55055 4 hOE R Vol.50, No.4
2023 4F: 8 J GEOLOGY IN CHINA Aug., 2023

doi: 10.12029/gc20210220002

ARG TROR AL T — T, DS 2023, ML HT DX i B 24 P EA o25  LE LRI ek o S TR RIS R L AR TE 2 ). R LR, 50(4): 11381148,
Li Yanyan, Zhang Baojian, Xing Yifei, Wang Guiling. 2023. Fragmentation law of carbonate rocks under different confining pressure in

Gaoyuzhuang Formation, Gaoyang geothermal field, Xiong'an New Area[J]. Geology in China, 50(4): 1138—1148(in Chinese with English abstract).

ELEFX FRHHRE S T EHRERE S AE
Bl E T A R 3R

R RERAE -, R

(1. ¥ B3 RA 5, 4677 10003752, A R TR IREAF BHMBE R EBEF, LT 100037)

RE [#F5 B B i8I B b3 B D34 B A v S 2 5y b [ b TR BE 1 2020 RN 3k iy A b 22 e s
TRHE I I R EE TR 123.4 °C, /K8 94.5 m/h, Dy (e 8 4okt ey 0% i AR 0 b B 8 1 IR B o R Ak, TR I
ZAR R FLE TR . I, S ARIBOR S, DU S DL i e 2488 77 07 58 AR YR B S 40U BE Vs it 22 5 A AE AN TR] 1R s
TR (BB 773K 1A SCHERT ABFSE LA |, DL D34 4R (10 R i T FE 4 PV B B Eh e M IS X 42, T
JET H =P UE Ryt [ R E R L8025 R (1) = T Lk R A PR B2 R F 5 HE 47 98 B R TE A
I, FLZRIH B A R AR BRI o B L T 0 A o, 70 i J3 LA BB () — R SRR o (2) B R 3 2 R 2R B
JRATIE AR B AR L 2RI 25 5k R 38 5) kB I 28R — 585 2R Y B . £ 20 MPa. 40 MPa [l /&
T, J AR A3 ) S AR YA L M R AR AE (3D B JE AN R R R A BB i i Oy 2 I 22 5%, AR A AL
FREL/NMREEE ZHRY A T MRS A MR B 54 R4 [ 4ie )45 YU Mh L0 45 5L DO At =
TR 241G = s8R AT, FLA R B 2 R 2 46 1 mT R o TR 2, (RLSMARME PR 8 B0 i 2 R AN,
WO R T X S22 AN IR B SR IBOAS [ 1 220 107 8
X IR RGP R TR SRR s AN R A A A s M A T AT TR s MR X
Bl AU R T LR X R BH A PR SR A s (B e TR R R kA KR AT A R AR AN TR
BT ) A R o
FESES P34 XEEFEED:A XE4RS:1000-3657(2023)04-1138—11

Fragmentation law of carbonate rocks under different confining pressure in
Gaoyuzhuang Formation, Gaoyang geothermal field, Xiong'an New Area

LI Yanyan'?, ZHANG Baojian"?, XING Yifei’, WANG Guiling'?

(1. Chinese Academic of Geological Sciences, Beijing 100037, China; 2. Deep Earth Science and Exploration Technology
Laboratory, Ministry of Natural Resources of the People's Republic of China, Beijing 100037, China)

s B H#A:2021-02—-20; 3B B #3: 2021-04-18

HEWH : FEE AL H (2019YFB1504102) | H E TR BERARHITL 4535 H (JKY202018, YWEF201903-01 ) F H 105 25 )5
T H (DD20189114) BE A ¥E i .

TEB TS MG, 2o, 1988 4F A 1L, RIFSR 51, B A= M i 2 S5 98 T4  E-mail: liyanyan@cags.ac.cn,

http://geochina.cgs.gov.cn H1[E 1T, 2023, 50(4)



5504 5 430 RG22 50T DX i L St A TR 25 T PR AL e i A [l LT R i AL 7 1139

Abstract: The paper is the result of geothermal geological survey engineering.

[Objective] D34 well of Gaoyang geothermal field in Xiong'an New Area is the highest temperature geothermal well in North China
Basin drilled by Chinese Academy of Geological Sciences and China Geological Survey in 2020. The wellhead temperature is
123.4°C, and the water output is 94.5 m’/h. Obviously, such high temperature corresponds with a relatively low flow. In order to
provide important theoretical support for fracturing stimulation, this study intends to clarify the fragmentation law of reservoir
carbonate rock under different confining pressures. [Methods|Based on previous studies, this paper takes the deep Gaoyuzhuang
Formation reservoir carbonate rocks drilled from D34 well as the research object, and carries out conventional triaxial compression
and tensile experiments. [Results]The experimental results show that: (1) The tensile strength characteristics of the reservoir
carbonate rock in the Gaoyuzhuang Formation are similar with that of compressive strength, and shows obvious compression failure
features. With the increase of the surrounding rock pressure, the compressive strength shows a typical secondary increase. (2) The
compressive strength and the distribution of the fractures show differences with the depth. Among them, the uniformly developed
multiple fractures and single main fractures are the main forms of expansion. Under the confining pressure of 20 MPa and 40 MPa,
the yield strength changes synergistically with the Young's Modulus and Poisson's Ratio, respectively. (3) The expansion methods of
tensile fractures are different with different depth. The shallower tensile fractures mainly expand with small amplitude and multi—
stage expansion, while the deeper rocks show a uniform expansion trend. [Conclusions] Combined with the result of conventional
triaxial compression and tensile experiments, it is concluded that the possibility of forming a complex fracturing network in the
shallow part of the reservoir is higher than that in the deep part, but the overall brittleness index is less different, so there is no need

to adopt different construction plans for different depths of the reservoir.

Key words: geothermal; heat storage; Gaoyuzhuang Formation; carbonate rocks; fragmentation law under different confining
pressure; geothermal geological survey engineering; Xiong'an New Area

Highlights: It is the first time to identify and reveal the natural fracture morphology and fragmentation law under different confining
pressure of carbonate rocks from secondly deep— seated reservoir Gaoyuzhuang Formation, Gaoyang geothermal field, Xiong'an
New Area.
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Fig. 1 Photographs of rock samples
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Table 1 Quantitative X—ray diffraction analysis results of whole rock and clay minerals of reservoir carbonate rock in D34
well, Gaoyuzhuang Formation
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Table2 Experimental results and calculated parameter of uniaxial and triaxial compressive strength of reservoir carbonate
rock in D34 well, Gaoyuzhuang Formation

PS5 MRS HFH/m WS EEA(gem') HIE/MPa  ZRNJj/MPa #IEHE/GPa  WIFALL  MEPEFEEL
1 D34-2-V-1 2.67 0 28.571 11.7211 0.461 0.88
2 D34-2-V-2 2.65 0 40.674 14.0407 0.466 3.99
3 D34-2-V-3 2.66 10 120.32 33.4493 0.231 78.87
4 D34-2 4195 D34-2-h-1 2.6 20 144.63 33.4591 0.194 85.43
5 D34-2-h-2 2.63 30 179.842 37.0305 0.183 93.51
6 D34-2-h-3 2.56 40 182.951 40.8066 0.233 91.17
7 D34-2-h-4 2.71 50 289.563 38.4574 0.196 93.66
8 D34-3-V 2.69 120.976 36.4146 0.262 0
9 D34-3-0 2.71 104.86 37.9798 0.251 12.30
10 D34-3-45 2.72 10 206.426 52.9741 0.242 61.27
11 D34-3 4422 D34-3-90 2.73 20 2953 54.0356 0.238 67.14
12 D34-3-0-2 2.71 30 287.526 48.5335 0.204 75.82
13 D34-3-45-2 2.73 40 309.356 48.3511 0.192 83.87
14 D34-3-90-2 2.74 50 412.432 47.6582 0.208 70.48
15 D34-4-V 2.73 110.723 55.7872 0.238 31.28
16 D34-4-0 2.66 176.948 40.3486 0.081 50
17 D34-4-45 2.76 20 278.259 65.0271 0.204 60.83
18 DIt 4206 D34-4-90 2.66 30 449.766 62.5055 0.141 75.78
19 D34-4-0-2 2.67 40 427.201 60.4971 0.188 56.75
20 D34-4-90-2 2.64 50 517.707 58.8737 0.143 67.79
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Fig.3 Rock photos before experimental destruction
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Fig.4 Tensile testing device and rock photos before and after experimental destruction
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Fig.5 Triaxial compression test results of reservoir carbonate rock in the Gaoyuzhuang Formation of D34 well
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Fig.6 Development of micro—scale natural fractures in the reservoir carbonate rock of the Gaoyuzhuang Formation in D34 well
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Table 3 Tensile test results of the reservoir carbonate rock in the Gaoyuzhuang Formation of D34 well
FPS o MR R /m By 1r) GRTER) Eft/mm  FE/mm  BEREEN SRR /MPa
1 D34-2-1 25 13.02 536 1.05
2 D34-2 4195 D34-2-2 25 13.13 794 1.54
3 D34-2-3 25 12.19 742 1.55
4 D34-3-1 25.04 13.05 5445 10.61
5 D34-3 4422 BI3EN D34-3-2 25.04 13.06 4681 9.12
6 D34-3-3 25.04 12.42 4299 8.8
7 D34-4-1 24.95 13.15 5063 9.83
8 D34-4 4506 D34-4-2 24.95 13.11 6362 12.39
9 D34-4-3 24.95 13.07 2443 4.77
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Fig.9 Tensile characteristics of the reservoir carbonate rock in the Gaiyuzhuang Formation of D34 well
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