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MICROSCOPIC EFFECTS AND POROUS MEDIUM
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Résumé

L’objectif de cet article est de montrer un travail expérimental permettant d'éclaircir
l'effet des tailles d'échantillons de roches sur la porosité. Autrement dit, ce test révele deux
domaines :

- Les effets microscopiques ou de grandes variations de porosité devraient é&tre

observées.

- Le milieu poreux homogene ou I'effet d'ajouter ou de soustraire un ou plusieurs pores,

n'a pas d'influence significative sur la porosité

Mots clés: Effets microscopiques, milieu poreux, tailles des échantillons de roches, porosité
ouverte (porosité efficace), saturation en eau, technique du vide, gres, coupes, homogene, hétérogene,
pore unique.

Abstract

The objective of this paper is to show an experimental work elucidating the effect of
rock sample sizes on porosity. Otherwise, this testing reveals two domains :
- The microscopic effects where a great variations in porosity should be observed.
- The homogeneous porous medium where the effect of adding or subtracting one or
several pores, has no significant influence on the porosity.

Keywords: Microscopic effects, porous medium, rock sample sizes, effective porosity, water
saturation, vacuum technique, sandstone, cuts, homogeneous, heterogeneous, single pore
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MICROSCOPIC EFFECTS AND POROUS MEDIUM

roundwater is one of the most important resources
Gon earth. It exists almost everywhere although not

always in recoverable quantities and in many areas,
it is more valuable than surface water because of its lack of
pollution. Most of it is stored in and transmitted through
porous media which are characterized by one of the aquifer
properties known as porosity.
Porosity is a property of great importance in the estimation
of the economic value of porous medium, as it indicates the
total water content of aquifers and petroleum reservoirs.
This paper deals with an experimental work elucidating the
effect of rock sample sizes on porosity.
It briefly describes an effective porosity determination by
water saturation using vacuum technique. It, also, explains
particularly a low variation in effective porosity within a
small size or a small volume of a rock samples.
Taking into consideration that, an effective porosity
determination was done on a different block sizes of a fine
grained sandstone.

1. EXPERIMENTAL WORK

The method used for the laboratory testing of effective
porosity was a direct method of water saturation using
vacuum technique [2].
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Figure 1 : Diagrammatic representation of the cutting procedure
of the large sandstone block and effective porosity determinations.
(In Ghebouli, 1988. p. 58).
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This saturation technique is not similar than that of the one
used in direct contact within atmospheric air during for
example a study of the behavior of an immersed core
sample in a distilled water solution [3].
The experimental process consists of determining the
porosity values of a large sandstone block and that of the
blocks obtained after repeated subdivisions of the latter.
The large block obtained, measuring 25.046 x 15.840 x
5374 cm’, was labeled as shown in the diagrammatic
representation (figure 1).

The initial whole block was not tested because it could
not be placed in the desiccator for vacuum saturation.

Two tests were simultaneously carried out and the
testing conditions (vacuum, temperature of distilled water
and degree of saturation) were kept similar.

The fist test was run from the half-block: A,
F, G and H to the single resulting blocks: A, B,
G and H.

The second test was run with the other half-block: I, J,
K, L, M, N, O and P to the single resulting blocks: I, J, K,
L,M,N, OandP.

The technique of effective porosity determination was
a direct method of testing. Each rock sample was labeled. It
was rinsed in tap water and left overnight in a 1% solution
of sodium hypochlorite (NaOCIl) in order to remove fines
which were produced during the cutting and to eliminate
the growth of micro-organisms such as algae.

7C’ > 9

B
C7 D7 > 9

The rock sample was then dried in an oven at 105
degree C for a minimum period of 24 hours. The dry rock
sample was first weighed. It was then saturated in a vacuum
desiccator containing distilled water for a minimum period
of 24 hours. It was carefully wiped and then weighed.

It was again dried and weighed in order to see if any
particles were lost during the handling and the preparation
process.

The volume of the rock sample was measured by taking
caliper readings of the different dimensions.

Effective porosity is defined as follows [4]:
Ne=[V,/ V] x 100 %.

where V, and V, denote respectively the gravity water and
the total volumes of the rock sample.

In this case, it is meant by “V,” the volume of the

interconnected void spaces.

It should be noted that the void volume concerns only

the interconnected pores.

Finally, effective porosity N¢(%) was determined by
using the following formula :

Ne=[(M;-Mg)/(V,.Dy)] x 100 %.
where :
M; and M, denote respectively the saturated and dry
weights of the half-block or the resulting block, expressed
ing;
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V., the volume of the half-block or the resulting block,
expressed in cm?; and

D,, denotes the specific gravity of water which was taken
equal to 1 g/em’.

2. RESULTS AND DISCUSSION

The effective porosity values are mentioned in figure 1
and are in good agreement with the predictions, in the range
of typical material [5].

From thirty determinations, the average effective
porosity value was 15.63 %.

In order to show the effective porosity variations, four
plots were done (figures 2, 3, 4 and 5).

The arrows indicate the direction of the cuts from a large to a
small rock sample volumes.

Once all the volume (v) and effective porosity (N.) values
were obtained and plotted, the resulting curves N(v) could be
analyzed as follows.

Two domains might be mainly distinguished. They are defined
as:

- First, the domain of microscopic effects and

- Second, the domain of porous medium.

Bear (1975) [6] mentioned that porosity will show variations if
the sandstone is heterogeneous. He showed again that below a
certain sample volume, large fluctuations in porosity will also be

observed when the sample volume approaches that of a single pore
and this is known as a domain of microscopic effects (figure 6).

This is not the case here. These plots (effective porosity
against rock sample volume) do not show a consistent variation
within a volume changes. The difference is less than 1 % for both
tests, precisely 0.99 %.

This leads, therefore, to classify this fine grained sandstone
tested in the domain of porous and homogeneous medium.
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Figure 2 : Schematic curves relating effective porosity N, to rock
sample volume v (First test, samples: A, B, C and D).
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Figure 3 : Schematic curves relating effective porosity N, to rock
sample volume v (First test, samples: E, F, G and H).

Effective porosity (9.
16,0
15,9
15,8
15,7
15,6
15,54
15,4

15,3

15,2

15,1

15,0 K8
100

T T T~ 1T T T T T T T T T
200 300 400 500 600 700 800 900 1000 1100 1200

Vol ume(cma) .

Figure 4 : Schematic curves relating effective porosity N, to rock
sample volume v (second test, samples: I, J, K and L).

Finally, it is suggested that if any small effective porosity
fluctuations were obtained, this could be due to the effect of
weights or that of rock sample volumes if some particles were lost
during the testing process.

Consequently, this concept of ‘microscopic effects and porous
medium domains’ leads to take into consideration:

First, for data to be representative [7], the measurement
density should be such enough until approaching a sample that
would be a representative elementary volume (R.E.V.);

Second, the application of the homogeneity concept to ‘earth’
medium which shows that it is closely related to the scale of the
considered least elementary volume [8].
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Figure 5 : Schematic curves relating effective porosity N, to rock
sample volume v (second test, samples: M, N, O and P).

The volume of the R.E.V. should be selected such that the
volumetric averages can be considered as satisfactory estimates of
all the relevant statistical parameters of the void space
configuration [9].

[lustration to the determination of the R.E.V. size for a given
porous medium domain has been shown by Bear and Verruijt
(1987) [10].

Once the range of the R.E.V. is defined, the ratio V, / V,
represents the medium porosity.
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Figure 3 : Definition of porosity and representative elementary
volume. (In Bear, 1975. p. 20). (modified).
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CONCLUSION

With particular reference to water saturation using
vacuum technique, the test process conducted does not
consistently reveal the microscopic effects and porous
medium domains. However, it shows a porous and
homogeneous medium.

A further experimental work might be carried out, in
order that emphasizes should be focused at the definition or
the accurate boundaries of a representative elementary
volume.

To clearly explain this porosity variations and taking
into account an homogeneous sandstone, a further
experimental work should be carried out on a very small
sizes of rock samples. That is to say that the latter
approaches the volume of a single pore.
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