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Method for determining a representative parameter of a porous sample and related
assembly

The present invention concerns a method for determining a representative
parameter of a porous sample.

Such a method is used for example to determine the exponent coefficient n of the
brine saturation S,, in Archie’s law. The method can also be used to additionally determine
the capillary pressure Pc as a function of the brine saturation S,, in a sample of formation
extracted from a sub-soil.

The porous sample is for example a rock sample recovered from a sub-soil
formation.

When drilling a well, it is known to recover solid samples from the formations through
which the well is drilled, in particular rock samples.

These rock samples are used for obtaining a log of the successive geologic
formations penetrated by the well.

The log is generally obtained by visual inspections of the samples recovered at the
surface, and/or by physical measurements carried out along the well.

In a logging operation, electrical conductivity is often measured. Electrical
conductivity can be related to significant parameters of the formations, including in
particular porosity and saturation.

For example, an empirical law such as Archie’s law relates the electrical conductivity
of a porous sample of formation to its porosity and to its brine saturation. In a fluid
saturated rock, the brine saturation is then related to hydrocarbon saturation, providing
extremely relevant information about the location and potential of hydrocarbon reservoirs
after the well is drilled.

Archie’s law, reformulated for electrical resistivity reads as follows:

Ri=ax®™™ x S, ™* X R,,

in which R is the sample resistivity, R, is the sample resistivity when saturated with
brine, ® is the sample porosity, and a is a constant.

The formation factor Ry = a x @™ X Ry, is determined by measuring the resistivity of
the porous sample saturated only with brine. As a consequence, a resistivity index Rl can
be determined following the following equation:

log Rl = log (%): -n xlogS,,
In order to use Archie’s law, the exponent coefficient n associated with the brine
saturation S, has to be experimentally determined for a particular porous sample.
Experimental determination of Archie’s law exponent coefficient n is generally a long

and tedious process.
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A porous sample containing water is inserted in a cell. Oil under pressure is injected
in the porous sample, at one end of the porous sample, and another end of the porous
sample is equipped with a porous plate from which only water is able to be extracted.

After a long time, generally in the order of a month, a steady state is reached in the
porous sample. An average saturation S, in water of the porous sample is measured.

In parallel, the resistivity R; of the porous sample is measured by placing electrodes
at the ends of the porous sample when the steady state is reached.

A first point of the curve connecting the logarithm of the saturation with the resistive
index is thus obtained. The capillary pressure is here equal to the pressure at which the oil
is injected and a first point of the curve of the capillary pressure versus saturation is
obtained.

Then, the oil pressure is increased at the porous sample inlet. The experiment is
stayed until a steady state is reached. When the steady state is reached, a second
measurement of the resistivity and of the capillary pressure is carried out to obtain a
second point of the above mentioned curve.

The previously described operations must then be repeated several times until an
adequate number of points is determined.

As a consequence, the measurement of the determination of the exponent
coefficient n of Archie’s law and of the pressure of the capillary pressure Pc versus
saturation takes several months. This significantly delays the log interpretation and the
resultant business decisions for the operations.

One aim of the invention is to obtain a robust method for determining representative
parameters of a formation sample, such as the saturation exponent n in Archie’s law
or/and the capillary pressure as a function of saturation, which is fast to operate.

To this aim, the subject-matter of the invention is a method of the afore-mentioned
type, comprising the following steps:

- providing a porous sample containing a first fluid;

- establishing a steady state profile of a second fluid content in the porous sample by
applying a first mechanical load, to create a plurality of regions having different second
fluid contents in the porous sample;

- measuring, in each of the plurality of regions, a local saturation in the first fluid
or/and in the second fluid;

- measuring, in each of the plurality of regions, a corresponding local electrical
resistivity and/or conductivity;
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- determining a value of the representative parameter based on the corresponding
values of local saturation and of local electrical conductivity and/or resistivity in each of the
plurality of regions.

The method according to the invention may comprise one or more of the following
feature(s), taken solely or according to any technically feasible combination:

- the representative parameter is an exponent coefficient of the saturation in Archie’s
law;

- the determining of the representative parameter comprises calculating a slope of a
curve of a logarithm resistive index calculated from the local resistivity measured in a
plurality of regions, as a function of a logarithm of the local saturation in the first fluid
or/and in the second fluid in each of the plurality of regions;

- the mechanical load is applied by centrifugation of the porous sample;

- the measuring, in each of the plurality of regions, of a local saturation in the first
fluid or/and in the second fluid is carried out by nuclear magnetic resonance or/and by X-
ray diffraction;

- the measuring, in each of the plurality of regions, a corresponding local electrical
resistivity and/or conductivity comprises placing electrodes locally at the boundaries of the
region;

- establishing the steady state profile in the porous sample comprises saturating the
porous sample with the first fluid, and progressively introducing the second fluid into the
porous sample while applying the mechanical load;

- establishing the steady state profile comprises measuring the rate of second fluid
and/or first fluid extracted from the porous sample;

- it comprises, after measuring a plurality of local saturations in the first fluid or/and
in the second fluid and after measuring a plurality of electronical conductivities and/or
resistivities, applying an additional mechanical load to the porous sample to obtain a
modified steady state profile of content in second fluid, the additional mechanical load
having an intensity different from the first mechanical load, and measuring, in each of the
plurality of regions, a local saturation in the first fluid or/and in the second fluid and a
corresponding local electrical resistivity and/or conductivity after applying the additional
mechanical load;

- it comprises, after measuring a plurality of local saturations in the first fluid or/and
in the second fluid and after measuring a plurality of electronical conductivities and/or
resistivities, establishing a fluid content steady state profile of a third fluid in the porous
sample by applying a mechanical load, and measuring, in each of the plurality of regions,
a local saturation in the third fluid and a corresponding local electrical resistivity and/or
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conductivity after applying the mechanical load, the third fluid being advantageously
identical with the first fluid;

- the first fluid is a water-based fluid, in particular brine, the second fluid being an oil-
based fluid;

- the first fluid is a liquid, the second fluid being a gas;

- the porous sample is a formation sample, in particular a rock sample.

The invention further concerns a system for determining a representative parameter
of a porous sample, comprising:

- a cell for receiving a porous sample containing a first fluid;

- an apparatus for establishing a steady state profile of a second fluid content in the
porous sample by applying a mechanical load, to create a plurality of regions having
different second fluid contents in the porous sample;

- a first measuring apparatus for measuring, in each of the plurality of regions, a
local saturation in the first fluid or/and in the second fluid;

- a second measuring apparatus for measuring, in each of the plurality of regions, a
corresponding local electrical resistivity and/or conductivity;

- a calculator for determining a value of the representative parameter based on the
corresponding values of local saturation and of local electrical conductivity and/or
resistivity in each of the plurality of regions.

The system according to the invention may comprise one or more of the following
feature(s), taken solely or according to any technical feasible combination:

- the first measuring apparatus is a nuclear magnetic resonance and/or a X-ray
diffraction apparatus, the second measuring apparatus comprising several electrodes able
to be placed on the porous sample.

The invention will be better understood, upon reading of the following description,
given only as an example, and made in reference to the following figures, in which:

- figure 1 is a schematic view of a system for carrying out a method according to the
invention;

- figure 2 is a schematic view of a cell containing a porous sample;

- figure 3 is a schematic view of the porous sample, illustrating a first steady state
profile of fluid saturation in the sample;

- figure 4 is a logarithmic plot of the resistivity index versus saturation, obtained by
carrying out a first phase of the method according to the invention;

- figure 5 is a plot of the capillary pressure versus saturation, obtained by carrying
out a first phase of the method according to the invention;
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- figure 6 is a schematic view of the porous sample, illustrating a second steady
state profile of fluid saturation in the sample;

- figure 7 is a logarithmic plot of the resistivity index versus saturation, obtained by
carrying out a second phase of the method according to the invention;

- figure 8 is a plot of the capillary pressure versus saturation, obtained by carrying
out a second phase of the method according to the invention;

- figure 9 is a logarithmic plot of the resistivity index versus saturation, obtained by
carrying out a cycle of imbibition and drainage with the method according to the invention;

- figure 10 is a plot of the capillary pressure versus saturation, obtained by carrying
out a cycle of imbibition and drainage with the method according to the invention;

- figure 11 and 12 are view similar to figures 3 and 4, illustrating a variant of the
method according to the invention;

- figure 13 is a view similar to figure 3, for another variant of method according to the
invention.

A method for determining a representative parameter of a porous sample 10 shown
in figure 2 is carried out in a measuring system 12 schematically illustrated in figures 1
and 2.

The porous sample 10 is for example a formation sample extracted from a sub-soil.
The formation sample is in particular a rock sample having an internal porosity.

Typically, the porous sample 10 has for example a volume comprised between 8
cm® and 60 cm®. It is advantageously cylindrical, with a circular cross-section.

The diameter of the porous sample 10 is generally comprised between 23 mm and
40 mm. Its length is for example comprised between 20 mm and 50 mm.

In a variant, the porous sample 10 is a parallelepiped.

The representative parameter is advantageously the exponent saturation coefficient
n in Archie’s law, and/or a capillary pressure Pc as a function of saturation S,,.

The measuring system 12 comprises a cell 14 receiving a porous sample 10 filled
with a first fluid (see figure 2), and an apparatus 16 for establishing a steady state profile
of a second fluid content in the porous sample 10 by applying a first mechanical load, to
create a plurality of regions 17 having different second fluid contents in the porous sample
10.

The measuring system 12 further comprises a first measuring apparatus 18, for
measuring, in each of the plurality of regions 17 (see figure 3), a local saturation S,, in the
first fluid or/and in the second fluid and a second measuring apparatus 20, for measuring,
in each of the plurality of regions 17, a corresponding local electrical resistivity R and/or
conductivity C..
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The measuring system 12 further comprises a calculator 22 for calculating the
representative parameter based on the corresponding values of local saturation S,, and
local electrical conductivity C; and/or resistivity R in each region of the porous sample 10.

An example of cell 14 is shown schematically in figure 2. It comprises a closed
enclosure 30 defining a volume 32 for receiving the porous sample 10, an upstream
chamber 34, for injection of the second fluid in the porous sample 10, and a downstream
chamber 36 for receiving fluids collected when a mechanical load is applied to the porous
sample 10.

The cell 14 delimits at least an inlet 38 for feeding the second fluid into the upstream
chamber 34. It extends along a longitudinal axis X-X’ which is coaxial with the longitudinal
axis of the porous sample 10.

The inlet 38 is able to be closed to seal the enclosure 30. Chambers 34 and 36 are
able to fluidly communicate to equilibrate pressures when fluid is produced from the
porous sample 10 in either of the chambers 34, 36 as will be described below.

The cell 14 defines at least a transparent window in the downstream chamber 36
and/or in the upstream chamber 34.

Advantageously, the enclosure 30 of the cell 14 comprises an assembly of a
centrifuge cup containing the porous sample 10 and of a transparent test tube delimiting
the downstream chamber 36.

As shown in figure 1, the apparatus 16 here includes a centrifuge 50 to provide a
mechanical load to the porous sample 10, a sensing system 52, and a control unit 54.

The centrifuge 50 comprises an enclosure 56, a rotor 58 rotatably mounted in the
enclosure 50 around a rotation axis A-A’, and a motor 60 able to drive the rotor 58 in
rotation around axis A-A’.

The rotor 58 is contained in the enclosure 56. It is able to receive at least two cells
14, preferably at least three cells 14 containing porous samples 10.

In the example of figure 1, the rotor 58 comprises a central hub 62 and several
radially protruding arms 64.

Each arm 64 receives a cell 14. The arms 64 are angularly distributed around the
axis A-A’. The cell 14 is received with its longitudinal axis X-X’ extending radially in
reference to the rotation axis A-A’. The upstream chamber 34 is located relatively closer to
the rotation axis A-A’. The downstream chamber 36 is located relatively away from the
axis of rotation A-A'.

The motor 60 of the centrifuge 50 is able to be actuated by the control unit 54 to
rotate the rotor 58 and jointly the cell 14 containing the porous sample 10 at a speed of
rotation ranging from 500 rpm to 14000 rpm.
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The mechanical load is therefore a centrifugal force applied on the porous sample
10.

The sensing unit 52 comprises a rotation speed sensor 70, able to detect the speed
of rotation of the rotor 58, and a steady state detector 72.

The steady state detector 72 is able to monitor the rate of fluid production from the
porous sample 10 during rotation of the cell 14 around the rotation axis A-A’.

In the example of figure 1, the steady state detector 72 comprises at least a
stroboscope 74, and a camera 76 able to take images of the content of the downstream
chamber 36 and/or of the upstream chamber 34 along time.

The control unit 54 is able to analyze the fluid production from the images taken with
the camera 76 and to relate it to a rate of production of fluid in the downstream chamber
36 and/or in the upstream chamber 34 by image analysis.

The first measuring apparatus 18 is here a nuclear magnetic resonance apparatus. It
is able to receive the porous sample 10 and to apply a variable magnetic field in the
porous sample 10 to scan successive regions 17 of the porous sample 10 having different
contents in second fluid.

In the example of figure 3, the successive regions 17 are slices of the porous sample
10 taken in succession longitudinally along the length of the porous sample 10. Each slice
is delimited by two parallel transverse planes which are perpendicular to the longitudinal
axis X-X’ of the porous sample 10. The number of regions 17 is for example comprised
between 4 and 10 preferably between 5 and 8. The length of each region 17, taken along
the axis is preferably smaller than 20% of the total length of the porous sample 10.

Based on the nuclear magnetic resonance signal measured in each region 17, the
apparatus 18 is able to determine the local saturation in first fluid and/or second fluid in
each region 17, in the steady state profile of fluid content in the porous sample 10.

The second measuring apparatus 20 comprises a plurality of electrodes applied on
the porous sample 10 around the successive regions 17.

A voltage can be applied to the electrodes to determine a resistivity and/or a
conductivity of each region 17 along the length of the porous sample 10, each region 17
corresponding to a region 17 in which the saturation in first fluid and/or second fluid was
determined by the first measuring apparatus 18.

The calculator 22 is able to collect the values of saturations determined by the first
measuring apparatus 18 and the values of conductivities and/or resistivities measured by
the second measuring apparatus 20, for each region 17, and to determine the

representative parameter.
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For example, the calculator 22 is able to calculate the logarithm of the ratio Rl of the
resistivity R; measured in each region 17 by the second measuring apparatus 20 to the
resistivity R, of the porous sample 10 filled only with the first fluid, and to correlate it to the
logarithm of the saturation S,, in first fluid in each region 17, as determined by the
apparatus 20. Based on this correlation, the calculator 22 is able to determine a slope of
the curve of log(R/R,) as a function of log(S,), for example by linear regression, to
calculate the saturation exponent of Archie’s Law.

Similarly, based on the position of each region 17 along the porous sample axis, and
on the rotation speed, the calculator 22 is able to calculate the capillary pressure Pc
applied in each region using the following equation:

PC=%xw2xApx(r§ - 12)

in which w is the rotation speed, Ap is the difference of density between the first fluid
and the second fluid, r; is the radius separating the region 17 from the axis of rotation A-
A', and r, is the radius separating the axis of rotation A-A’ from the surface of the porous
sample 10 farthest (in drainage) or closest (in imbibition) to the axis of rotation A-A’.

The calculator 22 is then able to determine a plot of the capillary pressure Pc as a
function of the saturation in the first fluid S,,.

A method for determining a representative parameter of a porous sample 10, using
the system 12 will be now described.

Initially, the porous sample 10 is saturated with a first fluid, in particular with a water-
based fluid such as brine.

The resistivity R, of the porous sample 10 saturated with the first fluid is measured,
for example using the second measuring apparatus 20 or using an external apparatus.

Then, the porous sample 10 filled with the first fluid is inserted into the porous
sample reception volume 32 of the cell 14.

The cell 14 is introduced in the centrifuge 50. It is placed in an arm 64 of the rotor 58
with the axis X-X' of the porous sample 10 extending radially with regards to the axis of
rotation A-A’ of the rotor 58.

A second fluid is introduced in the upstream chamber 34 located closer to axis A-A’.
The second fluid is for example oil, or gas (for example air).

Then, the control unit 54 of the centrifuge 50 is activated to actuate the motor 60 and
rotate the rotor 58 jointly with the porous sample 10 contained in the cell 14 around the
rotation axis A-A’. A first mechanical load applies on the porous sample 10 due to the
centrifugal force applying on the porous sample 10.

The axis X-X' of the porous sample 10 extending radially with regard to the rotation
axis A-A’, the second fluid contained in the upstream chamber 54 progressively
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penetrates into the porous sample 10 to generate a profile of saturation in the second fluid
which is represented schematically with curve 140 in figure 3. In figure 3, the rotation axis
of the porous sample 10 is located on the right of the porous sample 10.

The steady state detector 72 of the sensing unit 52 is activated to measure the rate
of fluid extraction from the porous sample 10 collected in the downstream chamber 36.

In a time period comprised generally between 1 hours and 10 days, a second fluid
content steady state profile establishes in the porous sample 10, when the rate of fluid
extraction measured by the steady state detector 72 becomes zero.

In the steady state profile, the porous sample 10 comprises successive regions 17
along the longitudinal axis X-X’, the successive regions 17 having different local average
values of saturation S,,, in particular increasing values of saturation in the first fluid S,,
along the length of the porous sample 10, taken from the end of the porous sample 10
located closer to the axis A-A’ (on the right in figure 3) to the end of the porous sample 10
located further away from the axis A-A’ (on the left in figure 3).

The porous sample 10 is then transferred to the first measuring apparatus 18.

The apparatus 18 determines an average saturation in first fluid S,, and/or in second
fluid in each of several successive regions 17 of the porous sample 10, taken along the
porous sample 10 longitudinal axis X-X'. Each saturation S,, is collected and sent to the
calculator 22.

Then, the porous sample 10 is equipped with the second measuring apparatus 20 to
carry out a measurement of a plurality of conductivities and/or resistivities R; in the same
regions 17 where the saturations S,, were determined by the first measuring apparatus 18.

The electrodes 17 are activated to measure for example the resistivity R; of each
region 17.

The values of resistivities R; are collected and sent to the calculator 22.

Then, the calculator 22 calculates, for each region 17, the logarithm of the ratio Rl of
the resistivity R;, as measured by the apparatus 20, to the resistivity at saturation in first
fluid R,. It calculates the logarithm of saturation S, in first fluid in each region 17. It then
correlates and plots the pairs 150 of calculated logarithm of Rl and logarithm of S,, to
determine a slope of the curve of log (RI) as a function of log (S,,) as shown in figure 4, for
example by least square analysis. The exponent coefficient of Archie’s law n is then
deduced from the slope of the curve.

Similarly, the calculator 22 calculates the profile 152 of capillary pressure Pc as a
function of saturation S,, based on the measurements made in the same porous sample
10 at various regions 17 of the porous sample 10 when a steady state fluid content profile
is obtained in the porous sample 10, as shown in figure 5.
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If the number of points in each curve of figure 4 and figure 5 is not enough to obtain
sufficient accuracy, the porous sample 10 can be then placed again in the apparatus 16
for establishing a modified fluid content steady state profile.

The speed of rotation of the porous sample 10 is for example increased to create a
mechanical load having an intensity different from the intensity of the first mechanical
load.

After a steady state is reached, a second fluid content steady state profile is
established (see curve 160 in figure 6) and the saturation S, in first fluid in each region 17
is again measured by the apparatus 20 as described before. Similarly, the resistivity R; in
each region 17 is determined and more points (see points 162 and 164 respectively in
figures 7 and 8) can be obtained on each of the curves, as shown in figures 7 and 8.

The same operations can be repeated several times.

The method according to the invention therefore allows a significant number of
values of saturations S, at steady state in a porous sample 10 to be obtained
simultaneously with a corresponding number of measurements of the resistivity R, and/or
conductivity of the porous sample 10.

This leads to obtaining many points on a curve relating the logarithm of the ratio Rl
of the resistivity R; to the resistivity at saturation R, to the logarithm of saturation S,,, and
hence a determination of the exponent coefficient n of Archie’s law.

The determination is fast, for example in the order of a few days. This drastically
reduces the time necessary to determine relevant parameters of the porous sample 10.
The results of the measurements can be provided to the operations in a few weeks, as
opposed to several months in using state of the art techniques.

The results can then be integrated in the field study, after the drilling of a well has
been made. The calculation of potential reservoir capabilities is made at an early stage,
which is extremely favorable in terms of further operations in the field.

The method according to the invention is easy to carry out, and does not require a
large amount of man force, and/or numerous porous samples 10.

The method being based on a steady state analysis of the porous sample 10, it does
not comprise biases which could arise from methods in which the porous sample 10 is in a
transitory state in its fluid content.

Moreover, the method according to the invention is able to determine simultaneously
the exponent coefficient n of Archie’s law, and the profile of a capillary pressure Pc
variation as a function of the fluid saturation S,,.

In a variant, shown in figures 9 and 10, a draining of the second fluid is carried out
after the imbibition of the porous sample 10 has been carried out with the second fluid.
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The draining of the second fluid is for example carried out with a third fluid, which is
advantageously identical to the first fluid.

For example, after the imbibition of a porous sample 10 saturated with brine as a
first fluid, with oil as a second fluid, brine can be used again as a third fluid to drain out oil
from the porous sample 10.

The sensing unit 52 of the apparatus 16 is then configured to monitor the rate of
second fluid extraction into the upstream chamber 34.

The porous sample 10 is inserted in the apparatus 16 and is rotated so that the
second fluid drains out of the porous sample 10.

A fluid content steady state profile is established in the porous sample 10 and is
monitored by the sensing unit 52. Once the steady state has been obtained, the porous
sample 10 is introduced successively in the first measuring apparatus 18 and in the
second measuring apparatus 20 as described previously to obtain further points of the
previously described curves.

As shown in figures 9 and 10, a hysteresis in the curves of the logarithm of the ratio
Rl versus the logarithm of the saturation S,, obtained respectively in the imbibition phase
(curve 180) or and in the draining phase (curve 184) is observed, as shown in figure 9.

Similarly, a hysteresis is also observed in the curves 182, 186 of capillary pressure
Pc as a function of the saturation S, as shown in figure 10.

In another variant, shown in figure 12, several plots of log Rl versus log S, each
corresponding to one specific region 17A, 17B, 17C undergoing different steady states at
different mechanical loads applied to the porous sample 10 are plotted separately as
shown in figure 12.

This leads to determining a specific value of the exponent coefficient n of Archie’s
law in each specific region 17A, 17B, 17C of the porous sample 10. For example, the n
exponent coefficient for a first region 17A is determined by the plot 170 drawn with
crosses in figure 12, the n exponent coefficient for a second region 17B is determined by
the plot 172 drawn with triangles in figure 12, and the n exponent coefficient for a third
region 17C is determined by the plot 174 drawn with squares in figure 12.

In another variant, the regions 17A, 17B, 17C are not slices, but are pixels delimited
in the sample as shown in figure 13, schematically with regions 17D, 17E, 17F.

For such a case, the first measuring apparatus 18 is able to measure local
saturations in each of the regions 17D, 17E, 17F. The second measuring apparatus 20 is
for example an electrical resistivity tomography apparatus.

In another variant, the first fluid and/or the second fluid is a gas, the second fluid
and/or the first fluid being a liquid.
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In another variant, the first measuring apparatus 18 is an X-ray spectrograph.
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CLAIMS

1.- A method for determining a representative parameter of a porous sample (10),
comprising the following steps:

- providing a porous sample (10) containing a first fluid;

- establishing a steady state profile of a second fluid content in the porous sample
(10) by applying a first mechanical load, to create a plurality of regions (17) having
different second fluid contents in the porous sample (10);

- measuring, in each of the plurality of regions (17), a local saturation (S,,) in the first
fluid or/and in the second fluid;

- measuring, in each of the plurality of regions (17), a corresponding local electrical
resistivity (R;) and/or conductivity;

- determining a value of the representative parameter based on the corresponding
values of local saturation (S,) and of local electrical conductivity and/or resistivity (R;) in
each of the plurality of regions (17).

2.- The method according to claim 1, wherein the representative parameter is an
exponent coefficient of the saturation (Sy) in Archie’s law.

3.- The method according to claim 2, wherein the determining of the representative
parameter comprises calculating a slope of a curve of a logarithm resistive index (RI)
calculated from the local resistivity (R;) measured in a plurality of regions (17), as a
function of a logarithm of the local saturation (S,,) in the first fluid or/and in the second fluid
in each of the plurality of regions (17).

4.- The method according to any one of the preceding claims, wherein the
mechanical load is applied by centrifugation of the porous sample (10).

5.- The method according to any one of the preceding claims, wherein the
measuring, in each of the plurality of regions (17), of a local saturation (S,,) in the first fluid
or/and in the second fluid is carried out by nuclear magnetic resonance or/and by X-ray
diffraction.

6.- The method according to any one of the preceding claims, wherein the
measuring, in each of the plurality of regions (17), a corresponding local electrical
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resistivity (Rt) and/or conductivity comprises placing electrodes locally at the boundaries
of the region (17).

7.- The method according to any one of the preceding claims, wherein establishing
the steady state profile in the porous sample (10) comprises saturating the porous sample
(10) with the first fluid, and progressively introducing the second fluid into the porous
sample (10) while applying the mechanical load.

8.- The method according to any one of the preceding claims, wherein establishing
the steady state profile comprises measuring the rate of second fluid and/or first fluid
extracted from the porous sample (10).

9.- The method according to any one of the preceding claims, comprising, after
measuring a plurality of local saturations (S,) in the first fluid or/and in the second fluid
and after measuring a plurality of electronical conductivities and/or resistivities (R),
applying an additional mechanical load to the porous sample (10) to obtain a modified
steady state profile of content in second fluid, the additional mechanical load having an
intensity different from the first mechanical load, and measuring, in each of the plurality of
regions (17), a local saturation (S,) in the first fluid or/and in the second fluid and a
corresponding local electrical resistivity (R:) and/or conductivity after applying the
additional mechanical load.

10.- The method according to any one of the preceding claims, comprising, after
measuring a plurality of local saturations (Sy,) in the first fluid or/and in the second fluid
and after measuring a plurality of electronical conductivities and/or resistivities (R),
establishing a fluid content steady state profile of a third fluid in the porous sample (10) by
applying a mechanical load, and measuring, in each of the plurality of regions (17), a local
saturation (S,) in the third fluid and a corresponding local electrical resistivity (R;) and/or
conductivity after applying the mechanical load, the third fluid being advantageously
identical with the first fluid.

11.- The method according to any one of the preceding claims, wherein the first fluid
is a water-based fluid, in particular brine, the second fluid being an oil-based fluid.

12.- The method according to any one of claims 1 to 10, wherein the first fluid is a
liquid, the second fluid being a gas.
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13.- The method according to any one of the preceding claims, wherein the porous
sample (10) is a formation sample (10), in particular a rock sample (10).

14.- A system (12) for determining a representative parameter of a porous sample
(10), comprising:

- a cell (14) for receiving a porous sample (10) containing a first fluid;

- an apparatus (16) for establishing a steady state profile of a second fluid content in
the porous sample (10) by applying a mechanical load, to create a plurality of regions (17)
having different second fluid contents in the porous sample (10);

- a first measuring apparatus (18) for measuring, in each of the plurality of regions
(17), a local saturation (S,,) in the first fluid or/and in the second fluid;

- a second measuring apparatus (20) for measuring, in each of the plurality of
regions (17), a corresponding local electrical resistivity (R;) and/or conductivity;

- a calculator (22) for determining a value of the representative parameter based on
the corresponding values of local saturation (S,,) and of local electrical conductivity and/or
resistivity (R;) in each of the plurality of regions (17).

15.- The system (12) according to claim 14, wherein the first measuring apparatus
(18) is a nuclear magnetic resonance and/or a X-ray diffraction apparatus, the second
measuring apparatus (20) comprising several electrodes able to be placed on the porous
sample (10).
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