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and has driven the global economy for the last fifty years. 
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It is difficult to overestimate the impact of either 
the petrophysical techniques or Archie`sments the petrophysical techniques or Archie s 
relationships on the worldwide economy.
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Archie`s laws link the electrical resistivity to porosity, 
the resistivity of the pore water, and to the fractional 
saturation of the pore space with the water.
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exponent, respectively. 

The conductivity of the hydrocarbon saturated rock is 
hi hl iti t h i ith tments highly sensitive to changes in either exponent. 
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The cementation exponent commonly takes values 
from just over 1 to around 5. 
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Water and oil saturations calculated with Archie’s 
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precision,

which is why it has often been relegated to the status 
f fitti t d h h t i d tments of a fitting parameter and why no one has tried to 

understand its physical meaning.
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Interpretations of m
(1) A factor related to the cementation of the rock (Archie, 1942).
(2) Something to do with the degree of connection of the pores.
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(2) Something to do with the degree of connection of the pores.
(3) A fitting exponent in an empirical relationship. 
(4) Only analytically defined for tubes (m=1) and spheres (m=1.5).
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(5) The power of a fully analytical equation (Ewing and Hunt, 2006).
(6) Minus the gradient of F/φ relationship in log-log space.



Conductivity regime

Need to use conductivity in place of resistivity
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Not trivial – but fundamental

We use resistivity for purely traditional reasons 
(S hl b b 1927)
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Now define a conductivity formation 
f t 1factor, G
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G is the conductivity of the rock normalised to the 
conductivity of the saturating fluid. 

ments G describes the conductivity of a solid/fluid mixture 
relative to a sample composed only of the fluid.



Connectedness II

G is a dilution factor where the pore fluid is diluted by p y
rock grains. 

G is a dilution factor where the conductivity of the rock Plan

is not only affected by the replacement of a given 
volume of fluid with the same volume of solid matrix, but 
also by the arrangement of the resulting solid matrix.
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also by the arrangement of the resulting solid matrix. 

Hence, G is also a measure of the availability of 
pathways for electrical transport.
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G is, infact, a measure of connectedness of the pore 
and fracture network of a sample. 
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Hence we will define G to be the connectedness of a 
porous medium.
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A f A hi ’ fi l i h d i iA restatement of Archie’s first law in the conductivity 
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No better physical interpretation of m than their 
equivalents in the resistivity regime.
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Connectivity II

Hence the connectedness becomes  
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(1)The amount of pore volume available for 
electrical conduction (porosity φ), and

(2)Th h h i i d i hinterpretation
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(2)The way that that porosity is arranged in three 
dimensions (represented by the connectivity χ)
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Differential form

The rate of change of connectedness with porosity 
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Cementation exponent 
Ph i l i– Physical meaning
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The connectedness describes how the conductivity of 
100% fluid is modified by the presence of solid non-
conducting grains

The cementation exponent is the 

Introduction

What is the 
Cementation 

exponent?

conducting grains. 

p
sensitivity of the connectedness to 

changes of connectivity and 

exponent?

Traditional
interpretations

A new g y
porosity.

interpretation

Conclusions

Acknowledg-
ments 2d Gments 2d Gm

d dχ φ
=



Connectivity/porosity 
l ti hi Irelationship I

( )ddG χφ

Plan

Differentiating                               as a product ( )ddG m
d d

χφ
χ

φ φ
= =

( )Introduction

What is the 
Cementation 

exponent?

gives ( )1md
d

χχ
φ φ

−
=

exponent?

Traditional
interpretations

A new
The rate of change of connectivity of a rock with 
porosity depends uponinterpretation

Conclusions

Acknowledg-
ments

porosity depends upon 
(1) its initial connectivity, 
(2) the cementation exponent, and 
(3) th i iti l itments (3) the initial porosity
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network the result is that the 
network increases its connectivity 
more than if the same link were 
added to a low connectivity 

t k

will change more abruptly than 
adding the same crack to a rock 
that already has a high porosity.

ments network.



Conclusions I

Connectedness G of a porous medium is defined as 
the availability of pathways for transport.

Connectedness G is the inverse of the formation 
i ti it f t th d ti it f ti f t
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resistivity factor, or the conductivity formation factor.

Connectivity χ is the measure of how the pore space 
is arranged
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G φχ=
amount of pore space (porosity φ) and the 
arrangement of the pore space (connectivity χ).
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Conclusions II

The rate of change of connectedness dGwith porosity  depends upon the 
connectivity χ and the cementation 

exponent m.Plan
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Hence, the cementation exponent is 
interpreted as being the rate of change 
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