
CWLS Magazine
Spring 2016

L
O

G

G
IN G   S OCIE

T
Y

 

Rt

Ro RwF

Sw

C
A

N

A D I A N  WEL
L

 

Inside…

  4  Key Questions About Monitoring Induced Seismic Activity

  6  Fracture Evaluation: Height & Contribution Using FMI and Advanced Diagnostic Tools 

12  Delineation of thermally altered zones in SAGD producer wells through resistivity 
characterization using LWD azimuthal propagation tool

16  Three Methods for Log-Derived Mineralogy:  Part Three …Petrophysics Designed to 
Honour Core: at Work in the Montney Formation





Cover Photo:  Cardium Formation at Ram Falls, Alberta

Photo Credit: Courtesy of Per Kent Pedersen, Associate Professor, Department of 
Geoscience, University of Calgary

Photos: If you have photos that the CWLS can use in its next InSite  
please send a high resolution jpeg format version to  
Doug.Kozak@Halliburton.com or maboud@slb.com.  
Include a short description of the photo with your submission.

CWLS Magazine Spring 2016

InSite
Table of Contents

12  Delineation of thermally 
altered zones in SAGD 
producer wells through 
resistivity characterization 
using LWD azimuthal 
propagation tool

16  Three Methods for  
Log-Derived Mineralogy:  
Part Three …Petrophysics 
Designed to Honour 
Core: at Work in the 
Montney Formation

 2  CWLS 2015 to 2016 
Executive

 3  Presidents Report

 4  Key Questions About 
Monitoring Induced 
Seismic Activity

 6  Fracture Evaluation: 
Height & Contribution 
Using FMI and 
Advanced Diagnostic 
Tools

L
O

G

G
IN G   S OCIE

T
Y

 

Rt

Ro RwF

Sw

C
A

N

A D I A N  WEL
L

 

All material in this magazine  
is copyright © CWLS, unless 
otherwise indicated. Unauthorized 
use, duplication or publication 
prohibited without permission 
from the CWLS.

The InSite is an informal magazine 
with technical content. The material 
is not subject to peer review. The 
opinions expressed are those of the 
individual authors.

Editors:
Doug Kozak and Manuel Aboud

Layout and Design:
Sherry Mumford 
Connections Desktop Publishing

Advertising:
Doug Kozak and Manuel Aboud

Proof Reader:
William Neil Scott

Contributors:
Dario Baturan, Alan D. Cull,  
R.V. Everett, Anand Gupta,  
Sepideh Karimi, Jim Koch,  
Andrew Law, Dr. Fathi Shnaib,  
Ian Theunissen

Printer:
Little Rock

The 2015 to 2016 CWLS Executive:
Back row (l - r): Jamie Everett, Doug Kozak, James Ablett, Manuel Aboud, Adam Macdonald
Front row (l - r): Kathy Diaz, William Parrales, Tiffiny Yaxley, David Brooke



CANADIAN WELL LOGGING SOCIETY

2

L
O

G

G
IN G   S OCIE

T
Y

 

Rt

Ro RwF

Sw

C
A

N
A D I A N  WEL

L
 

CWLS 2015 to 2016 Executive

President
Tiffiny Yaxley

Roke Technologies Ltd.

(403) 437-4065 (Preferred)

tyaxley@roke.ca

Past President
James Ablett

Exodus Directional Services

(403) 470-4888

jaymz007@gmail.com

Vice President
William Parrales, P.Eng

Nanometrics Inc.

(403) 680-9222

williamparrales@nanometrics.ca

Secretary
David Brooke

(587) 888-9419

Treasurer
Kathy Diaz, P.Geo

Wolverine Energy Services

(403) 254-9467 (Cell)

Kathydiaz1@gmail.com

Publications
Doug Kozak

Halliburton – Sperry Drilling Services

(403) 998-1966 (Preferred)

doug.kozak@shaw.ca

Publications
Manuel Aboud

Schlumberger

(403) 990-0850 (Preferred)

maboud@slb.com

manuelaboud@gmail.com

Membership
Adam Macdonald

Networth Energy Inc.

(403) 808 3795 (Cell)

adamma@telus.net

Committees
Jamie Everett

(403) 620-2403

jamesreverett@yahoo.com

   Call for Papers

The CWLS is always seeking materials for publication. We are seeking both  
full papers and short articles for the InSite Magazine. Please share your  

knowledge and observations with the rest of the membership/petrophysical community. 

Contact publication Co-chair:  
Manuel Aboud – maboud@slb.com or  

Doug Kozak – doug.kozak@halliburton.com



CANADIAN WELL LOGGING SOCIETY

3

L
O

G
G

IN G   S OCIE
T

Y
 

Rt

Ro RwF

Sw

C
A

N

A D I A N  WEL
L

 

It’s been an “interesting” year in our industry, the CWLS 
executive has put in a great effort to make the most of these 
tough times and give back to our membership. We truly had a 
fantastic group of people who deserve a great deal of credit for 
time they took out of their very busy days to make the CWLS 
as strong as possible.

Giving Back in Tough Times
In the past several years we have always made a profit as an 
organization, this year will be the first in many we’ve ran a defi-
cit. This is a hard thing to report to the membership, however 
being able to leverage the past profit into keeping the standard 
expected by our membership is something CWLS is very proud 
of this year. 

With this in mind, CWLS put a focus on giving back by im-
plementing a number of low cost initiatives. CWLS put on 
a very low cost course for new grads/students, and will have 
two more “free/very low” cost courses set up for 2016. CWLS 
started a mentorship program and are setting up to partner 
with the CSEG for continued mentorship workshops to gain 
efficiencies. CWLS has continued to invest in sponsorship of 
events such as; Earth Science for Society and Student events. 
Sponsorship dollars spent were reduced but we believe it im-
portant to continue to assist these efforts. 

This year a valued member of the CWLS passed away, 
Winston Karoll, a long standing member and contributor to 
CWLS. In Winston’s memory we are re-naming the Student 
thesis “President’s award” to the “Winston Karoll” Memorial 
award. We received 8 student award submissions, and are 
pleased that we will still be contributing the same value to stu-
dent awards as we have in the past. 

Society Partnerships
CWLS has focused on partnering in courses, networking 
events, mentoring, young professional events and technical 
lunches with the other technical societies in town in an effort 
to share costs and allow members to spend their time/dollars 
efficiently. We are also in the process of getting the administra-
tions of the CSPG, CSEG and SPE to build a shared calendar 
so our inter-society communication will help avoid repeating 
events and dates, again allowing technical professionals to be 
efficient in their development. 

The SPWLA is another group we are working on building our 
relationship with in order to share publication material and 
technical resources. 

Working in a team environment is something that industry is 
moving towards more and more. Sharing events with the other 
societies gives our membership the opportunity to learn more 
about other disciplines and for petrophysical knowledge to be 
shared among the technical community we all work. 

2015 GeoConvention
2015 was a tough year for GeoConvention but CWLS still 
had a very strong technical showing with a session dedicated 
entirely to Petrophysical topics. The CWLS also had several 
volunteers work at our booth to get the word out about who 
we are and what we do. 

The GeoConvention continues to be single-largest revenue 
generator for the CWLS, something which we guaranteed by 
signing the Joint Partnership Agreement with the Canadian 
Society of Petroleum Geologists and the Canadian Society of 
Exploration Geophysicists. The partnership forms a new entity 
referred to simply as GeoConvention and was in effect for the 
2015 GeoConvention, which came at a good time as we were 
no longer required to put the upfront costs into hosting the 
event. Last year we did get some profit from GeoConvention, 
however are looking to break even for the 2016 event.

Website and Social Media
The CWLS website has been a long term project over the past 
3 years and a lot has been accomplished this year. The techni-
cal expertise of Jamie Everett and tireless work of our website 
committee has been essential in making progress, and we still 
will be striving to streamline the website in the future.

Acknowledgements
On behalf of the CWLS, I also wanted to thank APEGA for 
their continued partnership that has gone beyond administra-
tive assistance and office space. Anita Denton in particular has 
been a huge asset to our team – thank you for all of your hard 
work!

Closing
In closing, I again wanted to say what a privilege and honor it 
has been to serve as your elected president. I am so grateful to 
all the volunteers that have stepped up to make this past year 
very successful for the CWLS. The executive team was an 
amazing group and I would like to thank you all for your hard 
work over the last year. This has been a tough year for all of us 
and the efforts of the exec to keep the society going and really 
build on the CWLS’ values is greatly appreciated.

To the 2016-2017 Executive, I wanted to offer my congratula-
tions on volunteering to be a part of something very special; the 
friendships you will form and the networking you will have the 
opportunity to take advantage of, all while leading a premiere 
technical society will undoubtedly be very rewarding. I wish 
you all the best for the coming year. 

Tiffiny Yaxley 
2015-2016 Canadian Well Logging Society President

The President Report
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Increasingly, energy producers are faced with new regulations 
to mitigate risk associated with induced seismicity. Compliance 
typically involves using a real-time induced seismicity-moni-
toring (ISM) network to drive an operational traffic-light sys-
tem. Most regulations specify monitoring in terms of region of 
interest, magnitude-based traffic light thresholds, and in some 
cases, event location uncertainty. Here are five key questions 
for energy operators to consider:

In ISM network design, how many stations are 
needed and where should they be located?

Science-based modeling ensures monitoring compliance in 
the most cost effective manner.

With no high-resolution earthquake catalogs for the region 
of interest, we model the optimal number and geographical 
distribution of seismic stations needed to meet the monitoring 

Key Questions About Monitoring Induced Seismic Activity

Dario Baturan, Andrew Law and Sepideh Karimi

mandate. This ensures regulatory compliance from the outset, 
minimizes costs, and builds robust network operation protocols 
into the design of the ISM networks. 

As shown, the model uses hypothetical station noise and the 
minimum detectable magnitude for which the event signal 
spectra exceed the configured signal-to-noise (SNR) threshold 
at a minimum of four stations.

Event spectra are estimated and the minimum SNR for event 
detection is set to match the triggering algorithm. Epicentral 
and hypocentral uncertainty are estimated using a region-spe-
cific velocity model. 

The hypothetical stations are then moved and their number 
reduced until the optimal configuration is achieved that meets 
desired magnitude of completeness (MC) and location uncer-
tainty across the entire region of interest. 

Network Performance Modeling
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Which magnitude scale should be used to drive 
traffic light protocols?

During recent (induced) earthquakes, reported magnitude 
varied depending on the magnitude scale and stations used, 
affecting monitoring accuracy, and therefore risking a potential 
shutdown order. To ensure best possible accuracy, moment 
magnitude (MW), rather than local magnitude (ML) should 
be used. Specifically, we recommend that MW computed using 
regional moment tensor full waveform inversion method be 
used, provided sufficient signal-to-noise ratio and a high-qual-
ity solution can be obtained. This method does not saturate, 
it accounts for the radiation pattern, and it minimizes site 
amplification effects. MW scale is related to the physical prop-
erties of the earthquake, and is the standard in microseismic 
monitoring networks.

Which instrumentation technology should be 
used? 

Broadband seismometers: lower costs, smaller footprint.

ISM networks typically record events with magnitudes between 
M0.0 and M4.5 at epicentral distances of 2-30 kilometers. 
The small and rugged Trillium Compact PH broadband seis-
mometer can sense and record the entire magnitude range at 
minimum cost. It has the broadband response, low self-noise 
and high clip level to accurately drive magnitude-based traffic 

light systems and enable computations of the advanced MW 

magnitudes. Because geophones saturate for larger events, 
they risk underestimating larger magnitudes and missing a red 
traffic light alert.

What if the network does not meet its operating 
mandate? 

The new regulations mandate 24/7 monitoring, so it’s import-
ant to understand how station outages can affect network per-
formance (and compliance). Remotely located seismic stations 
can be affected by acts of nature, wildlife activity, vandalism, 
and communications infrastructure outages. We recommend 
adding redundancy in the network design, modeling the impact 
of each station on the ability of network to meet its mandate, 
and building robust monitoring protocols that include network 
performance-based alerts. 

How else can these data be used?

In addition to driving operational alerts, ISM data sets can be 
used to help operators optimize completion operations, identify 
or refine knowledge of geological structures, estimate the direc-
tion of in-situ stress regimes, and monitor critical infrastruc-
tures and develop regional attenuation relationships for more 
accurate ground motion and magnitude estimates.

For more information, go to www.nanometrics.ca

Sparse Array Passive Frack Imaging
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Problem Statement

Fractures, induced or natural, play a vital role in developing 
tight carbonate reservoirs and unconventional plays. Fracture 
density, orientation, and quality (open or cemented) can de-
termine production / injection rates, and ultimate recovery. 
Horizontal wells completed in unconventional reservoirs, 
are specially cost intensive. To produce them at economical 
rate, and recover significant reserves, these reservoirs must 
be hydraulically fractured in 10, 20, 30 or more stages. The 
evaluation of these complex completions, the effectiveness of 
fractures and their contribution is most critical for a viable 
economic development. Conventional tools, PLT, spinner, and 
tracers, among others, are not capable of providing conclusive 
answers, partly due to their design, but, also due to complexity 
in completion, non-uniform low rates from individual zones, 
and fluid flow behind pipe. These tools have high thresholds, 
shallow radius of investigation, and less resolution.

Advances in technology in tools design, computing power, 
and innovative mathematical processing, now allow addressing 
these problems efficiently, effectively, and at a reasonable cost. 
Integrating basic wellbore measurements with reservoir flow 
analysis using these new tools, can provide deep and detailed 
answers about fractures location, orientation, density, and con-
tribution from each zone to the overall performance. 

This document discusses FMI (Formation Micro-Imager), 
HPT (High Precision Temp), and SNL (Spectral Noise Log) 
tools, field examples, and the value added from integrating 
acquired data with basic information from conventional tools, 
to get a clearer picture of fractures, in both Limestone, and 
unconventional, hydraulically fractured, reservoirs.

Tools

Conventional Tools

PLT’s including flowmeters (spinners), temperature, and ra-
dioactive tracers, among others, has been in the field serving 
major and small operators for decades. Advances in drilling, 
completions, and tapping into unconventional reservoirs, 

Fracture Evaluation: Height & Contribution Using FMI and 
Advanced Diagnostic Tools

Fractures Are Not All Equal. Find out Which Ones are Paying You Back

TGT Oil and Gas. Authored by: Dr. Fathi Shnaib

however, have rendered these tools inadequate to meet the 
mounting challenges. New tools, improved and more versatile, 
can now complement the conventional tools to meet these 
challenges and help manage reservoirs more effectively. A brief 
review of the typical conventional tools and a highlight of the 
added value from the new tools follow below:

Radioactive Tracers using Gamma ray can be effective in track-
ing where the injected fracturing fluid goes into the formation. 
They, however, stop short at that point. As Figure-1 below 
shows, not every interval with a high GR response corresponds 
to a zone that is actively producing fluid. GR have a shallow 
depth of investigation and the (radioactive) injected fluid can 
be lodged behind pipe in a non-productive zone.

PLT Spinners are very effective in pinpointing the fluid entry 
into a set of perforations but, they are blind beyond that point. 
Additionally, flowing, or injecting rates can be too low to be 
detected by the relatively high threshold of these tools. These 
tools won’t help much either, in dual completion.

Old Temperature Tools had a slow response and poor resolu-
tion to pick up fluid movement behind pipe, let alone in dual 
or multi-barrier completion. The introduction of a new tool 
like HPT, with 0.2 degrees C resolution and fast response, 
can provide a highly accurate temperature profile along the 
wellbore. Supplementing this with TERMOSIM, temperature 
simulation, will enable quantifying production or injection rate 
without running any spinners.

Integrating data from the above conventional tools with mea-
surements from new tools, will provide a powerful combination 
to meet most challenges in the modern field operations. 

FMI Compared to all similar tools in the market, FMI yields 
the most detailed data, measuring all natural and induced mi-
croscale changes that take place in the rock texture of the res-
ervoir. The tool generates a high-resolution image of the well-
bore wall, covering 80% of the target area in 21.25 cm (8.5”) 
hole. Micro-conductivity electrodes can see as far as about 12.5 
mm (0.5”) into the formation, and are capable of recognising 
conductivity anomalies that are within effective resolution 
of the tool (5 mm or 0.2”). Images from FMI are core-like 
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wellbore images based on high-resolution electrical resistivity 
data. Small FMI data details can be used for identification of 
different types of fractures, faults, and textural features.

FMI alone, however, is only effective for describing the well-
bore, and near wellbore initial conditions. It will not be of 
much use to detect subsequent changes to a natural fracture 
system or to fractures induced (HF stimulation), or damage to 
existing fractures.

Therefore, additional methods of behind-casing analysis are 
required to obtain reliable and updated data on the reservoir 
flow regime. To achieve this, HPT-SNL surveys are carried 
out and the results are integrated with FMI and other data to 
evaluate fractures and reservoir performance. 

HPT and Temperature Modelling

Temperature logging is one of the oldest diagnostic tools in the 
oil field. Measurements of variation in temperature along the 
wellbore, were used to locate top of cement, entry of hot reser-
voir fluid, and injected water exit into the reservoir. Improved 
tool design, however, are now more sensitive, have much faster 
response, and higher resolution. 

Furthermore, TERMOSIM, a highly sophisticated mathe-
matical modelling software can be used to simulate and his-
tory match temperature profiles obtained from tools such as 
the HPT. This allows engineers to quantify rates too low to 
measure by other tools, like spinners, and describe fluid flow 
behind pipe even under static conditions. Integrating this data 
with data from FMI, tracers, and SNL provides a powerful 
tool to evaluate fracture height, fracture quality, and allocate 
production to active fractures.

SNL Tool 

Spectral Noise Logging is an advance technique used for well 
integrity control, identification of producing and injecting res-
ervoir units, and reservoir characterisation. Fluid and gas flows 
generate noise due to vibration produced by the rock matrix 
and well completion components. Noise intensity would go up 
linearly as fluid/gas rate increases. However, the noise spectrum 
composition would depend on the type of medium through 
which fluid is flowing rather than on the flow type or rate. 

An analysis of acoustic noise recorded in a wide frequency 
range will help to identify active reservoir zones, casing and 
tubing leaks, active perforations, behind-casing channelling, 
and distinguish between matrix and fracture flows. Application 
of Spectral Noise Drift (SND) technique (wavelet thresholding 
algorithm) to extract reservoir noise enables reliable rejection of 
noises with dissimilar characteristics because their contribution 

to wavelet factors of considered modes are small and could be 
filtered by the derived threshold value. When a noise spectrum 
is analysed, it should be taken into account that as the flow in-
duced by a pressure drawdown is forced through a large-diam-
eter hole, a low-frequency noise is generated, and, if the hole is 
small, the noise will be in a higher frequency range. By applying 
the same principle in an attempt to define the flow pattern, we 
will see that as the fluid moves through the low-permeability 
units, a high-frequency noise signal is generated. Broadly 
speaking, when the fluid flows through a fracture (natural or 
induced) it normally generates noise of about 2 kHz or lower, 
while in a porous reservoir of medium and high permeability 
the frequency will be in 2-20 kHz range and above 20 kHz in 
a low-permeability reservoir.

Conclusions

1.   New advances in drilling and completion technology have 
created new challenges in reservoir evaluation and produc-
tion management.

2.   Old conventional Production logging tools, although still 
useful for what they were designed for, fall short of meet-
ing the new challenges.

3.   Tracers and Gamma Ray logs can detect where the frac 
fluid goes, but their response correlates poorly with reser-
voir behavior.

4.   However, to get maximum value, conventional tools data 
and data obtained from new tools like HPT and SNL, 
must be integrated. This will be the best way to overcome 
the new challenges and provide effective means to manage 
field operations and reservoirs.

Examples – Field Cases

To illustrate the advantage and added value of integrating FMI 
data and data obtained from HPT and SNL, the following 
examples are shown on the following pages:



CANADIAN WELL LOGGING SOCIETY

8

L
O

G

G
IN G   S OCIE

T
Y

 

Rt

Ro RwF

Sw

C
A

N
A D I A N  WEL

L
 

Figure 1 is showing that GR (Tracer Tacking) does not always correlate with active zones

Figure 2 3D overview (Interval x229-x254) showing excellent correlation between open fractures (green figures) 
from FMI and SND flowing zones. Meantime, cemented fractures (marked in black) show little or no flow. 
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Figure 3 is showing flow from Spinner data on the left matching flow obtained from TERMOSIM. The figure also shows that the lower set of 
perfs are flowing into the wellbore under SHUT-IN condition, indicating a lateral flow. This flow is clearly shown on the SNL panel as partly from 
fracture (low frequency) and from matrix (higher frequency)…. The flow is occurring across a heavily fractured zone shown by FMI. TERMOSIM 
shows the lateral flow to go up behind pipe and into the upper set of perfs, where FMI shows no fractures.

Figure 4 Integrated logging results: PLT shows good correlation with SNL except in stages 26&27. Radioactive tracers/GR is pretty much smeared 
over the entire interval, but with good correlation in spots like Stages 16&17 (low GR and low rate on SNL). HPT and SNL show that over 60% 
of the completion is contributing to the flow, while the GR tracer indicates that over 90% of the interval was contacted by fracturing fluid.
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Figure 5 Shows a good correlation between FMI fractured 
zones and active flow- e.g. X0720 and x0800 and these 
were natural fractures that got stimulated. In the interval 
x0900 to x-1080 no natural fractures existed before the well 
was hydraulically frace’d.

Figure 5A is a 3D illustration of the above
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Figure 6 shows that although this interval was naturally 
fractured and then it was stimulated but shows very little 
flow, in spite of the fact that the GR/tracer log confirms 
that it was stimulated.

Figure 6A is a 3D illustration of the above
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Summary 

In this paper, an attempt is made to study and characterize 
thermally altered zones within a bitumen reservoir in terms 
of varying resistivities reflecting the oil saturation variation 
due to active steam injection across the horizontal well bore. 
Resistivity profiles generated from real-time ADR (Azimuthal 
Deep Resistivity tool) data is compared with oil saturation 
models composed prior to drilling of two horizontal wells. 
Applicability of LWD (logging while drilling) azimuthal prop-
agation tool’s data is discussed with reference to real-time data 
from two geosteered second stage SAGD producer wells.

Introduction

In an era of ever increasing emphasis on maximizing oil recov-
ery, an advanced geosteering approach is demonstrated to have 
definitive advantages. Most commonly, geosteering practices 
are used for optimal well placement to increase hydrocarbon re-
covery. Applications of geosteering tools and software in other 
areas, apart from placing the well, are still under-explored. 
Statoil Canada Ltd has only recently realized the potential for 
optimizing startup strategies by effectively delineating ther-
mally altered zones in geosteered second stage SAGD wells.

LWD azimuthal resistivity offers the ability to investigate 
several meters beyond the well bore. Changes in the elec-
tromagnetic field from transmitter to receiver are due to the 
resistivity of the surrounding lithology. Resistivity is also a key 
component to Archie’s equation for water saturation, providing 
a strong correlation between resistivity and oil saturation. 

Combining resistivity readings from different depths of inves-
tigation, as well as a comparison of raw phase and attenuation 
values provides a means to indicate oil saturation variation due 
to steam infiltration across the horizontal SAGD well bore. 
Resistivity profile generated from real-time data is compared 
with modified oil saturation log composed prior to drilling. 
Issues with such an approach are addressed and applicability 
of LWD azimuthal propagation tool’s data is discussed with 
reference to real-time data from two geosteered second stage 
SAGD producer wells.

Delineation of thermally altered zones in SAGD producer wells 
through resistivity characterization using LWD azimuthal 
propagation tool

Anand Gupta and Alan D. Cull, Halliburton Sperry Canada
Ian Theunissen P.Geo & Jim Koch P. Eng, Statoil Canada

Theory and/or Method

In 2014 and 2015 a series of second stage SAGD producer 
wells were drilled in a mature heavy oil field for Statoil Canada 
Ltd in Western Canadian Sedimentary Basin using LWD 
azimuthal propagation tool and geosteering service (well place-
ment). SAGD producer and injector well pairs were initially 
drilled within the area of interest between September 2008 
and December 2009. After 4.5 years of production, the second 
stage producer wells are planned within the same area for the 
second phase of enhanced oil recovery. Objectives for drilling 
the horizontal second stage wells are (1) placing the well 4m 
above the base to increase the volume of recoverable bitumen 
and (2) demarcating the thermally affected areas. 

Azimuthal deep resistivity sensor is used as a part of BHA 
(bottom hole assembly) in this study while drilling four wells. 
This azimuthal wave propagation tool is designed to detect 
resistivity changes within a few meters of the ADR tool (Bittar 
M., et al. 2007). Recorded changes in EM wave properties 
are modeled to reflect variation in the resistivity of the for-
mations around the well bore (Pitcher J. and Bittar M., et al., 
2011). Three spacings (between transmitter and receivers) viz. 
112”, 48” and 16” are used with tool’s frequencies at 500kHz, 
125kHz and 2MHz for readings at different depth of investi-
gations.

Prior to drilling a conceptual model of the altered reservoir is 
created from the most recent saturation logs from nearby ob-
servation wells. Furthermore, pre-steam offset well logs are also 
available to establish a baseline for original reservoir properties. 
While drilling, a cross section profile for each well is created 
from real-time azimuthal resistivity data (Figure 1a) and is 
modelled with the help of geo-steering software. The resistivity 
variations are used to interpret the thermally altered zones in 
the reservoir along the well bore. Real-time temperature data 
from onboard the ADR tool sensor is also used to confirm the 
demarcated thermally affected areas.

IHS (Inclined Heterolithic Stratification) in McMurray for-
mation may create barriers for steam movement and so affect 
the production from a single horizontal well at different zones. 
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Figure 1b: Schematic diagram indicating the Azimuthal Deep Resistivity tool’s and Stratasteer Geosteering Service’s ability to 
map resistivity zones around the well bore, and correlate this to the thermal effects from the surrounding SAGD well pairs. 

Figure 1a: Data used in modeling the resistivty within 5m of the well bore. Darker regions represent areas of low resistivity. 
The dark area several meters below the wel path represents the oil/water contact while the darker regions around and over the 
well path reflect low resistivity are associated with thermally altered zones.  
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In this study, an attempt is made to correlate the shape of resis-
tivity profile with heterogeneity of the rock structure within the 
reservoir. This plays critical role in understanding the extent of 
steam saturation / propogation.

To maintain minimum 4m TVD difference from the oil-water 
contact, a combined proactive geosteering approach is used. 
This is based on the combination of azimuthal resistivity, 
gamma ray, real time petrophysical information and a 3-D 
interactive correlation software. These data sets allows for 
the modeling of the geology in the area and the theoretical 
response of the tool based on offset wells’ data. Derivations 
from the deepest reading sensor, Geosignal (112” at 500kHZ), 
is used to estimate the distance to bed boundary quantitatively. 
Theoretically a low resistivity response approaching from above 
may be indicative of a thermally altered zone. Conversely 
the same response approaching from below may indicate an 
approaching water boundary. Each response would dictate a 
unique geosteering corrective action.

Examples

The objective is to map and determine the effects of the ther-
mal activity from the surrounding SAGD well pair and then 
delineate thermal unaffected zones (Figure 1b). The thermal 
unaffected zone should reflect the characteristics of the original 
in place bitumen. The thermal affected zone can represent (1) a 
zone of mobile bitumen, (2) a decrease in bitumen saturation, 
(3) an increase in temperature, and/or (4) an increase in steam 
saturation. The transition zone is reflective of the heat gradient 
between these two main zones. 

Conclusions

Azimuthal deep resistivity tool and its petrophysical inter-
pretation greatly enhance the ability of well placement and 
improve the understanding of the reservoir. Thermally altered 
zones near a second stage SAGD horizontal producer well 
can be delineated along with an estimate of reservoir quality. 



CANADIAN WELL LOGGING SOCIETY

15

L
O

G
G

IN G   S OCIE
T

Y
 

Rt

Ro RwF

Sw

C
A

N

A D I A N  WEL
L

 

Understanding the distribution of these different zones along 
the horizontal section of the wellbore can aid in optimizing the 
startup strategy and minimize time to bring a well into pro-
duction phase. Furthermore, this information can be used to 
determine the feasibility of a second phase drilling campaign, 
design the liner configuration and/or help determine the best 
method of production.
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Overview of Petrophysics

This report discusses details of the petrophysical work in 
one well in the distal region of the Montney Formation in 
Northeastern BC, which was presented as an Abstract, Ref. 12. 
There are two logging runs in this well, recorded in separate 
holes. The vertical section was logged by Schlumberger (SLB), 
and the deviated hole logged by Baker Hughes (BH). Cuttings 
and cores were collected from the straight hole. We exploited 
the opportunity to use neutron spectroscopy and magnetic res-
onance logs from two service companies with cuttings analyzed 
with QemScan and Furgo. Additionally routine core analysis 
was exploited using interpretation models developed specifi-
cally to use elements and core/cuttings minerals. The procedure 
found that tools from both service companies’ worked well to 
provide mineralogy that matched the core/cuttings results.

In previous InSite Articles, we described the basics of the in-
terpretation method in Ref. 8 and the predicted model applied 
to wells that did not have the ECS, Ref 13. A summary of the 
techniques used to date is listed in Appendix H.

The third method of interpretation uses a process called 
Robust Elm (Ref. 1, 2) developed by Dr. Eric Eslinger for 
his Geological Analysis by Maximum Likelihood Systems 
(GAMLS) and modified by Robert Everett to include the free 
fluid index of nuclear magnetic resonance. In Robust Elm’s 
methodology, the inputs for each well are the clustered lithol-
ogy, recorded neutron, resistivity, GR, neutron spectroscopy 
elements and cutting’s mineralogy. Constraining all inputs 
provides the most likely output-minerals to be compared to 
the cutting’s mineralogy, total organic carbon (TOC) and 
grain density, as well as routine core analysis (RCA) porosity 
and permeability. The computed logs compared closely to the 
cutting’s grain density and mineralogy over the Montney but 
had much lower grain density and different mineralogy than 
the cuttings over the Doig. The mineralogy is illustrated by the 
cutting’s quartz: the quartz on the cuttings was lower than the 
quartz on the interpretation in the Doig, but both were very 
close in the Montney. The LAS file also contained an interpre-
tation over the Montney section of the Baker hole, providing a 
mineralogy that agreed with the new interpretation as well as 
the cutting’s mineralogy.

Three Methods for Log-Derived Mineralogy: Part Three…
Petrophysics Designed to Honour Core: at Work in the 
Montney Formation

Executive Summary

Overall Summary

The vertical hole logged by SLB used a laterolog array for 
resistivity, epithermal and thermal neutron logs, dual bar-
ite-corrected density logs, elemental capture spectroscopy 
(LithoScannerTM) and nuclear magnetic resonance (CMR-
PLUSTM). A deviated sidetrack logged by BH used a later-
olog array, thermal neutron logs, dual density log, elemental 
spectroscopy (FLExTM) and nuclear magnetic resonance 
(MRExTM) as well as an acoustic array (XMACTM). The 
SLB run covered the Doig, Montney and Belloy. The BH run 
did not go as far down to cover the Belloy. As the original data 
was not initially available, an edited LAS file containing the 
two runs with missing information about the well location etc. 
was used. Once the data was separated with the assistance of 
Ramdane Bouchou (BH) and Rob Badry (formerly SLB) both 
sets of data agreed with core over the Montney section but not 
with the Doig section. The inputs to the interpretation were 
the conventional well logs, a clustered lithology of the well logs, 
the nuclear spectroscopy and nuclear magnetic resonance logs 
and the cutting’s mineralogy by SGS. Later, a cuttings file by 
Furgo in volume % was also available, as was X-Ray Diffraction 
mineralogy. The LAS file also contained an interpretation 
(author unknown) over the Montney section of the BH hole. 
The core/cuttings mineralogy agreed with both the new and 
the anonymous interpretation. Mineralogy of the Montney 
formation changes from well to well, especially with respect to 
clay content and calcite/dolomite fractions.

Final products

1.   Simplified plots of interpretation (plots are defined as 
simplified when they contain pertinent curves but leave out 
the curves testing validity)

2.   Detailed plots of interpretation, including the validation 
curves 

3.   LAS files of interpretation 

4.   Tops and summaries of net pay etc., for the interpretation

5.   This report

R.V. Everett, Robert V. Everett Petrophysics Inc.



CANADIAN WELL LOGGING SOCIETY

17

L
O

G
G

IN G   S OCIE
T

Y
 

Rt

Ro RwF

Sw

C
A

N

A D I A N  WEL
L

 

Summary Presentation of Work

1.   The purpose of the petrophysical interpretation is to pro-
vide net pay, net porous and gross pay as well as Sw and 
porosity to provide hydrocarbon pore volume.

2.   First, calculations for the above are done using the re-
corded density log. To compensate for washouts, correc-
tions would normally be applied as explained in Appendix 
C, but were not necessary for these holes. A method out-
lined by Barry Johnson (pers. com. during May School on 
Petrophysics with Spectroscopy) decides which of the two 
densities to use in the interpretation, wherein the density 
that has the lowest density correction is used. The PEF 
may or may not be recorded on this same density orien-
tation, so do a histogram and pick the lowest PEF. The 
higher PEF will be affected by barite.

3.   The wells had complete data, with capture spectroscopy 
for elements and nuclear magnetic resonance for free fluid. 
A natural GR spectroscopy (SLT, NGT) was also avail-
able for each hole. The SLB logs were run on 0.0254 m 
(12 samples per foot, high resolution). 

4.   In summary, we provided results from an enhanced data 
set.

5.   Consequently, optimum logs and interpretation was possi-
ble in this stable hole. 

Petrophysical Summary

As outlined in Part Two (Ref. 13) a log interpretation method, 
not commonly available, is designed to incorporate and be 
calibrated by core. 

Our interpretation starts with the most basic inputs that can 
be correlated to core measurements every step of the interpre-
tation. For example, we start with predictions of the elements, 
(Ca, Fe, Si, and S) from nuclear spectroscopy and measured 
natural gamma spectroscopy U, and K & Th. 

We invoke an element to mineral model from the program 
“Petrophysics Designed to Honour Core” to derive the com-
mon minerals from the input elements. While this may seem 
an obvious strategy, there are more unknowns than knowns 
involved. It is accomplished by a normalization procedure us-
ing the elements as constraints. Alternatively, a normalization 
procedure has been developed using the core minerals as con-
straints in the Geological Analysis by Maximum Likelihood 
Systems (GAMLS) program. 

Derived-mineralogy attributes are used to derive cation ex-
change capacity, grain density and permeability and were com-
pared to core porosity and permeability.

Introduction

Why involve mineralogy? We use mineral attributes such as 
cation exchange capacity, grain density and surface area to 
compute Sw, porosity and permeability. Analysis will be com-
plete if diagenesis does not modify the calculated attributes 
(CEC, Perm, m, n) from our model values. Consequently, 
comparisons to GRI or RCA core measurements are necessary. 
From these predicted elements, mineralogy provides a complex 
interpretation of porosity, water saturation and permeability. 
We use a flexible interpretation program to perform checks and 
balances at each step of the process. The final criteria for net 
pay flags is given in Appendix B. 

We had this information:

  A pressure gradient from offset wells was about 0.52 psi/
ft. For the temperature, we used 0.0198 * depth + 42.08 
in feet and Fahrenheit degrees. The Rw used was derived 
from the SP and Rmf of 0.387@20C plus calibrated to Rw 
from the catalog of 0.1@25C as outlined in Ref. 8. The 
multiplier used on the BVW value for irreducible water 
was 1.2. 

Method

As outlined in Ref. 13 our method is to:

a)   Prepare reliable data before entering the calculation pro-
grams.

b)   Correct for washouts affecting the density: the hole was 
in good shape as evidenced by the density correction, so 
correction was not subsequently made before the final pass 
but is described in Appendix C.

c)   Predict missing log curves; all curves were present for this 
data set.

d)   Determine Rw from the SP. The Rw derived from the SP 
was calibrated. The SP fluctuations allowed propagation 
of the Rw to the top of the well. I outline this method in 
the spring 2014 CWLS ‘Insite’ magazine, available on the 
CWLS website (Ref. 8).

e)   Calculate the total organic carbon (TOC). The empirical 
calibration for TOC was 5 * (Log10 (0.25 * HURA_P) ^ 
1.85) to give a result in weight percent. We modified this 
result in a cluster to better conform to core TOC.
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Calculations in the program

As outlined in Ref. 13, 

1.   Solve for clastics, carbonates, and clays respectively using 
log elements from the ECS/LithoScanner/Flex curves (Al, 
Ca, Fe, Si, S and potassium [from the natural GR]). 

2.   Normalize by constraining with log elements and mea-
sured GR spectroscopy (K, U, Th), to convert the Si & K 
to quartz, kspar, plagioclase and muscovite; Ca to dolo-
mite, calcite and anhydrite (via sulphur); Si, Al, K and Fe 
to illite, smectite (none), kaolinite and chlorite. The clay 
was primarily illite.

3.   A note on the Robust Element to Mineral model (Ref. 2). 
The method uses three inputs:

   The first input is a cluster that uses any preferred log 
combination. For this well we used density, neutron and 
gamma ray. The number of modes desired is also a variable 
input. We chose 15 modes in deference to Dr. Michael 
Herron who said that most sedimentary formations usually 
have only 13 minerals that are dominant (pers. Com. about 
1985).

   The second input is mineralogy. We chose the QemScan 
minerals run by SGS. The program automatically allocates 
the mineralogy to the 15 modes, so now we have core/
cutting mineralogy calibrated to the modes.

   The third input is the elemental capture spectroscopy ele-
ments. The program automatically assigns these elements 
to the modes.

   The result is a triple constraint on the log calculation of 
mineralogy.

4.   Solve for porosity and permeability using the Herron for-
mulas (Ref 3) involving the log elements and the calculated 
carbonate, clay and siliclastics groups.

5.   Solve for Sw and provide estimates of irreducible (Swirr) 
and minimum water saturation (SW_DS_GAS_ECS) to 
estimate if water will be produced. The formulas used for 
Swirr were from Coates and Timur as noted in the Patent 
publication number CA2463058, (Ref. 15) and those used 
for minimum water saturation were modified from those 
developed by John Nieto (Ref. 14).

  Here are the steps for the Sw calculation. All steps are 
iteratively performed for 10 iterations:

	 •	 	The	 saturation	 equation	used	 is	 called	 a	Dual	Water	
Equation, from the paper by Chris Clavier et al,  
(Ref 5)

	 •	 The	components	of	the	equation	are:

   m_zero, which is the cementation factor, dependent on 
m* (m_star), the Waxman-Smits cementation factor 
(Ref. 15):

   IF ((m_star < = 2.0356) , (m_star / (0.1256 * m_star 
+ 0.7781)), ((m_star / (0.3764 * m_star + 0.2694)))), 
where

   m_star = (1.653 + (0.0818 * (Surface area * RHOG) ^ 
0.5)), where

   Surface area (SO) = sum of SO of each mineral

  n_zero = tortuosity factor = m_zero

  CEC = cation exchange capacity of each mineral summed

  TPOR = total porosity from the density and grain density 
derived from elements

  Rw_SP = the formation water resistivity derived from the 
Rmf and SP

  Rt = assumed from the deep reading resistivity

6.   Create flags for net pay (PHIE > 6% & Hydrocarbons), 
net porous (PHIE > 6%) and gross porous (PHIE > 3%) 
zones. See the Sw-porosity plot Appendix D.

Discussion

This report includes detailed computations in Appendix A. 
NMR logs were available for the holes studied. Elemental 
Spectroscopy was also.  The mineralogy result was about 1/3 
quartz plus 1/3 calcite and 1/3 dolomite in the cleaner sec-
tions. Clays replaced the matrix minerals in the shaly sections.  
The interpretation provided Sw, k, Por.  The maximum Sw 
agrees with a value of 1.2 * Sw_DS_Gas_standard.  This mult 
* Sw_DS_Gas can therefore be used as an irreducible Sw, to 
yield a BVW_irr of about 1.2 * 0.0150 to 1.2 * 0.0170. On the 
Appendix D look at Sw vs. porosity.

See Plot (Appendix A) entire zone, showing the Robust Elm 
result first, followed by, in Appendix D, the ECS result and the 
Baker Hughes result. [Note, Robust Elm is run separately and 
its results are added to the ECS inputs for a combined ECS-R_
ELM output via the PDHC [ECS] program. The purpose of 
combining them is for conformance in reporting summaries].

Net Pay Criteria is outlined in Appendix B. 

Corrected log bulk density methodology is outlined in 
Appendix C. 

The minerals and SW vs. Porosity are in Appendix D.
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An explanation of the curve coding for Sw and porosity is in 
Appendix E & F.

A ‘Quick Look’ model is presented in Appendix G.

A summary of the techniques used is in Appendix H.

Results

The results of the Model are in Appendix A. 

Everything turned out as well as could be expected considering 
the stable hole and complete logs and cuttings/core analyses.

Conclusions

When one uses log elements as well as nuclear magnetic res-
onance, the results are excellent. The Quick Look plots in 
Appendix G illustrate the value of the logged elements and 
NMR.

The zones-of-interest are below. Normally the 0.0254 m/step 
is preferable to acquire and process the data. A zoom of 232% 
may be necessary to view the scales.
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Montney pay zone is shown above. Montney lower zone and Belloy are shown below and have no pay.

Summary based on Hi Res 0.0254 data.
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Appendices

Appendix A: Plots & Detailed Discussion of Each Track

A detailed discussion of tracks and curves of each well follows these plots. The coding on Sw and porosity is covered in Appendix E 
and F.
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Explanation of each track

Track 1: Water saturation, red is minimum Sw for water-free 
production (SW_DS_GAS_ECS)

Note that SW_DS_GAS_ECS is a curve developed in another 
well by Dean Stark Analysis. This other well did not have clay 

so the SW_DS_GAS is a clay-free Sw. Consequently it will 
fall below the Swb curve in zones with high clay. Plot purple 
to right of SW_DS_GAS_ECS to Swt_R_ELM for immobile 
oil in the small capillaries. Green is oil to left of S_BFV (mo-
bile oil); olive is immobile gas, kerogen and bitumen to right of 
S_BFV. The suffix _PRED means the BFV has limits applied 

Figure A1-1A. ‘Too Much Information plot’; look for trends.
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so the free fluid volume does not exceed effective porosity or 
go lower than zero porosity. The bound fluid volume is total 
porosity minus free fluid volume. There are two choices for 
the free fluid volume: 1) use CMFF which is derived from a 
T2_cutoff of 33 msor 2) use CMRP_3MS which is derived 
from a 3ms cutoff. Tests in the lab indicated cutoff should be 
about 4.64 ms (5.68, 6.12 & 2.87). Since we cannot recalculate 
to incorporate the 4.64 ms, we chose the 3 ms as being more 
appropriate than 33 ms. When the free fluid volumes from 3 
ms and 33 ms are plotted they are very close so the difference 
between 4.64 ms and 3 ms is the width of the curve line.

Track 2: Porosity with increases in plum-coloured HCPV in 
pay zones 

Net pay is the green bar (porosity > 6% and hydrocarbon with 
no expected water production). The left of track 2 has a green 
area which is a cutoff for BVW. When Swt > green area, it 
indicates water could be produced. However, the orange curve 
gives the bound fluid volume, so when the blue BVW < BFV, 
no water will be produced even though it exceeded the cutoff. 
This situation happens when the bound water is large. In this 
well, no water will be produced.

Track 3: Perm with ECS perm in red, R_ELM perm in green; 
KSDR_CMR*0.1 perm in purple and KTIM*10 perm in or-
ange. 

The multipliers on KSDR and Timur were used to match the 
pulse decay perm at the low end and the RCA K_MAX perm 
at the high end. The reservoir perm is most likely in line with 
the pulse decay perm.

Track 4: Resistivity shows pay zones with red coding between 
the Ro and Rt 

Track 5: SP, GR(s), uranium, and calipers 

When the caliper is less than bit size, the difference is coded 
yellow.

Track 6: Neutron, density Pe, HDRA density correction

 The neutron is neutron on a limestone matrix. Similarly, 
the density is a recorded density. If there is crossover on the 
matrix-adjusted density and neutron, the gas flag will turn on 
unless the density matrix-adjusted porosity is less than zero.

Track 7: Clustered lithology from merged runs, density, neu-
tron, GR, and Pe 

Track 8: Mineralogy from cuttings log QemScan 

Track 9: Mineralogy derived from the robust element-to-min-
eral (R_ELM) in the master program, Geological Analysis by 
Maximum Likelihood Systems (GAMLS) (Ref. 1 and 2)

Track 10: Quartz, feldspar and muscovite (QFM) from the 
R_ELM program 

The amount of muscovite, shown increasing to the left, from 
the right side of the track, is 0-6%, so is quite small. The match 
of logs and core is quite good. However, the difference in CEC 
content for illite plus muscovite and just illite is small, so the 
effect of not including the muscovite in the CEC on Sw will 
also be small.

Track 11: Carbonate track showing calcite and dolomite 

The amount of other carbonates is small (siderite, apatite). 
Logs and core show a close match.

Track 12: Clay, primarily illite 

The log illite is higher than the core illite but close. Also in this 
track is brittleness derived from the dipole sonic and also from 
the ratio of (dolomite + quartz) / (calcite + dolomite + quartz + 
clay + TOC), with all units in weight fractions. According to 
Dr. Roger Slatt (Ref. 11), the entire interval is ‘High Brittle’.

Track 13: Sand Classification, modified from Herron (Ref. 6) 
by Mike Berhane (mike.berhane@aer.ca) 

Note the Sand Class change at sequence boundary 3 (SB3). 
This change is also obvious on the cluster in Track 7, where the 
GR increases to a higher value above the sequence boundary. 
The higher GR is due to higher uranium, associated with the 
TOC, shown in the next Track 14.

Track 14: TOC from logs and core 

Initially, uranium was used to calculate the TOC. It was then 
modified by a cluster with the TOC measurements from the 
cuttings.

The next plot shows how Swirr from the Coates-Timur equa-
tion separated the net pay from the net sand.
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Figure A1-1B. Swirr separates pay: Track 12 shows Swirr to left of flag, for net pay.
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Figure A1-1C. Flow profile of Sw: actual flow will not occur due to the indication from BFV. The gas/oil starts to increase at SB3, whereas Sw is 
relatively constant above SB3. Look for slope changes.
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Appendix B: Parameter criteria used

Presssure gradient 0.52 psi/ft; T=0.0198*ft+42 degF 

Appendix C: Correction of density log

(Everett-modified after Poupon method)

Normal steps:

1.   Look at Raw data high density correction (DRHO, 
HDRA etc.) near interesting zones. Display density log 
and DRHO which shows when pad does not make contact 
with the wall of the hole. Values below 2 g/c3 (middle of 
track) are suspect.

2.   Display density and sonic porosity to identify where den-
sity porosity (LS) > sonic porosity (LS) as this should never 
happen unless the washout (check calipers and HDRA) 
make the apparent density porosity too high. 

3.   Check shading where sonic porosity is greater than density 
porosity; several iterations were made.

4.   Compare corrected density to original density and use 
original density when it is greater (more dense) than cor-
rected density. Label output as RHOB_CORR.

The selected output LAS curves. Executive Summary: the bare bones results that a geophysicist, reservoir engineer or geologist might want to use is 
called the WELL NAME _ECS_SUMMARY.las.
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Appendix D: Mineral Models & Sw vs. porosity plots

Sw vs. Porosity

Below is a ‘Buckles Plot’. The minimum BVW irreducible could be lower than that used for the bottom. The main point of this plot 
is that no water is expected to be produced above SB3.

The plot illustrates that the BH M2Rx reads lower than the SLB Rt_HLRT in Zone 2 from 2188-2210. In Zone 1, 2050-
2060 both BH and SLB read the same. So we do not have a tool problem, we have a formation problem: the deviated BH 
hole may have crossed into a shaly water zone similar to the deeper red Zone 3 (logged by SLB but not reached by BH).
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Mineral model

The minerals are derived from using the elements of the lithoScanner log. Below is the ‘ECS-computer-model’ result:

Figure D-1. Minerals from ECS calculation. They are very close to the R_ELM calculation.
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Below are the Sw, Por, perm from BH minerals from the deviated hole, using the BH Flex elements, to derive minerals: 

Figure D-2. Minerals from R_ELM calculation of the BH Flex data.
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The elements Al, Ca, Fe, Si, S, and K are input to the PDHC (output is labeled as ‘xxx_ECS’) and Robust Elm (output is labeled as 
‘xxx_R_ELM’) programs to output mineralogy, permeability, and grain density for porosity. In addition, calculate the Sw and porosity 
and validate outputs.

Figure D-3. Minerals from R_ELM calculation of the bh Flex data. Recall that the elements and minerals were from the straight hole, not from 
this deviated hole. Hence we don’t expect them to fit perfectly.
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Appendix E: Explanation of Sw coding

Step 1: Plot the Bound fluid volume for the R_ELM Track 1 and the ECS Track 2. Note that while the BFV is the same for both, 
the S_BFV is different because:

1.   The BFV is TPOR-CMFF_PRED. Note that the BFV is normally calculated used TCMR-CMFF, not TPOR-CMFF_PRED. 
CMFF_PRED is CMRP_3MS limited to not exceed effective porosity. Since the vertical resolution of the density log and the 
CMR log may be different, this limit is imposed. For the R_ELM and the ECS calculations, effective porosity is different. Hence 
the S_BFV is different. Code the S_BFV as an orange curve and fill with green for movable oil from left track to S_BFV.

Figure E-2. Step 2: add Swt and code from Swt to right with Blue1 
shading.

Figure E-2. Step 2: add Swt. The white space represents non-mobile 
fluids; note we are using the Ghanbarian model for formation Factor 
(Ref. 9).
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Figure E-4. Step 4, add Swb and code grey to the right track. Also 
add Swt to show that Swb is limited to Swt. Now complete, we 
can see there is no movable water as the clay water occupies what 
would have been mobile water. SW_DS_GAS can be added again 
but it has served its purpose already. However, we will add it to 
differentiate Swt below the Sw_DS_Gas with purple.

Figure E-3. Step 3 add SW_DS_GAS. This represents the non-
shaly formation Sw-irreducible.

Figure E-3. Step 3 Add Sw_DS_Gas and code left to S_BFV as 
olive to represent the immovable kerogen, bitumen and ‘unseen-by-
the-NMR-gas’. Code to the right as a plum-purple, to represent 
hydrocarbon in the small capillaries. If there was no clay, we would 
be finished. However, due to the presence of clay discussed earlier, 
we add Swb.
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Appendix F: Explanation of Porosity coding 

Image courtesy of Dr. Tristan Euzen.
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Figure F-1. Step 1: plot total porosity. Tracks 3 & 4, TPOR; SHADE GREY TO RIGHT to represent bound water.
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Figure F-2. Step 2: plot effective porosity, PHIE or EPOR, Tracks 3 & 4. Shade to right with blue to represent water trapped in capillaries.
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Figure F-3. Step 3: plot total porosity minus bulk volume of water, tracks 3 & 4, TPOR – BVW = HCPV. Shade plum to represent hydrocarbons 
trapped in the capillaries. For the moment, assume all HCPV is trapped.
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Figure F-4. Step 4: plot free porosity, Tracks 3 & 4, CMFF, and shade cyan as water in the free pore space. For the moment, assume all free 
porosity is water-filled.



CANADIAN WELL LOGGING SOCIETY

39

L
O

G
G

IN G   S OCIE
T

Y
 

Rt

Ro RwF

Sw

C
A

N

A D I A N  WEL
L

 

Figure F-5. Step 5, plot HCPV minus Capillary HC, tracks 3 &4; Shade green oil to right to represent mobile oil in larger pores. Now we have 
made a distinction about what fluid is in the free pore space: oil or water.
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Figure F-6. Step 6, plot HCPV minus capillary gas. Note the gas flags are different when theoretically they should be the same. It is due to two 
different programs that they come out to be different. When the gas flag is on, then the HCPV_CAPHC is changed to HCPV_CAPGAS (shaded 
red). Hence, the ECS calculation says more oil than the R_ELM. The correct answer from offset production is more gas than oil.
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Figure F-7. Step 7:, tracks 3 & 4, plot irreducible BVW from SW_DS_GAS*TPOR*multiplier, called BVW_CUTOFF. Shade green to left.
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Figure F-8. Step 8: tracks 3 & 4, plot BFV (bound fluid volume from NMR) and shade orange to the left. The BVW must be less than BFV for no 
water to be produced, which is the case for this well. In the next figure, the BVW is plotted on top of the BFV so it can be seen.
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Figure F-9. Step 9: plot BVW (bulk volume of water, Sw*TPOR); shade cyan from BVW left to BVW_CUTOFF to indicate water that would be 
free to produce in a non-shaly formation. However, having the NMR’s BFV (orange) limits the producible water if the BVW < BFV, then no water 
is producible. When water is producible, the blue H2O_BVW flag turns on. Compare porosity to the Sw plot and ensure they tell the same story. 
In this case they do. Note there is some blue in the Sw track. This is not producible water but simply the Sw curve from the 0.0254 m/step data 
plotted on 1:180 scale.
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Appendix G: Building the interpretation from Quick Look to Detailed

Figure G-1. Use the spreadsheet of Herron’s equations (Ref. 4) to provide a quick look pass, using the core for elements. 
This can also be achieved by using a strip log description of the mineralogy and calculate elements for input to this Excel 
spreadsheet. Note, the use of spreadsheet is to give a user a sense of the equations. The Quick Look model is a subset of 
the PDHC program.

Figure G-2. Result of first pass is shown next. Note there were no modifications made to the input data on this first pass. 
We simply want to see what it looks like before we modify. The notes on this plot (below) point out the modifications 
that are needed.
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Figure G-2. Result of first pass is shown above. Comparison of core/cuttings mineralogy to Pass 1 mineralogy shows shortcomings of the Pass 1.
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The carbonate was calculated as Ca / 0.4. But we saw from 
the Plot 1 that carbonate was too low. The reason it was too 
low is the dolomite portion is Ca / 0.22. So we estimate the 
combination of calcite and dolomite at Ca / 0.32 which is from 
Ca / 0.4 * ‘mult2’ or Ca / (0.4 * 0.8). We could also accomplish 
the same thing by ‘Mult3’ * (Ca / 0.4). The clay was too high 
compared to core so we multiply the clay by 0.5. The result is 
shown on the following page.

Figure G-3. Modify the carbonate and clay on the spreadsheet by adding two columns at the end.
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Figure G-4. Result of modification. We have the mineralogy pretty close. We now add another column for the SW_DS_GAS 
in Track 1, Figure G-5, next.
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Figure G-5. Result of modification by adding Sw_DS_Gas. Now we have more questions: is the yellow effective porosity going to produce water? 
Looking at the Sw plot, it appears it will. However we have clay, so what is the effect of the clay? Plot Swb.
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Figure G-6. Result of modification by adding Swb. A reminder on how Swb was calculated: all the clay was assumed to be illite. Looking at the 
core mineralogy this seems to be reasonable. Swb involves CEC, Qv, mol weight and a formula relating them, (0.22 + (0.084 / (Mol wt ^ 0.5))). 
But the Swb appears to be too high. So, now we have to do something better than this quick look method.
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With the addition of the CMR and LithoScanner we can refine the porosity and Sw. So we come full circle to the detailed interpre-
tation shown next.

Figure G7. Result of detailed interpretation, adding the NMR and Logs of elements plus applying some limits.
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Bottom Line: Using core/cuttings mineralogy, elemental cap-
ture spectroscopy and nuclear magnetic resonance results in 
a valid interpretation where the logs and the mineral anal-
ysis honour each other. This illustrates the method we call 
‘Petrophysics Designed to Honour Core’.

Appendix H: Summary of Techniques used:

1.   SP to convert a known Rw at one depth to a variable Rw 
for all depths.

2.   A crustal relationship noted by Dr. Susan Herron is that U 
= 0.3 * Th. This gives a quality check on the Uranium and 
Thorium curves. When there is excess Uranium, U - 0.3 * 
Th = Excess Uranium, then bitumen and/or kerogen may 
be the reason. Apparently the uranium was dissolved in the 
water when the oil/water was migrating. When migration 
stopped, the water was squeezed out and the uranium was 
left with the bitumen.

3.   m* and m_zero are derived from the Herron relationships.

4.   CEC = Sum (Wi * CECi)

5.   Surface area, SO = sum (Wi * SOi)

6.   Matrix density is derived from the Herron relationships. 
It is subsequently modified a small amount using the 
TOC in the output called RHOG_ECS. Matrix density 
modifies a large amount using TOC in the output called 
RHOG_KER_ECS. The term ‘ECS’ is used to denote 
the equations were derived for the ECS interpretation, 
primarily by the Herron’s.

7.   Bad hole is checked by comparing porosity-Wylie-sonic 
using 47.5 usec/f to porosity from the density log using 
2.71 g/c3.

8.   Predictions of curves from one well to another are accom-
plished using cluster in the GAMLS code.

9.   Pay flags are derived using the pay criteria in Appendix B.

10.   Swirr involves porosity and grain density.

11.   Sw_crit involves free fluid porosity.

12.   Sw_DS_Gas * porosity * multiplier is used to provide a 
BVW cutoff.

13.   Rt_Pay and RT_PayMultiplier are derived from Sw_DS_
Gas.

14.   Saturation of the bound fluid volume is used as a limit to 
determine what part of the water saturation is free and 
what is not free. S_BFV = BFV / Total porosity.

Most of the equations were not invented by the author but 
were gathered from other sources and put together into a pro-
gram called Petrophysics Designed to Honour Core (PDHC) 
written in Java by my son, Jamie Everett from my humongous 
Excel-generated spreadsheets.  References cited are the source 
of the equations’ authors. If we have omitted a reference please 
advise.  We are attempting to use, not plagiarize, the ideas of 
others in the spirit that they were made available through their 
publications. Equations in excel format or the ‘HerronPapers.
zip’ may be requested via Robert V Everett Petrophysics 
web site by email (at no charge) in the interest of promot-
ing the use of spectroscopy for interpretation.  All equations 
are explained, used, and taught in the annual ‘Petrophysics 
using Spectroscopy’ course presented in conjunction with 
the GeoConvention for CSPG/CSEG/CWLS.  Spectroscopy-
based interpretation methods were designed in the 1980s to 
replace Vshale methods to improve log-derived estimates of 
porosity, water saturation and permeability.  However, the 
methods are not yet generally available in commercial software 
packages.  The programs GAMLS and PDHC do have the 
methods and are available. We do not sell PDHC (there is a 
patent by Drs. Susan & Michael Herron with Schlumberger of 
Canada on their program) but do charge a maintenance fee to 
keep your software copy updated.   We are constantly updating 
and making it easier to use.  The author routinely uses the 
spectroscopy methods for all log interpretation.  Measured ele-
ments are preferable (LithoScannerTM, ECSTM, FLExTM, 
GEMTM). X-Ray Fluorescence (XRF), elements derived 
from QemScanTM and/or log-predicted elements are a second 
choice.  Predictions via clustering should be made from wells 
with measured elements in the same depositional environ-
ment.  Hence, at least one set of measured elements per field 
is the goal. The prediction method uses a mean and standard 
deviation, amongst other attributes, so there is necessarily 
some averaging/smoothing involved.  For high resolution, it is 
infinitely better to use measured values.
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For information on advertizing in the InSite, please 
contact:

Doug Kozak 
doug.kozak@halliburton.com  (403) 998-1966

Manuel Aboud
maboud@slb.com  (403) 990-0850

Discounts on business card advertisement for members.

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.

Exshaw Formation overlying the Palliser and overlain by the Banff 
formations, Goat Creek, Alberta.

Cardium Formation at Horseshoe Dam, Bow River, Alberta.

Photos courtesy of Per Kent Pedersen, Associate Professor, 
Department of Geoscience, University of Calgary
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