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From the President 

London Petrophysical Society: A Chapter of SPWLA www.lps.org.uk 

 

Dear Members and Friends of the LPS, 

  

As we enter the business end of August, with the familiar British Summer now in full swing, there will be 

a short pause in evening lectures and seminars before we gear up for our September seminar on AI and 

ML. This promises to be an engaging day with a diverse range of talks on a topic that is increasingly 

relevant not only within Petrophysics, but also the broader scientific landscape. 

  

You may have been able to listen to some or all of the presentations held over the last two online 

seminars about the energy transition. From the range of talks you will have seen how Petrophysics 

continues to feature in many of the technologies that will define the future of energy. Both seminars 

covered a diverse range of topics. It was great to have feedback from members appreciating them and 

commenting on how you found them informative and useful.  

 

We will continue to share information on our future events – we are still hoping to have face to face 

meetings again towards the end of this year. The Geological Society is slowly reopening its doors, so we 

are aiming to at least host the final seminar of the year there on the 9th December. 

  

While on the subject of the Geological Society, please find below a link to a debate held about the future 

of Burlington House and the societies based there. This is available from ParliamentTV 

  

It has been a while since we last published a newsletter, in part this has been due to the workloads of 

those committee members who volunteer their time, so we are very grateful to Ross Kerr who has 

returned to the committee to help with the newsletter. If you have ever thought about contributing your 

time to the LPS then please get in touch as we continue to have some positions available for anyone 

who is interested. There is some flexibility about the specific roles so if you ever fancied editing this 

newsletter or organising a seminar then go ahead and let me know. 

  

Best regards, 

  

Ian 

https://linkprotect.cudasvc.com/url?a=https%3a%2f%2feur01.safelinks.protection.outlook.com%2f%3furl%3dhttp%253A%252F%252Fparliamentlive.tv%252FCommons%26data%3d04%257C01%257Cchristina.marron%2540geolsoc.org.uk%257C36846e2a50fa47b6134108d925b20107%257C8793af05
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While we continue to host our events online, we would like to highlight that our calendar 

remains unchanged and that we are looking for speakers for our evening lectures and 

seminars. 

If you would like to participate or suggest someone, please do get in touch. 

The dates of the events are posted below for your reference. 

 

https://lps.org.uk/events/    

DATE EVENT COMMENT 

16-09-21 Seminar AI & ML in Petrophysics - Friend or Foe? 

12-10-21 Evening Lecture 

Source Rock Evaluation and Thermal Matura-
tion a Case Study using HAWK Pyrolysis Re-
sults from Middle Jurassic Najmah Formation 
in Qashaniyah Field, North Kuwait - Donata 
Scanavino, Baker Hughes. 

16-11-21  Evening Lecture AGM & off-topic talk 

09-12-21  Seminar Petrophysics for Geomodelling 

mailto:Rebecca.Holyer@uk.bp.com
https://lps.org.uk/events/
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Seminar  

Thursday 16th September 

 

On Thursday 16th September the LPS will be hosting an online all-day seminar focused on Artificial 

Intelligence & Machine Learning within Petrophysics. Look out for the confirmation of the full agenda 

on our website & LinkedIn page. 

https://lps.org.uk/events
https://www.linkedin.com/company/london-petrophysical-society-lps/
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Evening Lecture 

Tuesday 12th October 5:30-6:30pm 

On Tuesday 12th October, Donata Scanavino from Baker Hughes will be presenting the appli-

cation of advanced analysis techniques in Source Rock characterization. 

 

Full abstract below: 

Given current history moment and industry economical microclimate we have been looking to better ways on 

identifying how to effectively measure production insights and find a more cost effective solution to better 

evaluate return of investment (ROI). Mud gas data as well as cutting samples are available for the majority of 

the wells and an accurate analysis might play a key role on this.  

The primarily aim of this study is to evaluate Najmah formation on Qashaniyah Field (North East Kuwait) in 

QA-A well data with different advanced analysis techniques. Pyrolysis analysis on cutting from an Hydrocarbon 

Analyzer With Kinetics (HAWK) has been used to determine Vitrinite reflectance (%Ro), Thermal Maturity and 

Total Organic Content (TOC). These information have then been integrated with well Mud gas data in combina-

tion with inorganic geochemistry data from X-Ray Fluorescence (XRF), and X-Ray Diffraction (XRD).  

Najmah Formation is a tight, fractured formation predominately carbonates with abundant kerogen and bitu-

minous matter deposited during Middle Jurassic and with a quite huge spotted extension in Kuwait.  

This application has confirmed that Najmah’ organic matter has a quality that varies from good to excellent 

and the formation itself is capable to generate a significant amount of hydrocarbons and related ROI. Specifi-

cally the advanced cutting analysis have identified the organic matter types (gas prone as the HI is less than 

150) that is usually produced from kerogen (mixed type II and III).  

The Pyrolysis data have also been used to determine the formation thermal maturity of the QA-A well based on 

calibration of measured %Ro. Production index (PI) and Tmax against calculated %Ro has been utilized to ob-

tain a thermal maturity model. In addition to the thermal maturity in this case study we have being also look-

ing on how a calculated TOC from mud gas data logs looks compared to the measured TOC pyrolysis analysis 

in cuttings. This information is critical on evaluating how much is the mobile vs immobile hydrocarbon content 

present in the reservoir that in combination with the Organic matter maturity represent key component for 
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production evaluation.  

This case study gives an alternative cost effective and near real time solution in case of exploration and devel-

opment fields to validate best production process and protocols by using data and information that are usual-

ly collected during well operations.  
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• SPWLA Webinars:  

https://www.spwla.org/SPWLA/Events/Event_List/SPWLA/Events/EventListRoster.aspx?
DisplayAreaOptions=No&hkey=0e68d4af-78df-4ed2-8bd2-79ddc7cf4411 

• PESGB Virtual Events: 

https://www.pesgb.org.uk/upcoming-events/ 

 

 

 

https://lps.org.uk/#
https://lps.org.uk/#
https://www.pesgb.org.uk/upcoming-events/
https://lps.org.uk/#
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Dick Woodhouse Award 

 

The Dick Woodhouse Award to Young Professionals aims to encourage the pursuit of excel-

lence in young professional petrophysicists and other geoscientists involved in formation eval-

uation, and celebrates the outstanding contribution that Dick made to our industry during his 

45 year career. 

 

The annual prize consists of a trophy and a cash award of £1000. 

 

Applicants should be industry professionals with up to three years industry experience; or re-

searchers (but not MSc or PhD students as they are covered by the Iain Hillier award scheme). 

 

Full application and selection details are available from lps.org.uk or through VP External Liai-

son:  externalliaison@lps.org.uk 

lps.org.uk
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Dear members and friends of the LPS, 

As some of you may know, the Geological Society is being priced out of its home at Burlington 
House due to a steep increase in rent (>3000% since 2012).  

Although some of you may be members of the Geological Society, some may not be aware of 
all the charitable work it does, the support to academia, and all the great events it hosts.  The 
Geological Society also houses a fantastic library of geological works and maps, including Wil-
liam Smith’s 1815 map.   

The Geological Society at Burlington House has also been the host for LPS events for the last 
several years, so I’m sure many of you will have fond memories of fascinating talks, interesting 
seminars, networking in the library or catching up with old friends over a glass of wine in the 
Council Room! 

If the Geological Society is forced to move, many of the other societies that use the venue will 
have to find new homes too, such as the LPS. 

Please do what you can to support the Geological Society staying at Burlington House.  Firstly, 
we can raise awareness on social media, for example, please share their post on LinkedIn:  

https://www.linkedin.com/posts/geological-society-of-london_supportgsl-activity-6771036148207767552-pdjj   

Secondly, please see the Geol Soc website for more details on how to contact your MP or write 
a testimonial:  

https://www.geolsoc.org.uk/About/The-Geological-Society-and-Burlington-House/How-you-can-help  

Thanks for your support! 

Best wishes, 

Dawn Houliston, Past President 

 
 

https://www.linkedin.com/posts/geological-society-of-london_supportgsl-activity-6771036148207767552-pdjj
https://www.geolsoc.org.uk/About/The-Geological-Society-and-Burlington-House/How-you-can-help
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Introduction to Resistivity Principles for 
Formation Evaluation: A Tutorial Primer 

 

David Kennedy & Fredy Garcia’s tutorial was first published in Petrophysics in 2019 and is the 

first installment of the new ‘article series’ format of technical material published in the Newslet-

ter (see Call For Papers section).  Part 2 will feature in the next LPS Newsletter. 

 

A note from co-author David Kennedy: 

To readers of the LPS Newsletter, I bring up future work just so the LPS knows that I consider 

conductivity modeling a “work in progress” and the tutorial by Freddy Garcia and myself is not 

quite the last word. I mention this because I published a slightly different model which I called 

“pseudo-percolation threshold theory” (PPTT) in Petrophysics, 2007, with the title The Porosity-

Water Saturation-Conductivity Relationship: An Alternative to Archie's Model. Readers familiar with 

that model and its apparent inconsistency with the model presented in the tutorial would be 

rightly disturbed.  

I have thought about the conductivity of rocks off-and-on since 1973 when I was introduced to 

the conductivity-in-rocks problem as a young field engineer. I coauthored the first papers on 

this topic in 1993 and ’94 with my colleague David Herrick, based upon his ideas. We call this 

the Geometrical Factor Theory (GFT). However, I continued to wonder if there were not even 

more to this “story”, and my continued thinking resulted in the 2007 paper. The GFT model 

from the 90s and the 2007 PPTT model are subtly different suggesting that one of them had to 

be wrong. However, another possibility is that they are both special cases of a more general 

model. I have found a more general model and it will appear soon in a future publication and 

SPWLA short courses. This reconciliation of the GFT and PPTT models may be my final contribu-

tion to the subject as I am satisfied the unification the GFT model with the PPTT (Kennedy 2007) 

model. Any future thinking will be directed at applying this generalized model to the models of 

Waxman and Smits, and Clavier, Coates, and Dumanior (i.e., Dual Water). 

 
 



Introduction to Resistivity Principles for Formation Evaluation: A Tutorial Primer

David Kennedy1 and Fredy Garcia2

TUTORIAL

PROLOGUE

 The standard model for relating bulk formation 
resistivity to porosity and water saturation was introduced 
to the petroleum industry in 1941; it remains the industry 
standard to this day. The model was discovered empirically 
by means of graphical analysis. Basically, G.E. Archie 
discovered that when the logarithm of formation resistivity 
factor was plotted against the logarithm of porosity the 
resulting trend could be tted by a straight line. A similar 
relationship was discovered connecting the logarithms 
of resistivity index and water saturation. When these two 
power laws are combined into a single equation, it can be 
solved for water saturation (which is not observable from a 
borehole) in terms of bulk formation resistivity, interstitial 
brine resistivity, and porosity (all of which can be estimated 
from observations made in boreholes). This revolutionized 
log interpretation. There has always been a problem with 
the model in terms of its “explainability”. That is, it cannot 
be derived in any straightforward way from accepted 

rst principles of physics. It does not contradict any rst 
principle, but neither does it seem to follow ineluctably from 
them. However, since the model works, most formation 
evaluators have memorized the relationships that follow 
from the model and simply “get used to them”. That remains 
the situation to this day. However, there is a path around 
this obstacle to understanding formation resistivity at a 
fundamental level, and that way forward is to abandon the 
resistivity formulation in favor of its reciprocal, conductivity. 
It is surprising that such a seemingly trivial change could 
open a new vista into the relationships among formation 
electrical properties. A conductivity formulation permits the 
asking of questions about how a formation’s conductivity 
should respond to changes not only in brine conductivity, 
but also in the fractional amount of brine in a formation, and 
its geometrical con guration. By answering these questions 
in an obvious way, and with some analysis of data taken in 
the laboratory, an intuitively obvious model explaining bulk 
formation conductivity emerges. The model is not the same 
as the Archie model. However, when certain parameters are 
taken to their limiting values, and the model is converted 

1Texas A&M University, Department of Petroleum Engineering, david_kennedy@qed-petrophysics.com; david_kennedy@tamu.edu
2Ecopetrol S.A., Carrera 7 #32-42, 7th Floor, San Martin Building, Bogotá - Colombia; fredyru.garcia@ecopetrol.com.co

into resistivity space, Archie’s power law model is revealed 
as an approximation to the limiting cases. Thus, from the 
conductivity formulation, an intuitive understanding of the 
Archie model emerges. Moreover, the conductivity model 
can be derived in at least three different ways, each yielding 
different insights into formation conductivity.

INTRODUCTION

 This article is intended as a tutorial for novice formation 
evaluators. Our object is not to teach resistivity interpretation 
techniques, but to provide insight into the most commonly 
used model; namely, the Archie model for connecting the 
brine saturation of a porous rock to its bulk resistivity. 
Although our article is backed by the scholarship required of 
a Petrophysics article, the editor has granted us permission 
to withhold citations from the text (as in a textbook) in the 
interest of readability; we will supply a list of the references 
that we have used in the usual place following the end of 
the article. Also, we shall strive for clarity over brevity; if 
this means repeating ourselves, it is for pedagogical effect. 
(As has been said since Roman times, “Repetitio est mater 
studiorum”, repetition is the mother of learning.) Our 
target audience is practitioners of formation evaluation 
newly introduced to the subject. Our goal is that a serious 
student having worked through this article should have a 
clear understanding of why rocks conduct the way that they 
conduct based upon intuitively obvious rst principles, 
rather than a rote memorization. First principles can be 
stated verbally. An example from Isaac Newton would be 
“acceleration is proportional to applied force and inversely 
proportional to mass”. However, to be useful in analysis, 

rst principles must also be expressible as mathematics; 
e.g., a = F/m. A formula such as this is called a “model”; a
successful understanding of the physical world will be based
upon internalizing the rst principle (which should be, more
or less, obvious), not on memorizing a formula (which might
be complicated). The mathematical level required for a basic
understanding of the electric properties of rocks is at the level 
of secondary school algebra including the transformations
of powers to roots (and vice versa), and the relationships



between logarithms and exponents. 
 The literature, almost without exception, introduces 
the topic of formation resistivity with some variant of G.E. 
Archie’s model for water saturation. That is, the topic is 
introduced by citing relationships, such as

or

with little or no preamble and little or no discussion of the 
provenance of the formulas. This is to put the end of Archie’s 
own chain of reasoning at the beginning of an explanation. 
Archie himself eschews any discussion of physics or curve 

tting, but he at least describes the results of his trend analysis 
of the data that led him to this formulation by beginning at 
the beginning. We shall follow Archie’s example.
 Archie’s model is the oldest quantitative log interpretation 
technique; its literature begins in the 1940s. So it is expected 
that much has been written on resistivity interpretation since 
that time. As far as exposition is concerned two approaches 
are followed: (1) the equations of the Archie model are 
written down and justi ed as empirical discoveries without 
further explanation, or (2) the explanation begins with a cube 
or cylinder of conductive material and the Archie model is 
shown to be consistent with Ohm’s law. Even the literature 
that attempts to put the Archie model on a theoretical 
footing restricts itself to the use of Ohm’s law in terms of 
resistivity. The problem is that these methods do not explain 
the quirkiness of the Archie model. As we shall show in 
this article, the restriction of explanations to the “resistivity 
domain” prevents these efforts from achieving conceptual 
clarity. Suf ce to say, consulting the “usual” sources of 
information on formation resistivity—porosity—water 
saturation provides only a single, and incomplete, point of 
view.
 Archie’s 1942 seminal paper contains only six equations. 
A tutorial purporting to elucidate the electrical behavior of 
rocks should begin with an introduction to the Archie model 
and these six equations, and we shall do so. However, we 
urge the student to download the original Archie paper from 
the SPE; its copyright has expired and it is available without 
charge at OnePetro. Archie’s paper is often cited, but judging 
by claims attributed to Archie that he never made, seldom 
read. In the interest of good scholarship, if you should ever 
author an article that relies on Archie’s work, you should 
review what he says before you cite him. If you rely on 
formation evaluation folklore, or even the citations of other 
scholars, for information, you are likely to misattribute 
something to Archie.  

Archie’s Model 
 Archie’s model is based upon trends de ned by 
resistivity observations that he recorded in two gures in his 
1942 paper (see Fig. 1). These equations describe the trends 
suggested by Archie’s own, and four additional, datasets. 
Archie discovered that for the rocks which he studied the 
ratio of a rock’s bulk resistivity, R0, to its interstitial brine 
resistivity, Rw, is a constant, F, an invariant property of the 
rock. That is, R0/Rw = F; Archie expresses this as R0 = FRw 
in Archie Eq. (1). Archie dubs F the “formation resistivity 
factor.” The formation resistivity factor for different rock 
samples varies; Archie found by inspection of his plot 
of logarithm of F versus logarithm of porosity, , that the 
variation of F with porosity is described by the trend F = 1/ m 
(Archie’s Fig. 2 and Archie‘s Eq. (2)). Equating F in the 
de nition of formation resistivity factor with F from trend 
analysis, Archie discovered a relationship between bulk rock 
resistivity and porosity, R0 = Rw 

m (Archie’s Eq. (3)). (We 
note for our readers that Archie uses  to denote porosity; 
we substitute the modern convention and use  (introduced 
by Wyllie and Rose) in its script form . Another notational 
difference is Archie’s use of R and S where the modern 
conventions are Rt and Sw.)

Fig. 1—Archie’s gures de ning the trends F = 1/ m and I = 1/Sw
n that 

are the basis of his model and much of modern formation evaluation 
(modi ed from Archie, 1942)

 In addition, Archie analyzed four datasets available in 
literature published in the years 1936 through 1938. This is 
really an amazing contribution as the presentation of these 
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data in the four papers is very different; at rst glance they 
do not appear to be the same thing. Archie summarizes these 
data in a plot analogous to his formation resistivity factor-
porosity plot and bases his next observation on the trend 
followed by the four datasets in this plot. Archie writes his 
fourth equation (which is really two equations), Sw = (R0/Rt)

1/n 
and Rt = R0Sw

n (Archie’s Eq. (4)). The ratio Rt /R0 is now 
known as the “resistivity index”, although that term does not 
appear in Archie’s paper; nor does an equation I = Rt /R0 (now 
used as the de nition of resistivity index), nor does I = Sw

n, 
explicitly appear. Archie’s contribution here is to discover 
that the resistivity index is predicted by a power law of water 
saturation. Finally, noting that n = 2 approximately, Archie 
writes two additional versions his of Eq. (4) explicitly using 
a square root, viz., 

   (Archie’s Eq. (5) and (Archie’s Eq. (6)).

That is the full explanation of Archie’s contribution as he 
introduced it in 1941. It seems an obvious step given that 
he has written down Archie Eq. (4) as Rt = R0Sw

-n to then 
substitute Archie Eq. (3) R0 = Rw

-m to produce

the combined equation probably most cited today as the 
Archie “law”; but, it is a step Archie himself did not take. 
 It is worth noting that Archie did not coin, and does 
not use, the misnamed “cementation exponent” nor does he 
introduce the factor a, (also poorly named) now called the 
“tortuosity” factor. These misnomers are later inventions of 
others. Finally, Archie relies entirely upon trend analysis for 
his discovery. Archie offers neither physical explanations, 
nor derivations from rst principles. The questions raised 
in the minds of many who would study and use the Archie 
model, such as “why is it a power law?”, and “why are the 
exponents approximately equal to 2?” are not even asked, let 
alone answered.  
 Archie’s presentation to the AIME in Dallas was in the 
fall of 1941; by the time his paper appeared in 1942, the 
United States was at war and civilian research was largely 
moribund during the war years. When research resumed 
following the war, at least two publications attempted to 
explain the Archie law in terms of circuit theory principles 
framed in terms of resistance, but these were not really 

successful. The more sophisticated question of how to derive 
the Archie law from rst principles was not even asked for 
40 years following Archie’s 1941 presentation. 
 Pabitra Sen was among the rst, if not the rst, to ask this 
question in the literature. His 1980 SPE conference paper, 
The Dielectric and Conductivity Response of Sedimentary 
Rocks, includes a section entitled “Derivation of Archie’s law 
from First Principles.” Although this indicates that, 39 years 
following Archie’s introduction of resistivity interpretation, 
an interest in this topic was emerging among researchers, the 
“ rst principle” that Sen refers to is an “effective-medium 
theory” formula that many researchers would not elevate to 
a “ rst principle”, and the “Archie law,” which he derives 
has an exponent of 3/2; this is 1/2 too small to qualify as 
applying to most Archie reservoir rocks with exponents 
close to 2.
 To make progress in intuitively understanding the 
physical basis of the Archie model the resistivity formulation 
of the problem must be abandoned in favor of a formulation 
based upon conductivity. This might sound like a trivial 
change in point of view, but it turns out to make this 
seemingly intractable problem as simple as it should be. 
 A nal word is to be said before leaving the discussion 
of Archie’s model. Our intention here is not to disparage 
Archie or his model. His model is robust for the rocks where 
it is applicable and has been in use every day for over 75 
years, including by your authors. Few artifacts or ideas from 
1941 are still in use without modi cation today; Archie’s 
law is a survivor and as a practical matter is unlikely to 
be supplanted any time soon, if ever. However, in order to 
really understand why it works, it is necessary to step out of 
the “resistivity domain” and into the “conductivity domain”. 
We shall now take this step.

Conductivity in Brine-Saturated Archie Rocks
 The paragraphs to follow will show that it is possible 
to predict the electrical behavior of a certain class of rocks 
known as “Archie rocks” from a set of (perhaps arguable) 
self-evident rst principles. Due to its empirical nature, 
Archie’s model best describes only these Archie rocks; 
so, although the log-derived uid saturation model under 
this approximation is uncertain in many cases, it has been 
historically applied to almost every kind of rock, with mixed 
success. This method of evaluation has been universally 
accepted mainly due to a lack of serviceable alternatives. 
The attributes of Archie and non-Archie rocks are listed in 
Table 1.

Introduction to Resistivity Principles for Formation Evaluation: A Tutorial Primer
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Table 1—Effect of Pore Geometry on Electrical Rock Type

 Archie formulated his analysis in terms of resistivity. 
This was a natural consequence of well logs being recorded 
in terms of resistivity, and measurements on core plugs 
also being reported in terms of resistivity. However, and 
unfortunately, the resistivity formulation of the electrical 
behavior of rocks does not lend itself to an intuitive grasp of 
the relationships involved. 
 The empirical nature of Archie’s equation and any 
ambiguity associated with it can be avoided by using a 
relatively simple, straightforward and general approach 
to understanding the conductivity of rocks. It is founded 
upon an analysis of the geometrical con guration of the 
conducting brine in the rock. Based on this premise, the 
internal architecture of the rock can be explained by the 
introduction of an explicit geometrical factor, E0. 
 Reformulated in terms of conductivity, the relationships 
become, if not trivial, at least possible to grasp with a 
minimum of mental effort. We begin by stating our premises. 
A brine-saturated Archie rock comprises two phases: 
nonconducting mineral grains and conducting brine with 
conductivity w. By de nition, for Archie rocks, all of the 
bulk rock conduction is due to the conducting brine in the 
void space between the mineral grains.
 We now assert three principles regarding the bulk 
conductivity of an Archie rock. The conductivity model rests 
upon these principles.

 The bulk conductivity, 0, of an Archie rock (or similar 
medium) is proportional to:

I. Conductivity of the brine w, 0  w

II. Amount (i.e., fractional volume) of brine (for constant 
pore geometry) ,   0  

III. Geometry of brine as expressed by a function of pore
geometry E0,    0  E0

 This could be taken as a reasonable, almost self-evident, 
working hypothesis. However, we call this a “theorem” 
because it is capable of proof (or is falsi able if the proof 
can be found to be in error). The proof is:
 Proposition (I) is taken as axiomatically self-evident. 
If the conductivity of pore- lling brine in an Archie rock 
is doubled (or halved), the bulk conductivity of the rock is 
concomitantly doubled (or halved). The same would be true 
for any fractional change in brine conductivity producing the 
same fractional change in bulk rock conductivity.
 Proposition (II) requires a demonstration of its meaning 
for clari cation, especially for readers conditioned by prior 
exposure to the Archie model to regard bulk conductivity as 
being approximately proportional to 2. Consider the model 
core plug containing the single sinuous channel, as shown in 
the upper panel of Fig. 2. The core plug will exhibit a bulk 
conductivity. Next, consider the similar core plug in the lower 
panel which is identical to the plug in the upper panel except 
that the sinuous channel is duplicated. The dimensions and 
shape of the second sinuous channel are exactly the same as 
the dimensions and shape of the rst. This is the meaning 
of “constant pore geometry.” Obviously, the porosity and 
bulk conductivity of the plug in the lower panel are double 
the porosity and bulk conductivity of the plug in the upper 
panel. The reader might well object that these plugs are very 
“unrocklike” in their geometry. To answer this objection, the 

ve-core-plug model of Fig. 3 is introduced, and explained 
in its caption. The conclusion with this more rocklike model 
is the same as with the sinuous channel model, and also 
validates Proposition (II). 

Introduction to Resistivity Principles for Formation Evaluation: A Tutorial Primer
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Fig. 2—In the upper panel a core plug is modeled as a cylinder with 
the plug outer dimensions area A and length l, and the void space, or 
porosity contained in a single sinuous tube of constant cross-sectional 
area A1 and length l1. In the lower panel the sinuous tube is duplicated, 
which doubles both the porosity and the bulk conductivity of the core 
plug while the pore geometry is held constant.

Fig. 3—Consider a model based upon two quarter-cylinders cut from 
two core plugs taken in Archie rocks, one with zero porosity and the 
other with 30% porosity. Next imagine that these two quarter-cylinders 
are replicated so that there are four of each kind. The pore systems 
within the quarter cylinders are the pore systems of the original rock. 
Now imagine putting these cylinders together in ve con gurations 
having composite porosities of 0, 7.5, 15, 22.5, and 30% porosity. Our 
claim is that the conductivities of these rocklike cylinders will vary in 
direct proportion to (i.e., to the rst power of) the porosity.

 Proposition (III) is also trivially self-evident if 
“unrocklike” geometrical distributions of the void- lling 
brine are permitted. The limiting cases are two: there is no 
end-to-end connection of the brine, in which case the bulk 
rock conductivity is zero; or, the brine occupies a cylindrical 

tube extending end-to-end through the core plug, in which 
case the bulk conductivity is a maximum (equal to max = w  
as will be shown below). For distributions of brine in an 
(actual) Archie rock, a more detailed development will lead 
to a functional form for the geometrical factor E0.
 In the rst place, the reader will note that bulk rock 
conductivity cannot be less than zero or more than the 
maximum conductivity permitted by the amount of brine 
available (i.e., max = w ). This means that the range allowed 
for E0 must be 0  E0  1. Since a detailed description of a 
bulk rock sample containing tens of thousands to millions 
of pores and pore throats will be forever intractable, direct 
computation of E0 except, perhaps, for very small samples, 
is impractical. However, note that all of the quantities in the 
triple-product formula except E0 are measurable, and that 
when Eq. 1 is solved for E0, it is computable by means of

(2)

 So, E0 is computable for any single real core plug. Since 
0 can vary from 0 to max =  w , the limiting conditions 

0  E0  1 are satis ed. 
 E0 is the ratio of a rock’s actual conductivity, 0, to its 
theoretical maximum conductivity if all of its brine were to 
be collected into a single through-going cylindrical tube, 

w . This ratio thus measures the “electrical ef ciency” of 
the brine phase of the rock and the notation for it is chosen 
partly in view of this fact. 
 From Eq. 2 an interesting observation follows. We have  

0/ w = E0=1/F or, equivalently F=1/( E0) = (1/ ).(1/E0). This
shows that a plot of F versus  is equivalent to the product 
of two plots: a plot of 1/  versus  multiplied by a plot of 1/E0 
versus . Plotting 1/  versus  on log-log paper will result 
in a straight line with slope 1. This amounts to a built-in 
correlation in every F versus  plot. Obviously, there is no 
information regarding the rock in a 1/  versus  plot, so it 
is the remaining plot of E0 versus  that contains all of the 
pore geometric information. Since the slope of the product 
F versus  is approximately 2, this suggests that the slope 
of 1/E0 versus  will also be approximately 1, or E0  . In 
other words, to eliminate the in uence of porosity from F, 
it must be multiplied by . That is to say, a plot of F = 1/E0 
versus  would remove the in uence of porosity from the 
plot, leaving only the in uence of pore geometry. It is the 
built-in correlation of 1/  versus , together with 1/E0  1/ , 
that produces m  2; i.e., about half of the slope value m 
(when m  2) is due to correlating 1/  with !
 Since E0 is a pore geometric factor, to proceed further 
it must be determined how E0 varies with porosity. Since in 
real rocks (as opposed to models; e.g., the sinuous tube) pore 
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geometry and porosity must vary concomitantly, we propose 
to observe how E0 varies with porosity. Conductivity of the 
bulk rock should vary with cross-sectional area of the void 
space perpendicular to current ow direction. Expressed as 
a fraction of the total cross-sectional area of a rock sample, 
this is proportional to porosity. Given an ensemble of core 
plugs over a range of porosity, a correlation of the pore 
geometrical factor and porosity can be obtained. To illustrate 
this process, we apply the suggested procedure to Archie’s 
Nacatoch sandstone data. The results are shown in Fig. 4.

Fig. 4—The data in this gure is from Archie’s Fig. (2) (see Fig. 1 in 
this tutorial) for the Nacatoch sandstone. It is converted to E0 using 
Eq. 2; E0 = 1/(F ). Note that the trend is linear, and that the slope is 
approximately 1 and the intercept approximately zero. Also note that 
the three points “northwest” of the main grouping of data are somehow 
different from the other data, probably taken in a different kind of rock, 
perhaps with fractures parallel to the direction of current ow. If these 
three points (out of 74) are omitted, the slope of trend is even closer to 
1 (1.0336) and the intercept closer to zero ( 0.0112) with a coef cient of 
determination R2 = 0.7633. 

 From the results in Fig. 4, E0 is correlated to porosity by 
E0=a0  + b0. Note that a0  1 and b0  0. These approximate 
values for a0 and b0 hold not only for Archie’s Nacatoch 
sandstone dataset, but are present in all of the Archie rock 
datasets observed to date. 
 Our plot indicates that E0 approximately equals porosity. 
This is interesting since it establishes that, for example, 
for a rock specimen with 20% porosity only about 20% of 
the bulk porous medium conducts most of the electrical 
current, regardless that in an Archie rock the total porosity 
is interconnected. With increasing porosity transmissibility 
increases and tortuosity decreases making the rock an 
increasingly ef cient conductor.

 To summarize, we have the triple-product theorem 
0 = w E0 and the observation that E0=a0  + b0. Combining 

these results yields 0 = w (a0  + b0)= w (a0
2 + b0 ) w

2. 
For comparison, Archie’s model in conductivity terms 
expresses this relationship as 0 = w

m with m  2. Archie’s 
model is based upon a trend analysis of resistivity-porosity 
data uninformed by any physics. We have shown that, 
expressed in conductivity terms and speci cally accounting 
for a geometrical factor at the outset, a formula similar to 
the Archie model emerges from three proportionalities that 
bulk rock conductivity must obey, and the discovery by 
observation the relationship between pore geometry and 
porosity is linear in Archie rocks. With this new insight, it 
is readily seen why Archie’s m must  2 (i.e., a0

2 + b0   m 
where the single adjustable parameter m must account for 
the same variation found in the two parameters a0  1 and 
b0  0 with the exponent on the a0 term being exactly 2). If 
that is considered a mystery solved, it introduces the new 
mystery of why a0  1 and b0  0. This question is further 
elaborated in the discussion section.

We have already mentioned that

(3)

 This illustrates a de ciency of the Archie model in 
that the formation resistivity factor combines the effects of 
pore geometry and porosity. In sympathy with Archie and 
other pioneers working with a resistivity formulation for 
the electrical properties of rocks, R0 = FRw seems to be a 
perfectly rational approach to the problem. However, in this 
formulation it is not obvious how F can be broken into a 
factor dependent upon porosity and another factor dependent 
on pore geometry. Indeed, nothing in the resistivity domain 
even prompts the question. However, formulated in the 
conductivity domain in terms of our three rst principles, 
porosity and pore geometry are introduced as separate factors 
a priori, before any data is examined. Thus 0 = w E0 and it 
is noticed subsequently that a formation conductivity factor 
can be de ned as f = E0 = 1/F in terms of reciprocal F. So, 
it is recognized that 0 = f w in the conductivity domain is 
the equivalent of R0 = FRw in the resistivity domain. Viewed 
from the resistivity domain it is hard to see how the leap to 
an explicit pore geometry factor can be made, and indeed, it 
never has been.
 As a nal observation, writing the Archie model in 
terms of conductivity, 0 = w

m, we know that the left 
side of the formula (i.e., bulk conductivity) depends upon 
pore geometry. However, on the right side neither w nor  
depend upon pore geometry. By process of elimination, the 
pore geometry must therefore be contained in m. This has 
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been known for a long time, but it is not quite the whole 
story. Factoring the Archie model into the triple product 
theorem terms, 0 = w

m = w
m-1 = w E0. The term-by-

term comparison sets the geometrical factor to E0 = m-1 
suggesting that there is more to the geometrical factor in the 
Archie model than m alone can account for. 
 To summarize the main idea introduced to this point, the 
bulk conductivity of a brine-saturated Archie rock depends 
only on properties of the brine. Bulk rock conductivity is 
proportional to: (I) conductivity of the brine; (II) amount 
(or fractional volume) of the brine; (III) the geometrical 
con guration of the brine determined by pore geometry. 
Obviously, pore geometry must vary as porosity varies. It is 
observed that the postulated geometrical factor is correlated 
with porosity, and expressible as a linear function of 
porosity.
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A message from the LPS Executive Committee:  
 

 

Call for LPS Newsletter Articles 
 

 
We would like to invite members and friends of the LPS to submit technical articles for 

future editions of the LPS Newsletter.  
 
The LPS Newsletter welcomes submissions in a range of flexible formats such as a short story/
article/announcement that fall within the following structures:  
 
• Technical Innovation News:  The LPS will include a section specifically allocated to short, 

topical, innovation-oriented news.  This can be a paragraph or an extended abstract format 
to share with the community newly developed methods, tools, and newly registered 
patents.  The objective is to disseminate the information to all interested parties within the 
LPS community and beyond. Innovation encompasses new designs or methods, with the 
ultimate objectives of better solutions to meeting needs, or realising a goal in a new 
technique. The innovations are key to providing industrial and academic teams with a 
competitive edge, and part of the process of innovation is to make end users and 
competitors aware of what is new.  The LPS would like to contribute to promoting 
innovative ideas and processes through the newsletter communication. 

• Major Articles: In depth articles discussing topics of interest.  Such articles can involve a 
review of a particular subject or can address and discuss a specific method, tool, or an 
academic study finding.  For example, articles may discuss the implementation experiences, 
implementation efforts of a tool or a method, and uncertainties in the outcome and areas 
for improvements 

• Short Notes Articles: These can be preliminary findings of academic and industrial R&D 
projects related to petrophysics, rock physics and rock mechanics.  These short notes can 
be in the format of an extended abstract. 

• Educational Material:  This may include introducing a topical subject to the wider 
community.  For example, there is a lot of discussions on Artificial Intelligence application in 
geosciences including petrophysics, rock physics etc.  An article that describes the basic 
principles, historical background and current state of the art and challenges would be 
appropriate and timely.   

• Article Series: This is a new addition to the LPS newsletter and will take the form of a series 
of articles or educational pieces that are too long for individual editions and will appear 
across multiple newsletters. 

 
The contribution formats 
Articles should be submitted in Word format and with embedded figures.   
Word count:  

Technical Innovation News:  up to 500 words, and up to 4 figures/illustrations  
Major Articles: up to 3000 words and up to 15 figures/illustrations 
Short Notes Articles: up to 1500 words and 8 figures/illustrations 
Educational Material: up to 3000 words and up to 15 figures/illustrations 
Article Series: up to ~15,000 words and up to ~50 figures/illustrations 
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Why publish in the LPS Newsletter?  
Articles submitted to the newsletter will benefit from rapid publication and flexible format.  
Furthermore, sharing technical innovation news give the inventors/service providers/
researchers the exposure to potential end users and help in completing the innovation process 
into implementation and testing opportunities. 
 
The deadline  
Contributions should be sent to the LPS Technical Editor by email.  Articles will be published 
on first come first serve basis subject to suitability of the article and readiness for publication 
with no editorial issues.    
 
Frequency of publication 
Accepted contribution for publications will be published in the monthly LPS newsletter. 
  
The license and copyright 
By submitting a contribution to the newsletter, you agree that the text which appears in the 
newsletter will be publicly available. 

How to submit? 
To submit a contribution to the newsletter please send your material at the first instance in a 
compressed pdf file format to the Technical Editor of the LPS:  CHANGE  
 
All submitted material should have the full names and affiliation and contact details for the 
authors with an indication as to who is the corresponding author.   
 
It is the responsibility of the author to get permission for the publication of material from their 
organization and third parties.  LPS assumes that such permission is obtained before the 
material is submitted. 
 
Commerciality should be avoided, and while preparing the material for publication the author 
should avoid any offense to others. 
 
Templates for articles will be available on request from potential contributors. 
 
Contact for queries/clarifications: 
If you have further information/queries please contact: 
Ross Kerr, Newsletter Editor: ross.kerr@rmjk-petrophysics.com 
 
 
 
 



 
SPWLA Membership 
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SPWLA has played a major global role in strengthening petrophysical education and strives to 
increase the awareness of the role petrophysics has in the oil and gas industry and the scien-
tific community.  
 
The LPS is a chapter of SPWLA and we encourage you all to become members of our parent or-
ganisation and join the "Home" for Formation Evaluation and Petrophysics. 
 
Remember that professional and student membership has many benefits including: 
 
• The Petrophysics Journal  

• The new  SPWLA Newsletter magazine 

• Access to online literature resource 

• Discounted registration for two "Topical Conferences" each year 

• Access to monthly Webinars 

• Access to and use of training facilities located in Houston 

• Discounted registration for the Annual Symposium and its associated short courses 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SPWLA voting! 
If you are a member of the SPWLA, you should have received an email inviting you to vote in 
elections for the Board of Directors for 2021-2022/23. 
Please see full biographies and position statements here: https://www.spwla.org/documents/
Announcement/Bio_and_Position_Statements_21-22.23.pdf  
The LPS does not have recommendations on how you should vote, but hopefully you will rec-
ognise a few names and faces.  We would encourage our members to be actively involved in 
choosing the SPWLA board, so please remember to vote. 



 
LPS Committee 2021 

London Petrophysical Society: A Chapter of SPWLA www.lps.org.uk 
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