
Geosci. Instrum. Method. Data Syst. Discuss.,
https://doi.org/10.5194/gi-2018-42-AC2, 2018
© Author(s) 2018. This work is distributed under
the Creative Commons Attribution 4.0 License.

Interactive comment on “The influence of sample
geometry on the permeability of a porous
sandstone” by Michael J. Heap

Heap

heap@unistra.fr

Received and published: 18 December 2018

Reviewer #2 Audrey Ougier-Simonin

I have reviewed the submitted paper titled ‘The influence of sample geometry on the
permeability of a porous sandstone’ that reports systematic permeability data mea-
sured in samples of a homogeneous, fine grain sandstone as a function of the cylin-
der’s aspect ratio. The article reads very well. However, one has to be cautious re-
garding the suggested larger impact of the study compared to its actual content. If
the data presented are well supporting the discussion and concluding remarks written
in section 5, the abstract and introduction invite the readers to expect a much larger
demonstration. The method and data presented are for benchmarking the usage of a
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benchtop gas permeameter although there is a need, as well pointed by the author, for
a standard description on how to perform high quality permeability test in laboratory in
the best reproducible manner. Indeed, accessing to permeability value in triaxial test
rigs for instance can be done using different sample geometry (cylinders, cubes), of
various sizes and aspect ratios, and with different type of fluids (liquid, gas) and meth-
ods (flow, pulse-decay, oscillations). I would therefore recommend to be a bit more
precise in stating clearly that this paper deals with rock matrix permeability first, and
also on benchtop measurements of this parameter. The sample geometry mentioned
could also be simplify to aspect ratio for immediate clarity.

>One of the goals of the introduction was to highlight, for the benefit of a general
readership, why permeability warrants our close attention. A short paragraph in the in-
troduction highlights that permeability is thought to influence earthquake and volcanic
eruption recurrence, the distribution of ores, the productivity of geothermal resources,
and the suitability of CO2 storage sites. Based on the title of the paper (“The influence
of sample geometry on the permeability of a porous sandstone”), and the discussion
that follows this short paragraph, I’m confident that those reading the paper will not
jump to the conclusion that I’m trying to solve any of the aforementioned geophysi-
cal phenomena. Indeed, I state the goal of the paper very clearly at the end of the
introduction:

>“The goal of this contribution is to better understand, using cylindrical core samples
of a widely-used porous sandstone, the influence of sample geometry on laboratory
measurements of permeability.”

>I use “sample geometry”, rather than “aspect ratio”, because the manuscript also
shows the influence of sample length and sample volume on laboratory measurements
of permeability, not just sample aspect ratio.

On a personal note, as I fully support the broader scope wished with that study, I would
recommend the author to discuss with Prof. Christian David (Uni. Cergy-Pontoise,
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France) and Prof. Patrick Selvadurai (McGill University, Canada), who both trialled
large permeability measurement benchmarking few years ago. It is my hope that the
results they may have gathered could help the author to pursue this study.

>I’m pleased by the reviewer’s interest in the study. I’m aware of the as-of-yet-
unpublished studies of Christian David and Patrick Selvadurai. In fact, Thierry
Reuschlé, a member of the laboratory at Strasbourg to which I am affiliated, is involved
in both studies. I eagerly await the results of these studies.

Few other points:

Page 3, line 5: why only 1 sample once was tested 5 times and not other?

>The permeability of each sample was measured at least twice. It is the average of
these measurements that is presented in the manuscript. This has now been clarified
in the manuscript:

>“Once measured (each sample was measured at least twice; an average of these
values is presented herein), the length of each of the samples was reduced by 5 mm
and the samples were washed, dried, and permeability was re-measured.”

>One sample, 20 mm in diameter and 40 mm in length, was measured five times, and
the measurements shown in the manuscript, to inform the reader as to the precision of
the measurements presented. This is explained in the manuscript:

>“When the 20 mm-diameter sample reached a length of 40 mm, five measurements
of permeability were performed to ascertain measurement precision.”

Page 3, line 13: “for 1 h prior to measurement to ensure microstructural equilibrium”
How does the author know/control that this time was sufficient for the mentioned pur-
pose?

>This is a very good question. The pore volume (porosity) of a water-saturated sample
in our triaxial setup, measured using a pore fluid pressure intensifier, typically takes
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about 30 minutes or so to stabilise under a given confining pressure. It is assumed that
the microstructure has equilibrated when the porosity reaches a plateau. However, this
timescale cannot be verified/measured using our benchtop gas permeameter. To be on
the safe side, I decided to leave the samples at 1 MPa for 1 hour prior to measurement.
As stated in the introduction, there is no community consensus as to the time required
for sample equilibration prior to a measurement of permeability, offering another av-
enue for future research. The time I left the samples at the target pressure prior to
measurement is provided in the submitted manuscript in the interests of transparency.
However, I’ve now reworded this sentence to avoid the word “ensure”:

>“Samples were left at 1 MPa for 1 h prior to measurement to allow for microstructural
equilibrium.”

The author presents both the Forchheimer and the Klinkenberg corrections. In Table
1, one can see that the Forchheimer correction has been applied to most of the mea-
surements. Yet it is not stated clearly anywhere why the Klinkenberg correction was
not needed. An additional figure demonstrating for 1 test at least why the Forchheimer
correction was needed and how it was calculated would be of great value as well.

>This is a good point. I’ve now added a new figure that shows why the Forchheimer
correction was needed, and why the Klinkenberg correction was not (now Figure 3;
see "Fig. 1" below). This figure has been woven into the text to help the reader better
understand how I tested whether these corrections were needed:

>“The Forchheimer correction is deemed necessary if these data are well described by
a positive linear relationship (an example is shown in Figure 3a; these data highlight
that a Forchheimer correction is needed). The Forchheimer-corrected permeability is
taken as the inverse of the y-intercept of the best-fit linear regression of this positive
linear relationship.”

>“If the data on the plot of kforch as a function of 1/Pm cannot be described by a
positive linear slope, as in the example shown in Figure 3b, then the true permeability
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is taken as the inverse of the y-intercept of the best-fit linear regression on the graph
of 1/kD as a function of Qv (i.e. the best-fit linear regression shown in Figure 3a).”

>“For the data collected for this study, either no correction or the Forchheimer correc-
tion was needed (see Table 1). The Klinkenberg correction was not required for any
of the measurements (Table 1). More information on these methods can be found in
Heap et al. (2017) and Kushnir et al. (2018).”

>Caption for the revised Figure 3 ("Fig. 1" below):

>"Figure 3. (a) The reciprocal of Darcian permeability, kD, as a function of volumetric
flow rate (for the sample 25 mm in diameter and 60 mm in length). The data can
be well described by a positive linear slope: the Forchheimer correction is therefore
needed. (b) The Forchheimer-corrected permeability as a function of the reciprocal of
the mean pore fluid pressure (for the sample 25 mm in diameter and 60 mm in length;
the same experiment shown in panel (a)). Since these data cannot be well-described
by a positive linear slope, no Klinkenberg correction is required."

Interactive comment on Geosci. Instrum. Method. Data Syst. Discuss.,
https://doi.org/10.5194/gi-2018-42, 2018.

C5

Fig. 1.
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