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In-situ stress measurement and inversion analysis of the deep shaft project area in Sanshan Island

based on hydraulic fracturing method

Abstract: The proposed 2000-meter-deep auxiliary shaft at the Xiling mine, Sanshan Island, Shandong Province, is an
ultra-deep shaft construction project. Revealing the characteristics of the in-situ stress field in the shaft construction area is
one of the necessary prerequisites for the design and construction of the shaft. We measured the in-situ stress in the deep
shaft by hydraulic fracturing method to a depth of 1899.00 m and inverted the 2017.56-meter-deep in-situ stress field in the
shaft construction area by numerical simulation. The results show that the maximum horizontal principal stress (Sy) ranges
from 23.16 to 70.86 MPa, and the minimum horizontal principal stress (S,) from 15.24 to 47.06 MPa in the depth range
from 357.76 to 1899.00 m in the borehole tested by hydraulic fracturing; the principal stress increases nearly linearly with
depth, and the measured maximum horizontal principal stress directions in the measured boreholes are NW 55.5°, NW
60.4°, and NW 58.4°, respectively. Horizontal stress mainly dominates the stress field in the shaft engineering area, the
vertical stress (S,) below 1200.00 m is the intermediate stress, and the average value of the ratio of Sy to S, is 1.53. The in-
situ stress field distribution pattern in the well-construction area with depth and stratigraphic changes is obtained by
inversion analysis of FLAC 3D software. The inversion results are basically consistent with the measured values. It
provides the fundamental scientific basis for shaft wall design and engineering risk assessment of shaft projects.
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Fig. 1

Engineering geological map of the Xiling auxiliary shaft
Q—Quaternary plain; MJ-Muping—Jimo tectonic hybrid zone;
JD—-Jiaodong intrusive metamorphic zone; JB—Jiaobei uplift zone;

JL—Jiaolai subsidence zone; JN—Jiaonan uplift zone
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Fig. 2 Curves of a typical fracturing process

1 —preparation for pressure application; 2 —pressure application;
3—fracturing; 4—pressure relief, S—fracture closure; 6—re-application

of pressure; 7—fracture re-opening; 8—re-relief of pressure; 9—fracture

closure
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Fig.3 Schematic diagram of the new single-loop hydrofracture in-

situ stress measurement system
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Fig. 4 Impression devices for measurment system
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Fig. 5 Typical curves of hydraulic fracturing pressure
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Table | Results of hydraulic fracturing in-situ stress measurements in the borehole of the auxiliary shaft at the Xiling deposit, Sanshandao gold

mine
N LB E/MPa R MPa .
BRI /m - - [ f’f‘/ = T - EEl ”f/ < Wi
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Fig. 6 Variation of principal stresses with depth and stress diagram in the Xiling gold deposit

(a) Variation of principal stresses with depth; (b) Ratio of maximum principal stress to vertical stress
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REEGREE/m Pelin il o/MPa FHEH RS Eg10°MPa s
C/MPa  ¢/(°)
1.840 23.300 0.23
4.73~16.93 BB RT, AR LA Yool £, 3o ER ANk AL 3.980 4.14  43.60 19.700 0.30
2.300 31.600 0.18
38.00~55.00 6427 1043 59.40 3.748 0.11
340.00~400.00 . s 4914 5.983 0.02
MR E, Fob AR 3=, D i ZRERAAA
525.00~580.00 4493 13.00 42583 7.689 0.27
760.00~800.00 6.049 1081  58.07 5.302 0.40
HBURE, F DR Hulk | iR £, R/ NBE s
935.00~1000.00 oo S TS bk Al 5350 439 5311 5.500 0.05
EYIYEPIN
1000.00~1050.00  ZLFRELER, Fls IR o 3= ZRAERA A 5.462 782 4421 4763 0.21
1050.00~1064.00  HPAAT, LIRS F, RdBiEdok ALK A A UL 6.151 789  55.86 3.958 0.24
1140.00~1170.00 O N " 5.827 3.61 4458 2.746 0.05
FABREAE, AR LAHOIR Sy 3, SRRk ZRAERAA
1300.00~ 1400.00 5.305 626  45.17 1.837 0.12
1650.00~1700.00  ZPA%4E, FrlLIPolk | fEdol £ HECA AL K a4 3.251 6.00 3643 5.165 0.27
3.380 21.800 0.20
1722.96~1728.16  ZPAEE, A DIHUIR | Rl 2 TRAER A A 4.560 517 5350 20.500 0.11
4.820 26.100 0.09
3.940 36.200 0.14
1728.66~1740.46 4.990 735 5430 38.800 0.12
o o L R 5830 46.300 0.05
e e SIS SPE S g
wdl 7.300 43.500 0.09
1740.46~1756.76 6.680 1054  53.30 57.300 0.13
6.530 42.300 0.06
7.360 50.500 0.10
1800.00~1870.00 8310 1220  53.40 47.900 0.09
) 9.130 48.800 0.03
SBREAE, A LIk | Ol R AEEA
7.160 59.800 0.07
1960.00~1980.00 8.810 11.47 54.40 45.400 0.12
6.710 47.400 0.04
7.540 85.700 0.03
HBREE, F DUk, B, 2246 1055 i
1974.00~1983.00 /ij;i Eﬁ HEDIR, TR, S KB 12000 1470 58.30 92.200 0.09
9.480 95.200 0.10
7.580 52.500 0.11
1990.00~2000.00 5.700 954  53.60 63.800 0.12
- ) B 6.160 53.900 0.13
ZUBRKRH, A POk e P & vyl
2.530 9.320 0.45
2000.00~2015.00 2.170 270 4520 11.000 0.34
2.940 7.950 0.24
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Fig. 7 Geological model map and grid details
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Fig. 13 Photos of safety issues due to deep in-situ stress
(a) Rock cake-out and fracture; (b) Large deformation in a deep

channel
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