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A Novel Method for In Situ Stress Measurement by Cryogenic Thermal Cracking

- Concept, Theory and Numerical Simulation
Chang-Ha Ryu, Dong-Woo Ryu, Byung-Hee Choi, Joong-Ho Synn, J. P. Loui

Abstract A new method is suggested herein to measure the virgin earth stresses by means of a borehole. This novel
concept is basically a combination of borehole stress relieving and borehole fracturing techniques. The destressing
of the borehole is achieved by means of inducing thermal tensile stresses at the borehole periphery by using a
cryogenic fluid such as Liquid Nitrogen (LN, ). The borehole wall eventually develops fractures when the induced
thermal stresses exceed the existing compressive stresses at the borehole periphery in addition to the tensile strength
of the rock. The above concept is theoretically analyzed for its potential applicability to interpret in situ stress levels
from the tensile fracture stresses and the corresponding borehole wall temperatures. Coupled thermo-mechanical
numerical simulations are also conducted using FLAC3D, with thermal option, to check the validity of the proposed
techniques. From the preliminary theoretical and nurerical analysis, the method suggested for the measurement of
in situ stresses appears to be capable of accurate estimation of the virgin stresses by monitoring tensile crack formation
at a borehole wall and recording the wall temperatures at the time of crack initiation.

Key words In situ stress, Thermal cracking, Cryogenic fluid, Crack initiation, Coupled T-M numerical simulation
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cracks perpendicular
to borehole axis

e

cracks parallel
x (0, to borehole axis
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Fig. 1. Local coordinate system and the thermal cracking
angles.
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Table 1. The thermal and mechanical properties of surrounding
rock and jacket.

Material
Surrounding .
Thermal and rock Jacket
Mechanical Properties
Coefticient of th
oefficient of thermal 6.640-6 | C 2067 /T

expansion {c)

Thermal conductivity (k) | 2.63 W/m/C | 3.0 Wm/C

Specific heat at constant

pressure ((}) 710 Jkg/C

— v

500 J'kg/C

Density (p) 2,500 kg/m® | 1,000 kg/m’
Tensile strength (o,) 5 MPa -
Young's Modulus (E) 20 GFPa 0.02 GFa
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Fig. 2. Sequence of thermal cracking during first cooling cycle - Example 1.

First-cycle cooling

¢ 20
=
0
15
E ! - i
_Tg 10 - ‘ —e— Pre-existing compressive tangential ‘
s | stresses
2 | \
g 5 i # Numerical estimate of tensile thermal \
H ‘ stress minus tensile strength ;
0 ‘ = g
0 30 60 90\
Angle from the direction of SH (deg) l
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Fig. 5. Theoretical and numerical estimates of tangential
stresses for second-cycle cooling - Example 1.
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Fig. 6. Sequence of thermal cracking during first cooling cycle - Example 2.
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Fig. 8. Sequences of thermal cracking during second cooling cycle - Example 2.

\r; Pre-existing
: compressive
1 tangential stresses

i = Numerical estimate of |;
tensile thermal
stresses while crack
reopening

- Predicted best fit

Tangential stress (MPa)

0 30 60 90 |

Angle from the direction of SH
i (deg)}

Fig. 9. Theoretical and numerical estimates of tangential
stresses for second-cycle cooling - Example 2.
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