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Fig. 1 The sketch map showing the arrangement of drilling boreholes for in-situ crustal

stress measurement in an underground water-sealed oil storage cave in Jinzhou city
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Table 1  The hydrofracturing crustal stress measurements of JZNS-1 horizontal borehole in an
underground water-sealed oil storage cave in Jinzhou city

L WRBRE/m Ef%%t/r:a I gﬁhﬁ 1% M:d ST/

1 4.60 ~5.15 17. 63 3.37 3.78 0. 00 0. 00 14. 26 7.97 3.78

2 6.60 ~7.15 18.29 3.93 4.09 0. 00 0. 00 14. 36 8.34 4.09

3 8.60 ~9.15 17.31 4.64 4.31 0. 00 0.00 12. 67 8.29 4.31

4 12.60 ~13. 15 17.95 3.80 4.25 0. 00 0.00 14. 15 8.95 4.25

5 14.60 ~15. 15 14.33 4.50 4.38 0. 00 0. 00 9.83 8. 64 4.38

6 16.60 ~17.15  20.41 3.94 431  0.00 0.00 16.47 899  4.31

7 18.60 ~19.15  19.14  4.50  4.61  0.00 0.00 14.64 9.33 4.6l

8 20.60 ~21. 15 9.23 4.8 48  0.00 0.00 434 972 487

9 22.60~23.15 1293 5.18 494  0.00 0.00 7.75 9.64  4.94
10 24.60 ~25. 15 11. 65 3.64 2.85 0. 00 0. 00 8.01 4.91 2.85
11 26.60 ~27. 15 18.52 3.88 3.91 0. 00 0. 00 14. 64 7.85 3.91 13
12 28.30~28.85  12.85 4.0l  3.93  0.00 0.00 8.8 7.78  3.93 18

F2 SBMMTKEMEKTESTL JZWE2 KEBRE HNEER
Table 2 The hydrofracturing crustal stress measurements of JZWE-2 horizontal borehole in
an underground water-sealed oil storage cave in Jinzhou city

I H—f%‘ﬁ/ fp 7 27 ﬁﬁ/M;f‘ Sy

1 4.60 ~5.15 17.12 4.95 4.35 0. 00 0.00 12.17 8. 10 4.35

2 6.60 ~7.15 17.20 4.71 4.82 0. 00 0.00 12. 49 9.75 4.82

3 8.60 ~9.15 17.16 5.30 4.77 0. 00 0. 00 11. 86 9.01 4.77

4 10.60 ~11. 15 16.93 5.26 5.08 0. 00 0. 00 11. 67 9.98 5.08

5 12.60 ~13. 15 15.70 5.12 4.89 0. 00 0. 00 10. 58 9.55 4.89

6 14.60 ~15. 15 16.73 4.72 4.52 0. 00 0. 00 12.01 8. 84 4.52

7 16.60 ~17. 15 16.77 4.70 4.42 0. 00 0.00 12.07 8.56 4.42

8 18.60 ~19. 15 16. 83 4. 45 4.69 0. 00 0. 00 12. 38 9.62 4.69

9 20. 60 ~21. 15 17. 45 4.58 4.77 0. 00 0.00 12. 87 9.73 4.77
10 22.60 ~23. 15 17.49 4.90 5.01 0. 00 0. 00 12.59 10.13 5.01
11 24.60 ~25. 15 18. 83 4.40 4.25 0. 00 0. 00 14.43 8.35 4.25
12 26.60 ~27. 15 20. 17 4.89 5.30 0. 00 0. 00 15.28 11.01 5.30 15
13 28.60 ~29. 15 16.71 5.34 5.15 0. 00 0.00 11.37 10.11 5.15 25




1 SR, e KSR TR D 2 s R R 117

JZNS-1 F1 JZWE-2 &L 82l e K | e/ MR FE 1 K/NREZK IR FE 28 A 28 WL 2,
L2 FTLAE W) R INAE IR KT R B AR B R R . AR f R K, Fir JZNS-1
E{D“JZ’% 24. 60 ~25. 15 m TREE I JIEARRTEL/]N, éxfjbi%%&i%ﬁ@)”% 5z e Be i

AR AT A, KRR A SRR E K, SO S,

¥ F3/MPa R J3/MPa
00 5 10 15 OO § 19 1|5
+§j§ If"j] B RKKENT
— PR EN T —— /MR EN T
5_ 5 -
10+ 10
g g
= 15+ = 15F
S %
B B
¥ 200 X 20f
25+ 25+
301 30l
354 350

B2 JZNS-1 (%) 5 JZWE2 (&) SEill & B J A /NHACFRE R
Fig. 2 Variation of measured principal stress magnitudes along with horizontal depth in

JZNS-1 and JZWE-2 boreholes
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Table 3  The hydrofracturing crustal stress measurements of JZVZK-3 vertical borehole in

an underground water-sealed oil storage cave in Jinzhou city

EAl ¥ i
R E;%% T S LEl ﬁ/MPE‘ s SO
1 6.60 ~7.15 17.12  4.79 4.42 0. 06 0.06 12.33 8.41 4.42 3.09 N84°E
2 10.60 ~11. 15 16.19 4.62 4.03 0.10 0.10 11.57 7.37 4.03 3.20 N58°W
3 14.60 ~15.15 15.64 3.94 3.57 0.14 0.14 11.70 6.63 3.57 3.31
4 18.60 ~19. 15 13.87 3.98 3.88 0.18 0.18 9.89 7.48 3.88 3.42
5 22.60 ~23.15 15,68 4.02 3.96 0.22 0.22 11.66 7.64 3.96 3.53 N67°E
6 26.60 ~27.15 16.93 4.76 4.56 0.26 0.26 12.17 8.66 4.56 3.63
7 30.60 ~31. 15 18.41 5.80 5.58 0.30 0.30 12.61 10.64 5.58 3.74 N83°E
8 34.60 ~35. 15 20.28 7.23 6.61 0.34 0.34 13.05 12.26 6.61 3.85 N88°E
9 38.60 ~39. 15 14.32 5.68 5.66 0.38 0.38 8.64 10.92 5.66 3.96
10 44.60 ~45. 15 18.40 5.74 5.64 0.44 0.44 12.66 10.74 5.64 4.12
11 48.60 ~49. 15 17.58 6.54 6.22 0. 48 0.48 11.04 11.64 6.22 4.23 N76°E
12 52.60 ~53. 15 20.87 7.60 7.33 0.52 0.52 13.27 13.87 7.33 4. 34 N87°W
13 56.60 ~57. 15 21.90 8.91 8.93 0.55 0.55 12.99 17.33 8.93 4.44

M 4 /RIE B R/IME 30. 6 m LLE BT TREEE B N AR B AR RE , 2B AR
ERM 30,6 m IFiR, ok, /KSR /N TR JEE A 6 I 228 40 3 [ I e KoKk
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Fig. 4 The variation of measured principal stress magnitudes along with vertical depth in JZVZK-3 borehole
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Table 4 The 3D crustal stress calculated results in an underground water-sealed oil storage cave in Jinzhou city

ESuwil {E/MPa Jihifa/(°) infi/(°) iR 151
BKENS (0)) 11.56 59. 86 12.32 NEE
REEN T (0,) 5.84 329. 82 11.70 NNW
wANENS (0y) 3.07 0.27 -78.18 SN

A
78.18°

BS5 MMNEMTAEHENKERR = FHN A NEER
Fig. 5 The results of 3D crustal stress measurements using hydrofracturing method in an underground

water-sealed oil storage cave in Jinzhou city
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Fig. 6 The variation of principal stress magnitudes obtained at surveying stage along with depth in

vertical drilling boreholes of an underground water-sealed oil storage cave in Jinzhou city
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Table 5 The statistics of maximum horizontal principal stress orientations in
an underground water-sealed oil storage cave in Jinzhou city
L% ENREBE IR B /m R KK FE R 7 5 1) L= ENBLB 0 IR BE /m BRI F2 0 F3 05 1)
79.5 N78°E 65.5 N77°E
7K1 115.5 N33°E 103.5 N67°E
ZK11
132.5 N72°W 121.5 N87°E
41.0 N73°E 133.9 N83°E
7K3 85.0 N79°E 116.9 N84°E
115.0 N86°E 120.9 N58°W
78.7 N62°E 122.9 N67°E
93.0 N65°E JZVZK-3 130.9 N83°E
7K8
104.2 N68°E 134.9 N88°E
113.2 N54°W 148.9 N76°E
43.7 N82°E 152.9 N87°W
7K12 69.3 N71°E
99.0 N62°E
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Fig. 7 The variation of maximum horizontal principal stress orientations along with depth in vertical

drilling boreholes of an underground water-sealed oil storage cave in Jinzhou city
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Fig. 8 The rose diagram of regional maximum and minimum horizontal principal stress directions
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Abstract: Underground water-sealed oil storage cave is a complex underground project. 3D in-situ
crustal stress measurement in the constructing process, which can be used to test and re-check for
the design scheme of cave excavation and support, is advantageous to the design optimization and the
construction. In-situ crustal stress measurements by hydrofracturing method in drilling boreholes
along a three dimensional Cartesian coordinate system are conducted, and then the reliable 3D
crustal stress magnitudes and directions are calculated from those measuring results. This 3D results
examined the in-situ measurements at surveying stage used for designing, and verified the rationality
of the design and construction scheme. In addition, the stability of surrounding rock of underground
water-sealed oil storage cave was further assessed using the 3D results.
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