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TRVCAIRGG TR, DUA 2 T U &
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ST LA 40% ~ 60% I LA RS T 2B A7 T 5T
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F74% 1F BB M6, Martini %5 (2003 ) #F 5% & B,
Michigan ZEHBAY Antrim B35 Ui 25 A5 AU G 0L
HROE SR ER 25% ~ 30% ; Bowker (2007) Fi
Kinley %5 (2008 ) 1A A Barnett U1 75 W iiF 55 A &% & ik
50%LL AR A RESE (2017 ) H = AG Barnett 715 H
T3 TIE 80% , AUE: Barnett TUF ATl —2 11
R AR A 2 R B R E U %
SREJTNHRIERAT BT AN [R], TR E 1 %) 0 R A
TR J1 K IF K 97 B9 PE A ( Ross and Bustin,
2009 ; XI| 4 #2355 | 2011 ; Zhang Tongwei et al. , 2012;
Chen Xiaohui and Zhang Min, 2016; Li Qianwen et
al. , 2018) .
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1 Hb AR

WS T AL L 4 I DA Al . R 1~ 15
AR Z A = F 5K A YY-A J, Ok
BREE N 1313. 11 ~1350. 64 m, BURE A #E 0. 36 ~ 8. 52
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HIY-B I, BUFETRBE A 2551, 16 ~2618. 16 m, HUF:
[H] 2. 80~8. 45 m, PAFN LR il B ff K 75 <
TR 3R 1. 24~2. 34 m®/t(F3 1. 68 m*/t) FiI
1.23~4.43 m*/t(5F¥ 2. 87 m*/t) , W1 W Jp %
HIUA IR A U BA T m &SR, &R
1B A DL & 5 (TOC) BEBUR TR (R,) W)
B F i A IR R AR 1 s, B 1~ 15
IR, M 0.71% ~ 1.06%, I FEdf 16 ~ 30 A R, A
2.79% ~3. 41% , Fe W HE 4 U1 75 Ak F B Be A= i

7 P, ARERAK S B B AR T 5 1 e SR 4 DA AL
i AR B, AR R AR DU . BFST R EH JE
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45 T 2B I 2 8, X &1 & TOC (R, .
WY EHSIERZ RN R ERH (L 2/EE,
2013; F F 36 % 2014 H-[3] %, 2015 ; 1% 5 72 45,
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Table 1 Geochemical parameters, mineral compositions and

on-site desorption gas content of the studied shale samples

e | roc | R, | BE | g | g | PR LU

s | o |y 179 | Gy | oy | 900 | 000

(%) (%) | (w0
1 1.4 0.84 24.5 39.6 8.1 27.8 1.22
2 2.4 0. 89 36.7 27 12. 1 24.1 1.22
3 5.0 0.99 55.7 17.2 9.7 17.5 1. 14
4 2.8 1.03 32.7 22.8 10. 8 32.2 1. 64
5 5.6 1.01 47.6 27.9 17.9 6.6 1.35
6 4.8 1.06 44.3 25.5 15 15.3 1.99
7 5.3 0.95 50.3 23 12.6 14. 1 1.08
8 7.4 0.97 51.6 21.9 13.6 9.9 1.70
9 4.3 1.05 48. 4 31.5 4.6 15.5 1.97
10 5.5 0.71 60.8 29.3 7.2 0 1.48
11 6.5 0.93 53.1 18.6 6.6 18 1.92
12 6.8 — 58.9 20 9.3 6.4 1.91
13 7.4 0. 86 60. 1 18.6 11 6.2 1.91
14 4.6 0.80 45.8 28.1 9 13.5 1. 64
15 5.1 0.96 54.3 18.6 11.3 12. 4 1. 89
16 1.7 2.81 54.6 30.2 4.8 7.9 1.55
17 2.4 2.79 55.2 36.1 5.5 0 1.23
18 2.1 — 49.1 32.5 6.2 8.2 2.10
19 1.9 2.94 39.8 42.9 6.2 7.2 2. 14
20 1.2 — 38.9 39.4 12 7.2 1.57
21 2.3 3.39 44.5 39.7 5.7 5.8 2.13
22 3.7 3.33 39.6 44. 1 4.5 6.9 3.76
23 2.6 3.31 34.2 40 7.5 15.5 2.09
24 2.9 2.99 39.6 50 4.3 4.8 2.42
25 3.2 2.86 30. 8 46.9 7.2 11.2 3.45
26 3.7 3.41 41.1 51.8 5.6 1.5 3.78
27 3.8 3.23 26.4 56.5 4.2 8.2 4. 35
28 4.4 3.29 55.9 44. 1 0 0 4.43
29 5.0 3.37 22.6 60.2 7.5 6.9 3.74
30 2.4 3.34 49 34.9 8.7 7.4 4.40
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Fig. 1 Relationship between molecular potential energy and pore size of methane: (a) potential energy curve of methane

adsorption on pore wall; (b) the relationship between the ratio of wall molecules to unaffected regions and pore size ( modified

from Zuo Luo et al. , 2014&)
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HGE 578 DUA FLIR T i IR X 2k T
HprZ e 77, Wi B R 22 W <A 5+ TRIE
77, MW B BR 32 AR 53— [BVE FE 181, IR 27 2]
A FLBEXS H A T (B 3145, 2013 &2 8 4%
2014 X5245,2015) ., FL B BE 1 43 X H Be 70+ 19
ER AT (1) Ak, (1) X &, AT H
Lennard—Jones #HEA AR IHE FLBEE T 70+ 5 0
o FAHEAE MG m LR, WAK(2)
( Prausnitz et al. , 2006)
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HERAER SR HRE, )5 By — 0 F Z 8 W 5 1
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Fig. 2 Schematic diagram of shale gas occurrence and accumulation (modified from Chen Gengsheng, 2009& )

HFE S H A7 (Lu Xiaochun et al. , 1995; Zhang
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MW T B ) B 3 S R 3 ok 5 U W T ST 3
ASYRBIFTE R A b ok 2 4 45 Ui A A 552 36 03X, T
X257 300 FISER B, H A UG ] 0~ 20 MPa
(A5 ,2016) , HRAGSZEG I AS ) Langmuir 7R FH
V, A1 Langmuir & J7 P, , FIFAZC
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V =
' P+P,

RT3 R S PR 2 T ) D W B 25 R
F JE A A A S I I B ARCEE 0.83 ~ 1,60 m’/t
CF¥1 115 wm’/t) |, 10 e B3 4R 5 0 W B <
0.98~2.37 m*/t(F¥ 1. 65 m*/v) , FE W5 i W it
RE BB TR . 5% AR AR, W <
A7 S0 AR AR R RS T R, L T R R
SRS, 25 ORISR AR B E
BN 0.41~1.07 m*/t(CF1 0.65 m*/t) 1M
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LA BT (R A B AR R s L AR <o &2
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Fig. 3 Relative contributions of shale gas content
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Fig. 4 Occurrence states and their content of shale gas in the thermal evolution process
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Fig. 5 Production decline curves of typical shales in the United States ( modified after Baihly et al. , 2010)
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Dynamic evolution model of shale gas occurrence and quantitative
evaluation of gas-bearing capacity

LI Qianwen"” | TANG Ling" , PANG Xiongqi"
1) State Key Laboratory of Petroleum Resources and Prospecting, Beijing, 102249,
2) Sinopec Petroleum Exploration and Production Research Institute, Betjing, 100083

Abstract ; Compared with conventional natural gas, shale gas has special occurrence forms, and the content of
shale gas in different forms varies greatly. To evaluate the difference of shale gas occurrence forms and their gas-
bearing capacity with different thermal maturities under different sedimentary environments, a comparative study
was conducted on 15 low-mature shale samples from Yanchang Formation in Ordos Basin and 15 high-mature shale
samples from Longmaxi Formation in Sichuan Basin. Based on the laboratory experiments including vitrinite
reflectance measurement, TOC content analysis, field emission scanning electron microscopy observation, low
temperature nitrogen adsorption and methane isothermal adsorption experiments, the occurrence mechanism of
methane in pore space were qualitatively analyzed, and the content of shale gas in different occurrence forms was
quantitatively calculated. Combined with the thermal evolution degree, pore characteristics and gas content, a
dynamic evolution model of shale gas occurrence forms was established. In different stages of thermal evolution, the
occurrence forms of shale gas and their content are quite different. For low-mature Yanchang shales, the content of
adsorbed gas accounts for 58% , free gas accounts for 32% and dissolved gas accounts for 10%, which shows the
characteristics of " predominant adsorbed gas, secondary free gas and non-negligible dissolved gas" , however, for
high-mature Longmaxi shales, the content of free gas accounts for 51%, adsorbed gas accounts for 48% , and
dissolved gas accounts for only 1%, which is characterized by “co-dominant free gas and adsorbed gas, and
negligible dissolved gas”. With the increase of thermal maturity, the generated shale gas first saturates the
adsorption and partial dissolution, then the excess gas stores in the form of free gas, and finally the adsorption gas
and free gas are in a dynamic equilibrium before tectonic and production, which corresponds to four stages of shale
gas reservoir formation, namely, adsorption stage, pore filling stage, fracture filling stage and accumulation stage.
Combined with the production characteristics of shale gas reservoirs, the shale gas reservoir of Yanchang Formation
is dominated by adsorbed gas, with the features of lower overall gas production, lower initial productivity, and
relatively longer stable production period; while the shale gas reservoir of Longmaxi Formation is dominated by both
adsorbed gas and free gas, with the features of higher overall gas production, larger initial productivity, relatively
longer stable production period and greater gas reservoir potential.

Keywords: occurrence form; evolution model; gas-bearing capacity; quantitative evaluation; shale gas
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