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LAS 2.0 Software Updated
November 2011
An updated version of the software “LAS Applications” is
available to the CWLS members. The software was designed
by C. Struyk using Microsoft Visual Basic on the .NET 3.5
platform and runs on Windows XP, Vista, and Windows 7. It
can be found on the CWLS website (www.cwls.org) under the
tab “Products/Las Info” and then going to the link labeled
“LAS 2.0 Application Software November 2011”.
The LAS Applications software was designed to handle the
batch processing of LAS files where the output of one process
becomes the input to the next process. Files that do not require
changes are automatically passed on to the next process. If a file
cannot be processed, the problems encountered are documented in the “events log” and a copy of the file is sent to the
directory “C:\LasApps\FaultyFiles”. At the completion of this
automated process the user can specify the directory in which
to save the resulting files.
The software includes the following routines under the menu
item “Processes/Routine LAS processes”:
• Correct LAS files for common errors: The common errors
include blank lines and non-printable characters. These are
removed or in some cases replaced by a space.
• Convert LAS version 1.2 to version 2.0
• Convert LAS version 3.0 to version 2.0
• Correct start, stop, step problems
• Resample LAS files (includes a filtering algorithm that can
be set manually)
• Set depth direction
• Wrap and unwrap LAS files. .
• Convert depth units from metres to feet/ feet to metres.
Additional routines can be found under menu item “More
Tools”
• Change curve mnemonics in LAS files
• Convert text to Las 2.0
• Merge LAS files
• Other includes: Unzip, change file extensions, collect LAS
mnemonics, collect Rmf data, filter LAS files.

PETROPHYSICS !!!
Petrophysics !!!
You can hold your head up high
You have given back our freedom
You have lived up to your name
Petrophysics !!!
May your spirit never die
Hold your candle to the darkness
You’re the keeper of the flame
Petrophysics !!!
Keep believing in the dream
Truth is stronger than the shadows
Keep it shining in your eyes
Petrophysics !!!
May the skeptics disappear
May your depth plots live forever
May their beauty fill your lives
Petrophysics !!!
You can hold your head up high
You have given back our freedom
You have lived up to your name
Petrophysics !!!
May your spirit never die
Hold your candle to the darkness
You ARE the keeper of the flame.

Bugs/problems can be reported to k.c.petrophysics@gmail.com
Case Struyk

Contributed by: E. R. (Ross) Crain, P.Eng.
With apologies to Kris Kristofferson
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Petrographic and Petrophysical Comparison of the Montney
Formation in the Sturgeon Lake South Area
F.F. Krause, A.C. Wiseman, K.R. Williscroft, N. Solano,
N.J. Morris, R. Meyer & R. Marr
Department of Geoscience, University of Calgary

Summary
Application of the scientific method can be a tedious and timeconsuming task. Consequently, it is only human to take advantage of expeditious short cuts to ease this process. As a result,
we sometimes rely heavily on tool-derived technological interpretations without crosschecking this evidence against that
available from more labour intensive tools. In this study of the
Montney Fm., a stratigraphic interval that hosts unconventional oil and gas reservoirs in the Western Canadian
Sedimentary Basin (WCSB), we examined the responses of total gamma ray (TγR), photoelectric (Pe) and spectral gamma
ray (SγR) logs and cross-referenced the interpretations based
on these logs with those obtained from thin-sections and drill
cores from the Sturgeon South Lake area in west-central
Alberta (Figure 1). Notably, the interpretations based on the
logging tool responses suggest that the formation is a shale that
contains significant amounts of illite and mica. On the other
hand, evaluations of the petrographic analyses from rock samples indicate that the Montney Fm. is a mixed carbonate-siliciclastic deposit, specifically a dolomitic, feldspathic and quartzose siltstone with minor muscovite, iron sulphides, and trace
illite. This study demonstrates that geology is a multidisciplinary endeavour where remote sensing tools can provide useful
data. For example, total gamma ray (TγR), photoelectric factor
(Pe) and spectral gamma ray logs (SγR), provide detailed information regarding rock properties, but the interpretations need
to be regularly “ground truthed”.

Figure 1: Location of the wells analyzed in the Sturgeon Lake South field
of west central Alberta.

Introduction
TγR logs and Pe logs of the Montney Fm. collected in the
Sturgeon Lake South area typically have radioactivity responses
that range from 60°-150° API and 2.3-3.8 Barns/e, respectively
(Figure 2). While this log response quintessentially is attributed to shale, explorationists working in the Western Canada
Sedimentary Basin (WCSB) have learned that in the Montney
Fm. this logging record is not as it seems and instead is a function of non-clay radioactive minerals. In this study, with the aid
of SγR and Pe logs, optical thin section microscopy, microprobe
chemical element maps, point count analyses, and X-Ray diffractometry (XRD), we document the nonradioactive and radioactive minerals characteristic of the formation.

6

Figure 2: Example of SγR and conventional well logs suite for well
14-05-069-24W5 that encompasses the Montney, Fernie and Cadomin
formations. The Th vs. K & U crossplot, and the histograms depict only
the Montney Fm. interval.
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it would appear that in the Montney Formation the greatest
proportion of K is contributed by K-feldspars and muscovite
and not illite clays.

Theory and Methods
Logging Tool Responses:
As is customary, SγR logs are plotted against depth on 3 separate tracts to illustrate the concentrations of the 3 most common naturally occurring radioactive elements in rocks, namely
potassium (K as %), thorium (Th as ppm) and uranium (U as
ppm). In TγR logs radioactivity is presented in a single tract in
API units, as the 3 tracts of the SγR logs are summed after applying vendor specific API unit multipliers to each radioactive
element. As is apparent in SγR logs of the Montney Fm. bulk
U concentrations average between 2-4 ppm, Th concentrations
are higher and range between 3-8 ppm, and K concentrations
are higher still and range between 1.2 – 4%. Using the
Schlumberger chart (CP-19) it is apparent that the crossplotted Th and K concentrations fall within the illite field of this
chart. As a consequence, this result would be interpreted to indicate that there is a significant contribution from illite clay to
the observed TγR response of the formation (Figure 2).

Grain Size & Diagenesis
Modal analyses performed on the dominant siliciclastic
fragments (quartz, albite, and K-feldspar mineral grains) reveal
values ranging from 3.5-6.5 Ø with median diameters in the
range of 4.2-4.7 Ø, the size of coarse silt. Notably, chemical
elemental maps and quantitative geochemical data of euhedral
and subhedral dolomite grains expose particles with rounded,
silt-sized, Fe-free cores, and syntaxial, rhombic and polygonal,

Petrologic Tool Response:
Thus predictions supported by SγR analyses indicate that illite
is the source of the bulk radioactive mineral response in the
Montney Fm. However, this prediction is not supported by
petrological examinations including thin sections observations,
microprobe and XRD analyses. Instead the minerals observed
in thin sections, in order of abundance, are quartz, dolomite,
orthoclase, albite, muscovite and iron sulfides. Assessments of
XRD analyses of whole rock and clay-size fractions (2µm and
<2µm) confirm the presence of these same minerals, but in addition we also note that illite is observed in trace amounts in
the clay-sized fractions (Figure 5). As a consequence, the dominant K sourcing minerals are muscovite and K- feldspars,
which include both orthoclase and sanidine. Microprobe analysis of these dominant K bearing minerals revealed K concentrations of 8-9 wt% for muscovite and 10-14 wt% for Kfeldspars (Table 1). While our point count sample size is small

Mineral

Published Wt%

This Study Wt%

K-feldspar
Muscovite
Illite
Dolomite
Quartz

10.9-16
7.9-9.8
3.5-8.3
0.07
0.08

10-14
8-9

Table 1: Potassium Wt % from published data and this study for common
minerals within the study interval (Rider, 1996; Luthi, 2000).

Figure 3: (a) Fe chemical element map showing distinct Fe-bearing
overgrowths with Fe-free cores; (b) Molar compositions of Mg and Fe in
dolomite, showing two clear dolomite populations.
Continued on next page…
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Petrographic and Petrophysical Comparison continued…
Fe-bearing cemented rims. The rounded Fe-free cores are
interpreted to represent a silt-sized, detrital precursor that was
subsequently overgrown by an Fe-bearing dolomite phase.
Consequently, this diagenetic change enlarged the transported
Fe-free dolomite particles to rhombic crystals that are typically
coarse silt to lower very fine sand-sized as observed with optical
petrography and microprobe analysis (Figure 3). Additionally,
point count analysis done on microprobe chemical element
maps bring to light that the K-feldspar grains have an average
grain size of 4.7 Ø, whereas albite grains have an average grain
size of 5.2 Ø. This difference in grain sizes, in conjunction with
the lower degree of rounding observed in the K-feldspar grains,

Figure 5: XRD spectra from different size fractions from a single sample.
From the bulk sample analysis it can be inferred that the relatively
amount of illite is low as the peaks for quartz, feldspars and the dolomite
are much more prominent.

also provides strong evidence for post-depositional
modification of K-feldspar grains by K-feldspar overgrowths
(Figure 4). Thus, post-depositional modification of both
dolomite and K-feldspar detrital grains by dolomite and Kfeldspar mineral precipitates has increased the overall
proportion of dolomite and K-feldspar minerals in the
formation.

Conclusions
The combination of petrophysical and petrological analyses of
data from several samples of the upper Montney Fm within the
Sturgeon Lake South area spark the following conclusions:
1. The Montney Fm. In the Sturgeon Lake South area was deposited as a mixed carbonate-siliciclastic siltstone;
2. Authigenic mineral overgrowths of feldspar and dolomite
result in the enlargement of detrital feldspar and dolomite
grains;
3. Conventional interpretation of Th vs K cross plots from
SγR data lead to overestimation of clay content in the formation;

Figure 4: (a.) K element map showing feldspar and muscovite mineral
grains; (b.) Cumulative percent grain size curves for K and Na bearing
feldspars showing coarser grain size population within the K-feldspars
(orange) than Na-feldspars (green).

8

4. The high K response seen in SγR logs is due to the presence
of b/w 10-15% K-feldspars and 3-5% micas rather than
abundant illite clay;
5. Lastly, our study illustrates that geological interpretations
based on gamma-ray logs should be confirmed with rock
samples from the formations under scrutiny.
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Archiving Electronic Wellbore Data
Using Metadata: Update 2011
Case Struyk
Chairman, CWLS Metadata Committee

by defining a metadata element set for wellbore data and extracting that information from the electronic files.

Summary

A public library collects basic information about books using
key words such as “title”, “author”, “publisher”, etc., transfers
this information to library reference cards, and then organizes
the reference cards so that they can be searched to retrieve a
specific book. In the computer world, electronic files are analogous to books and metadata is analogous to library reference
cards. A library system can be created for electronic files by collecting the metadata information for each file into a common
database.

In late 2009 the CWLS was approached with the concept of an
automated method to archive wellbore data. This resulted in
the creation of the CWLS Metadata Committee and was followed by a presentation at the 2010 GeoCanada conference
and a CWLS technical talk. This article provides a short review
of the concepts of using the metadata concepts in archiving
electronic wellbore data and presents the progress/changes that
have been made since its introduction.
These changes include the addition of additional defined metadata elements, and the simplification of the summary information tags on “pdf ” and MS-DSO-compliant files. Optical character recognition (OCR) software was tested for its ability to
extract metadata information from unstructured files. The results were very good and will significantly reduce the need for
and importance of summary information tags. The archival
software used for testing purposes was updated to handle more
file types (las, dlis, pds, tif, pdf files) and uses optical characterization software to extracting metadata information from the
unstructured files.
The original paper “An Automated Method to Archive
Wellbore Data” that is located on the CWLS website under the
“Products/Metadata” tab will be updated in early 2012 to include items discussed in this article.

The Concept
The oil industry currently uses manual and non-standardized
methods to store and retrieve wellbore data. This process can be
automated, using techniques similar to those of a public library,

Extracting metadata information from files with a known
structure (structured files) such as ‘las’, dlis’, ‘pds’ files can be
done programmatically without any user input. Unstructured
files (“tif ”, “pdf ”, files) require more effort because the files are
generally images and do not have a predefined structure that
lends itself to the easy collection of metadata information. The
original concept was that metadata information for unstructured files could be added to the file’s summary information tag
by the creators of the files (Figure 1). That may not be as necessary today as first envisioned. Tests with optical character
recognition (OCR) software suggest that metadata information
can be readily collected from unstructured files with acceptable
accuracy and minimal user interaction.

A Review of the Details
A list of metadata elements for wellbore data is shown in
Figure 2. The user can define more as dictated by his needs.
The first three metadata elements as shown in Figure 2 are of
an organizational nature while the remaining ones are
descriptive.

Figure 1: A conceptual illustration of a summary information tag
Continued on next page…
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Archiving Electronic Wellbore Data continued…
The three elements of an organizational nature are further illustrated in Figure 3. The metadata element “w_subject” identifies that this is welbore data and will (for now) always be
“wellbore_1.0”. The metadata element “w_subject_area” consists of the major categories relating to resource exploration/exploitation. The focus of this article is log and core data and
therefore these categories have been subdivided further under
the metadata element “w_subject_area_type”. All metadata elements must be lowercase, begin with “w_” and cannot include
spaces or tabs. The metadata information relating to the elements can contain spaces but must be lower case.
For archiving purposes file names need to be unique to avoid
overwriting issues and to allow them to be positively identified
in the database. The file naming convention presently being
used is shown in Figure 4. The design of the file name is as follows:
1. The file name begins with the 16 character UWI, allowing
files to be sorted by UWI.
2. A three character abbreviation for the “w_subject_area” follows.
Figure 2: Metadata Element Set for Wellbore Data

Figure 3: The three organizational levels for wellbore data (the schema)
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3. A series of two character abbreviations for the
“subject_area_type” is added next.

element with a space delimiter will separate the metadata element from the metadata information.

4. A reference number follows. It consists of “yyyy_aaaaa”,
where “yyyy” refers to the year, and “aaaaa” is the number
consisting of five alphanumeric characters to create a numbering system with a base of 36. This reference number can
handle about 60,000,000 files annually. The underscore
within the reference number may be replaced by a short version of the company name.

3. The optical characterization software (OCR) was successfully used to extract text from the headers of core photos and
logs. Higher quality images (150 bits per inch or more) provide more reliable answers, however acceptable results can
be obtained from images with 96 bits per inch. OCR results
can be further enhanced through the use of some simple
logic (e.g. “nell name” probably refers to “well name”), using
unique well identifier (UWI) wizards and by comparing the
results to other data sources (e.g. determining if the licence
number agrees with the UWI).

5. The file name finishes with an extension indicating file
type.

Updates/Changes
1. The list of metadata elements was expanded to include
‘w_td_logger’ (see in Figure 2 for complete list)
2. The tags applied to unstructured files have been simplified
such that all of the metadata elements are preserved under
one tag named “w_wellbore”. This is applicable to “pdf ” files
and Microsoft-DSO compliant files. Tags for “tif ” files remain stored under the tag 270. The content of the tag is a
space (ASCII 32) delimited string containing the metadata
elements and their information.
Figure 5a provides the metadata elements for an example
file. The metadata elements are converted to lower case and
collected into a single string that is space delimited as illustrated in Figure 5b (unused metadata elements may be excluded). This string of text is preserved under the tag
“w_wellbore” (or tag 270 in the case of a “tif ” file).
Extracting the information from this text string is done by
parsing it on the characters “w_” and to create an array of the
metadata elements and their information. Parsing each array

OCR software is somewhat dependent on the design of the
header and therefore may require additional fine tuning as
new varieties of log header are encountered. OCR results are
excellent. The OCR software can reliably extract metadata
information from the majority of log and core related unstructured files. Its use will reduce the need for summary information tags on unstructured files.

The Software
This software used to test the archival concept was expanded to
handle more types of files in a more automated fashion. It was
built using Microsoft’s Visual Basic on a .NET 3.5 platform
and can be connected to a variety of relational databases (MS
Access, SQL Server, Oracle). It handles structured files (“las”,
“dlis”, “pds” files), and unstructured files (“pdf ”, “tif ” files) of
logs, interpreted logs and core photos using OCR software. All
reasonable OCR results are accepted by the software except for
the UWI, which must be compared by the user to the image on
the screen. If a UWI is found within the file name or the path
of an unstructured file, it is automatically assumed to be correct
and eliminates the need for user interaction.
The software is presently set up for wellbore
data located in western Canada using the
National Topographic System (NTS) and
Dominion Land Survey (DLS) system for
unique well identifiers. Modifying the system to handle other areas will be addressed
as needed.

Figure 4: File naming convention used in pilot project

Continued on next page…
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Archiving Electronic Wellbore Data continued…
Conclusions
1. One item was added to the
original/initial metadata element set
(w_td_logger).
2. Tag information has been simplified
for “pdf ” files and MS-DSO compliant files.
3. Optical character reorganization software significantly reduces the need for
and importance of summary information tags on unstructured files.
4. Software has been designed to test the
concept.

References

Figure 5a: Example of a Populated Metadata Element Set SetSetFile

Figure 5b: Example information stored under the summary information tag “w_wellbore”
(tag 270 in 'tif ' files)
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An Automated Method to Archive
Wellbore Data, April 30, 2010,
www.cwls.org
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Rock Typing and Definitionof F low Units,
Montney Formation (Unit C), West-Central Alberta
Omar Derder
Department of Geoscience, University of Calgary

Abstract
Quantitative and qualitative petrophysical analysis of tight gas
reservoirs has been challenging due to the heterogeneity of
reservoir characterization of properties like porosity, permeability and fluid saturation. This paper focuses on the Unit C of the
Lower Triassic Montney Formation in the Pouce Coupe Area
of west-central Alberta, Canada. Out of five wells, the 13-1278-11W6 well was chosen due to a comprehensive data set collected from it for this study. The objective of this paper is to integrate geological core analysis with petrophysical properties to
better understand low-permeability Montney reservoirs.
The petrophysical characterization integrated the analysis of
pore throat aperture radii (control of fluid flow) and fluid distribution in the reservoirs. In addition, the integration of geological and petrophysical data is a key used for rock typing and
the determination of petrofacies. The petrophysical measurements were used to identify different lithofacies that had similar petrophysical properties. Three rock types, or petrofacies,
were identified; each defined by unique petrophysical properties and would contribute to the gas production differently. In
order to determine flow units, Winland/Pittman plotting
demonstrated that only one flow unit is recognized, despite different storage capacities for each rock type.

Introduction
The Triassic Montney is among the recently targeted tight unconventional natural gas reservoirs in the Western Canadian
Sedimentary Basin WCSB, and continues to be an active exploration play. The Montney is expected to produce approximately 9% of the total Canadian natural gas production by
2020 (Gatens, 2009). Difficulties in the reservoir characterization include: (i) the lab-based methods employed for permeability measurements; (ii) the proper estimation of the complex
pore size distribution in order to quantify the gas and fluid capacity due to the diagenesis; (iii) development of the relationship of the tight gas sand reservoirs between the rock types and
hydraulic flow.

16

Figure 1: Location Map of the studied well 13-12-78-11W6 (left inset
map from Zaitlin & Moslow, 2006)

This paper is focused on the reservoir properties from the
Lower Triassic Montney (MnFM) in well 13-12-78-11W6
from the vicinity of Pouce Coupe (Figure 1). The objective of
this study was to investigate and evaluate the permeability distribution, utilizing well log data and geological interpretations.
The reservoir characterization process included: (i) defining the
rock type and lithofacies within the reservoir; (ii) determining
the distribution within the reservoir zones and identifying flow
units.

Methodology and Procedure
In order to identify and differentiate rock types, core samples
are used to determine typical petrophysical properties of the
studied unit. This analysis is done at each core point for correlation with the petrophysical and log properties. Subsequent
work focused on correlating, comparing and evaluating the parameters existing from core and well logs data.
As a part of the drilling program, a 17.5m core interval was obtained from the study well including both the reservoir and
non-reservoir intervals. The MnFM has been subdivided into
two informal members that correspond to grain-size distribution and bulk density variations. Over these particular depths,
the Montney C (MnC) and Montney B (MnB) units were
cored. The MnC represents the upper part of the studied core
of 13.41m, and the lower cored MnB was not included in this
study. The MnC in the subject well is comprised of a series of
stacked very fine sandstone/siltstone-shale packages, as illustrated by the core shown in Figure 2.
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Figure 2: Core interval 2196-2213.22m in well 13-12-78-11W6,
consists of grey to light grey very fine grained sandstone, siltstone and
shale. Siltstone thickness decreases upward from 4 to 1cm; with an upward
increase in sandstone and siltstone content (Pedersen et al., 2011)

Routine core analyses (RCA) on the full diameter core was performed by CoreLab in order to obtain porosity (Ø), permeability (k), grain density (ρ) and water saturation (Sw) at conditions
not reflective of the in-situ reservoir condition. However, the
profile (probe) permeability was important to the study because
it provided a permeability measurement at a finer scale and can
identify trends that are unobservable by the RCA. In addition,
the profile permeability was useful in defining the vertical heterogeneity in the MnFM reservoir.
A total of 485 measuring points were taken in the MnC unit.
Profile permeability was measured by pulse-decay permeameters at confined pressures to correct the probe to in-situ conditions. Ten core plugs were analyzed for ambient porosity and air
permeability, followed by porosity and air permeability measured at overburden (confining) pressures. The corrected profile
permeability was then correlated to the density porosity log for
the MnC unit. The permeability was then averaged over sevenpoints and correlated to the porosity derived from the density
log.
An empirical relationship based on Winland (1972) and
Pittman (1992) has been used widely as the basis for deriving
pore size distribution corresponding to a mercury saturation of
35%. Aguilera (2002) proposed a relationship based on a
method used by Kwon and Pickett (1975). The delivery speed
was used to define the flow units by providing the storage
(porosity, Ø) and flow (permeability, k) calculation in the
porous media at 35% mercury saturation (rp35) during a mercury injection capillary pressure test (Aguilera, 2010). The pore
throats can be calculated from:

The permeability-porosity measurements could then be related
to the different sub-units (petrofacies) defined on the core and
on the conventional logs. Petrofacies, as defined by Porras et al.
(1999), are rocks with a similar pore throat radius and fluid
flow characteristics, which once identified, can be correlated to
the petrophysical properties such as porosity and permeability
(Rushing et al., 2008). High resolution core measurements
were applied and correlated to the petrophysical analysis to gain
a better qualitative and quantitative evaluation for the cored intervals. Petrofacies were assigned to all the samples used in the
study based on similar lithology, permeability, pore throat radius, and petrophysical properties. Further, an attempt was
made to link the core observations and the well productivity by
integrating the core descriptions.

Results and Discussion
Twenty seven core plugs from the MnC unit were analyzed using RCA, and fourteen of the permeability measurements were
equal to or below 0.01mD. Permeabilities less than 0.01mD
cannot be measured by the RCA due to the low resolution.
Thus this data would vastly limit the interpretative potential in
low permeability reservoirs. Consequently, there are large
porosity variations for the same permeability values. The crossplot of the routine air permeability and the porosity for the well
is shown in Figure 3.

Figure 3: Cross-plot of RCA data between air permeability and porosity
for the studied core, showing a poor correlation

Profile permeability analysis however, was utilized successfully
for quantifying the fine scale lamination and heterogeneity. A
change in the permeability with depth was observed only in the
upper part of the core, and the range of permeability was quantified from 0.0008 to 0.03mD. This narrow range likely reflects
the similarly narrow range in the grain size and pore throat
radii. When viewed on a depth profile, this may also indicate
the presence of thin, high permeability beds (Figure 4).
Continued on next page…

17

AD

IAN W

E

CA

LL

N

Sw

Rw

Ro
G

IN

CANADIAN WELL LOGGING SOCIETY

E

G

TY

LO

F

G

SOC

I

Rt

Rock Typing and Defininition of F low Units continued…
The porosity estimates from the logs were compared to the corrected profile permeability after the latter was averaged to attempt to match the vertical resolution of the porosity logs. An
acceptable correlation between the effective porosity and corrected profile permeability was obtained, and the density porosity trends generally matched the average profile permeability
values from core (Figure 6).

Figure 4: Profile (probe) permeability measurements on slabbed core at
ambient conditions

A plot of the pulse-decay permeability measured at two net
overburden stresses is shown in Figure 5. One sample point was
eliminated due to no difference between permeabilities measured at either condition. Based on the ten plugs for measuring
porosity and permeability at variable confining pressures, the
porosity and permeability strongly decreased as the net confining pressure increased. Variation between the probe and pulsedecay in permeability is observed due to the difference in the
condition of measurement (stress-dependence), and the volume
of the sample size. The variation in porosity measurements has
been attributed to lithological differences.

Figure 6: Comparison of density porosity with profile (probe) permeability

In order to estimate the pore throat size in the study area, the
pore throat radii rp35 lines from Aguilera’s equation were superimposed on the porosity versus permeability. The relationship between the permeability, porosity and pore/pore throat
size is used in the recognition of the rock types and to identify
the flow units. Using the permeability derived from the pulsedecay data measured at net overburden pressure, the averages of
the pore throat apertures from the Winland rp35 plot suggest
that the values lies between 0.05 and 0.1µm (Figure 7).

Figure 7: Winland Plot. Although, the porosity values are varied widely,
only one hydraulic rock type was observed

Figure 5: Plot of the porosity and permeability from ten core plug at
ambient and various confining (overburden) pressures
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As a result, the scale of nano-pore size dominates in the study
reservoir and impacts production from the tight gas sand of the
Montney Formation. Some of the data that lies outside the
range of the 0.05 and 0.1µm lines may reflect the lithology-dependence of stress. The relationship between the permeability,
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porosity and pore throats show that only one hydraulic unit
(flow unit) was identified (Figure 7). As a result, the dominant
pore throat dimension (rather than porosity) controls the flow
speed and capacity in reservoir rocks, helping to identify the
rock quality. Decreases in pore throat size reduce the degree of
interconnectivity by increasing the tortuosity, and the subsequent increase of disconnected pores, results in a decrease in
permeability.

Figure 8: Petrophysical characteristics of the cored interval

The plot of the density porosity versus the gamma ray and resistivity shows the petrophysical characteristics for the relatively different petrofacies in the studied core (Figure 8). Three
subdivisions (or petrofacies) of MnC have been determined
through core and log analysis, which indicate a different and a
unique geological setting at the time of deposition. Table 1
shows the log threshold values for the petrofacies determination in the studied core, and Figure 9 shows their distribution
within the well.
The petrophysical measurement of the core can be used to
bridge the gap between the core and well productivity.

Figure 9: Reservoir distribution using an integrated geological
observations, core and petrophysical properties

Petrofacies 3 is comprised of very fine sandstone-siltstone and
has the highest porosity of the three identified petrofacies,
ranging from 6 to 10% and permeability ranging from 0.0007
to 0.0045mD. As a result, petrofacies 3 represents the best
reservoir rock in the studied core.
Petrofacies 2 represents a shaly-siltstone reservoir rock with a
relatively high porosity ranging from 4.5 to 6 % and the permeability ranging from 0.0005 to 0.003mD. Petrofacies 1 is
mostly a shale interval with ripple laminations, and porosities

Table 1: Hydraulic rock type by threshold value of porosity, permeability, pore throat and lithology
Continued on next page…
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Rock Typing and Defininition of F low Units continued…
and permeabilities less than 4.5% and 0.002mD, respectively.
Petrophysically, it is the poorest quality reservoir identified
from the core and is not expected to contribute much to the
production.

ing, and production technology have allowed for the commercial exploitation of ultra-low permeability natural gas reservoirs.

References
Conclusion
In summary, the studied unit is characterized by fine to coarse
silt and shale, which may be associated with narrow pore
throats, low permeability; as a result, low recovery efficiency is
expected. The integration of the petrophysical propertiespetrofacies associations, porosities and profile gas permeabilities leads to a better understanding of gas production from low
permeability rocks in MnC. The reservoir rock could be classified as one rock type on the basis of pore throat radii. Three
petrofacies are relatively distinct in terms of their porosity and
permeability. The unique geological factors of tight gas in the
MnC render conventional interpretation techniques ineffective. Recent advances in technologies such as hydraulic fractur-

20

1.

Aguilera, R., (2010). Flow Units: From Conventional to
Tight Gas to Shale Gas Reservoirs. Paper SPE 132845
presented at the Trinidad and Tobago Energy Resources
Conference, Port of Spain, Trinidad, June 27-30.

2.

Aguilera, R., (2002). Incorporating capillary pressure, pore
aperture radii, height above free water table and Winland
r35 values on Picket Plots. AAPG Bulletin, (pp. 605-624,
v.86).

3.

Gatens, M. (2000). Historical Canadian Natural Gas
Production and Forecast. National Energy Board,
Preliminary Results.

IAN W

E

CA

Rw

Ro
G

IN

E

G

TY

LO

CANADIAN WELL LOGGING SOCIETY

AD

LL

N

Sw

F

G

SOC

I

Rt

4.

Kwon, B., & Pickett, G. (1975). A New Pore Structure
Model and Pore Structure Interrelationships. SPWLA
16th Annual Logging Symposium.

5.

Pedersen, P., Clarkson, C., Jensen, J., Derder, O., &
Freeman, M. (2011). Innovative Methods for Flow Unit
and Pore Structure Analysis in Tight Gas Reservoir,
Montney Formation, NE BC, Canada. Search and
Discovery Article #50439. University of Calgary. Posted
July 18, 2011.

6.

7.

Pittman, E.D. (1992). Relationship of Porosity and
Permeability to Various Parameters Derived from Mercury
Injection Capillary Pressure Curves for Sandstone. AAPG
Bulletin, (pp.191-198, v.76, No.2).
Porras, J., Barbato, R., & Khazen, L. (1999). Reservoir
Flow Units: A Comparison between Three Different
Models in the Santa Barbara and Pirital Fields, North
Monagas Area, Eastern Venezuela Basin. SPE Latin

American and Caribbean Petroleum Engineering
Conference. Caracas, Venezuela: SPE 53671.
8.

Rushing, J.A., Newsham, K.E. & Blasingame, T.A.
(2008). Rock Typing-Keys to Understanding Productivity
in Tight Gas Sands. Paper SPE 114164 presented at the
SPE Unconventional Gas Reservoir Conference,
Keystone, Colorado, USA.

9.

Tiab, D., & Donaldson, E. (2004). Petrophysics: Theory
and Practice of Measuring Reservoir Rock and Fluid
Transport Properties. Oxford: Elsevier.

10. Zaitlin, B., & Moslow, T. (2006). A Review of Deep Basin
Gas Reservoirs of the Western Canada Sedimentary
Basin. The Mountain Geologista, (pp. 257-262, v.43,
No.3).
11. Winland, H.D. (1972). Oil Accumulation in Response to
Pore Size Changes, Weyburn Field, Saskatchewan. Amoco
Production Research Report No. F72-G-25.

21

AD

IAN W

E

CA

LL

N

Sw

Rw

Ro
G

IN

CANADIAN WELL LOGGING SOCIETY

E

G

TY

LO

F

G

SOC

I

Rt

Congratulations to the 2012 Award Winners
Best Geological Oral Presentation
Structural Style and Kinematic Evolution of the Central
Rocky Mountain Foothills, British Columbia and Alberta
Margot McMechan
Honourable Mention Geological Oral Presentation
Pleistocene-Holocene Karstification of Barbados and its implications for the Devonian Grosmont Reservoir
Hans Machel, John E. Mylroie, Patricia N. Kambesis, Michael J.
Lace, Joan R. Mylroie and Jonathan B. Sumrall
Best Geological Poster Presentation
Sequence Stratigraphy of Late Devonian (Frasnian)
Carbonate Platforms from the Front Ranges of West Central
Alberta
Pak Wong, John Weissenberger and Murray Gilhooly
Honourable Mention Geological Poster Presentation
Devonian Horn River Group in Mackenzie Plain Area,
Northwest Territories
Leanne Pyle and Len P. Gal
Best Student Geological Oral Presentation
Microfacies Analysis of a Transect along a Pennsylvanian to
Early Permian Shelf Margin and its Adjacent Slopes.
Sverdrup Basin, Arctic Canada
Candice Shultz and Benoit Beauchamp
Honourable Mention Student Geological Oral
Presentation
Rapidly Changing Styles of Subsidence Inferred from a
High-Resolution Allostratigraphic Study of Coniacian
Mudstones in southern Alberta and northwestern Montana
Meriem Grifi, A. Guy Plint and Ireneusz Walaszczyk
Best Student Geological Poster Presentation
The Sedimentary Record of the Transition from Passive to
Active Tectonic Settings; North Canterbury Basin, New
Zealand
Janelle Irvine, Catherine Reid and Kari Bassett
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Honourable Mention Student Geological Poster
Presentation
Fault-Controlled Deposition of the Cardium Formation in
southern Alberta, Revealed by High-Resolution
Allostratigraphy and Trend Surface Analysis
Joel Shank and A. Guy Plint
Best Geophysical Oral Presentation
4D Study of Secondary Recovery Utilizing THAI(r) from a
Saskatchewan Heavy Oil Reservoir
Kurt Wikel and Rob Kendall
Honourable Mention Geophysical Oral Presentation
Oops: An Introduction to Seismic Wavefield Visualization
Steven Lynch
Best Geophysical Poster Presentation
Determination of Elastic Constants using Extended Elastic
Impedance
Ritesh Sharma and Satinder Chopra
Honourable Mention Geophysical Poster Presentation
Microseismic Monitoring of Ball Drops During a Sliding
Sleeve Frac
Shawn Maxwell, Zuolin Chen, Irina Nizkous, Richard Parker,
Yuri Rodionov and Mike Jones
Best Student Geophysical Oral Presentation
Orientation Analysis of Borehole Geophones in Vertical and
Deviated Wells: Calibration Consistency
Peter Gagliardi and Don C. Lawton
Honourable Mention Student Geophysical Oral
Presentation
Only dither: Efficient Simultaneous Marine Acquisition
Haneet Wason and Felix J. Herrmann
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Congratulations to the 2012 Award Winners
Best Student Geophysical Poster Presentation
Monitoring Active Steam Injection through Time-Lapse
Seismic Refraction Surveys
Byron Kelly and Don C. Lawton
Honourable Mention Student Geophysical Poster
Presentation
On the Road to 3D Seismic Imaging of Massive Sulphide
Deposits in a Sediment-Hosted Permafrost Environment
Laura Quigley, Yijian Meng, Bernd Milkereit and Emmanuel
Bongajum
Best Petrophysical Oral Presentation
Well Log Cluster Analysis and Electrofacies Classification: A
Probabilistic Approach for Integrating Log with
Mineralogical Data
Tristan Euzen and Matthew Power

Best Student Core Presentation
Lithofacies Analysis and Depositional Scenarios for the Rock
Creek Member and “Niton B” sandstone of the Fernie
Formation in west-central Alberta
Samuel K. Williams, Stefan T. Knopp*, Federico F. Krause and
Terry P. Poulton
Best Integrated Oral Presentation
Case Studies Highlighting Tight Sand Reservoir
Characterization from the Interpretation of AVO - Inversion
Techniques
Lynn Engel and Carmen C. Dumitrescu
Honourable Mention Integrated Oral Presentation
An Integrated Sedimentology, Geochemistry and Well Log
Approach to Sequence Stratigraphy in Shale Formations
Nicholas Harris

Best Petrophysical Poster Presentation
Understanding Sand Body Geometry and Lithofacies in
Horizontal Oil Sands Wells - Wireline and MWD Image
Examples
Kris Vickerman, Paul Heffernan and Richard Surtees

Best Student Integrated Poster Presentation
Multi-Surface Visualization of Fused Hydrocarbon Microseep
and Reservoir Data
Chris Burns, Teddy Seyed, Ken Bradley, Russ Duncan, Aaron
Balasch, Frank Maurer, and Mario Costa Sousa

Best Core Presentation
Paleozoic Stratigraphic Framework beneath the Muskeg River
Mine (Twp 95, Rge 9-10W4): Controls and Constraints on
Present Day Hydrogeology
R. Mahood, M. Verhoef and F.A. Stoakes

Honourable Mention Student Integrated Poster
Presentation
A New Correlation of Compressional and Shear Slowness for
the Tight Gas Nikanassin Group in the Western Canada
Sedimentary Basin based on Geostatistical Analysis
Liliana Zambrano, Fernando Castillo, Laureano Gonzalez and
Roberto Aguilera

Honourable Mention Core Presentation
Entrenched Channels within the Mississippian Frobisher
Beds of Southeast Saskatchewan: Tidal Influence on
Reservoir Quality
Don Kent and John Lake
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UPCOMING EVENTS

Corporate Members are:

September 19, 2012

Platinum

Silver

McMurray, Dean-Stark and Archie

Baker Hughes Canada Inc.

Birchcliff Energy Ltd.

Cenovus Energy Inc.

Blade Ideas Ltd.

Halliburton Wireline Services

HEF Petrophysical Consulting Inc.

Weatherford Canada Partnership

Sproule Associates Limited
Suncor Energy Inc.

Gold
Big Guns Perforating &
Logging Inc.

Bronze

Continental Laboratories
(1985) Ltd.

Canadian Discovery Ltd.

APEGA

Datalog
Devon Canada Corporation
Fugro-Jason Canada Inc.
Husky Energy Inc.
Nexen Inc.
Recon Petrotechnologies Ltd.
Roke Oil Enterprises Ltd.
Talisman Energy Inc.
Taqa North Ltd.

WHAT AN HONOR! Our 2012 CWLS President, Gordon Lee had
the pleasure of meeting Roy Lindseth (Fellow of the Royal Society of
Canada, Honorary Doctorate from the U of C). Roy served on the CWLS
executive in 1967 (Treasurer), was the CSEG President in 1971 and
1975, SEG President in 1976, and the APEGGA president in 1978 1979. He is the recipient of the Meritorious Service Award, Honorary
Membership, and Gold Medal, all from the CSEG. He was also the
Geoscience speaker the Ring Workshops on Saturday, March 24th and took
the time for this photo at the CSEG AGM on March 26th.
(Photo credit: Penny Colton.)

A high resolution .pdf of the latest InSite
is posted on the CWLS website at
www.cwls.org. For this and other
information about the CWLS visit the
website on a regular basis.

For information on advertizing in the InSite, please contact:
Jeff Dickson
jefdickson@suncor.com (403) 296-8550

Joelle Meulenkamp
Joelle.meulenkamp@halliburton.com (403) 290-7690

Discounts on business card advertisement for members.
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Scotia Centre 2200, 700 – 2nd Street S.W., Calgary, Alberta T2P 2W1
Telephone: (403) 269-9366 Fax: (403) 269-2787
www.cwls.org

