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The yield surface of reservoir chalk from the North
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The exploitation of chalk reservoirs in the context of hydrocarbon production and CO2 and thermal storage
causes in situ changes in stress and saturating fluid, which in turn entail rock compaction, seafloor subsidence,
wellbore instability and fault reactivation that can ultimately jeopardise the economic viability of a field [1,2].
The efficiency of new technology such as radial jet drilling and time-lapse seismic interpretation in stimulat-
ing and monitoring production are also impeded by subsurface deformation [3,4]. Reliable prediction of chalk
deformation is therefore of primary importance so that suitable field development plan can be implemented in
a safe manner. To this purpose, experimental studies were conducted to quantify the geomechanical proper-
ties of outcrop chalks considered as analogues for reservoir rocks [5,6]. However, there is a lack of systematic
assessments comparing quantitatively the properties of outcrop and reservoir rocks to ensure that experimen-
tal data can be transferable. In this context, our study assesses and compares the shear and plastic behaviour
of Maastrichtian and Danian reservoir chalk from the North Sea by using an extensive experimental database
(>80 triaxial tests). The impacts of water saturation (Sw) andmineralogy on rock geomechanics are considered
by analysing tests carried out on oil- and water-saturated specimens with various mineralogical composition.
Overall, the porosity of the core samples ranges between 30% to 45% porosity, thereby allowing to cover a
wide spectrum of reservoir rock types that are likely to deform in a field.
The results indicate that the impact of Sw on rock strength differs between the outcrop and reservoir chalk.
Contrary to observations reported on outcrop specimens, the water weakening effect is porosity dependent
for subsurface chalk. This mechanical contrast may be due to a change in mineralogy. Besides, the analysis
of the core samples shows that clean Danian lithology (<3% quartz content) is stronger than the clean Maas-
trichtian counterpart, especially towards low porosity values. For instance, at 34% porosity, the specimens
from the Tor Fm. start deforming plastically at 34 MPa hydrostatic stress, which is 8 MPa lower than the esti-
mated pore collapse stress of clean chalk from the Ekofisk Fm. Calcite cementation is thought to be the main
controlling factor, although further investigation is needed to confirm this hypothesis. Impure Danian chalk
(>4% quartz content) appears as the strongest lithology likely due to the presence of quartz cement in pore
space that strengthens the rock fabric. Finally, the yield surfaces (shear failure line and end cap) of intact, Da-
nian and Maastrichtian chalk from the North Sea are reconstructed and compared in a mean-deviatoric stress
plot with porosity as a third axis. The outcomes of this work can be integrated in constitutive models and
assist engineers and geologists in developing geomechanical simulators that capture the specific mechanical
behaviour of the Ekofisk and Tor Fms in the context of hydrocarbon exploitation as well as CO2 and energy
storage.
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