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Reply to Zoback and Gorelick: Geologic carbon
storage remains a safe strategy to significantly
reduce CO, emissions

Zoback and Gorelick (1) highlight the impor-
tance of considering the potential for induced
seismicity in geologic carbon storage (GCS)
projects. We agree that site characterization is
needed for safe CO, storage; that is, without
inducing large earthquakes (M > 4) that
might jeopardize the stability and sealing
capacity of caprock and faults (2).

Zoback and Gorelick (1) argue that the
subsurface is critically stressed and small pore
pressure increases could induce large seisms.
However, sedimentary formations, where
CO, will be stored, are rarely critically
stressed (see figure 1 and Supporting Infor-
mation of ref. 2 for details and references)
because they are softer than the crystalline
basement and thus accumulate fewer stresses.
Still, some sedimentary formations may be
critically stressed, which is why proper site
characterization remains crucial (3, 4).

We agree that (local) microseismicity will
be induced in deep fluid injection projects,
including GCS. However, microseismic events
are not a concern (e.g, the 9,500 microseisms
at In Salah have not caused CO, leakage) and
may even be positive, if confined to the reser-
voir, because they may enhance permeability.
The question is whether large seismic events
could be induced. Although each site needs
specific analysis, we showed that GCS can be
done safely in many sedimentary basins
around the world (2).

Zoback and Gorelick (1) argue that CO,
dissolution will have a negligible effect on
diminishing overpressure. Indeed, CO, disso-
lution may not be significant at sites with low
vertical permeability (2), such as In Salah.
However, such “low-permeability” reservoirs
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will tend to be avoided because of their low
injectivity. In relatively permeable aquifers,
CO, will dissolve into brine at relatively high
rates (5), reducing overpressure.

The ultimate issue is the validity of the
popular view—shared by Zoback and Gorelick
(1)—that injecting large volumes of CO,
requires large overpressures, not necessarily
for saline aquifers (the issue is obvious for
enhanced oil recovery cases, which we did
not mention in our report 2). This view is
supported by the overpressure growth with
the logarithm of time induced by injection
of high-viscosity and low-compressibility
wastewater, making wastewater injection
more prone to induce seismicity than GCS.
Instead, CO, injection requires relatively
constant overpressure, making it easy to
control.

Overall, the large injected CO, volumes are
compensated by three processes: (i) compres-
sion of the fluid and expansion of the rock
(driven by overpressure); (ii) dissolution (i.e.,
the volume of CO, saturated water is much
smaller than the sum of the volumes of the
two phases); and most importantly, (iii) wa-
ter leakage through the caprock, which we
expect to be the most relevant in most sites
(see refs. 2 and 6).

In summary, we agree with the conclusion
that “the potential for triggered earthquakes
represents one ... potential mode of failure
that must be considered” (1). However, we
do not think it is the most critical one. In-
stead, permeabilities (horizontal, controlling
overpressure; vertical, controlling dissolution;
and of the caprock, controlling water leakage)
may be the (economic) limiting factors.

Therefore, CO, storage can be performed
safely without inducing felt earthquakes,
provided that proper site characterization
and pressure management are carried out,
thus remaining “a safe option to mitigate
anthropogenic climate change” (2).
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