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General comments

The reviewed paper is aimed at the analysis of the scaling behavior of two log per-
meability data sets from pneumatic air injection tests, which were conducted (a) in six
boreholes drilled in unsaturated fractured tuff at the University of Arizona Apache Leap
Research Site (ALRS) near Superior, Arizona, and (b) along the two horizontal tran-
sects on the outcrop of lower shoreface bioturbated sandstone near Escalante, Utah.
These two sites represent two different subsurface environments – unsaturated frac-
tured tuff, and sediments that were impacted by depositional and biological processes.

The authors clearly demonstrated that the data sets from both sites showed heavy-
tailed frequency distributions, which are consistent with sub-Gaussian random fields
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subordinated to tfBm, as well as provided maximum likelihood estimates of parameters
characterizing the corresponding Lévy stable subordinators and tfBm functions. The
paper fully corresponds to the scope of HESS, and would be of interest to its readers
involved in the statistical analysis of field permeability tests.

Specific comments:

The authors refer to “the heavy-tailed frequency distributions in three and two spatial
dimensions,” which were obtained at the two sites. It is the opinion of this reviewer
that the notion of the three and two spatial dimensions is not clearly presented in the
reviewed paper. It seems that the authors refer to different types of experiments at the
field sites – 3D configuration of injection intervals in slanted and vertical boreholes at
the ALRS, and the 2D transects at the Utah outcrop. It is apparent that the real air-flow
dimensions resulting from pneumatic tests were not determinedâĂŤit could be 2D, 3D,
or fractional-dimension flow (e.g., Marechal et al., 2004, Chakrabarty, 1994; Chang et
al., 2011).

The analysis of the air permeability tests from the ALRS continues a series of publi-
cations stemming from a series single-hole and cross-hole pneumatic injection tests,
which were conducted the ALRS. On Page 11, the authors indicate that their analysis
is based on the log k values obtained by Guzman et al. (1996) from steady-state in-
terpretation of 184 pneumatic injection tests in 1-m long intervals along 6 boreholes.
However, Neuman et al. (2001) indicated that over 270 single-hole tests were con-
ducted in 6 vertical and inclined boreholes at the site by Guzman et al. (1996). Did the
authors of the reviewed paper use a subset of tests conducted Guzman et al. (1996)?

Neuman et al. (2001) showed that at the ALRS the air permeability values repre-
sented directional values. They also showed that k derived from cross-hole tests were
much higher than those from the smaller-scale single-hole tests. In other papers, a
pronounced k scale effect was determined from single- and cross-borehole pneumatic
injection tests (for example, Illman and Neuman, 2001, 2003; Vesselinov et al., 2001;

C3717

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/9/C3716/2012/hessd-9-C3716-2012-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/9/7379/2012/hessd-9-7379-2012-discussion.html
http://www.hydrol-earth-syst-sci-discuss.net/9/7379/2012/hessd-9-7379-2012.pdf
http://creativecommons.org/licenses/by/3.0/


HESSD
9, C3716–C3720, 2012

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

Neuman and Di Federico, 2003). Illman (2004) suggested that air permeability tests in
single boreholes with limited fracture connectivity near the injection interval exhibited
2D flow, while cross-hole tests involved 3D air flow within a highly connective fracture
network.

For the Utah outcrop test, the authors analyzed permeability measurements, which
were taken from the two lower transects, and found (Page 14) that the data collected
along the vertical profiles were poorly suited for an analysis of vertical log permeability
scaling. It would be useful for a reader to explain why the conclusions of the reviewed
paper cannot be used for vertical direction at this site. Note that in their paper, Cas-
tle et al. (2004) indicated that fractal-based statistical analysis of the horizontal log
k increments yielded nearly identical results for both the bioturbated facies and the
cross-bedded facies, possibly suggesting an underlying statistical commonality in the
formation of both facies. Also, Castle et al. (2010) analyzed the data from the lower por-
tions of the vertical wells in association with the data from the horizontal transects, but
the authors of the reviewed paper did not use these data. On Page 14 of the reviewed
paper, the authors referred to the total number of measurements (515) collected along
the vertical and horizontal cross-sections, while they analyzed only the data along two
horizontal transects. In the list of References (Page 19, lines 368-370), the authors
give the title of the paper by Castle et al. (2004) “Sedimentology and facies-dependent
permeability,. . .” It was the working title of the paper, and then it was published un-
der the title “Sedimentology and fractal-based analysis of permeability data,. . .” in the
Journal – see the citation below.

In their explanation of the ESS expression (3), the authors refer to the classical case
of turbulent velocities with the reference to Chakraborty et al. (2010). It seems it would
be important to explain for the readers what is common between turbulent velocities
and air permeability tests in fractured rock and sediments.

The paper is entitled, “EXTENDED POWER-LAW SCALING OF HEAVY-TAILED RAN-
DOM FIELDS OR PROCESSES.” It is the opinion of this review that this title is too
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general, and it should be designed to let readers anticipate the content of the paper,
which is specifically focused on the analysis of the scaling behavior of air permeability
in fractured rock and sediments. For example, “Extended power-law scaling of heavy-
tailed random fields of air permeability in fractured porous media.”

Comments to the figure captions: Fig. 1 – cite the reference to the plot. Fig. 8. The
caption indicates that the figure is modified after Castle et al. (2004). I compared Fig.
8 with the original figure in the paper by Castle et al. and did not see any modification,
except a different font of labels. What is modified?

Comment to Fig. 7: Would it be useful to find an analytical expression to describe the
computed values given by squares?
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