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In-situ Rock Stress Measurement at the Water Tunnel Sites in the 00 Qil
Storage Facility with Hydraulic Fracturing Method

Seongho Bae, Jaemin Kim, Jangsoon Kim, Youngho Lee

Abstract The influence of in-situ rock stress on the stability of an underground rock structure increases as the
construction depth become deeper and the scale of a rock structure become larger. In general, hydraulic fracturing
stress measurement has been performed in the surface boreholes of the target area at the design stage of an
underground structure. However, for some areas where the high horizontal stresses were observed or where the
overstressed conditions caused by topographical and geological factors are expected, it is desirable to conduct
additional in-situ stress measurement in the underground construction site to obtain more detailed stress information
for ensuring the stability of a rock structure and the propriety of current design. The study area was a construction
site for the additional underground oil storage facility located in the south-east part of QO city, Jeollanam-do. Previous
detailed site investigation prior to the design of underground structures revealed that the excessive horizontal stress
field with the horizontal stress ratio(K) greater than 3.0 was observed in the construction area. In this study, a total
of 13 hydraulic fracturing stress measurements was conducted in two boreholes drilled from the two water tunnel
sites in the study area. The investigation zone was from 180 m to 300 m in depth from the surface and all of the
fracture tracing works were carried out by acoustic televiewer scanning. For some testing intervals at more than 200
m in depth from surface, the high horizontal stress components with the horizontal stress ratio(K) greater than 2.50
were observed. And the overall investigation results showed a good agreement with the previously performed test.
Key words In-situ rock stress, Detailed site investigation, Hydraulic fracturing test, Underground oil storage

£ 8 ot Ul gekE 271830 Xt ek TEB PgHe BN G A At ZoiA T B
TR A ST ok e g 27169 3 odut 7B AATA NN AT AR
A& $HEE o83t Uz ojsf o]RolA ght. Ty 2AGA A 27188 EAo| o]RojR|]
USAY XY, AW SN TR} FR5A) YAY E 2AF BN e 4z0l 2/lSEH Bast
Rl A Gl Alg Pt 71E A HEARS 2}016}7] Heixds AlE 89 At FelA A
27158 F4& Yske Aol vl 2 =7 7L Hebd® 00A] Faiof] |3t 371 A4
HlE7)7 AEEHO 2 A A A ABRAS S SUAS 30 o4 e T B SRl
HEE Aotk B dtolAs vIE7|A] At 1A A% i) 22 sHEES T80l AsE 279 AdT
oA pdukeo] ot 27182 F4E Astach A W9l AEZEE oF 180 m ~ 300 m 4AET7o]H
TE ZAPE 223 ZAEEHL ALt R E2EE AE 200 m ojAk] QX 2L 7l A
2.50 o9 F= 7}11‘: 2 73839 HJEE] THEEUT AVrE A ke 44 A A A H
FAL Ao} vl FARE S vEhodch

SAO| QU 27198, A4 AUk}, SolmAAY, Ko el

D () oA AYEE Aroa} L MEZ

) () AeAY AUHE AubAe 2y

o e Auds guie A3t Qhik TREE AF F W] A4S AHo
RGNS v 2 2AF F5 FHFo| UF Yoo NHTL 4w
Homal : 2008 28 1191 o T S PEel} SHuAPE o3 27188 &
A R : 20089 29 219 o] Sayslel giek 92 A A9 Fel et

80



Eg A3 81

AR FESEo] ohd 2788 HRS 2]
A Ha FF FEE EE Fo)e] 2u) oj4fe)
2018 7hAjt NBFo| BhEolo} AT 2AE
o) Fusk 2 AL ofgfst 2AE N ART
A} s} BAHOE Golaix] o, Eah Zun
Q1 ol AR SRl Aol F7
Hog FHF T2 Ao YA A= 271
B2 S AY BAAssIL 2 4 ek e
AFEE olgsle] Qb E AJHET gl Stuk
A AS Selom AT F2 B «at 25
ol ANE Al B 9T SmaAEe) 7
35 viepio] ATHE 2T ol8siol e Tps
s 22 9o Qo] PAu| Sl 27198 4R
& st AR Wl 54 volshr] g A
ol vis) ohe- el B 4= 9k

B =R AT AL AT F e 450 34w
7t AE AMebdE 004] Wil 9Aet 27} &
FulE714 BRItk T F7HE AVH XukRA}
SACIA BAIGH B3] Bl Aelew A &
3 e Huow s 23 T o] B
(popping), 2ZH(spalling)T} 2 w7} Hus)
of A1E % ol BI02 23t AP Uk 2 AT
MM T Hzz AT 3 B4l Aot T ol
A Smhpae Hestel AaE 27)89 243 =
8 B4 due] ga) Zojsiaat g,

il
A

)
re

BNE L REZshy

2.

re

HIAIE N2 W SF AlAY
TE B ABF 37 4RHIENA W D
U 45 m, 0] 5.5 m) U 24818
-1, BH2)oIH Sl e Sastgiet. e
23 G FEE Fulol 2] we} f5
27 o] BHB) whetq B BA7L} 2o
1F %90 o TR Yol 27188 23E S
oFh Z7RHL 2t ATte] A=He Bwslr) 9
3 7Rsd & B2 GV Hot 24} kol A
Aslojo} Gk 2 B oleist At Pa 27
A AR FAS FA o Tefste] 7]
= 238 QY FRBENE AT 0] 26 o)ye)
BARE 2 SEHEBWT-119] whgnie] 2xis)
of 24} AHel AFF BH-1Y 1418 ARSI 1
25 e BWT-12 el Baolat 71sd 7]
& FRERRE o|AANE $7H717) 918} 289170
o apdS TPIEE A53 BH29| 9IS H4sia

ot
5
&

fl 2 o
i

N

oF. Fig. 1 S9ohAE 910, 2AHS E33 Q)

(a) Location of test boreholes
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Fig. 1. Location of hydraulic fracturing test sites
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Fig. 2. View of testing site and hydraulic fracturing in-situ stress measurement



gzt Aelg7t 83

24

e INTERVAL PRESSURT
eee PACKER PRESSURE
Site > YSKA-BH-2
inctined Deoth  40.70m

Overburden Holght : 200.24m

Pressure(MPa)
N

I

0.0 08 18 24 32 a0 4.8
Recording Time(min)

E

€
T

=

H

1N [ [1

* o 0.8 16 2.4 32 2,0 .8

Recording Time{min)
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the study area
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Fig. 4. Example of determinations of pressure parameters

Axte] AL A7) Sloh STAE &,
o 2zt 28t FAEEL AFs] 1 ATE H|w/
- ASEEE WA olmA]

AZMUTH AZMUTH AZIMUTH
s E s w N

N N

19.60

( 24.60

1980 /\ / F2480

20.20 20

() BH-1 20.00 m

AZMUTH AZIMUTH
RITH
A N [ ] £ 5w

19.80 -

DEPTH(m)
DEPTH(m)

DEPTHIM}
7]
£
H
ELEVATION{m;

2020

5540 - -58.40

8
g [P~y

2

g
\*fg
T L ._.4

DEPTH(m)
DEPTH(m)
ELIEVATION(m)

53.80 53.80 -58.80

(b) BH-1 53.70 m

Fig. 5. Example of tensile fracture tracing results for deter-
mination of the max. hor. stress direction
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Table 1. Summary of stress calculation and max. hor. stress direction

(a) BH-1
Depth Pb Ps Pr Py Sv Sk Su K Su *
(m) (O.H) (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) Kn Ku Ku/Ka Direction
15.90
(257.90) 13.20 3.74 4.99 0.14 6.96 3.74 6.09 0.54 0.88 1.63
20.00 12.00 3.62 5.10 0.18 7.07 3.62 5.58 0.51 0.79 1.55
(262.00) . . R . . . .
29.50
14.22 3.57 4.88 0.27 7.33 3.57 5.56 0.49 0.76 1.55 87°
(271.50) (NST°E)
36.20 =
(278.20) 19.56 8.55 9.86 0.34 7.51 8.55 15.45 1.14 2.06 1.81 RHE71#)
40.90 1092 | 11.65 0.38 7.64 1092 | 20.73 1.43 2.71 1.90
(282.90) ’ ’ ’ i ) )
33.70 14.88 7.46 7.61 0.49 7.98 7.46 14.28 0.93 1.79 1.92
(295.70)
(b) BH-2
Inclined Depth | Pb Ps Pr Po Sv Sh S K Su *
(m) (O.H.) (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) Kpn Kn Ku/Kn Direction
16.03
(186.06) - - - 0.14 5.02 - - - - -
21.80 12.01 5.19 6.99 0.19 5.17 5.19 8.39 1.00 1.62 1.62
(190.81) i i i
29.10
(198.35) 14.21 8.83 11.16 0.25 5.36 8.83 15.08 1.65 2.81 1.70
34.45 86?
16.41 7.49 9.84 0.31 5.49 749 12.32 1.36 2.24 1.65 (N86°E)
(203.37) o] =
40.70 HE71E)
(209.24) 15.28 6.67 6.49 0.36 5.65 6.67 13.16 1.18 232 1.97
51.50 18.91 10.12 | 11.27 0.46 5.92 10.12 18.63 1.71 3.15 1.84
(219.39) . . . X . . .
61.35 11.68 7.57 7.50 0.56 6.17 7.57 14.65 1.23 2.37 1.93
(228.65) . . . . . . . .
1) Py : break down pressure 2) Ps : shut-in pressure
3) Pr : fracture re-opening pressure 4) Py : pore pressure by downhole pressure-meter
5) Sy : minimum horizontal stress 6) Su : maximum horizontal stress
7) - : abnormal data 8) «- : recording omission

9) * : average SH direction 10) O.H : overburden height
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Fig. 9. Characteristics of horizontal stress field in the study
area
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