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Abstract

There are rich geothermal resources widely distributed in China. After years of continuous explo-
ration and production, most of the shallow geothermal resources have been explored. At present,
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the exploration mainly focuses on deep geothermal resources. Among many geophysical explora-
tion methods, seismic exploration is the most effective means of geothermal resource exploration
and development. The weak seismic reflection signal, low S/N ratio and poor imaging of thermal
reservoirs due to their seismic geological conditions restrict the production and utilization of
deep geothermal resources. Based on the analysis of the geophysical characteristics of the thermal
reservoir, it is concluded that the main reasons for the weak seismic reflection signal of deep
thermal reservoir are the shielding effect of the strong wave impedance interface between the
thermal reservoir and the cap, the small reflection coefficient in the thermal reservoir and the se-
rious absorption and attenuation of the seismic wave by the high temperature fluids such as hy-
drothermal fluid and steam in the thermal reservoir. A set of seismic data acquisition techniques
based on high precision vibroseis, low frequency excitation, high sensitivity geophone, long array
receiving, small surface element, high coverage and other technologies are put forward, which has
been applied to the dry hot rock seismic acquisition in Gonghe Basin, Qinghai Province, and
achieved good application results.
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Figure 1. Comprehensive logs of Well GH1 and the over well seismic section
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Figure 2. Comprehensive logs of a sedimentary hydrothermal well and its seismic profile
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Figure 3. The Ricker wavelets of different dominant frequencies before and after attenuation: (a) The 25 Hz Ricker wavelet
before and after attenuation, (b) The spectrum of the 25 Hz Ricker wavelet before and after attenuation, (c) The 50 Hz Ricker
wavelet before and after attenuation, (d) The spectrum of the 50 Hz Ricker wavelet before and after attenuation
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Figure 4. The theoretical model, The observation system is 2990-5-10-5-2990 (a) and the 3 Hz (b), 15 Hz (c) and 30 Hz (d)
dominant frequency forward modeling seismic records
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Figure 5. Schematic diagram of the time-integrated curve of vibroseis energy
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Figure 6. Comparison of the vibroseis nonlinear sweep signal test records
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Figure 10. Comparison of the stackings sections of the data acquired using different folds in a
sedimentary rock thermal storage area
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E 12, M TFHREFHRERE

=

=5

DOI: 10.12677/ag.2022.1211147 1529 HOBRE} 22 R

L
I,


https://doi.org/10.12677/ag.2022.1211147

FHil 4

4. #hig

1) IREAGEEME RN E S EEG =R RRE . —RAMEESRREE. mEER K, WG
ZEFER, TERT — AN EORIBPHPT A H, X R NG CARSRMI BRI T Ik R A B
AN, BAEARIEBEPU I, ROTREE TS R MEE R AAE R VRS IR, R ™
#H,

2) RIRIAEIE 9945 5 KRR M RSO « FRSCRILIN R 48 =5 47 & %5 58, il — RPIRERAR
MIZRE R DR RE R BR RS B AT RO . o REBUZA B KRS IR s R R — 8

1T 2 I T7i
3) TEIRTSHVE EHUERR T, J915 SRR KBNS BA PRI, B R e A BE A
LFIRACR
Mo
SR [ 5K S O R H (fIEvEE S . 2020YFE0201300) (7 HF
E&WH
AHIE FE 15 20 [F 5K iR TR B B AE S . 2020YFE0201300)
BE K

[1] EpAe. HhfE 55 RAHE 5 HhZ m AR 20 AT [J]. PIVTRHE, 2013, 34(3): 57+40.

[2] ®ocTh, SkZEE. 55 HERE SREZR A BT[], A ERY R Eh R, 2011, 46(2): 232-236.

[B8] F &, PR, B4R, FERW, MIBER. Sl BERE T 99 O R R R —— ) 1 SO [J]. BAR Bk ik
&, 2002, 25(5): 23-27.

[4] ZFRE, REBE, BR. mBFZE T HE LR REN]. RAHERELSE, 2006, 17(4): 527-531.

[6] EHGul, FERRAR, & T ARSES R 55 R XN AT L S8R []. TEEIR, 2022(3): 136-140.

[6] E&Hipl, A, £4&%, & W50 5h UG K U 78 535 X R B R 7 3t 5 [3]. A 4R, 2020, 59(3):
382-395.

[71 FRxndE. (RSHh R HUK B R & IR ], PR3 4%, 2018, 28(2): 71-73.

[8] PBaxndk, xIENI, L&, MaE EV-56 ks R IEE R[] YIEREE4, 2018, 28(5): 281-282+288.

[9] AEA-RE, AR, MRPH, %, K& n iR IRdEL i E S0 e d (0], M 7E HE W 5 6 5T, 2017, 38(1):
117-124.

[10] FEIEMK, 2700, KEUE X R AL TR T[], AR, 2004, 43(5): 433-437.

[11] Liu, K., Liu, H., Wu, Z. and Yue, L. (2016) Seismic Acquisition Parameters Analysis for Deep Weak Reflectors in the
South Yellow Sea. Journal of Ocean University of China, 15, 758-766. https://doi.org/10.1007/s11802-016-2978-9

[12] RUEF, EBT, RE, M. BASE S REmE X s FR0E TG FED]. ARy R, 2007,
42(5): 565-567.

[13] E%ﬁ)y“ﬁ, XIE G, 2 TR R KL U R = T SR AR LI R S [0]. BRI B, 2020,
18(1): 43-48.

[14] BRZEE, T, WA, Rk, md B K5 55 RS 5 1A [D]. PR 504K, 2014, 38(4): 701-710.

[15] BXE&T, SKOGIR, 5. WIE S A SRS R B AR OB R —— DADO )1 2 kb e 1] o e R i dE BRI 9], b
BhHR, 2018, 38(1): 39-48.

[16] &AL, FiFe4R, ZEMAZS. HIRZEHE BRBOCH =0t R [CIH B A M= S AR Tl Z 51 2, B PrihR
BRI % 4x. SPGISEG T it 2020 4F [E PRt BRAJIE 2 B8 SC A (1 30): 2020 FF45. A SR E IR, 2020:
1351-1354,

DOI: 10.12677/ag.2022.1211147 1530 HuERFL 2= ATV


https://doi.org/10.12677/ag.2022.1211147
https://doi.org/10.1007/s11802-016-2978-9

FHi i 4

[17]
[18]

[19]
[20]

[21]

[22]

(23]

BB, 2R, BREE, & iSRRG s S R KR HACRD]. F E AR, 2015, 20(6): 39-43.
TRk, fItHEE, ZEERE, R fF T LA G IR IR S AR SR CSAMT fEHL AN A b R ). 0772 5
HiFE, 2010, 24(3): 280-285.

VPRAR, VEE, BE 2 DRI S A IR TT ke ST R AT R B[], R, 2021, 46(3): 155-167.
IVENHT, EEH, EEK. TR AR T HCE TR R [J]. K SCH s DA HL BT, 2011, 38(2):
119-124+129.

BEEER, HOW, ZFEAE, TEA FEIA-SE A I R R R G (T AE ) T —— R BARRIE D). RS
1LF5, 2013, 37(1): 35-41.

ABAE, B, T, A WF LA At it I 2 SRR T A S S sk B A BOR[0]. H
LR, 2016, 25(2): 62-67.

FEHEE, KNG FRINEARITIEZsI[]. PUAb R R, 1979(1): 25-29.

DOI: 10.12677/ag.2022.1211147 1531 HuERR} =1V


https://doi.org/10.12677/ag.2022.1211147

	深部热储层弱地震信号采集技术研究
	摘  要
	关键词
	A Study on the Acquisition Technology for Weak Seismic Signals from Deep Geothermal Reservoirs
	Abstract
	Keywords
	1. 引言
	2. 地球物理特征及弱信号采集技术
	2.1. 深部热储层地球物理特征
	2.2. 弱地震信号采集技术
	2.2.1. 可控震源低频激发技术
	2.2.2. 高精度接收技术
	2.2.3. 高密度采集技术


	3. 共和盆地干热岩地震采集技术及效果
	4. 结论
	致  谢
	基金项目
	参考文献

