45 % 21 o .
5@2 0 :E‘Zfi HﬁJj DU S R B R Sedimentary Geology and Tethyan Geology V?llllné.‘SZ(I)\IZOS. 2

WRE H, EDRRAR, ML, 4, 2025, 5004 A6 UL R I A Pl e Sk = 2 L5 BB AL 0L DUA% 4 e S Bt S AT
TE MU AHB AR N [1]. PUAR 5 e 52 0 157, 45(2): 282—293. doi: 10.19826/j.cnki.1009-3850.2025.03001
CHEN X Y, YIN S L, SUN J, et al., 2025. Three-dimensional modeling and gas reservoir numerical simulation of
the Jiantianba reef outcrop in northwestern Hubei: A case study using traditional outcrop data set and the UAV
oblique photography model[J]. Sedimentary Geology and Tethyan Geology, 45(2): 282—293. doi: 10.19826/j.cnki.
1009-3850.2025.03001

SSAIERRINEMERL=ZHEEES SBBERM: UL
G R KRB R I AT GFHRE AR E

REA, BAMK, b 3, 548, B OB, F:#, AIL
(1. KICR2FENR S50, e M 434023; 2. KL KRZESFEFHFARE TEM AR, Wb M 434023; 3.
KL RS RSB, widk i 4301005 4. P EAMERATE SR AT w IR R TREAE, HE =i
LK 834000; 5. KT KZMBREBIZEZEE, db R 430100; 6. KT K2 By B & TUAMA MR 57 KMdbs

HEaRE, Wi B 4301000

WE: AXFARAATIEE, EANBRBIHRFELEAR, ZAHFEEELIHBATRAEAT L REHER, UL
FEIRNANE - EBRRKAARREE G AGENREL NP, FRARKEEN. 2R KA, ELFEme TmLXs
13 ANARMARF 5 AT ENTAREE, BEMAE. FAFFIHNEAEAREHERMEM LR, S ERIAHER R
— B RE R —HEE—RBAEERENENRE. AN FEERHEN AT 2 ER R o A ERTI RS, BHE
B e EWRERAEKT LI, EFELERBEREETANE T REBRK T TH, RELEBRREEAREREKTH, 4B
RABREEARERENH., EAEUNERE THEEZWHEAE41.5MPa, A7 1455, EHFHMEN 28MPa, 5£/5,
JEAFHEH 12 MPa, WEGEEREGRWMEN 70%, £ 14/5, BIHLEE 56%, #hFT LHEE 60%; 5 F/E,
HIMHALEE 14%, Bk LT 38%, RITYMELF, &R0 EURKRRERE 2%, BELHHEETRE, 44510
FEURERERE 22%, ARINN, ZAMRAERTTT A MBEENE2EMELFE, BE LT (B2 HazEH
EEMERARRL; HEENERIBRT MBI RETH THRE., BB THRENEE, UZERFELER JHEESLE
BB AER, RIFHAEN A YR SBREESR SR & A0 AE,

x B O AN BFEk; B ZAEE;, SRKEEN; KXAAR

FESES: P618.13 XHAFRIRED: A

Three-dimensional modeling and gas reservoir numerical simulation of the
Jiantianba reef outcrop in northwestern Hubei: A case study using traditional
outcrop data set and the UAV oblique photography model

CHEN Xingyue', YIN Senlin®”, SUN Jing’, GAO Quanhui’, TANG Pan’,

WIS EEA: 2023-06-14; BREIEHA: 2023-09-18; RIEHE: JANh: BEHRE: BT

fEEEN: BREHA (1998—) , %, fEEME LHFAE, BT 57 M 2y I AHLGARH L5 58 Sk @2 . E-mail:
chenxyah@foxmail.com

BIEEE: ERAK (19837 , 5, I, MLA SN, B EE ATk RS @, E-mail:
yinxiang_love@126.com

R : KICRZ M RIS 35 TR A BT R & (2019KFIJ0818022) 5 i Uit it 5 7T & T
FE SR B BIE S (PLN2022_19)


https://doi.org/10.19826/j.cnki.1009-3850.2025.03001
https://doi.org/10.19826/j.cnki.1009-3850.2025.03001
https://doi.org/10.19826/j.cnki.1009-3850.2025.03001
https://doi.org/10.19826/j.cnki.1009-3850.2025.03001
https://doi.org/10.19826/j.cnki.1009-3850.2025.03001
https://doi.org/10.19826/j.cnki.1009-3850.2025.03001
https://doi.org/10.19826/j.cnki.1009-3850.2025.03001
mailto:chenxyah@foxmail.com
mailto:yinxiang_love@126.com

SRVG AV DL IS I A Wit 8 Sk = 4 A 5 SOREUE AL UL 45 88 Sk Bm 48 AN TC AW UBURHE R A Rl
2025 4E(2) 3l 283

LEI Zhangshu’, DUAN Zhiwen’

(1. School of Computer Science, Yangtze University, Jingzhou 434023, China; 2. Institute of Mud Logging Technology and
School of Petroleum Engineering, Yangtze University, Wuhan
School of

Engineering, Yangtze University, Jingzhou 434023, China; 3.
430100, China; 4. Karamay Mud Logging Engineering Company of Xibu, CNPC, Karamay 834000, China; 5.
Geosciences, Yangtze University, Wuhan 430100, China; 6. Hubei Key Laboratory of Complex Shale Oil and Gas Geology and

Development in Southern China, Yangtze University, Wuhan 430100, China)

Abstract: By integrating traditional field investigation, UAV oblique photogrammetry, and 3D geological modeling techniques, a
3D quantitative prototype model was established using the outcrop of the Upper Permian Changxing Formation carbonate platform-
margin reef at Jiantianba in northwestern Hubei as a case study. Numerical simulation of gas reservoirs was subsequently conducted.
From bottom to top, 13 sedimentary microfacies and 5 complete depositional cycles are identified at the outcrop section, exhibiting a
shallowing-upward evolution vertically, with lithological evolution from bioclastic limestone (reef base) to framestone, bafflestone,
boundstone, and finally micritic bioclastic limestone (reef top). 3D modeling demonstrates significant spatial heterogeneity: micritic
dolostone occurs as clusters in the reef top and cap, sponge-framestone forms banded layers in the middle-upper reef, algal-bound
sponge reef limestone exhibits irregularly connected patches in the middle-lower reef, algal-bound reef limestone appears as sheet-
like units in the lower reef, bioclastic micritic limestone is distributed as isolated points at the reef base. Pressure simulations show
rapid pressure depletion (with an initial pressure of 41.5 MPa decreasing to 28 MPa after 1 year, and further to 12 MPa after 5 years)
and gas saturation decline (with an initial level of 70% dropping to 56% at the reef top and 60% in the upper reef after 1 year, and
further decreasing to 14% at the reef top and 38% in the upper reef after 5 years). The reef top, with superior reservoir quality, shows
a rapid decline in gas saturation (to 42%), while the upper reef, with poorer properties, exhibits slower saturation reduction (to 22%).
This study highlights that: The 3D geological model demonstrates the complexity and heterogeneity of the reef structure, with the
dolomite in the upper part of the reef (reef cover) displaying the best reservoir characteristics. The numerical simulation results reflect
that reef gas reservoir is characterized by a rapid decline in pressure during the early production stages and a slower decline in the
later stages. In summary, the outcrop geological model based on the 3D digital outcrop model can better simulate the numerical
seepage and residual gas distribution of reef gas reservoirs.

Key words: UAV; digital outcrop; reef-beach facies; 3D modeling; numerical simulation of gas reservoir; Changxing
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Fig. 2 Three-dimensional model of outcrop of Jiantianba quarry by UAV oblique photography (calculation grid and

texture superposition model)
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Table 1 Statistics of physical parameters of different types of rock reservoirs in Changxing Formation of Jiantianba in

Lichuan, western Hubei (after Hu et al., 2012)
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Fig. 6 Numerical simulation of gas reservoir pressure and saturation changes

®2 BWEKMBERIESHR (FEXH, 2023)

Table 2 Main parameters of the numerical simulation models (after Li, 2023)
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