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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,

Now that the clocks have changed, it will soon be time for the LPS AGM. As was required last 
year, our AGM will again be held online, on Tues 16th November. Please see details on our 
website for how to register. This is your opportunity as members to listen to the health of the 
LPS and to be able to vote on the running of the society.  We ask you to attend so you can 
guide the running of the society and to show appreciation to the volunteers on the 
committee. 

The AGM will be followed by a talk from Ørsted – ‘An Introduction to Site Investigation within 
Offshore Windfarm development’. We normally choose an off topic talk for the AGM, but in 
this instance, you will hear how geoscience, including petrophysics, is needed in the 
development of a windfarm.

We are looking forward to returning to the Geological Society for the final seminar of the year 
on the 9th December. At the moment it looks like we will be able to host a near “normal” 
event, and the seminar will be followed by the President’s Evening in the King’s Head. The 
President’s Evening is open to all members and will be free to attend. More details to follow 
as these events get closer, and we hope to see you there.

Best regards,
Ian



Upcoming LPS Events 

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

We are pleased to announce that our December seminar will take place, at the Geological 

Society, Burlington House & will be followed by the President’s Evening at the nearby The King’s 

Head  pub. 

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 

16-11-21  Evening Lecture/AGM 

AGM & off-topic talk: An Introduction to Site 
Investigation within Offshore Windfarm de-
velopment 

Alexander Smith & Niels Christian Høegh, Ør-
sted  

09-12-21
 Seminar & Presidents 
Evening 

Petrophysics for Geomodelling 

mailto:Rebecca.Holyer@uk.bp.com
https://lps.org.uk/events/
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Upcoming LPS Events 

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

AGM & Evening Lecture

Tuesday 16th November 5:30-7:00pm

On Thursday 9th December The LPS will be holding the AGM followed by the annual off-topic 

talk at 6pm. This year we are pleased to welcome Alexander Smith & Niels Chistian Høegh from 

Ørsted who will be talking about site investigation within offshore wind: 

Title: An Introduction to Site Investigation within Offshore Windfarm development 

Abstract: Our business counts three entities: Offshore, Onshore and Markets & Bioenergy. We’re the 

world leader in offshore wind. This means that we now supply green power for more than 15 million 

people. Our ambition is to increase this figure to 30 million by 2025. Our market-leading position has 

enabled us to reduce the costs of renewable energy, so new markets and investors can see the huge 

potential of offshore wind as a more profitable, efficient and sustainable alternative to fossil fuels. 

Ørsted’s Site Investigation team help fulfil this ambition by providing essential site information for all 

stages of world-class sustainable offshore projects. The team comprises Geologists, Geophysicists, 

Petrophysicists, Data and Geotechnical Engineers. The development of wind farm assets from recon-

naissance and site investigation to construction and operation will be presented with a focus on site 

investigation. This will include geophysical and geotechnical data acquisition and interpretation 

methods used to engineer the placement of wind turbines, subsea cables and related infrastructure. 

If you wish to attend this virtual event please register for FREE using the link below:

https://lps.org.uk/events/evening-lecture-tbc-16th-november-2021/

https://lps.org.uk/events/evening-lecture-tbc-16th-november-2021/


Other Events 

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

• 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/#


External Liaison News 

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

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 www.lps.org.uk/student-and-university-

support/dick-woodhouse-award/ or through VP External Liaison:  externalliaison@lps.org.uk 

http://www.lps.org.uk/student-and-university-support/dick-woodhouse-award/
http://www.lps.org.uk/student-and-university-support/dick-woodhouse-award/


Technical Article Series 

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

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).  The following article is the concluding part of this technical ar-

ticle series. Please see the August edition of the newsletter for Part 1. 

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). 



Conductivity in Hydrocarbon-Bearing Archie Rocks
 Archie rocks are water-wet. When (nonconducting) 
hydrocarbon displaces brine in an Archie rock, it moves 
into the “centers” of the pores and pore throats. A film of 
conducting brine will remain on the mineral grain surfaces 
in the rock. The things that change with the emplacement 
of hydrocarbons are the amount of brine (which is reduced) 
and the geometry of the brine (which presumably becomes 
more complicated or, at least, is changed). The reduced 
amount of brine is accounted for using a coefficient, Sw, to 
express the reduction from the maximum amount of brine, 
φ, so Swφ gives the fraction of brine in the bulk rock. The 
change in brine geometry is accounted for by an additional 
geometrical factor, et. Thus, σ0 = σwφE0 is modified to

(4)

where Et = E0et gives the geometrical factor for the partially 
hydrocarbon-saturated Archie rock. Note that this retains 
the form of, indeed is a more general form for, the triple-
product theorem. No new proof or additional argumentation 
is required. The amount of brine is reduced and its geometry 
is changed, but that is all. In this case σt, σw, and Swφ are 
known from measurements. Et is determined from

(5)

 When Et is determined for an ensemble of core plugs 
over a range of Swφ, the trend suggested has always been 
observed to be linear, described by

(6)

 Substituting this observed trend into the triple-product 
theorem, σt = σw (Swφ)Et, yields

(7)

this beautiful quadratic equation in Swφ has flowed naturally 
from our three first principles. The solution for Sw is 
elementary:

(8)

 In the case of Eq. 6, from observation it is not necessarily 
true that αt  1 and βt  0. However, assuming that this is so, 
the equation reduces to

(9)

which is the Archie model with m = n = 2. This article began 
with this same equation and the observation that the Archie 
model for the electrical behavior of rocks is often introduced 
using this equation, and the further observation that no 
physical explanation for the relationship is forthcoming 
in those presentations. Even when the Archie model is 
introduced as

(10)

there is no physical explanation as to why the conducting 
phase, Swφ should be broken into two factors and each given 
its own, potentially different, exponent. We can ask how, 
physically, would this make sense?
 Of course, the actual explanation of the need for, and 
use of, two distinct exponents is that the porosity exponent, 
m, in the Archie model is determined in an experiment 
using a number of brine-saturated core plugs in one plot, 
while the saturation exponent, n, is determined in a different 
experiment (or a series of experiments, one for each core 
plug) where brine saturation is varied from Sw = 1.0 to 
values as low as possible in the experiment. The observation 
that for many of these determinations that frequently m  n 
 2 is fairly strong evidence in favor of the triple-product 
theorem’s correctness since it accounts for the observation 
in a natural way.
 As you might imagine, there is a great deal of additional 
interesting and informative and perhaps controversial 
discussion that could follow on this topic. However, 
our object of providing a basic introduction to electrical 
properties of rocks has been met. This article is aimed at 
new students of formation evaluation. In their mind’s eye, 

Introduction to Resistivity Principles for Formation Evaluation: A Tutorial Primer
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if the student can visualize that the bulk rock conductivity 
depends upon three properties of the interstitial brine, its 
conductivity, its amount, and its geometry (this much is 
pure logic) and also remember that it is observed that the 
geometrical factor is approximately equal to the fractional 
brine volume, then it is easy to write out

(11)

from which, by elementary algebra, distributing the exponent 
and substituting the Archie parameters for 2, then

(12)

recovering Archie’s resistivity model. Then follow all of 
Archie’s results; viz.:

(13)

 We shall continue in the next section by showing that 
the results above are consistent with more conventional 
methods of derivation.  

Triple-Product Theorem from Ohm’s Law and Circuit 
Theory
 In its role as a tutorial targeted at novice formation 
evaluators it will be interesting to visit some topics of 
perennial interest in petrophysics and formation evaluation. 
Let us begin with a derivation of the triple-product formula 
from Ohm’s law. In our derivation using Ohm’s law, in 
deference to the customary notation used in electrical 
engineering, we shall let R denote resistance and ρ denote 
resistivity. Ohm formulated his law in terms of electrical 
circuits. His voltage sources were bimetal junction 
thermocouples of known potential; he measured current with 
a galvanometer. His circuit elements were “standard” wires 
of fixed material and diameter whose resistance varied with 
the length of the wire. He announced his result in a formula 
relating current to the ratio of voltage and resistance; i.e., 
I = V/R in modern notation. A more modern formulation is 
R = V/I which indicates that the current through a circuit 
element known as a resistor adjusts in reaction to the applied 
voltage so that the ratio remains a constant, R, dependent on 
the electrical properties and geometry of the material. This 
relationship is typically expressed as R = ρl/A where ρ is the 

resistivity of the material formed in a cylinder or prism of 
length l and cross-sectional area A. Ohm published in 1827 
(100 years before the first well log was acquired). However, 
to determine ρ for a material one first constructs the cylinder 
of known geometry and then measures V and I with a 
voltmeter and an ammeter from which follows ρ = V/I × A/l. 
The point is that use of resistance and resistivity is an 
accident of history, the result of an arbitrary choice, and is in 
no way fundamental. In an alternative universe Ohm might 
have written

(14)

where g is the electrical engineer’s notation for conductance 
and σ is the physicist’s notation for conductivity. Referring 
to Fig. 5, for the core plug having volume 𝜈 =Al containing 
the single sinuous tube pore of cross-sectional area A1 and 
length l1, the measured voltage drop and current would be 
exactly the same for both cases; only the dimensions of the 
conductor vary. So, equating the conductance of the bulk 
medium (i.e., the core plug) and the sinuous channel, g0 = g1 
and substituting the conductivity expressions, then

(15)

and this is solved for the equivalent conductivity of the core 
plug as

(16)

Fig. 5—The triple-product model can be derived from Ohm’s law by 
equating the conductance of the sinuous channel to the conductance of 
the model plug, substituting for conductivity and geometry, and solving 
for the model plug equivalent conductivity and grouping terms into brine 
conductivity, fractional brine volume, and geometric factors.
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 The quantity in the denominator is recognized as the 
definition of tortuosity, 𝜏. In a rock-model where the void 
space is collected into a single through-going cylinder, the 
porosity is expressible as φ = A1/A where A1 is the area of the 
through-going cylinder, or A1 = φA. In actual rocks the area 
exposed in cross section is not equal to the area of the cross 
section of the through-going cylinder, but is proportional to 
it since the exposed void space in a random cross section of 
an Archie rock will be less than the area of the through-going 
cylinder. This is expressed as A1 =αφA where 0≤α≤1. We 
call α transmissibility. Thus

(17)

which upon cancelation of the A terms, and grouping the 
other terms becomes

(18)

Note that this expression has the form of the triple-product 
theorem if the geometrical factor is defined as 

(19)

Since E0 is by definition a geometrical factor, and since 
α/𝜏 is a function of ratios of areas and lengths, it seems the 
requirements of the triple-product theorem are met. Thus

(20)

or reordering the factors on the right side, σ0 = σwφE0. The 
triple-product theorem is thus consistent with (and can be 
derived using) Ohm’s law from circuit theory. 
 The form E0 = α/𝜏 invites some discussion. The 
factorHFJDKKAS, where GHK is the average tortuosity 
of the medium, by its definition is  1. The parameter 
α describes the “transmissibility” of the pore system to 
electrical current, and is also a number  1. Thus, E0 is  1. 
However, we also have from observation that E0 = a0 j + b0. 
Thus

(21)

 In most formulations all of the reduction in conductivity 
(increase in resistivity) due to the presence of mineral grains 
in the brine has been attributed to the tortuosity term; the 
transmissibility term has been ignored even in publications 
where its existence is explicitly acknowledged (e.g., Wyllie 

and Rose,1950; Winsauer et al., 1952). Putting all of the 
reduction in conductance in the tortuosity term tends to 
give it a misleadingly large value. However, there is ample 
evidence that tortuosity in Archie rocks should not be, and 
in fact is not, a large number but in the neighborhood of 2 or 
less. Thus if

(22)

then the transmissibility is on the order of 𝜏φ. 
 To conclude this discussion, we make good on our 
promise to show that σmax = σw φ. We noted in our derivation 
of the triple-product theorem from Ohm’s law that 
σ0 = (A1/A/l1/l)σw where A1 is the cross-sectional area of a 
sinuous tube of length l1 embedded in a cylinder of cross-
sectional area A and length l. The denominator represents 
tortuosity, a number 𝜏 > 1; however, in the limit l1  l, that 
is, as the sinuous tube becomes straight, then 𝜏  1 and the 
right side approaches A1/A ≡ φ ≥ (A1/A)/(l1/l). Thus, σ0→φσw 
is the maximum value that the bulk conductivity can assume.

Connections to Percolation Theory
 Solid-state physicists commenced the study of 
conductivity of alloys and mixtures of materials at the 
atomic level in support of the development of transistors 
and integrated circuits in the 1950s. In mixtures of 
equidimensional conductive and nonconductive spheres they 
found there is a definite ratio of conducting to nonconducting 
spheres at which conduction commences. They dubbed the 
value of this ratio the “percolation threshold.” For spheres, 
conduction begins when the ratio of conducting spheres to 
total spheres is, roughly, 1:3. In the 1970s geophysicists 
studying the conductivity of the whole earth applied 
percolation theory to geophysical systems, first publishing 
the formula

(23)

where r  2. (We have modified the notation from the original 
article to conform with our notation.) The parameter φg is 
the percolation threshold parameter. By definition σ0 /σw = 0 
for φ < φg; in other words, the bulk conductivity of the rock 
is zero when the porosity is less than a critical porosity, or 
percolation threshold. Percolation thresholds in rocks are 
much lower, approaching zero, than in sphere mixtures 
and other models studied by physicists, (e.g., cubic resistor 
lattices). We observe that Eq. 23 is not formally derived from 
first principles, but rather an empirical model consistent with 
the data presented in the source article and its references. 

Combining Eq. 1 and E0 = a0φ + b0  gives 
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σ0 /σw = φE0 = φ(a0φ + b0). We now apply boundary 
conditions to this formula. The boundaries are the percolation 
threshold where bulk conductivity is zero, and 100% porosity 
where bulk conductivity equals σw and σ0 /σw = 1. We call 
these limits the left and right boundaries, respectively. Begin 
by factoring a0 from the parenthesis:

(24)

Noting that at the left boundary σ0 /σw = 0 when φ = −b0/a0 , 
then b0/a0 = φg by definition. At the right boundary

(25)

So

(26)

Thus

(27)

 In this form, the geometrical-factor theory and triple-
product theorem are seen to be consistent with percolation 
theory, and indeed E0 is seen to be definable in terms of a 
percolation threshold. However, comparison of Eqs. 23 and 
27 reveals a difference in that Eq. 23 has (approximately) 
two factors (φ − φg)/(1 − φg) whereas Eq. 27 has only one. 
Since we are interested in derivations from first principles, 
this difference leads us to re-examine our list of three first 
principles. We notice that the second principle is not quite 
correct: it should be stated in terms of φ − φg, that is:

The bulk conductivity of an Archie rock (or similar medium), 
σ0, is proportional to:

II. amount of connected and conducting brine (for constant
pore geometry) φc = (φ −  φg); i.e.,σ0  φc.

 This would also change the computation of the 
geometrical factor to Ec = (σ0/σw) / (φ −  φg).
 We shall not pursue the implications of this correction to 
our geometrical-factor theory further in this venue. Suffice 
to say that any practical consequences would be minimal 
due to the small magnitude of the percolation threshold 
parameter. Practical use of the geometrical-factor theory 

requires plotting observations to determine a0 and b0. 
Practical limits of porosity for conventional reservoir rocks 
are roughly from to 10 to 40% porosity. Extrapolation from 
this range to minimum (e.g., zero) conductivity on the left 
and maximum conductivity on the right requires imposition 
of a functional form for the fit that may not be capable of 
fitting observations as well as if no boundary conditions are 
imposed. The paper by Kennedy (2016) is devoted to this 
issue.

Stepping Beyond Archie Rocks: Parallel Conduction 
Model
 Possibly the first use of a conductivity formulation for 
describing the electrical properties of rocks is made in the 
paper “Electrical Conductivities in Oil-Bearing Shaly Sands” 
by M. Waxman and L.J.M. Smits (1968). They propose 
to model a “shaly sand” as two resistors (with resistances 
r1 and r2) in parallel. In terms of resistivity, the equivalent 
resistance r0 of the two resistors would be

(28)

or

(29)

 Expressed in term of conductance where g = r −1 the 
corresponding relationsh ip is 

(30)

As you can see, Eq. 30 is considerably simpler than Eq. 
29. We saw in Eq. 14 that conductances and conductivities
are connected by g = σ(A/l). Making this substi tution

(31)

 This system of conductors is illustrated in Fig. 6. A brief 
digression into the notation of the Waxman-Smits article 
will be helpful for our purposes here and for those readers 
who may read the Waxman-Smits paper. In the notation 
used in Waxman-Smits, Eq. 30 for conductance is rendered 
Crock = Cc+ Cel (W-S Eq. (1)) where the c subscript denotes 
clay conductance and the el subscript denotes electrolyte 
conductance. The solution of Eq. 31 for σ0 is written as 
C0 = xCe + yCw (W-S Eq. (2)) where x and y are called 
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“appropriate geometric constants.” The e subscript denotes 
cation exchange conductivity and the w subscript denotes 
brine conductivity. (Note that in the Waxman-Smits notation 
both conductance and conductivity are (confusingly) 
denoted by C; more conventional notation uses the separate 
symbols g and σ, respectively, for these different quantities.) 
However, Waxman and Smits do not provide a derivation 
of the constants x and y. They just assert that there are such 
constants. We shall now show that a form for these constants 
is readily derived in the parallel conduction model.

Fig. 6—A cartoon representation of the parallel conduction model where 
the channels have both different geometries and different conductivities. 

Performing the algebra to isolate the bulk conductivity on 
the left side of the equation in Eq. 31, then

(32)

and noting that the fractional cross-sectional areas are 
not equal to, but less than, the porosities of the individual 
channels (i.e., Ai=αi φiA where 0≤αi≤1) by the same 
arguments as used to justify Eq. 17 above,

(33)

where we note that the total porosity of the plug is sum of 
the individual channel porosities, so that φ2 = φ – φ1. Then, 
canceling the area ratios and grouping the terms, gives

(34)

and noting that the ratios contain only geometrical terms, 
then Ei = αi/τi and

(35)

or in Waxman and Smits terms

(36)

where the “appropriate geometrical factors” of W-S are 
identified with x = (α1/𝜏1)φ1 and y = (α2/𝜏2)(φ − φ1). 
 Although we shall not follow them there, Waxman and 
Smits then assert “We assume next that the electric current 
transported by the counterions associated with the clay 
travels along the same tortuous path as the current attributed 
to the ions in the pore water,” and by this assumption they 
set x = y = (F*)−1, where by F* they mean “the shaly sand 
formation resistivity factor”; presumably this means

(37)

Re = 1/Ce denotes exchange cation resistivity; this could vary 
from a low value up to infinity (e.g., if the clay volume is zero, 
although a problem with the Waxman-Smits model is that 
it lacks an explicit volumetric partitioning of porosity into 
an interstitial brine volume and a cation exchange, or clay, 
volume). In the limit of zero clay volume F* = F; otherwise 
F* > F. According to their assumptions, the Waxman-Smits 
model will be valid when (αe/𝜏 e)φe = (αw /𝜏w)(φ − φe) = (F*)-1 
is satisfied. In the case of (αe /𝜏 e) = (αw /𝜏w) or Ee = E w (i.e., 
“the same tortuous path”) then φe = φw and the porosities 
are implicitly equally apportioned between the conducting 
phases. Otherwise (i.e., if x   y), then Ew/Ee = φe/φw or 
φe = Ew/Eeφw meaning if Ee > Ew, then φe < φw which might 
seem to be the case for an authigenic clay coating grains in 
a predominately brine-filled void space. The Waxman-Smits 
requirement that x = y = 1/F* places severe constraints upon 
the rocks where it can be applied with accuracy.

CONCLUSIONS

Discussion
The cornerstone of the Archie model is the definition of 
the formation resistivity factor, F = R0/Rw. This answers 
the question of how bulk rock resistivity depends upon a 
particular rock and its interstitial brine resistivity, R0 = FRw; 
the model connects brine resistivity to bulk rock resistivity 
through a rock-dependent factor but is silent as to how 
brine volume and brine geometry separately influence R0. 
We must resort to the laboratory to discover the connection. 
However, even the observation that F = φ−m from the lab 
does not explicitly break down into a volume fraction and a 
geometrical factor. 
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 In contrast, the geometrical factor representation focuses 
on how the bulk rock conductivity is directly proportional to 
the three properties of the conducting phase: conductivity, 
fractional volume, and geometry; i.e., σ0 = σwφE0, our triple-
product theorem. Comparison to the Archie model expressed 
in conductivity terms, σ0 = σw/F reveals that 1/F = φE0. 
which is obviously a formation conductivity factor; i.e., 
σ0 = fσw. Then f, and thus 1/F, is seen to be the product of 
the two factors, porosity and geometric factor. It is true that 
we must still retire to the laboratory to discover a correlation 
between E0 and φ; however, E0 is an explicit geometrical 
factor directly correlated to porosity. 
 The correlation of the geometrical factor to porosity is 
E0 = a0φ + b0. In contrast, it is not clear how to partition 
φm into a volume fraction and a geometrical factor. It would 
be hard to guess that the partition is φφm−1, and indeed, the 
problem was never solved in this way, but always by putting 
the entire contribution from geometry into m. 
 We have shown that the triple-product theorem is 
consistent with Ohm’s law by deriving the theorem from the 
law. This formulation also leads to the expression of E0 as 
the ratio of transmissibility to tortuosity. In the appendix we 
offer a third derivation of the triple-product theorem in terms 
of ionic conductivity. The triple-product theorem also gives 
explicit form to the geometrical factors used in the parallel 
conductivity models employed for shaly sand interpretation.
 One of the mysterious aspects of the Archie model is 
the closeness of m and n to 2. In terms of the Archie model 
derived from empirical observations this is just accepted 
as what the data dictate. At first glance the triple-product 
theorem seems to resolve this mystery, since σ0 and σt are 
quadratic in φ and Swφ, respectively, with dominant terms 
having exponents exactly equal to 2. However, for the 
triple-product theorem the empirical step is to determine 
how E0 and Et depend upon φ and Swφ, respectively, using 
crossplots similar to Archie’s use of crossplots to determine 
m and n. The resulting correlations E0 = a0φ +b0 and Et = at 
Swφ + bt , where a0 and at ≈ 1, and b0 and bt ≈ 0 , have served 
only to shift the mystery from the Archie parameters to the 
geometrical-factor-theory parameters. The observations 
restrict the values of the a and b parameters to approximately 
1 and 0, respectively, leading to E0 ≈ φ and Et ≈ Swφ ; 
substitution of these equivalencies into the triple-product 
theorem formulas reduces them to the Archie model with 
m = n = 2. Our analysis provides an answer to the question 
of the Archie exponents being nearly equal to 2, but it does 
so by shifting the question to why the geometrical factors E0 
and Et should be so nearly equal to the brine volumes (i.e.; φ 
and Swφ) in Archie rocks?
 As a final observation as to the relationships E0 = a0φ + b0 
and E0 = α/𝜏 ≈ φ and why the electrical efficiency of the 

Archie rock should approximately equal the porosity, we can 
speculate that since the cross-sectional area normal to current 
flow is one of the main controllers of how much current is 
passed, to the degree that effective tortuosity approaches 1, 
then transmissivity approaches porosity in value. This may 
be evidence of our claim that tortuosity in fact is a number 
approaching 1 for Archie rocks. 
 The development above does not take into account 
formation conductivity (or resistivity) anisotropy. Real rocks 
are almost invariably anisotropic, and the triple-product 
theorem is readily extensible to anisotropic rocks. Archie’s 
model can also be extended to anisotropic rocks. We will 
develop anisotropy in the next article of this tutorial.

Concluding Thought
 Our purpose in this article has been to introduce and 
illuminate the physical processes responsible for conduction 
in rocks. We have framed the problem in three distinct ways: 
a derivation from three physical first principles; a derivation 
from Ohm’s law in conductivity terms; a derivation from 
brine conductivity in terms of ion concentration (see 
Appendix). All three methods lead to the triple-product 
theorem formula, which is then trivially transformed to the 
Archie model in certain limiting cases. Since the physical 
first principles are very nearly self-evident, and lead to 
formulas that produce the Archie model directly, there is 
every reason to embrace them. Empiricism is still required 
to determine the geometrical dependence, but in the triple-
product theorem formulation the dependence on geometry is 
explicit, not being shoved into parameters m and n because 
there is nowhere else to put the dependence. This fulfils our 
mission. 
 We have often paused to wonder why formation 
evaluation has resisted progress when compared to other 
20th century technical developments. Heisenberg (1925) 
and Schrodinger (1926) published the foundations of 
quantum mechanics just prior to 1927, the year that the first 
well log was acquired in France. In the intervening 90 years 
quantum mechanics, invented to explain atomic physics, 
has been applied secondly to nuclear physics and then to 
the physics of protons and neutrons as particles comprised 
of still smaller particles, quarks. Neil Armstrong set foot on 
the moon just 65 years following the first powered flight. 
Given these examples (and there are many others) one may 
well wonder why in the 78 years since Archie announced his 
empirical model corresponding progress has not been made 
in formation evaluation theory. Is formation evaluation more 
difficult than physics’ “standard model” or the engineering 
challenges of space flight? Perhaps the answer lies in that in 
physics and the engineering of flight thousands of scientists 
and engineers in hundreds of universities and government-
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supported agencies and companies were engaged in 
competitions to decipher the workings of matter, whether 
of atoms or airfoils. Conversely, in formation evaluation 
only a handful of thoughtful people, distributed over several 
competing commercial organizations and distributed over 
seven decades in time, were dedicated to thinking about 
conductivity in reservoir rocks. Archie’s model works 
so well in so many cases managers had little incentive to 
allocate resources to what seemed to them to be a non-
problem. Moreover, management goals tended (and still 
tend) to change annually, so only a very few lucky scientists 
(e.g., Wyllie at Gulf, and Archie at Shell) were able to devote 
years-long effort to the problem. 
 The thought processes of researchers were so entrenched 
in the resistivity formulation that even when they were 
trying, they were not able to overcome the barrier posed 
by the resistivity formulation of the problem, namely that 
the formation resistivity factor is the product of (reciprocal) 
porosity and a (reciprocal) geometrical factor. Further, even 
though the role of brine cross-sectional area was recognized 
in print by some of the pioneers (Wyllie and Rose, 1950; 
Winsauer et al., 1952), their models focused wholly on 
tortuosity to the exclusion of transmissibility. To the best of 
our knowledge, Dr. David Herrick, at the Amoco research 
laboratory in the 1980s, was the first to completely rethink 
the problem without reference to prior models. His thinking 
was the source of the ideas embodied in the geometrical 
factor theory, and were independently confirmed by the 
work of Professor C.F. Berg in 2012. 
 It is our hope that this exposition will inspire its readers 
to “think out of the box” in terms of resistivity interpretation. 
Although the subject here is mostly confined to conventional 
Archie rocks, the shaly sand problem might be profitably 
revisited. The application of unconventional thinking to 
unconventional resources is surely the way to progress in 
the future. We hope that this article will trigger a renewed 
and vigorous, even if contentious, discussion of this topic. It 
will only be through the disputation of ideas, new and old, 
that will lead to progress and, perhaps, consensus among 
formation evaluators as to the form a new model will take.
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the equivalent water volume, Ac, has to be φA(L/Le).” But this 
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form F = a/φm.” Well, actually Archie never employs a in any 
of his four publications. Later in the text (Chapter 26, page 462) 
Bateman expands: “where a is a constant (the Archie constant) 
…” In fact, a is usually termed the “tortuosity factor”, and as 
just mentioned, Archie never uses any form other than F = ۱/
φm. In section 6.6.3 Bateman reports “Archie’s experiments 
showed that the saturation of a core could be related to its 
resistivity.” We do not doubt that Archie made (or paid for) 
many such measurements during his long career; however, 
the relationship he reported in his 1941 presentation to the 
AIME and subsequent 1942 publication (i.e., Sw = (Rt /R0)

1/n, 
and Archie’s Eqs. (4), (5) and (6)) are all based upon data to 
be found in four papers cited by Archie from the literature of 
the late 1930s; Archie reports no experiments that he made to 
validate this relationship. Otherwise, the Bateman presentation 
is conventional and does not attempt any derivations for the 
Archie model. 

Dewan, J.T., 1983, Essentials of Modern Open-Hole Log 
Interpretation, PennWell Publishing Company. ISBN: 978-
0878142330.
Dewan’s treatment of resistivity uses the artifice of brine- 
and sand-filed cubes to motivate a discussion of formation 
resistivity factor. However, his subsequent introduction of 
the Archie model is to just write down the relationships and 
claim they are justified by “general principles” which are not 
elaborated. 

Helander, D.P., 1983, Fundamentals of Formation Evaluation, 
OGCI Publications. ISBN: 978-0930972028. 
Helander attempts a rigorous justification of the Archie model 
on his pages 63 and 64. His final result is F = 𝜏2/φ. where 𝜏 
is tortuosity defined in the conventional way as Le/L. This 
would, of course, mean that φ  1/𝜏 2, a remarkable result. 
This would certainly seem to warrant some discussion, but 
there is none. However, this result is sometimes cited in the 
literature, and Helander’s derivation of the result is a good 
source for understanding the result. Helander does not number 
his equations, but the third equation in the left column of page 
64 is the source of this result. It is an equation for the volume 
of brine in a core plug, Vcw = AcLφ . where Ac is the cross-
sectional area of the plug, L the length, and φ the porosity. He 
then multiplies this quantity by 1 = Le/Le and identifies Ac(L/
Le)φ as the cross-sectional area of an equivalent plug of the 
same volume with length Le. He then uses the cross-sectional 
area so defined in his expression for the equivalent resistance 
of the brine in the core. This leads with a little algebra to his 
final result. However, what the factor L/Le < 1 does is lead to 
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a reduction in effective cross-sectional area (which is needed 
for the derivation); the same result could have achieved with 
the introduction of a coefficient α < 1 on the porosity; i.e., 
αφ. With this substitution (i.e., α/α = 1 rather than Le/Le = 1) 
Helander’s result would have been F = (𝜏/α)/φ = 1/E0φ. 

Hilchie, D.W., 1978, Applied Openhole Log Interpretation for 
Geologists and Petroleum Engineers, self-published by D.W. 
Hilchie. 
Introduction to resistivity and saturation analysis by use of the 
Archie model. There is no attempt to justify the model. 

Hilchie, D.W., 1989, Advanced Well Log Interpretation, self-
published by D.W. Hilchie. 
Introduction to resistivity and saturation analysis by use of 
the Archie model. There is no attempt to justify the model. 
Although the title has changed from “Applied” to “Advanced”, 
the treatment of Archie’s resistivity model remains unchanged.

Peters, E.J., 2012, Advanced Petrophysics, v. 1, Geology, Porosity, 
Absolute Permeability, Heterogeneity, and Geostatiscis, Live 
Oak Book Company, 
In spite of its title, the treatment of the Archie model in this 
book is completely conventional. 

Rider, M., and Kennedy, M., 2011, The Geological Interpretation 
of Well Logs, 3rd Edition, self-published by Rider-French 
Consulting, Ltd. ISBN: 978-0954190682.
Although this book devotes its chapter 5 to Resistivity Logs, 
only 1/2 of one column on page 105 is devoted to repeating 
the Archie model equations, presented with water saturation 
on the left side. There is no connection made to physics, or 
even to trendline fitting. 

Tittman, J., 1986, Geophysical Well Logging, excerpted from 
Methods in Experimental Physics, 24: Geophysics, Academic 
Press. ISBN: 01206913900.
Tittman’s book is mainly concerned with logging hardware, 
and is a good resource for logging instruments up to its date of 
publication. It’s treatment of resistivity theory is conventional 
and cursory.

Tiab, D., and Donaldson, E.C., 1996, Petrophysics: Theory and 
Practice of Measuring Reservoir Rocks and Fluid Transport 
Properties, Student Edition, Gulf Professional Publishing. 
[Note to author: there is a fourth edition published in 2015 
ISBN: 978-0128031889. FYI: the previous editions were 
1996, 2003, and 2012]
This book is a comprehensive compendium on (as its title 
promises) petrophysics. It is not a “how-to” book on log 
analysis, and its treatment of formation resistivity is purely 
conventional. It does, however, include a discussion on 
“Theoretical Formula for FR” based upon a 1976 paper  by C.P. 
Rosales, “Generalization of the Maxwell Equation Formation 
Resistivity Factors,” Paper SPE-5502-PA, published in JPT. 
We have not had time to review the reference for our present 
article, but suffice to say under most conditions the Rosales 
formula reduces to F = a/φm which is not a surprise.

Wyllie, M.R J., 1963, The Fundamentals of Well Log Interpretation, 
3rd Edition, Academic Press. 
Wyllie’s book may have been the first book published 
(in English, at least) on log interpretation. Wyllie was a 
research scientist at Gulf Oil Corporation. In 1963 he had 

been researching formation evaluation for over a decade. On 
page 2 of his book he opines: “In many ways it unfortunate 
that conductivity was not selected in place of resistivity as 
the standard term in the early days of electric logging. … 
Conductivity logs, although identical in general form to 
resistivity logs, would somewhat simplify the equations now 
used in log interpretation. It is probably too late to upset 
the entire terminology of logging, but it is still sometimes 
easier to speak and think in terms of conductivities instead 
of resistivities. … The word conductivity implying as it 
does the ability to conduct electric current, is a particularly 
convenient term when the mechanism of current flow in rocks 
is considered.” Wyllie’s derivation of formation resistivity 
factor F parallels the discussion in his 1950 paper with 
W.D. Rose. He states in that text “Any real rock … has a
conducting area A perpendicular to the direction in which a
resistance measurement is made which is proportional to the
rock porosity, φ.” [emphasis added] However, he does not use
this proportionality in his derivation. For rock resistance he
writes rRock = RLe/φ (where Le is the length of the current path
through a sample of length L) rather than rRock = RLe/αφ (which
includes a proportionality factor α and forms the ratio of this
quantity to the bulk resistance of the saturating brine, rSolution
= RL, his result is F = (Le/L)/φ, where Le/L is by definition
tortuosity 𝜏. Had he included the porosity proportionality
constant, his result would have been F = (𝜏/α)/φ, or in our
notation F = 1/E0φ. Wyllie’s next equation is a statement of
Archie’s definition of formation resistivity factor, FRw = R0.
Had Wyllie and Rose included the proportionality of cross-
sectional area to porosity in their definition of F, they would
have invented geometrical factor theory, Rw/φE0 = R0, in
1950, or Wyllie could have done so in his book a decade later.
Unfortunately, those opportunities were lost. From this point
(page 13) in the text, and beyond, Wyllie is conventional in
his explanations.

Internet Sources
One might expect oilfield professional societies to be the 
authoritative sources for this kind of material; however, in practice 
they are of limited use, not very different from the print sources 
cited above. Some are cited below. 
Wikipedia (https://en.wikipedia.org/wiki/Archie%27s_law). There 

is no derivation to be found here, but the model is given in its 
conductivity form as 

AAPG Wiki (https://wiki.aapg.org/Archie_equation). This 
reference gives the Archie model solved for Sw
(i.e.,     )

and with no explanation of the physics. This is the type 
example of why resistivity in rocks is so poorly understood by 
so many who use logs. 

SPE Petrowiki (https://petrowiki.org/Water_saturation_
determination). There is a very thorough discussion of water 
saturation determination, but as far as the use of the Archie 
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model is concerned, the only equation is Sw = (R0/Rt)
1/n. with a 

separate equation for R0, F = R0/Rw. 

APPENDIX: TRIPLE-PRODUCT THEOREM FROM 
ELECTROLYTE CONDUCTIVITY

 In the main text of this article the triple-product theorem 
was developed from a statement of three self-evident first 
principles and also by use of Ohm’s law. In the former case 
the physical property of conductivity is implicitly assumed 
to exist; in the latter case conductivity is defined by ratios 
of electrical and geometrical properties; viz., I/V and l/A 
respectively. Neither of these methods considers the actual 
mechanism of conduction; i.e., mobile charges. We offer a 
final discussion of charges in motion that also leads to the 
triple-product theorem. 
 A fundamental relationship for transport is Qvol = Av 
where Qvol is the vector volumetric flow rate with units of m3/
sec, A is the area normal to flow direction, and v is the speed 
of the flow. If there is something in the volume, say particles, 
then the particle flow rate would be Qpart=nAv where n is 
particle density in particles/m3. If the particles are charged 
(i.e., ions), then the charge flow rate will be  Qcharge =nqAv 
where q is the charge per ion. Note that the unit is charge 
per second. Since this is electric current, let us change to 
the conventional notation for electric current, I, and I=nqvA 
where I is the current vector in particles (or ions) per second, 
n is the density of particles (ions/volume), q is the charge per 
ion, |v| is the speed of the ions, and A is the cross-sectional 
area of the flow. Dividing by A, the cross-sectional area, 
converts the left side to current density; J=nqv, where J is 
current density, is the fundamental equation relating current 
density to amount of charge passing through an area A in one 
second. The units are included in square brackets below to 
illustrate how they combine.

(A.1)

 You could well imagine the current density through a 
brine-filled cylinder (Fig. A.1) given by Jw = nwqvw where the 
subscript w is the convention used to denote brine properties. 
The same brine suffusing a similar, but sand-filled, cylinder 
(Fig. A.2) will exhibit different properties. In particular, the 
amount of charge in each unit volume would be reduced to 
a fraction of the charge in the brine, the fraction being equal 
to the volume ratio of the brine in the sand-filled cylinder to 
the brine volume in the brine-filled cylinder; in other words, 
its porosity. In the sand-filled cylinder J0= n0qv0 where the 

0 subscript denotes the bulk properties of the sand-filled 
cylinder. In general, J0 is less than Jw because n0 < nw by the 
brine volume ratio, and v0 < vw since the end-to-end speed 
of the ions is reduced due to mobility restrictions placed 
upon the ions by the sand-grains acting as obstacles to flow, 
reducing the cross-sectional area (transmissibility) and 
increasing the streamline lengths (tortuosity). 

Fig. A.1—A brine-filled cylinder.

Fig. A.2—A sand-filled cylinder suffused with the same brine.

 The general forms of the equations are not useful unless 
the speed of the ions is known. This may not be a convenient 
formula when the speed would be difficult to measure. Since 
the transport is induced by an applied electric field, it is 
convenient to convert the fundamental equation to a form 
including electric field strength. To do this the speed vector 
is multiplied by 1 in the form of applied electric field divided 
by applied electric field magnitude; i.e., for the brine

(A.2)

and for the bulk rock volume

(A.3)

where the ratios |vw|/|E| = μw and |v0|/|E| = μ0 are called 
“mobilities”. Their units are (speed per unit of E field 
strength) or ((m/sec) /(volt/m)). Values for mobilities are 
specific to each different kind of brine and must be measured 
in a laboratory, but once known, can be applied to any known 
solution. 
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So now we have Jw=nwqμwE and J0=n0qμ0E; a term by term 
comparison with Ohm’s law shows that J0=n0qμ0E = σ0E and 
Jw=nwqμwE = σwE. Form the ratio of these quantities as

(A.4)

(A.5)

(A.6)

The factors of q and E are the same in numerator and 
denominator; thus they cancel and

or, to put it succinctly

where porosity is identified with the ion density ratios in the 
two cylinders and where E0 (not to be confused with electric 
field E) is identified with the mobility ratio. Basically, it is the 
ratio of the time it would take for an ion to traverse the sand-
filled cylinder with its complicated pore space to the time it 
would take the same ion to traverse the unobstructed brine-
filled cylinder. Thus, the triple-product theorem, σ0 = σwφE0, 
is recovered from a comparison of charge flow rates. The 
Archie model would follow experimentally by comparing E0 
for a number of sand-filled cylinders of differing porosity. 
 This discussion is simplified for heuristic purposes; an 
actual electrolytic solution would have ions of both positive 
and negative charge, each type with its own concentration, 
charge and mobility. Inclusion of these details would 
complicate the argument without altering the conclusion.
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Obituary: Ray Harkins 

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

We reported in the March Newsletter that the LPS was saddened to learn that Ray Harkins 
passed away earlier this year. Ray served on the LPS committee in the 1990’s and we are 
pleased that we are able to include the following obituaries from Ray's friends and former 
colleagues.
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Raymond Harkins 

8th May 1956 – 14th March 2021 

Written by Brian Moss, with input from Velma Harkins, Wally Jakubowicz & Bob Harrison. 

Ray was born and raised in Athlone, in the midlands of Ireland. Following a stellar academic 

record in Dublin, Ray embarked upon a career in petrophysics that saw him work for all sides of 

the business: in the service sector, for the Government (UK) and for several independent oil and 

gas companies in different parts of the world. All the people who met and worked with Ray 

remember a true gentleman with a passion for his subject, for his beloved rugby and for 

gourmet cuisine – of which he was a rather accomplished chef. 

Ray won a College Scholarship in each of his undergraduate years in the mid-70s at University 

College, Dublin. He graduated 1st Class in 1977 with a BSc. in Physics/Maths-Physics, having also 

collected a College Prize in Chemistry along the way in 1974.  

Immediately after graduating he joined Schlumberger as a wireline engineer, coming top of his 

training group prior to spending 6-years as a log-jockey in various locations around Europe. By 

the mid-80s he had risen to the post of Production Engineer in Shetland, with responsibilities  
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across the board for client accounts, training, new services and field equipment testing. This 

was followed by 3 years in South Oman as a Location Manager, during which he managed, in 

addition to all the client and operational responsibilities, the renovation of existing  

infrastructure and the building of an important extension to the base’s office and workshop 

facilities. He was noted for having achieved all his financial and technical objectives during his 

tenure and oversaw a period of 100% growth in the base operations.  

 

Ray was a person who was always interested in self-growth and challenges and so, from 1986-

1988, he undertook an MBA in Finance at the City University Business School in London. His 

thesis on the subject of “Funding Patterns in Industry” was published in the Oxford Economic 

Review. 

 

I first met Ray when he applied, in 1989, to join the team at the Department of Energy, the 

branch of Government tasked with overseeing oil and gas developments in the UK Continental 

Shelf, on and offshore. I was the external guy on his interview board and remember being 

very impressed by this urbane Irishman, steeped in maths, physics and financial wizardry, yet 

possessed of an immense curiosity about the geoscientific aspects of reservoir 

characterisation. He had spent years acquiring the data and now wished to learn the dark arts 

of their interpretation and transformation into detailed models of the way that reservoirs 

worked. Another of Ray’s talents was his meticulous attention to detail. He became very 

successful in the Department and was very well respected and liked for his thoroughness and 

professionalism when dealing with operating companies who often had their own agenda to 

pursue. The British Government was well served by Ray during this period. 

 

At this time, Ray became a stalwart of the London Petrophysical Society, putting his financial 

expertise to good use by serving as Treasurer for 5 or 6 years in the early 1990s. He remained 

a good friend of the Society, often dropping into meetings to catch up when his foreign travels 

allowed.  

 

As noted, Ray’s qualities always shone through, and he became a very talented and 

experienced interpretation petrophysicist. But not only interpretation. He moved on from the 

Department in 1996 to join first ARCO British Ltd. in Guildford and in North Africa; then, in 

2000, Maersk Olie og Gas AS in Copenhagen, and in 2006 to Max Petroleum PLC. In these  
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organisations, Ray was engaged in both interpretation and operational petrophysicist roles 

with responsibilities covering field developments and planning as well as the management of 

SCAL programmes on several different projects. He was also looked for when it came to 

training and mentoring junior staff – a role that he took to with alacrity.  

He re-joined Maersk in their Exploration and New Ventures department in 2009 and worked on 

new finds offshore Angola, in the Barents Sea and offshore Qatar. Ray was comfortable 

working across the gamut of petrophysical data acquisition and interpretation and knew the 

value of integration of the different physics that provided both logging and core measurements 

in building the most complete picture of the subsurface possible. He was well versed in 

conventional logs as well as in the more esoteric and advanced sonic and imaging tools. Again, 

he worked widely, beyond only the interpretation of the data - he designed contracts and 

managed tenders and then the monitoring of logging and coring programmes as well as 

ensuring their fit-for-purpose data products were fully integrated into reservoir models.  

It all came together at the pinnacle of his career when he joined, in 2011, Gulf Keystone 

Petroleum Ltd. (GFK) as Petrophysics Manager responsible to the Vice-President Operations for 

all petrophysical matters in the company. At GFK he worked on field studies, development 

plans, reserves audits, logging/coring operations and contracts, regional exploration, the 

evaluation of new venture opportunities and partner and government liaison, all the while 

getting involved in the company data management strategy and in training and mentoring 

younger team members. Among other assets, the company had equity in the Shaikan and 

Sheikh Adi fields in Kurdistan – very complicated fractured carbonate reservoirs that stretched 

and sometimes defied the ability of conventional logging and coring data to resolve. Ray 

described them once to me as being THE most complicated fields in the world, and knowing a 

little of them, I wouldn’t disagree. But I also know, first-hand, that Ray got to grips with their 

complexities and designed and executed an extensive SCAL programme to understand the 

dynamics of these fields. He also optimised the logging programmes to deliver high quality 

data with lost time reduced to below 5%. Ray was key in government liaison with the Kurdistan 

Ministry of Natural Resources.  

It has been said that he could bore for Ireland on the topic of arcane bits of wireline logging 

equipment, but that simply reflected a great passion for his subject and his innate attention to 
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detail. Outside of work, those traits spilled over from his working life into his personal one. Ray 

was passionate about rugby, providing many a friendly bantering session during the annual six-

nations contest as Ireland’s fortunes waxed and waned over the years. If you were present 

during one of his signature monologues on the merits or demerits of this or that player or 

game tactic, then you just ordered another beer or bottle of wine and settled in for the long 

haul. Ray was ever entertaining at these times. 

In 2017 Ray set up his own consultancy practice advising Gulf Keystone in all matters 

petrophysical as a prelude towards winding down to retirement back in Ireland. Sadly, he was 

robbed of that reward as his last, terminal illness soon took hold. During his final months he 

was tenderly cared for by his twin sister, Velma, in Banagher, County Offaly, in the community 

of friends that he had known since childhood. Our sincerest condolences to Velma and friends 

and family, you have lost a treasure, indeed. 

Ray left us way too early, his death the result of a crippling and horrible disease. We remember 

a dedicated, meticulous, and very talented petrophysicist, with a work ethic that was second to 

none; a passionate rugby fan and an ardent gourmet who knew how to enjoy life to the full. 

With ever the twinkle in his eye, Ray was one of life’s true gentlemen. We all need more Rays in 

our lives. 

The following photos are testimony to Ray’s penchant for enjoying the finer things in life…. 
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Ray (left) with Bob Harrison at a Van 

Morrison concert in 2018 in Wrest Park, 

Silsoe, Bedfordshire.  

(Photo courtesy Bob H.) 

A somewhat more youthful Ray with a Guinness in 

one hand and a bottle of champagne in the other – 

well, well, well! 

(Photo courtesy of Velma Harkins) 
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A beardless Ray trying his hand 

at piloting a boat on a holiday 

in the early 1990s. 

(Photo courtesy of Velma 

Harkins) 
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Ray Harkins – Petrophysicist colleague and friend 

Written by Stuart Hignett 

 I worked alongside and became friends with Ray Harkins over many years working at Arco 

British in Guildford. His extremely professional and rigorous, detailed approach to planning 

projects, whilst effective, must have proved daunting for the service companies. However his 

infectious sense of humour, usually came through after a (post-meeting), glass or two of wine, 

with them over lunch. 

Always impeccably turned out in city shirts and jacket with his trademark loafers, we often went 

in to his old stomping ground, central London in the evenings for dinner. His ever present copy 

of the Hardens restaurant guide, marking his penchant for eating at some of the better 

restaurants in town, something which rubbed off, as my wife will attest to this day. 

Ray could always be relied on to ensure the important details were taken care of. A “short” trip 

to Hassi in Algerie for a pre-spud meeting, turned into the Monday Eurostar to Paris (1st class 

obviously), dinner and an evening in Paris with Schlumberger colleagues, ending at 4am in the 

bar of the Bristol Hotel. 1 hours sleep, then Le Bourget for the “stupid o’clock”, Go-Fast charter 

to Hassi and some welcome rest. Return trip? Air Algerie with the champagne hostess trolley 

back into Gatwick on the Friday obviously. A very professional trip completed, all objectives 

met, but why not have some fun enroute? That was Ray all over. 

Some time later, I was based in Trinidad for BP, with the family. He called for a catch-up. I said 

“you should pop over sometime”. He called back 30mins later, having booked the flight and 

arrived beaming from ear to ear, in person two days later. What a pain in the ass. Generous 

though. After a great holiday he spoilt us with a leaving gift of cases of excellent wine from the 

local supplier. Quite amazing. 

Ray will be sorely missed. No more propping up the bar in the Grill in Aberdeen with him, 

having gotten the call to say he was in town, up from London or Erbil, with typically, an hours 

notice. His professionalism was, I think, appreciated by all who worked with him. However he 
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could still bore for England on the latest downhole sampling technique……if you got him out to 

dinner with a fellow wireline refugee.  

My greatest sense of loss is around how much fun we used to have, while pretending to be 

professionals working in the oil industry. He will be missed and our thoughts are with his family 

and particularly his sister over in Athlone.  
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A Celebration of the Life of Paul Francis Worthington 

On Wednesday 29th September, a church service was held in celebration and remembrance of 

Paul Worthington.  The service was held in Ascot, near his home.  Due to Covid limitations on 

numbers attending, the LPS were unable to share the details widely with our membership, so 

only a relatively small group of Paul’s family, friends and colleagues were able to attend.   

The ceremony included readings from Paul’s children, a combined heartfelt eulogy from his 

two sons, and a eulogy focusing on Paul’s professional life was given by Brian Moss.  Brian 

struggled to fit all of Paul’s achievements and accolades into his speech due to their vast 

number, but very successfully conveyed Paul’s legacy in the field of petrophysics, as well as in 

unitization and equity, and the industry as a whole.  

Overall, the service and reception afterwards were a fitting way to remember and honour 

Paul’s life. 

For those interested, the service was recorded and is available on YouTube: https://

www.youtube.com/watch?v=9ZMkA5oGJvc 

https://urldefense.proofpoint.com/v2/url?u=https-3A__nam12.safelinks.protection.outlook.com_-3Furl-3Dhttps-253A-252F-252Fwww.youtube.com-252Fwatch-253Fv-253D9ZMkA5oGJvc-26data-3D04-257C01-257C-257C00c8212fe3f24c37f91008d997c99598-257Cd584a4b7b1f24714a578fd4d4
https://urldefense.proofpoint.com/v2/url?u=https-3A__nam12.safelinks.protection.outlook.com_-3Furl-3Dhttps-253A-252F-252Fwww.youtube.com-252Fwatch-253Fv-253D9ZMkA5oGJvc-26data-3D04-257C01-257C-257C00c8212fe3f24c37f91008d997c99598-257Cd584a4b7b1f24714a578fd4d4
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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 
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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 



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

Feedback to ross.kerr@rmjk-petrophysics.com 
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