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Abstract

The magnitude of in situ stresses is important toward understanding fault and earthquake mechanics, as well as for hydrocarbon exploration.
Wellbore failures, including compressional borehole breakouts (BO) can provide information about stress orientation and can be used to
constrain in situ stress magnitude if the rock or sediment unconfined compressive strength (UCS) is known. Values of UCS used to estimate
stresses from BO are typically determined from laboratory-derived empirical relations between P-wave velocity (Vp) and UCS. For many
applications in sedimentary basins and tectonically active settings, UCS is estimated from relations developed for lithified shales. We seek to
advance our understanding of Vp as a proxy for UCS, particularly in high-porosity (~30-60%), shallowly buried (<2 km) sediments where
estimates of UCS based on relationships defined for fully lithified shales may lead to overestimates of strength. We focus on the Nankai
accretionary prism offshore SW Japan, formed by subduction of the Philippine Sea Plate beneath the Pacific Plate. Breakouts have been
identified from azimuthal resistivity logs at IODP Site 808, which penetrated the accretionary prism and plate boundary décollement ~3 km
landward of the trench. We determine UCS from triaxial tests on core samples recovered during Ocean Drilling Program Leg 190 from ODP
Site 1174, located ~1 km away from Site 808. We then compare UCS measurements to Vp data from wireline logging.

Our results indicate that directly measured values of UCS are considerably lower (>1 MPa) than those estimated from Vp using the existing
relationships for shales. When applied to estimate in situ stresses from the observed wellbore failures, values of UCS determined from these
relationships likely lead to significant overestimates of stress magnitude. Our results should apply to the general case of shallow, relatively
high-porosity sediments, and therefore carry implications for borehole stability and assessment of shallow geohazards globally.
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1. Abstract 3. Methods

The magnitude of in situ stresses is important toward understanding fault and earthquake
mechanics, as well as for hydrocarbon exploration. Wellbore failures, including compressional
borehole breakouts (BO) can provide information about stress orientation, and can be used to
constrain in situ stress magnitude if the rock or sediment unconfined compressive strength
(UCS) is known. Values of UCS used to estimate stresses from BO are typically derived from
laboratory-derived empirical relations between P-wave velocity (Vp) and UCS. For many BO form where ’
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A) Lab: Measurements of UCS and pu in B)Theory: Stress from BO width

Triaxial Apparatus
Borehole Stress Relative to Breakouts
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Map of Plate Boundary Locations and Stratigraphic Column of Site 808 and Site 1174
Muroto Transect, Offshore SW Japan with Borehole Breakout Example from RAB Image -Trim ODP sediment core from depth of -Create stress polygon based on Coulomb

interest to three cylindrical samples of 25 theory of frictional sliding on critically
) Slope-Apron mm diameter by 50 mm length. oriented faults.
1) Axia -Perform a consolidated-drained triaxial test -Measure BO from LWD'_RAB data.
Trench Wedge on each of the three samples at three -Assume rock strength is equal to stress at

. different effective confining stresses of 1.5, edge of breakout. _ _
IB) Repeat Section 2.5, and 3.5 MPa. -Solve for far field stresses consistent with

Tench e -Use failure criterion from triaxial tests to observed breakout width, using modified
—— e define UCS and p. Wiebols-Cook failure criterion with stress at

Trench Wedge
the borehole wall.
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Viedge Facis equations.

-This lowers stress
estimate magnitudes
as illustrated in a
specific case below

—m % %0 W W . . - . . Site 1174 and Site 808 are located along the
mbricate Thrust Zone [Frotothres Muroto Transect in the Nankai Trough, offshore
SW Japan. Site 1174 and Site 808 are within 2
km of each other and are thus very similar at 235 mbsf at Site
stratigraphically. Structurally, Site 808 is in the 808, in the vicinity of
frontal thrust, whereas 1174 is in the the upper trench

protothrust. Site 808 has a repeat section where ' A)T100_238_1174_42, Confining pressure=3.5 MPa | wedge sample used
it crosses the frontal thrust. B)T100_222_1174_55,Conﬁnlng pI'ESSure=2.5 MPa gfgﬁrgg‘n:g;?’zrsgﬁzzs In ch teSts.

Blue from stress at 12% strain

() T100_241_1174_42_02, Confining pressure=1.5 MPa ' '

1500 2000
Vp (m/s)

Axial Stress (MPa)

Depth below sealevel (km)

5 10 15 20
Axial Strain (%)

References Failure reached for each experiment when axial

Chang, C. , McNeill, L., Moore, J., Lin, W., Conin, M., & Yamada, Y. 2010, “In situ stress state in the Nankai accretionary wedge estimated from stress no longer increases with axial strain.
borehole wall failures”, Geochemistry, Geophysics, Geosystems: G3, vol. 11, p. 17

Chang, C., Zoback, M.D. & Khaksar, A. 2006, "Empirical relations between rock strength and physical properties in sedimentary rocks", Journal : a) 1100_238_1174_42, Confining presure=3.5 MPa
of Petroleum Science and Engineering, , ho. 51, pp. 223-237. 1 b)T100_222_1174_55, Confining pressure = 2.5 MPa

¢) T100_241_1174_42_02, Confining pressure=1.5 MPa
d) Inferred UCS

(@]
L

lkari, M.J. & Saffer, D.M. 2011, "Comparison of frictional strength and velocity dependence between fault zones in the Nankai accretionary com-
plex”, Geochemistry, Geophysics, Geosystems: G3, vol. 12, no. 1, pp. n/a.

Moore, G.F,, Taira, A., Klaus, A., et al. 2001, “Proc. ODP, Init. Repts. 190” Friction angle= 26

I~
[

Shear Stress (MPa)

Song, l., Saffer, D.M. & Flemings, P.B. 2011, "Mechanical characterization of slope sediments: Constraints on in situ stress and pore pressure
near the tip of the megasplay fault in the Nankai accretionary complex™, Geochemistry, Geophysics, Geosystems: G3, vol. 12, pp. n/a.

Zoback, M.D. 2007, Reservoir geomechanics, Cambridge University Press, New York, NY, United States (USA)

Acknowledgements ’ R B R R S R 5 5 ' %

Thanks to Shell for the travel grant, and AAPG for funding my research. Thanks to my collaborators in the Rock Me- Normal Stress (MPa) _ shmin (MPa) _
chanics Lab, including Insun Song and Steve Swavely. Axial stress at failure used to define failure threshold. UCS Samples from the inner wedge with higher V_ will

determined form fourth circle at 0 confining pressure. be focus of future experiments.




