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Yeonguk Jo, Chandong Chang, Kyung-Woo Park, Sung-Hoon Ji and Changsoo Lee, 2017, In situ stress esti-
mation in KURT site. Journal of the Geological Society of Korea. v. 53, no. 5, p. 689-701

ABSTRACT: We conducted hydraulic fracturing (HF) tests and borehole image logging, to investigate in situ stress
state at KURT (Korea Atomic Energy Research Institute Underground Research Tunnel) site, Daejeon, Korea.
The HF tensile fractures and drilling induced borehole wall failures, observed from borehole images, consistently
indicated the E-W orienting maximum horizontal principal stress (Sumax). The magnitudes of the minimum
horizontal principal stress (Snmin) Were determined using the pressure-time curves recorded during HF tests and
those of Sumax using the relationship between logged borehole wall failure and rock strength. The vertical stress
(Sy), calculated from overburden weight of rocks, was either the minimum or the intermediate principal stress
depending on depths. It indicates that the stress regime in KURT site is variable between thrust faulting (Sy < Shmin
< Shmax) and strike-slip faulting (Shmin < Sy < Shmax) regimes. Our stress estimation results agree with the regional
scale crustal stress pattern in Korean Peninsula reported from the previous studies.
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(Yeonguk Jo, Kyung-Woo Park, Sung-Hoon Ji and Changsoo Lee, Radioactive Waste Disposal Research Division,
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Department of Geology, Chungnam National University, Daejeon 34134, Republic of Korea)
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2011; Lee et al., 2011; Ji et al., 2013; Yoon et al., 2013).

AR QHite) XA, ghtelaty £ % st
Q1 ARA] 27182 (in situ stress) A ei= A|SHAIA
A4 W HY 22 o7 35 FHl0| 9 BES
st gd HH &4 EE(rock burst) 5 FA|
2 By 248 A 7S HrekeT B adt
9 QlAto|tk(Martin and Lanyon, 2003). E3F %
718 2= Rt Yol EAst= &5 = 44 Y
A 24 9 oo FHkE XX Uy 5 EASHY
A AT S-S dSshetd 875 vy
¥ 4=0]™(Scholz, 2002; Zoback ef al., 2003; Moeck
et al., 2009), HAMIH 71 & A&, AE LA, o]4ts}
g X5 A& T2 AT T AT A4 Z
oy A Wrlo] = T a3t QIAto]th(Evans et al., 2005;
Hawkes et al., 2005; Brady et al., 2009).

tol ZHg5k= 27189 AHie Al o1&
AN, B GHAS 59 8% Agos
A S48 4= Uh(Zoback et al., 2003; Schmitt ef
al., 2012; Stephansson and Zang, 2012). 23 &%
517] ofele A%, A% ko] g2l Al HAEL.
2 72 25| ofa) SAIsH: T T2 (tectonic
scale) o] A17H-§ stk AHE w2 Ao )
2] I AH9 38 £E E4E o838l 75
stAY, AR AW AYS E4(focal mechanism
analysis) 52 53l 1 A4S €4 F= vefst
71% gtk Qo= A, BER GAE 7R
1980ty o] % A|5= W utaf] 7]&o] A A=
A B g $Y S ARV SAE o, F
Tolts A7 A 02 4 km 43o] g 82 24
= 33t ItH(Zoback et al., 1993; Zoback and
Brudy, 1997; Harjes, 1997). E3}, o] 27 -2%l 2}

== Fst gi§ 2 =7hE AR 27§99
HEH-S M| A-SH A =(World Stress Map) 2 H2H3]
g-g-5131 Qlth(Heidbach et al., 2010; 2016). ¥HH, =
Yol Ae 27182e AN, HY W ER B4}
of Bagt 7| 2AREZN YS5E o] g7| wfjZof tiF
9 &4 217} 300 m o] o] HEF o =3hE| o]
= AAoJcHaimson et al., 2003; Bae and Jeon,
2005, 2014; Chang et al., 2010). |+ S0] =4 9]
Abgeras A5 A&et ARA I 59 A5 A
o 223 A4 A15BollA 500 m o]4Fe] 413 gF
Hhofl tigt 8 &4 A7F 3E vh A 9H(Bae

et al., 2016; Chang et al., 2016), 1 57} A|gH& o] o]
A AR g Aukdel RS BAe)
ofFoh E3 27]-5E el A HE o Yol
st G5 = 34 FY AE BAL AR =
Ao 7108 B A Hol= A7 E7] diiZel
(Barton and Zoback, 1994; Yale, 2003; Chang et
al., 2014; Chang and Jo, 2015), 2= URL ¥ A3}
F2E A4 So| S43 BAoAE oA 2R
A 9 FEA B4 vefstel 991X 27189
HE2 Aoz EXBRSHE Ho] Fasich

o] 2L Wt B AToINE FRAREA
T-29] KURT £2] ehgto]] 2H8-8k= 27182 A=
£ 83tk ol sl KURT £A]of =2+ Al
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H, ozl 38 AN=S FHSIAT EIF A
32 AdH O] & et 5= BT
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7F EYskaL Aok oAl =F-LE o] Ao djaf Fzt
719 Beby oder 9 5 shastol o
2w oo 2 sqatgen, Ra] Y] AjEEe
A B 3o} AREE oloh & QAT o]
A B = WY S T A Fo £Et= HAE
HorRel We) wpgs oo, el =
WS NSHA NIO°W =, % A A 2AL} A 55
EHSCERE BHHE BA Y FHF H F
TR(EE M) Gl = g X7t
(Park et al., 2010; Oh et al., 2017).
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Fig. 1. Stress measurement site (KURT) and borehole locations. Altitudes of individual boreholes, KP-2, YS-04,
DB-02 are 120, 95, 115 m, respectively.
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Fig. 2. Schematic of effective stress state at the borehole wall. Both tangential stress (cg¢) and axial stress (G,,) vary
with azimuth (0). Under the east-west compression state, the maximum or minimum e are induced at azimuths
of NS (6=90, 270°) or EW (6=0, 180°), respectively. The Py, is borehole annulus pressure. If both P, and P are
hydrostatic, the radial stress (or) is 0. Co and Ty denote compressive and tensile strength of rock, respectively. When induced
ogp exceeds the rock strengths, wellbore wall failure (BO or DITF) occurs (modified from Zoback et al., 2003).
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T 3 Ut ARke] -3 (axial stress, 6,,) 22
U, o] ), gune] AH8SHe f5 9 4u
Qi 2718 2iate] B ol 4] (1) 2 FaHtheg,
Zoback et al., 2003; Jaeger et al., 2009) (13 2).
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Fig. 3. Schematic diagram of a typical hydraulic fractur-
ing test system setup.
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Fig. 4. An example of interval pressure and flow rate
- time records, derived from the hydraulic fracturing test
ata depth of 343.5 min a borehole YS-04. P, and P; denote
breakdown pressure and shut in pressure, respectively.
Py, a dashed line, indicates the initial pore pressure at
the test interval depth.



KURT S%| ot %7|S24 M 7%

Yot Al FE= W sk i #4852
F&Ho] =1 m o] o] 74 H(intact rock)
e Ao, EHom AR S o
g A== KP-2 39 671(50.5, 69.5, 110.5, 128.5,
136.5, 154.6 m) ¥ YS-04 F2] 67H(117.5, 160.5,
234, 315, 328, 343.5 m) F7to|t}. I 4= 4=¢tu}
AR AA Bol AIF F2He] FW dEH-AITE
AE F s g2 HojEh fAZ A" 1m
O] Al bl oF 2 liter/ min®] U437 - (flow
rate) 2 2 55 FYf FW U= F7HIA 3HY
1713 (breakdown) S =3k, wH A% =
FUS HWFEI ATt T2 o4 Ao #E 2
(shut in) A= TSI o] F 3-53]9] A|71¢t
Al ez pofubaf] o thet A7) (reopening)
¥} shut ing ¥HEsto] 3-8 =27] BAof B Qg
8 3 gEES 23 AEE B = o=
g7 (impression packer)& ©]-&3] 3g 77t 54
of FHE T E ] Fef H WIS vttt
U F L8 FrE= AFE Y 7]8kH

4 o 4y

-

N E 5 W N

693

FEjot T A HRRE Al AR RE 27]-3HEA
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Fig. 5. Imprinted traces of hydraulic tensile fractures (HF) at individual test intervals. The traces of HF are obtained
using impression packer. All hydraulic fractures are induced in the two opposite azimuths on the borehole wall.
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Fig. 6. Examples of unwrapped borehole images for the
wellbore wall failures, observed in borehole DB-02. (a)
and (b) show borehole breakouts (BO) and drilling in-
duced tensile fracture (DITF), respectively.
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Fig. 7. (a) Azimuths of the hydraulic tensile fractures (HF), borehole breakouts (BO), drilling induced tensile frac-
tures (DITF), observed in the three test holes, KP-2, YS-04 and DB-02. (b) Determining orientation of Spmax. All
stress indicators, derived from boreholes, consistently argue the Sumax direction of EW compression. Investigated

average direction of Spmax at KURT site is N96+11°E.
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Table 1. Results of hydraulic fracturing stress measurements in boreholes, KP-2 and YS-04, at KURT site.

Test hole  Depth, Elevation, SHmax Py, Sy, Shmin, SHmax, Kinin Kinax
(elevation) m m direction,deg MPa MPa MPa MPa (Shmin/Sv)  (SHmax/Sv)

50.5 69.5 115.1 05 13 40  54+02 3.0 4.0

69.0 51 108.2 07 1.8 45  6.6£0.1 25 3.6

KP-2 110.5 9.5 98.6 1.1 29 47  65+02 1.6 22

(120m) 1285 8.5 89.7 12 34 52  77+0.1 1.5 23

136.5 -16.5 83 13 36 55  8.0+03 1.5 22

154.6 -34.6 86 15 41 65  88+0.2 1.6 2.1

117.5 225 105 12 31 75 10.1x0.4 2.4 33

160.5 -65.5 99.3 1.6 43 74  11.1£0.7 1.7 2.6

YS-04  234.0 -139 85.5 23 62 9.0 13.3+02 1.5 2.1

(95m) 3150 -220 96.5 31 83 11.1  14.2+1.1 1.3 1.7

328.0 233 112.5 32 87 103  14.7+0.2 12 1.7

3435  -248.5 99.9 34 91 11,0 18.1x0.9 12 2.0

Table 2. Wellbore wall failures observed in a test hole, DB-02 (elevation of 115 m), and estimated stress state in

deep depths at a KURT site.

Failure type Depth,m  Elevation, m dire(i?g’;" deg Po, MPa  S,, MPa ISVII“;‘; Sl\f/i‘l“;‘;’
BO 473-482 -358-367 95.3+10 4.7 12.6 14.4 -
559 -443 90.5 5.5 14.8 16.5 28.4-39.8
581 -466 73.7 5.7 15.4 17.0 29.7-41.0
DITF
584 -469 78.9 5.7 15.5 17.1 29.8-41.2
735 -620 109.7 7.2 19.5 20.8 37.9-49.6

o7} S7Fgtell Wt S7kste A Btk F
BESY A7 gt AZ-SE(Sy) Y H= &4
He= #a, HAd SUAT(Knin Kinax)= 242 1.2-3.0,
1.7-4.09] 915 7AW, 7]& vt 38 54
A A3 B5HA| A ol7t STkl weEk S
A= Fadshe FA1E et Brown and Hoek,
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Fig. 8. An example of constraining range of Sgimax mag-
nitudes at a depth of 559 m in DB-02. The outline of pol-
ygon limits possible range of stress state in frictional
equilibrium at a depth, under the given S, and friction
condition. If DITF exist, range of stress magnitudes is
more constrained in to upper side of DITF criterion,
gray shaded area. Under the given conditions of litho-
static Sy, hydrostatic Py, frictional coefficient of 0.6, and
Shmin from HF result, the magnitude of Spmax at the DITF
depth is constrained to be within 28.4-38.8 MPa.
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Fig. 9. Investigated in situ stress state profile as a func-
tion of elevation at the KURT site. Both Smin and Stimax
measured by hydraulic fracturing test, tend to increase
with increasing test depths. Our stress result indicates
that stress regime in the KURT site is in favor of thrust
faulting (Sy < Shmin < Stmax). Another noticeable aspect
of the stress condition at this site is that S is intermediate
between two horizontal stresses ~700 m below. It signi-
fies a transition from near surface thrust faulting regime
to one favoring strike-slip (Shmin < Sv < SHmax)-
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