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there are good conditions for CO, geological storage in these areas. To optimize the target area suitable for CO,
storage, through data collection and comprehensive analysis of Dongying basin flow field, this study summarized
the main controlling factors and occurrence modes of natural gas accumulation in Dongying depression and its
surrounding areas with a buried depth of 500-1 500 m, and analyzed the restrictive effect of underground
hydrodynamic field on the formation of natural gas reservoirs. The results show the migration pathways of shallow
gas reservoirs can be divided into lateral migration pathways and vertical migration pathways based on the
characteristics and modes of underground fluid movement. The lateral type is mainly distributed in the high uplift
belt at the edge of the depression, and the vertical type is mainly distributed in the depression area in the basin.
Compaction flow is the main driving force for the upward migration of the deep gas source in the center of the
depression. A part of the deep gas moves for a long distance from the center of the depression to the edge of the
depression, forming a closed hydrodynamic trap and a lateral shallow gas reservoir at the junction of compaction
flow and gravity flow in the high convex part of the edge of the depression. The other part of deep gas, driven by
compaction flow, migrates vertically along the high porosity and permeability fault zone and accumulates in the
trap at the top. Lithologic traps caused by fault dislocation are relatively developed, which together with
hydrodynamic traps form an effective trap of gas and form a vertical shallow gas reservoir. The most favorable
target area for CO, storage in the shallow part (500-1 500 m) of Dongying depression is mainly located in the west
and north direction of the depression, such as Gaoqing Uplift, Linfanjia Uplift, Binxian Uplift, Chenjiazhuang
Uplift, Guangrao Uplift, and their surrounding areas. The vertical fault development areas of Guangrao uplift,
Qingtuozi uplift, and other depressions in the east are favorable targets for CO, storage in the shallows.

Keywords: CO, geological storage; natural gas reservoir; hydrodynamic trap; Dongying depression; saline
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Fig. 1 Distribution of heavy oil and shallow gas reservoirs in Dongying depression and its surrounding areas
(modified after Ref. [14, 16])
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Fig. 2 Differential enrichment and hydrodynamic characteristics of oil and gas reservoirs in Dongying depression (see fig. 1 for profile
position) (modified after Ref. [22])
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HiF 9%, = SRR 0 A R P X, 2 CO, A
MAFX ., BTEIRNOR T EEEARE. 7.
Jb 345 [ ZR Bl B A CO, B 7L IX F B4y T 7R
BMBERE . PE . A3 T7 AR IR L MR ST
AL E R BRR IR e R A R SR T
1T B R AL (L 6) o [T, 7 U1 DX 1Y 2 o] W 24 0 B
DX, H T W 2 T B A 1 B AT L R L CO, BHAF
A X AR EL AR TR v R I DL A

S 5 TR A s 1 > ) s A [ R A O |
TR A MR R R R BRI MR
KA R CO, IHA7 1 e A R X, AR T BN i
B R AR LG X R W R F X CO,
HAEMA FIEEIX

MR, R T HA I & B SUHE W R I & BRI,
RNHE R RMEAT CO, T 77, X T g T
CO, Y 1 AF 1l [5G 2% A2 (1 A8 325 38 A6, Rk = <R
AR T B DI, B3 2 28 TF 2 5 S A A o <
FH B, 2 Y7 F T CO, M5 B 17 1A R X

4 i

(AR 278 TR T 3t MR 3l ) 3 R Ak K H s 5
A 32 20 1, 5 SOROE BA - D7 =X 23 kg A i Y A
FURFR S A ) B SR AR N 1] B 2 ) A 7 TR
e R 2 ) B A LR RN MR X

(2) H S g 2 M1 rp o0 TR IR 1) L as B i 2 22
YR Sy o —HB I TRIR R A TR O 18] i 7 A B



- 38 - 7K SC L T

£,
=]

é
L | ==
BAME

| =) s
‘\\"-\\. ""\-..,____</'."I gk
e
.
] =
) IR LR
RHCEL
Sy [y
(] RS T

CO M BT
@] fami

CO, M7
HABX

-

15 km

& 6

FEMPA CO, Bk EMFRHFRESH ( B M EENDRBEELFECH 33], ENRJEZRBLHE (340 )

Fig. 6 Distribution of geological storage targets in shallow saline water layer of CO, in Dongying depression (The isoline of pressure

coefficient on the fourth member of Shahejie Formation is adapted by Ref. [33] ,and the gravity flow and compaction flow are adaptet by
Ref. [34].)

KB B3z 3, 16 MR i % e R R R SE S EH
i B 3 X B st P4 14 K 3 g BB PAT, T A i) 26 K 9%
B 53— IR AR RS IR sh T, iy s LB
Wiy 2445 T[] 3 B8 2E A T %) P 4] o 3 4R R, Fh T R
A5 S ECA B R AT, 5K B — &
BRI A R A T i [ 7R R SR A

(3) A E MBF CO, I 3 77 e A AT X 2247 F
MR PG | b7 1) 047 ST AR L PR SRR L TR BT R
MR ) e ™ A ke R R . ARER )T
BED | TRt A A VT X I e R
XA CO, b 5t B 773 FITHEIX

T B AR, AR SR R AR R K 3
S5 K st o P DAY A X — 1 BE R At a8 CO, b it 3 77
B A R R X, T CO, M 5T 3 77 A FI 50 X (0 255 W0 E
ELATH /BT CO, A | BORAE | &0 iEH
PR ML 4 RSB S N

S EHk ( References ) :

L1 2R, spwi, 2568, 55 b BTy A B o7 Bl ik e e v i
B AR S S B AR TR AT (7). [ e B 4, 2021, 8(4):
1 —12. [ LI Cai, GUO Chaobin, LI Xia, et al. Analysis of
the role of geological survey on the roadmap design for
realizing the goal of carbon emissions peak and carbon

neutrality[J]. Geological Survey of China, 2021, 8(4):

(2]

[3]

[4]

[5]

1 — 12. (in Chinese with English abstract) ]

TRHEE, CAOL, 22 i, 4 P E CO, b BT A AR AT
ST B A SR (D). M B 412, 2005, 24(12): 1107 —
1110. [ ZHANG Hongtao, WEN Dongguang, LI Yilian,
et al. Conditions for CO, geological sequestration in
China and some suggestions[J]. Geological Bulletin of
China, 2005, 24(12): 1107 — 1110. (in Chinese with
English abstract) ]

NG, XVSE R, UK, SF L IR AR UK &K 2
CO, AR S U] A A %5 TR ®,
2006, 25(5): 963 — 968. [ LI Xiaochun, LIU Yanfeng,
BAI Bing, et al. Ranking and screening of CO, saline
aquifer storage zones in Chinal[J]. Chinese Journal of
Rock Mechanics and Engineering, 2006, 25(5): 963 —
968. (in Chinese with English abstract) ]

BT, A, BT, %, T A AF COo, iR
7 ¥ B ek R [0). K SCHi BT T M JiE, 2022, 49(3):
164 — 173. [ LI Wanlun, XU Jiajia, JIA Lingxiao, et al.
Research progress on key technologies of CO, storage in
basalts[J]. Hydrogeology & Engineering Geology, 2022,
49(3): 164 — 173. (in Chinese with English abstract) ]
X7 Bl AH DU R 23 U BD i )2 CO, M T A7 3 1A iz
MUK A A B AR ST (D). B0 P B i K2 (R
70, 2018. [ LIU Ning. Study on fluids transportation and
water-rock interactions of CO, geological storage in
sandstone reservoirs in continental sedimentary basins [D].

Wuhan: China University of Geosciences, 2018. (in


https://doi.org/10.3969/j.issn.1671-2552.2005.12.004
https://doi.org/10.3969/j.issn.1671-2552.2005.12.004
https://doi.org/10.3969/j.issn.1671-2552.2005.12.004
https://doi.org/10.3321/j.issn:1000-6915.2006.05.015
https://doi.org/10.3321/j.issn:1000-6915.2006.05.015
https://doi.org/10.3321/j.issn:1000-6915.2006.05.015

2024 4F

SRAREE, 2 TK By 1 28 A X AE T B SRR ) 249 B X COLEH A7 S IX 9 I 7 -39 -

Lol

(7]

[81]

9]

[10]

[11]

[12]

[13]

[14]

Chinese with English abstract) ]

Sl ki, i AE, BRARLT, % R A AR IR
Il Y 50 A 4B 5T (0], 7K SC b BT AR ML BT, 2018,
45(2): 109 — 116. [ ZHANG Zhixiong, XIE Jian, QI
Jihong, et al. Numerical simulation of CO, leakage along
faults from geologic carbon dioxide sequestration[J].
Hydrogeology & Engineering Geology, 2018, 45(2):
109 — 116. (in Chinese with English abstract) ]

BN, Bk, IRBL S5 v B S ik b B AF B AR
DX R O vk UL 3 AROR A A 4R (O Bk R 2
FR ), 2014, 44(4). 1314 — 1326. [JIA Xiaofeng,
ZHANG Yang, ZHANG Hui, et al. Method of target area
selection of CO, geological storage in China[J]. Journal of
Jilin University(Earth Science), 2014, 44(4): 1314 —
1326. (in Chinese with English abstract) |

LEUNG D Y C, CARAMANNA G, MAROTO-VALER
M M. An overview of current status of carbon dioxide
capture and storage technologies[J]. Renew Sustain
Energy Rev, 2014, 39: 426 — 443.

BACHU S. Review of CO, storage efficiency in deep
saline aqui fers[J]. Int J Greenh Gas Control, 2015, 40:
188 —202.

AEA, XL, BT, 55 0K 2 Z A Ak b BT 47 7
F1o0 G P BB (0], AP [ s, 2023, 50(3): 943 -
951. [ DIAO Yujie, LIU Ting, WEI Ning, et al.
Classification and assessment methodology of carbon
dioxide geological storage in deep saline aquifers[J].
Geology in China, 2023, 50(3): 943 — 951. (in Chinese
with English abstract) ]

ZHAO Xiaoliang, LIAO Xinwei, WANG Wanfu, et al.
The CO, storage capacity evaluation: ethodology and
determination of key factors[J]. Journal of the Energy
Institute, 2014, 87(4): 297 — 305.

MA Xin, WEN Dongguang, YANG Guangdong, et al.
Potential assessment of CO, geological storage based on
injection scenario simulation: A case study in eastern
Junggar Basin[J]. Journal of Groundwater Science and
Engineering, 2021, 9(4): 279 — 291.

AEN, B, B, 5. FUKE CO, Hi i 771 T
FI 25 [ Al 7 & 0F 98 (0], v [ BT 9 4, 2021,
8(4):87-91. [ DIAO Yujie, MA Xin, LI Xufeng, et al.
Evaluation methods of underground space utilization for
CO, geological storage in deep saline aqui fers[J].
Geological Survey of China, 2021, 8(4): 87 — 91. (in
Chinese with English abstract) ]

R, ARG, AR E B KSR SRS B K 43 A AR
(3] R A Tk, 1997, 17(4): 23 — 25. [ ZHANG
Chunsheng, LI Chunguang. Gas reservoir types and
distributive characteristics in Dongying sag[J]. Natural
Gas Industry, 1997, 17(4): 23 — 25. (in Chinese with
English abstract) ]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

EAR, E4E, sk E . 10 AR Y BRI B A AR SR
A 2 A O], BUACHL BT, 2006, 20(3): 441 — 448,
[ GUO Dong, WANG Xingmou, ZHANG Jingong.
Analysis on CO, reservoir-forming patterns in Jiyang
depression, Shandong[J]. Geoscience, 2006, 20(3):
441 — 448. (in Chinese with English abstract) ]
A, TR, E DGR B 2 Y PR b )2
RO BRI L], KR AT, 2020, 40(5):
26 — 33. [ GAO Changhai, ZHANG Yunyin, WANG
Xingmou. Genesis and source of shallow natural gas in the
Jiyang Depression of the Bohai Bay Basin[J]. Natural Gas
Industry, 2020, 40(5): 26 — 33. (in Chinese with English
abstract) |
X, B2, sk, A i 5 R ER
FHEIR A S vk B s e —— L I Vi T A b U A 34
AR A (] E T A, 2022, 51(1):
174 — 186. [ LIU Haining, WANG Xingmou, ZHANG
Yunyin, et al. Combined exploration method and
application of viscous oil and shallow gas in Basin
margin: A case study of Sanhecun area in Jiyang
depression, Bohai Bay Basin[J]. Journal of China
University of Mining & Technology, 2022, 51(1): 174 —
186. (in Chinese with English abstract) ]
TOTH. Gravity-induced

formation fluids, red earth region, Alberta, Canada:

cross-formational flow of

Analysis, patterns, and evolution[J]. Water Resources
Research, 1978, 14(5): 805 — 843.

TR, SRR, TR XS, 4F. AR db A i T UK K
Bl 3 S A Kok Az e L] b 22 T 2%, 2015, 22(6):
217 — 226. [ ZHANG Baojian, GAO Zongjun, ZHANG
Fengyu, et al. Hydrodynamic condition and response of
formation water chemical fields of geothermal water in
North China Basin[J]. Earth Science Frontiers, 2015,
22(6): 217 —226. (in Chinese with English abstract) ]

W 4 30 . 10 T A AE b 0 HUF K B i 3R R (O A
2F 41, 1989, 10(4): 27 — 34. [ YANG Xuchong. On the
underground hydrodynamic environment in an oil and gas
basin[J]. Acta Petrolei Sinica, 1989, 10(4): 27 — 34. (in
Chinese with English abstract) ]

MR, & R, B &L, 45 e Rk AR S il TR AL
WTFKE G E5mA s, BE D] RS,
2005, 40(3): 305 — 318. [ LOU Zhanghua, JIN Aimin,
TIAN Weizhuo, et al

hydrodynamics and the migration, accumulation of

Origin and evolution of
petroleum in continental
basins[J]. Chinese Journal of Geology, 2005, 40(3):
305 — 318. (in Chinese with English abstract) ]

FOKTE, WU, 2R, 55, 2 M 25 A0 42 1 T (9 )2
JE 7 -U M -t B A W I A B 5 Al —— LR E
B oty A R O 9 L0073 4, 2023, 44(7): 1058 —
1071. [ WANG Yongshi, HAO Xuefeng, AN Tianxia, et

petroliferous  sedimentary


https://doi.org/10.1016/j.rser.2014.07.093
https://doi.org/10.1016/j.rser.2014.07.093
https://doi.org/10.1016/j.ijggc.2015.01.007
https://doi.org/10.12029/gc20221030001
https://doi.org/10.12029/gc20221030001
https://doi.org/10.1016/j.joei.2014.03.032
https://doi.org/10.1016/j.joei.2014.03.032
https://doi.org/10.3787/j.issn.1000-0976.2020.05.003
https://doi.org/10.3787/j.issn.1000-0976.2020.05.003
https://doi.org/10.3787/j.issn.1000-0976.2020.05.003
https://doi.org/10.3969/j.issn.1000-1964.2022.1.zgkydxxb202201016
https://doi.org/10.3969/j.issn.1000-1964.2022.1.zgkydxxb202201016
https://doi.org/10.3969/j.issn.1000-1964.2022.1.zgkydxxb202201016
https://doi.org/10.1029/WR014i005p00805
https://doi.org/10.1029/WR014i005p00805
https://doi.org/10.3321/j.issn:0253-2697.1989.04.001
https://doi.org/10.3321/j.issn:0253-2697.1989.04.001
https://doi.org/10.3321/j.issn:0253-2697.1989.04.001
https://doi.org/10.3321/j.issn:0563-5020.2005.03.001
https://doi.org/10.3321/j.issn:0563-5020.2005.03.001
https://doi.org/10.7623/syxb202307003

40.

7K SCHb BT TR b S

[23]

[24]

[25]

[26]

[27]

[28]

al. Co-evolution of formation pressure, fluid, and reservoir
property under the control of basin structure and its
controlling effect on reservoir accumulation: a case study
of Paleogene in Dongying depression[J]. Acta Petrolei
Sinica, 2023, 44(7): 1058 — 1071. (in Chinese with
English abstract) ]

TR, AT, RIUT, G5 SR AE I CO, K
T2 15 i W ROE s O R A L. RAR U Bk B
2%, 2008, 19(3): 356 — 361. [ ZHANG Jianfeng,
ZHANG Jingong, WU Hanning, et al. Relationships
between different strike activities of Gaoqing fault and
Huagou gas reservoirs accumulation, Jiyang depression
[J]. Natural Gas Geoscience, 2008, 19(3): 356 — 361. (in
Chinese with English abstract) ]

NG, BRIV, ST D SRR R BT X R AR
S CO, HLAF 1 8 i ——LL v [E B 7 XC = 141
[J]. RERA Tk, 2014, 34(8): 82 — 86. [ SUN Yang,
CUI Feifei, SUN Lei, et al. Influence of gravity

differentiation and heterogeneity on CO, sequestration in

gas reservoirs: A case of the XC Gas Reservoir in South
China[J]. Natural Gas Industry, 2014, 34(8): 82 — 86.
(in Chinese with English abstract) ]

EXUE, BRZAR, SRR, 45 6T UF B B v )2 A
55 T S vl S IO BB AR 0 SR 5 (3L TR A T 5 R IR
%, 2014, 21(5): 14 — 17. [ WANG Xingmou, ZHANG
Yunyin, ZHANG Mingzhen, et al. An approach of
exploring shallow gas and heavy oil in Jiyang depression
based on their paragenetic relationship[J]. Petroleum
Geology 2014, 21(5):
14 — 17. (in Chinese with English abstract) ]

F U, X 2, Rl I, S5 R T R U v ey B
L B WAL 72 S AL (0], W AR 54 (i
Bk AL ), 2023, 53(2): 343 — 355. [ BAI Xuefeng,

LIU Jiajun, LU Jiamin, et al. Gas enrichment in basement

and Recovery Efficiency,

weathering crust in the central paleouplift belt in Northern
Songliao Basin[J]. Journal of Jilin University (Earth
Science Edition), 2023, 53(2): 343 — 355. (in Chinese
with English abstract) |
HHAETH, 25 M, BRIk, A5, TR B FL VS R Bk X R
FRJ5UAE I AR R A AR R B = (0] 7 MR OR 2 4k
(M BRFL2F R , 2023, 53(2): 356 — 372. [ HAN Xueyu,
LI Yuhai, LOU Da, et al. Accumulation process and model
of the primary ordovician oil and gas reservoirs in Kongxi
Slope Area, Huanghua Depression[J]. Journal of Jilin
University (Earth Science Edition), 2023, 53(2): 356 —
372. (in Chinese with English abstract) ]
SRR, TR R, E DG, SF U TR B AL K A OB
i R[] A b SE B0 1T, 2019, 41(2): 185 - 192.
[ ZHANG Weizhong, ZHANG Yunyin, WANG
Xingmou, et al. Transmission model of secondary gas

reservoir on the basin margin of Jiyang Depression[J].

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Petroleum Geology &Experiment, 2019, 41(2): 185 —
192. (in Chinese with English abstract) ]

SRAOR A, SCAOL, Th IR, S5 — Rl (A5 F R Y M AR B
PR AR X —— 44 366 Pl A B s P O (0. b b
2009, 36(4): 927 — 931. [ ZHANG Baojian, WEN
Dongguang, SHEN Zhaoli, et al. Geothermal resource of

structural trap type: an important geothermal resource
conceptual model[J]. Geology in China, 2009, 36(4):
927 — 931. (in Chinese with English abstract) ]
RN TR IV A B T 1 T R A A X i S
S A WA (D). deatrh B oaah R4 (db ),
2022. [ DONG Yuyang. Coupling Control Effect of
Fault-Sand Combination on Hydrocarbon Accumulation in
the Qikou Sag, Bohai Bay Basin[D]. Beijing: China
University of Petroleum(Beijing), 2022. (in Chinese with
English abstract) |
PRBAME, EAE, SRR, 45, 7R 116 1 30 1k L il <K
FRAE [V]. A il 5 KSR 5T, 2000, 21(4): 360 — 363
[ LIN Songhui, WANG Hua, ZHANG Guicxia, et al. Pool
features of buried hill in west part of Dongying
depression[J]. Oil & Gas Geology, 2000, 21(4): 360 —
363. (in Chinese with English abstract) |
W 0 B AR T R AR R K o3 A S TR R 4 #
(71, 1 B9k < M, 2005, 12(4): 11 - 13. [ YANG
Xiancheng. The Main control factors of natural gas
reservior and distribute in
depression[J]. Fault-Block Oil & Gas Field, 2005,
12(4): 11 — 13. (in Chinese with English abstract) ]
TR AR B B R R A IR B 3 AR P A b R AL 2
RONE (D). 1 PE M BT 5 DU 42 R, 2012, 32(6): 159 —
164. [ XU Xingyou. Geochemical effects of the
movement of hydrocarbon bearing fluid: A case study in
sag[J].
Geology, 2012, 32(6): 159 — 164. (in Chinese with
English abstract) |
MR, R, 2B R, . RE MG T K g e
S 1], # iR, 2003, 38(1): 85-96. [ LOU
Zhanghua, ZHU Rong, JIN Aimin. Formation and
evolution of hydrodynamic field in the Dongying

forming Dongying

Dongying Marine Geology & Quaternary

depression[J]. Scientia Geologica Sinica, 2003, 38(1):
85-96. (in Chinese with English abstract) ]

EXR, AT, E o R BR B2 R A b
BT F 2 TAE SRR D] [ 5, 2022,
49(3): 1005 — 1008. [ WANG Huan, ZHENG Yuzhou,
WANG Wei. The major work and implication of
Geoscience Australia on geological carbon sequestration
[J]. Geology in China, 2022, 49(3): 1005 — 1008. (in
Chinese with English abstract) ]

YmEE. £ 4


https://doi.org/10.7623/syxb202307003
https://doi.org/10.7623/syxb202307003
https://doi.org/10.11764/j.issn.1672-1926.2008.03.356
https://doi.org/10.11764/j.issn.1672-1926.2008.03.356
https://doi.org/10.11764/j.issn.1672-1926.2008.03.356
https://doi.org/10.3969/j.issn.1009-9603.2014.05.003
https://doi.org/10.3969/j.issn.1009-9603.2014.05.003
https://doi.org/10.3969/j.issn.1009-9603.2014.05.003
https://doi.org/10.3969/j.issn.1009-9603.2014.05.003
https://doi.org/10.11781/sysydz201902185
https://doi.org/10.11781/sysydz201902185
https://doi.org/10.3969/j.issn.1000-3657.2009.04.022
https://doi.org/10.3969/j.issn.1000-3657.2009.04.022
https://doi.org/10.3321/j.issn:0253-9985.2000.04.019
https://doi.org/10.3321/j.issn:0253-9985.2000.04.019
https://doi.org/10.3969/j.issn.1005-8907.2005.04.004
https://doi.org/10.3969/j.issn.1005-8907.2005.04.004
https://doi.org/10.3969/j.issn.1005-8907.2005.04.004
https://doi.org/10.3969/j.issn.1005-8907.2005.04.004
https://doi.org/10.12029/j.issn.1000-3657.2022.3.zgdizhi202203027
https://doi.org/10.12029/j.issn.1000-3657.2022.3.zgdizhi202203027

	1 地下流体动力场对天然气藏赋存的控制作用
	1.1 天然气藏分布特征
	1.2 沉积盆地地下流体动力场对气藏形成的控制

	2 气藏的形成赋存方式
	2.1 侧向型输导体系
	2.2 垂向型输导体系

	3 CO2气藏形成赋存模式与封存有利靶区
	3.1 CO2气藏形成赋存模式
	3.2 东营凹陷CO2封存靶区

	4 结论
	参考文献

