
PERTEMUAN PERSATUAN (MEETINGS OF THE SOCIETY) 

Petroleum Geology Conference and Exhibition 2008 
14th - 15th January 2008 •Kuala Lumpur Convention Center, Kuala Lumpur, Malaysia 

-
ABSTRACT OF PAPERS 

Keynote Paper 2 
PETROLEUM GEOMECHANICS: 

FROM THE PLATE-SCALE TO THE RESERVOIR-SCALE 

RrcHARD R. HILLIS 

Australian School of Petroleum, University of Adelaide, Australia 

The last 10-15 years have seen an explosion in the application of present-day stress data to petroleum exploration and 
development-related issues. Borehole breakouts, zones ofwellbore where the cross-sectional shape is enlarged and elliptical, were 
first-named and recognised as being due to present-day stresses in the late 1970s (Figure 1 ). However, even by the early 1990s, 
few in the oil industry were familiar with borehole breakouts. Now they are used routinely, along with other present-day stress 
data, to evaluate fault reactivation and reservoir seals; evaluate naturally fractured reservoirs; assess wellbore stability, and plan 
fracture stimulation and water flooding operations. 

This talk will illustrate how the reservoir geomechanical model (present-day stress and strength data) is determined using 
logging and drilling data. It will discuss the plate-scale, regional and local tectonic controls on present-day stress with examples 
from Brunei and the North Sea. Finally it will illustrate the application of the geomechanical model to exploration and development, 
with examples from Brunei and the North Sea. 
Determination of the Geomechanical Model 

Most of the data required to determine the present-day stress field and rock strength are routinely acquired by the petroleum 
industry. The key pieces of data not routinely acquired are an image log, a good quality leak-off test (or preferably extended 
leak-off test) and laboratory testing of rock strength. The vertical stress magnitude can be determined from density and sonic/ 
check shot log data. The minimum horizontal stress magnitude can be determined from leak-off test data. The orientation of the 
minimum and maximum horizontal stresses can be determined from the orientation of breakouts and drilling-induced tensile 
fractures recorded on image logs (Figure 1 ). The maximum horizontal stress magnitude is the most difficult parameter of the 
geomechanical model to constrain, but can be derived using various techniques including combining knowledge of rock strength 
with the occurrence of breakouts and/or drilling-induced tensile fractures or, alternatively, from the orientation of breakouts and 
drilling-induced tensile fractures, or the variation of leak-off pressures in deviated wells. - Warta Geologi, Vol. 34, No. 1, Jan-Feb 2008 
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Tectonic Controls on Present-Day Stress
Plate boundary forces provide the first-order control on present-day stresses. The World Stress Map project has demonstrated 

that in many continental areas the orientation of present-day maximum horizontal stress parallels the absolute direction of plate 
motion. Hence it has been reasonably inferred that the forces driving and resisting plate motion are responsible for the present-
day stress field.

The Indo-Australian Plate is unusual in that regional directions of maximum horizontal stress are variable and do not parallel 
the direction of absolute plate motion (Figure 2). However, the Indo-Australian Plate has a uniquely complex convergent northeastern 
plate boundary. If the nature of this plate boundary (which varies from, for example, Himalayan collision to subduction of Indian 
Ocean under the Indonesian Sunda Arc) is considered, it can be shown that the regional intraplate stress field is indeed consistent 
with control by plate boundary forces, as has been inferred in plates with simpler plate boundary configurations. Initial results 
from several projects undertaken at the University of Adelaide suggest that maximum horizontal stress orientation in the Sunda 
Plate is also variable and does not parallel the direction of absolute motion of the Plate. Our current interpretation, yet to be fully 
tested, is that again this reflects the complex configuration of, and forces acting on, the boundaries of the Sunda Plate.

Regional and local structural setting may also impact on the nature of the present-day stress field in the reservoir. This will 
be illustrated by results from Brunei, where three distinct present-day stress provinces, that are consistent with neotectonic styles 
apparent in field outcrops and on seismic data, can be recognized: (i) an onshore/inner shelf inversion province; (ii) an outer shelf 
deltaic extension province, and; (iii) a deepwater compression province (Figure 3). The inversion province exhibits margin-normal, 
NW-SE oriented present-day maximum horizontal stress, consistent with inverted Miocene-Pliocene extensional deltaic structures 
in this province. The deltaic extension province is a relatively narrow segment of the outer shelf (a few tens of kilometres wide) 
with active normal faults striking NE-SW and margin-parallel, NE-SW oriented present-day maximum horizontal stress. The 
deepwater compression province hosts NE-SW-striking thrusts and present-day maximum horizontal stress is oriented normal to 
the margin and normal to the strike of the thrusts, i.e. NW-SE. The stress rotation between the deltaic extension and deepwater 
compression provinces is consistent with margin-normal stresses in the deepwater fold-thrust belt system being generated by 
up-dip extension of the delta. The stress rotation between the inverted inner shelf province and the deltaic extension province 
reflects the location of the deltaic system on an active margin subject to ongoing convergence.

The effect of regional and local structural setting will also be illustrated with respect to the North Sea where neither the 
Northern or Central North Sea areas show the broadly northwest-southeast oriented maximum horizontal stress direction seen 
onshore North West Europe that results from plate boundary forces. Stresses associated with deglaciation appear to control the 
east-west maximum horizontal stress direction observed in the Northern North Sea. Maximum horizontal stress orientations are 
highly variable in the Central North Sea and the stress regime within the sedimentary sequence there appears to be detached 
from that in the basement.
Application of the Geomechanical Model in Exploration and Development

Both Brunei and the North Sea illustrate that reservoir stresses must be determined from in situ data (as opposed to from 
regional compilations and offset wells). The recognition of the three present-day stress provinces has major implications for 
petroleum exploration and development in the Baram Delta-Deepwater Fold-Thrust Belt System. For example, and as will be 
illustrated in detail in the talk, most stable well trajectories and preferential fluid flow directions in water flooding operations vary 
over relatively short distances, between Brunei’s stress provinces and the ‘learnings’ from operations in the inner shelf should 
not be directly translated to the outer shelf, nor to the deepwater.

 

Figure 1: Resistivity image of borehole 
breakout. Unwrapped view of wellbore 
wall. Breakout gives direction of 
minimum present-day horizontal 
stress.

Figure 2: Regional 
maximum horizontal 
stress directions and 
direction of absolute 
plate veloci ty for 
Australia.

Figure 3: Baram Delta-Deepwater Fold-Thrust Belt System showing 
present-day maximum horizontal stress directions from petroleum wells 
(white arrows). Grey shading marks inverted, extension and compression 
provinces across the delta-deepwater fold-thrust belt system. Dotted 
lines show isopach of Middle Miocene-Recent deltaic sediments from 
Morley et al. (2003).

Warta 34_1.indd   33 07-Apr-08   4:05:37 PM




