C /km;1.5MPa/hm

I

piey

bl

W BfE

0 500 1000 1500 2000 2500 3000 3500 4000
H/m
K8  ANFIERIRAAE T R S i L (E
Fig. 8 Ratios of adsorbed gas and free gas under
different burial depths

e, TUAEARVWMA S S, HEERT
1700 m, eSS AR HHE S WA, TR
DAFRGA0G 2 5. BEE )2 R ISR, I AR
JEBHAR R, ARG R IR AT, MR
MR, IRAUREE MR, HILRZ TN, R HE
M/, )2 2R K
32.6 EhIRESL

SRy iff S AR R o AR R i T Y o
SR WX2 R i s & A S T < kA T
XF Lo 5 G S0 A5 I I R R 2 e AL B B s, e
PUle DB AR B L T R R R R
MR B RRAE AN 9 i o AL R, WX2 R0
BESIR B S A T 051 3.087 ml/g, He KIS,
TrEHRZ)800 m, WEEAHEANT05]2.25 ml/g,
BRI S BX R ERZ 2700 m, BETRENT
0%4.46 mL/g, AR E T IALE 1500 m fffifr. %
BRI S A SR  R B R R S B S R
JNTIER, WX2H DA KRR 1623.20 m,  XJ i 13
WM& SRR EA N 4.46 mU/g, HAH SIS0
HiR2EH8.98% (RIS, 2016), WEHAARKTUAS,
WRAFRFFE 25 B R TR . X WX2 R0 <
Ui B S UAEL AT AT 0, AEHR PR R 2100 m B 3T I B
GBS, 12100 m o WX2 H SR ke S s
SR S e G TR (B110) . HERFFRIX,
AL b A B R R R, TS [RIBIR Y
W B K2R, S5 AR mIAZs A, RimT w2
EBERFREE (GRE) PB4 S DA SRAT

FHAE
WX2 H: B A it R B A 5/ N TR B
50
45t
40 F
351
2 30r
\E L
B 2S5
&t [
20
®os|
= 00 —=—
LO| ——
os | — R
0.07 L L Il L Il L Il L Il L Il L Il L ]
0 500 1000 1500 2000 2500 3000 3500 4000

HR/m
B9 WX2 e IR AL & RARE
Fig. 9 Characteristics of gas-bearing strata at the base of the

Longmaxi Formation in Well WX2



688

iy
=2

S:LN T I

22 % 4

r

at -
a5

0.5 |

i
—_
w

T

s
=

O'O 1 1 1 1 1 1 1 ]
0 500 1000 1500 2000 2500 3000 3500 4000

H/m
B0 WX2 o DR 2 S S < S5 T s U bL A
Fig. 10 Adsorbed gas and free gas ratio at the base of the

Longmaxi Formation in Well WX2

LT, FLREE SR A3k, W B
W, AR N R, W R AT R
AN, HIERTEN, DUASUE ST B — i R
FEo BEAh, HR TR 3R A T A B RE T 4
w2 T IR R ARAFRE ST (JE AR
4520155 M WEASE, 2015), WM SRS
EWERHNEAAELER, HTTHRSRARS
E AR S B DU R s T B R
i Lk, TR SRAFRRIESE A 2 1 T4
JZHEAE . W BRRE . Hb R BR BE K6k )2 ) A R
Fo MRS, T2 A8 vl s i ae
TG A as (R AE, I A TR R B A e
KFR, MRS EMRERE, Pkihe
WFFE X TUA SR BRI, iU S i

K.
4 Zg

(1) WX2 I 3 7 08 B 5t s ) A 3 R 2
et N N SR S N S O A AR R e
6MPa BT, Bl R B T L R IR o 2
/N, TR I S AR 46 X W o6 e 5 I R T A 3
SeilEME K, R R AR, B D-A
T Sk 0L B 4 %o W B S CHE L P IR 22U
0.604% , FEAT] DLz T B Bt

(2) WX2 H:- TR S AE R o R P LB % i
ZUBR LSBT A, R N 4 Ay 2 FOE AT T
AEAETB o3 S AR T 5 B A AN v 463405, (EAS ] 3
P I 7 L SR . R TR D ) A L B B Y )

N

U 2 AH 5 2500 94 0.9803 5 0.9473, $87R
LB SHBN N Z HEA IR, BHE&
JEBRTTA A TAE A TR ELRE A LA 3R W iR fL
B2 L2 R i L B ) et o

(3) U S TRAFRRAE 25 B 245 T6 2R AE |
W RERE T . Gl 2R B R R R, X
W BRI B A e S SARIONE i R T R IE K
N, WERRAC . R AR R R P AR e K e
PN ) S AR A G e g AR R i B AR i 4
FEZETIRERMZEE T, A, ERRE -
T, DU B S U S A AR R A AR, H
X UE A E ST B R

S ZHk (References):

WART, RALEE, AR, 2016, 1R Hbu Xy A 24 3 B0 0 o e oy Tk
FEFFELT]. HhERPI A4, 59(3): 1017-1029.

e, XURAR, T2, 45 2013, PUJI 400 R o b DR A= AR R T3¢ 5%
W5 —— R, BRI BEA4, 56(6): 1958-1973.

FA, AT, RakE, 452012, o E USRI L R S R TR
S AR, (BETD): 107-114.

SRFERE, BRILER. 2014, DU A5 2 A7 30 TS DY S & 4R
W] AR S &, 41(1): 28-36.

SRR, 2016, 35 8 TUA S KRB IE 8 5 B[], MRS, 23(1):
29-43.

SRIRTE, BIARR, 2R, AR 2016. MR RIMIAR TUA SR P T
5 AP e S AR A G AR B A B[], M2 R
%, 23(2): 18-28.

SEAETE. 2014, BETIFAR GUA S “ T OnE AR MU S % R %
T TR GUA SRS BT ). HUBT2 4, 88(7): 1209-1218.
filGss, BEse, SREREE. 2016, DU 7 b e H R 2 B B 2R e 4 -5 B
FO B TUA S E R B HEE S HFRTZ, 23(2): 8-17.
B0, KA, FRE, SE 2016, DU A AR R ER e SR AL TUA -4

KALBRESFFFAE KA I KR ). A4, 37(2): 182-195.

S8, WA, B, %2016 ) REIHIX T g IR U
WAL E AR R H2EATZ, 23(1): 1-10.

Aflsr, RS, BIkE, 452003, ZFLAEIRMASHIIBIS . S
24, 35(2): 230-234.

M Sy TREEE, BN, 4 2015, DU A L —Jr THIR L A T
TR HERAL A RRAE 57 HLTE SRR E R[] A=, 36(12):
1470-1483.

P, FESCAE, ABACRE, 4. 2016. M ARILH X AR IR 2 35U S E SRR
HPIHHE X A 5T %, 43(3): 1-9.

XIUERK, FLLE, T4, 45, 2016, i E R 7 AR U AR TRALH SOk X
FEPRTFIEL)]. MU T2, 23(2): 48-54.

XA, WrHaE, AR IEAS, 55, 2015. AR ra b X 2 605 RABEE 2 ARIE X &
TEVF ). 0P A ek b m AR, 34(5): 1021-1026.

K VK. 2015, 3 R X1 23 1 4 X 0 0 20— B R 20 B2 S0 3
[J]. PURRAAR, 33(4): 817-827.

XUBHR, XBEE, 4iBa, 25, 2016. DU ZEH K S8 S by AR 3 0 S s -




44 FHHEAE: WA WX2 T AR S R 7R 5 X 689

S BICE IR BV L. b2 T2, 23(1): 11-28.

TGS, AL, B, 45 2012, DU A B R 2 R G- T AR RS
UAS R ZWFE()). Am LG R, 34(2): 115-119.

P, TREAAS, AW, AF. 2013, BUR SR BLE] 9 4 JE A RLF 5T ().
IR, 38(5): 742-747.

JERHBK, 2R, KI5, AF. 2015, R R X TUA R B IX 28 SR A A
BB PUZATINR A2 IARE2AAR), 30(3): 24-30.

BARLT. 2015. 70 )1 3 R JHL o 25 0 41— o R 201 0 A I 0T34 1
[J]. A0 5 AR HBITT, 36(4): 659-665.

SR, TR, PV, 2015, 3 40 YK F IR G0 4F B 4L R 6
JUATUBUIALE BAT BT & AR . 59055 41, 35(2): 70-80.

EMH, &40, BRih, 4. 2015, TUA B ECEBR)]. BHFE i, 60(24):
2259-2271.

M, AR, B, AF. 2015, TR RE R AR B U ARG S XA
[J]. KIRHBERFL, 26(8): 1433-1445.

RE/INKE, T8, 4%, 45, 2015, & A ML A TUETE A B B S e R
HER A2 —— LA 4 C i X T 300350 T A2 — e TR 4L 5l
BT, FARR T, 35(4): 25-32.

ARHE, SK/NE, F500C. 2015, FET A ] JAIREE R o fr) i B 44 o 2 5
BARVIT]. S 241z, 40(8): 1859-1864.

e W, 5806, /NI, 45, 2015, DU A MM R 28 434 B A=kl
RO T E, 24(12): 80-85.

SR, A28, WA 2004, TUASUSRTRALER AT )]. KR Tk,
24(7): 15-18.

TRTIR, BREUE, SKARKE, 45, 2010. TUA SR Ui 58 B A il i 5
R[] HuERFLE PR, 25(6): 597-604.

RARH, BRit, JTRTE, 4 2010, DU HLIX RS B 2R TUA SR 1 b
U (1], 4k, 35(7): 1160-1164.

ARARE, HORME, FARH, 42010, HE AR ML HRERIE

R )] AR S5 &, 37(6): 641-653.

ARARE, FERGE, TR, 5. 2015 HE GUSSRRE . PRk AT R
(=) 0] ARSI, 42(6): 689-701.

ARARE, FERE, TR, 552016, PE GUSSRHE . PRk K RTR
(=) (] AR S T &, 43(2): 166-178.

A T C RSN G W. 1981, A1 J) = SR M]. JEo: Bk RRAL .
268-272.

Athy L F. 1930. Density, porosity, and compaction of sedimentary rocks [J].
AAPG Bulletin, 14(1): 1-24.

Curtis J B. 2002. Fractured shale-gas systems [J]. AAPG bulletin, 86(11):
1921-1938.

Giles M R, Indrelid S L and James D M D. 1998. Compaction the great
unknown in basin modeling [J]. London: Geological Society, Special
Publications, 141(1): 15-43.

Harpalani S, Prusty B K and Dutta P. 2006. Methane/CO, sorption modeling
for coalbed methane production and CO, sequestration [J]. Energy and
Fuels, 20(4): 1591-1599.

JIW M, Song Y, Jiang Z X, et al. 2015. Estimation of marine shale methane
adsorption capacity based on experimental investigations of Lower
Silurian Longmaxi formation in the Upper Yangize Platform, south
China [J]. Marine and Petroleum Geology, 68: 94-106.

Milliken K L, Rudnicki M, Awwiller D N, et al. 2013. Organic matterehosted
pore system, Marcellus Formation (Devonian), Pennsylvania [J]. AAPG
Bull, 97: 177-200.

Singh H and Javadpour F. 2016. Langmuir slip-Langmuir sorption
permeability model of shale [J]. Fuel, 164: 28-37.

Wang Y, Zhu Y M, Liu S M, et al. 2016. Methane adsorption measurements
and modeling for organic-rich marine shale samples [J]. Fuel, 172:

301-309.



