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Research progress and prospects of deep stress measurement technology

Abstract: [Objective] With the implementation of the national strategy of seeking resources, safety, and space from deep
Earth, the frequency and intensity of various engineering disasters caused by in-situ stress have also significantly increased.
At the same time, in engineering fields such as underground gas storage and water diversion tunnels, using the minimum
principal stress criterion to determine the upper limit operating pressure can to some extent improve the storage capacity of
underground space or reduce tunnel support costs. Overall, the importance of in-situ stress in the process of advancing
towards the deep Earth is becoming increasingly prominent. However, there are still bottlenecks in the demand oriented
deep stress measurement technology, such as insufficient detection capability and low reliability of measurement results,
which restrict the application of in-situ stress data in solving scientific problems such as tectonic activity, deep resource
development, and space utilization. [Methods] On the basis of a brief review of the current development status of in-situ
stress measurement technology, this article focuses on the progress and achievements of the team in theoretical research,
technical development, and application practice of in-situ stress measurement in recent years. [Results] It points out the
challenges faced by deep in-situ stress measurement in terms of theoretical methods and technical aspects, and proposes a
research route and direction for deep borehole stress detection in conjunction with the current national science and
technology major project "Key Technologies and Experiments for Deep Stress Detection". [Conclusion] The goal is to
develop high, precise, and advanced in-situ stress measurement technology and equipment, construct an in-situ stress
observation technology system covering the depth space of the hypocenter source. [Significance] Deep borehole in-situ
stress detection technology holds significant potential for applications in geodynamics research, deep resource exploration,
and disaster prediction and prevention.

Keywords: deep earth science; deep resource development; deep in-situ stress; multi-parameter collaborative
measurement; 5 km in-situ detection
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Fig. 1 Analysis model of hydraulic fracture closure process based

on total system stiffness (TSS) evolution characteristics
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Fig.2 Schematic diagram of the effect of system compliance on reopening pressure (Yang et al., 2024)

(a) The system compliance changes over time during the reopening process; (b) Schematic diagram of the relationship between system

compliance and reopening pressure

C—system compliance; V.—water volume change induced by fracture opening; dV,/dP—volume change per unit pressure change due to fracture

opening
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Fig. 3 New generation downhole tool for deep in-situ stress measurement of hydraulic fracturing method (Blue denotes the packer-setting flow

path; green denotes the testing flow path.)

(a) Straddle packers inflation waterflow; (b) Circulation waterflow; (c) Shut in waterflow; (d) Test interval injection waterflow; (¢) Bridge plug
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Fig. 5 The variation law of measured principal stress values and directions with depth in Songtao manganese ore area, Guizhou Province

(a) The magnitude of principal stress varies with depth; (b) The direction of maximum horizontal principal stress varies with depth

B R A B A AR 0 AU AR

(3) MR it <% 35 )2 B/ 32 R 1

i 2 M R VA M R AR B RRE TR
DA RH W7 35 2 R A K 2B ke B BT U IR ) G S
B MRAEGE S I I, — R 2 RN E
I 71 09 80% 1 M £k <)% 1Y 1 BR 32 17 K 3 OFF Ak i
85, 2020) o TR Tk s vl A RY b B SO, BT
i )2 b R ) O B RO R R TR b 2 AL B ) A
AR FRIEAT R ), — B R T R
M3 I AT . O 32 TGl A0 Y A URE ) A& T AL
£, BLZR RO XS N B O, B R

a 70 0
60 | {20
] by .
E AR — K K | 30
= 50 F REE: 2584~2586 m — )1 — IRE
=
& 401 {101
= ok {100
{99
20 . . . . : . . 98
0 50 100 150 200 250 300 350 400

5} 8] /min
a—JF J7 —Ui B - B 5 R 25 b—a A IR P S A R X 1R 2

MBI E/C I 1 it/ (L/min)

LB (B 2 m), R FH /K R 3524 1 37 ) it B AR, 52
Jiti T 365 2 2 A E B R A g s, s
J2 S = i R 5 A IR it £k n & 6a TR,
R B TR R &R 24 20 L/min, £ A4 [\ 9K 5 A B[R]
24 15 min, A R4S 2R J5 1 1 R S5 R 6 [RDARS 20 F 1
h, 4 4~ IR BT E ALY 125 m*, R A b R
BV A TR 143 B 5 i RN A B & Mk R R s
564 W A, AR R B8 B0 f /s 3 6 ) 3 R
2:<5%( [l 6b) o AR Z 4~ B 5 )22 52 000 A% 21 1) e /)N
FN T, GG w )R A B Y SR T )2 2R R 6T D Y
W PR 7R SR8 1, G i TR EIRE AT R

b 41.0 S
ol I
OF SR 13
< 95% BZIX
% 2051 OB E X ] {2
11
2390t T —|_ X _ 0 iﬁg
2&38.5 L l J_ hz
o
=380t 128
37.5¢ 13
37.0+ 1 ‘51
365 I I I I
1 2 3 4
HUFEN N

He MTHAEZREHRERERREME ) LN H &

Fig. 6 The measurement curves of hydraulic fracturing method for basalt cover layer of underground gas storage

(a) Pressure, flow rate, and temperature vs. time curve; (b) Relative error of closing pressure for four cycles
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Fig. 7 Three dimensional in-situ stress state of sedimentary cover and basement measured in Songliao Basin (Wang et al., 2020; 2024)
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Fig. 8 Schematic diagram of deep stress detection

(a) Downhole pressure vs. time curve; (b) Downhole flowrate vs. time curve; (¢) Downhole temperature vs. time curve; (d) Image logging of test

interval; (e) Anelastic strain recovery curve of rock core; (f) Bottom hole fracturing test curve; (g) Stress inversion based on seismic waves
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