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DESCRIPTION

[0001] The present invention relates to a measuring device of the electric properties of liquid or solid geological samples, such
as rocks, preferably from gas or oil reservoirs and saturation fluids of the same.

[0002] The measurement of the low-frequency complex impedance, i.e. lower than 100kHz, of rock samples from gas or oil
reservoirs is normally effected through two complementary measurement techniques, with two or four electrode, respectively.

[0003] Single techniques are currently implemented by relative measuring devices comprising two or four electrodes,
respectively. This implies the necessity of changing configuration according to the technique to be used and therefore the
impossibility of applying these techniques in rapid succession.

[0004] In measuring devices with two electrodes, an electric contact is established between each electrode and a surface portion
of the sample, an alternating electric current is injected and the potential difference which is established between the same

electrodes, is measured.

[0005] The most common configuration used for cylindrical samples is that of a capacitor whose parallel and flat plates are in
contact with the faces of said sample.

[0006] The complex impedance of the capacitor thus filled, or its admittance is measured when the frequency varies, through an
impedance analyzer, which calculates the ratio between the potential difference at the electrodes and the current injected.

[0007] The compleximpedance and admittance are defined by the following equations, respectively:

Z{w) = 1/(jwCosg)
Y(w) = jaCoe
wherein

w is the frequency
Co is the capacity of the empty capacitor

€ is the dielectric permittivity of the sample placed in the capacitor.

[0008] The dielectric spectrum g(w) of the sample is obtained from the compleximpedance Z(w) measured.
[0009] Although easy to produce, this known measuring device has various drawbacks.

[0010] In the case of measurements on rocks saturated with brine, systematic errors occur when the interface or contact
resistances are not negligible with respect to that inside the sample, or when the electric contact between the sample and the
electrodes is not satisfactory.

[0011] These problems can be reduced through treatment which is not easy to apply, such as, for example, by evaporating
metallic layers on the faces of the rock sample. Notwithstanding this treatment, however, the above problems are generally not
totally eliminated due to the roughness and incoherence of the rock surface.

[0012] Furthermore, a thin layer of mineral oil with insulating or slightly conductive characteristics may be present on the rock
surface or a part of the water may evaporate, totally or partially drying the surface of the sample. This creates a contact
impedance and a potential drop through the layer, with a consequent over-estimation of the resistance of the substrate of the
sample, also called bulk resistance.

[0013] In order to avoid these inconveniences, the following solutions are known, which however can only be applied in particular
cases:

1. (i) applying thin metal layers to the electrodes, which are sufficiently plastic and malleable to adapt to the rock surface,
2. (ii) electrochemically depositing porous layers of platinum or silver chloride on the electrodes,
3. (iii) using paper filters or porous silver filters soaked in the saturation brine to be inserted between sample and electrodes.
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[0014] This latter expedient can make the contact resistance and that of the paper filter negligible, but only until the inner
saturation level of brine is high. The evaporation of the liquid from the porous filter must therefore be avoided.

[0015] A reduction in the contact impedance, however, does not solve all the problems linked with the two-electrode
measurement devices. For example, electrode polarization effects, in particular in low-frequency dielectric measurements on
rocks with a high saturation and/or saturated by brine containing high concentrations of ionic carriers, can be particularly
significant.

[0016] DE 4414619 A1 discloses a method and an apparatus for measuring physico-chemical properties of moistened granular
mixtures comprising two-half shells defining a sample area and a plurality of electrodes arranged on the opposite ends and on the
lateral surface of the sample.

[0017] With respect to four-electrode measurement devices, only particular embodiments are known, which can be used for
measuring the electric properties of the rocks. These embodiments have the specific characteristic that the impedance is
measured using current injection electrodes and measurement electrodes of the potential, all situated on the lateral surface of the
sample.

[0018] GB 2322942 A discloses a device for taking electrical resistiuity measurements on a solid sample by means of a plurality
of electrodes arranged on the lateral surface of the sample and clamped thereto.

[0019] Finally, a measurement device is known, which is capable of using both the two-electrode and four-electrode techniques,
with the same cell and at frequencies ranging from 10 Hzto 10 MHz.

[0020] This device includes two flat electrodes in contact with the sample faces to inject current and two rings as measurement
electrodes of the voltage positioned on the lateral surface of the sample and suitably spaced from each other along the cylinder
axis and in a symmetrical position with respect to the centre of the cylinder.

[0021] These devices therefore have the drawbacks indicated above, relating to the known devices with two electrodes, and also
the drawback of inaccurate measurements when effected at high frequency through the four-electrode technique, due to the
restricted contact surface of the rings, which makes the capacity of the same very small.

[0022] An objective of the present invention is to overcome the above drawbacks and, in particular, to provide a measuring
device of the electric properties of geological samples which offers the possibility of applying two- and four-electrode techniques
in a rapid sequence and with sufficient accuracy.

[0023] Another objective of the present invention is to provide a measuring device of the electric properties of geological
samples which, when used for effecting two-electrode measurements, is not subjected to systemic errors or to over-estimation of
the substrate resistance.

[0024] A further objective of the present invention is to provide a measuring device of the electric properties of geological
samples which, when used to effect four-electrode measurements, offers accurate measurements even when effected at high
frequency.

[0025] These and other objectives according to the present invention are achieved by providing a measuring device of the
electric properties of geological samples as specified in claim 1.

[0026] Further characteristics of the device are object of the dependent claims.

[0027] The characteristics and advantages of a measuring device of the electric properties of geological samples according to
the present invention will appear more evident from the following illustrative and non-limiting description referring to the enclosed
schematic drawings, in which:

o figure 1 is a perspective view of a measuring device of the electric properties of geological samples according to the
present invention;

e figure 2 is a view from above of the upper and lower half-shells of the measuring device of figure 1 in an open
configuration;
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s figure 3 is an enlarged view of the electrodes used in the measuring device according to the present invention;

o figure 4 is a sectional view of the measuring device of figure 1;

o figure 5 is an exploded sectional view of a set of elements of the measuring device of figure 4;

¢ figure 5a is a sectional view of an alternative embodiment of the annular element of the measuring device according to the
present invention;

o figure Ba is a perspective representation in an assembled configuration of a liquid sample-holder device, used when the
measuring device according to the present invention is adopted for measuring the electric properties of liquid geological
samples;

o figure 6b is a perspective view of the bases of the liquid sample-holder device of figure 6a in which the outer sides are
facing upwards;

» figure 6¢c is a perspective view of the bases of the liquid sample-holder device of figure 6a in which the inner sides are
facing upwards;

o figure 7 is a sectional view of the liquid sample-holder device in the assembled configuration of figure 6a.

[0028] With reference to the figures, a preferred and non-limiting embodiment is shown of a device for the measurement of the
electric properties of geological samples, indicated as a whole with 10.

[0029] The measuring device 10 comprises a hollow body, preferably cylindrical, consisting of two half-shells 11,12 one coaxially
sliding over the other, partially overlapping in correspondence with a portion 11a,12a having a reduced thickness.

[0030] A pair of coplanar contacts is advantageously situated on each base of the half-shells 11,12.

[0031] Each pair of coplanar contacts comprises a first electrode for the injection of the current, having a substantially flat shape
and provided with a pass-through hole 17, in correspondence with which a second electrode is arranged for measuring the
voltage (13).

[0032] The first injection electrodes of the current are preferably circular in shape and the pass-through hole 17 is positioned in
the centre of the same. Furthermore, in a preferred embodiment, the first electrodes 14 are made of gold-plated brass.

[0033] On the surface 14a of the first current injection electrode 14 which faces the inside of the measuring device, a sheet 15
made of noble metal, preferably pure gold, not work-hardened by cold processing, is welded.

[0034] The sheet 15 is advantageously extremely plastic and deforms by adhering to the surface of the geological sample
subjected to measurement, when a sufficiently high pressure is exerted on the electrode 14. This sheet 15 also protects the first
electrode 14 from corrosion due to the brine.

[0035] On the other side of the first current injection electrode 14, there is a plurality of circular housings 18 for first elastic
means 30, such as, for example, compression springs, preferably uniformly distributed.

[0036] In the embodiment shown, there are three housings arranged at 120° from each other.

[0037] In this preferred embodiment, the springs 30 are made of harmonic steel wire with a diameter of 1.25 mm and have a
diameter of 9.25 mm, a free length of 22.0 mm and a minimum operative length of 10.5 mm (useful coils 5.5). The constant of
these springs 30 is preferably 8.92 N'mm.

[0038] In this preferred and non-limiting embodiment, for a compression of 4 mm, generally equal to a half of the maximum
compression admitted by the geometry of the measuring devices 10, it is necessary to exert a force of 35.68 N on each spring 30,
i.e. an overall force of 107 N corresponding to a total weight force of 10.9 kg.

[0039] Assuming a sample surface of about 5 cm2, in order to exert the above compression, it is necessary to apply a pressure
of 2 atm.

[0040] The springs 30 which support the first circular current injection electrode 14 are housed inside a supporting element 20

made of insulating material, preferably Teflon®.
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[0041] An annular element 21 - also made of insulating material, preferably Teflon ® whose function is to maintain the first
current injection electrode 14 in position and drive it during the phase in which the contact is established, by compression,
between said electrode 14 and the sample - is tightened onto the supporting element 20.

[0042] The annular element 21 has, in its lower part, a first housing 22 for the first current injection electrode 14, and in the
upper part, a second housing 23 for receiving the cylindrical rock samples subjected to measurement.

[0043] The two opposite second housings 23, each corresponding to one of the two pairs of electrodes 13,14, form, inside the
measuring device 10, a housing seat for the samples undergoing measurement.

[0044] In the alternative embodiment illustrated in figure 5a, the annular element 21a has a second housing 23a with such
dimensions as to house cylindrical samples having a large diameter, and a reducing ring 24 suitable for making the second
housing 23a appropriate for also housing samples having a smaller diameter.

[0045] This device makes it possible to pass, in a simple way, from the measurement of samples with a smaller diameter, to that
of samples with a larger diameters, by simply inserting or removing the reducer ring 24.

[0046] Thanks to the plurality of springs 30, the current injection electrodes 14 are sufficiently free to bend to adapt themselves
to the faces of the cylindrical sample, should these not be perfectly parallel.

[0047] The second electrode for the measurement of the voltage 13, concentric to the first current injection electrode 14,
consists of a spring contact or probe, preferably gold-plated.

[0048] Said probe 13 includes in its interior second elastic means which assure contact with the sample. These second elastic
means preferably have an elastic constant of 1.2 Nmm.

[0049] The probe 13 consists of a jack 32, preferably made of copper-beryllium, gold-plated on nickel, and a housing tube 31 or
plug, preferably made of metallic gold-plated alloy. The overall resistance of the probe 13 is preferably lower than 15 mOhm.

[0050] The free terminal part 25 of the jack 32 which, in stand-by position, exceeds the plane of the first electrode 14, is brought
to the level of the plane of said first electrode 14 by charging the sample. The consequent compression of the jack 32 assures a
good contact between the probe 13 and the sample.

[0051] In the case of second elastic means dimensioned as described above, in fact, the force exerted on the end portion 25 of
the jack 32 is equal to 6 N and the pressure exerted on the sample by the free end portion 25 of the jack 32 is in the order of
about ten atmospheres.

[0052] In order to guarantee a good contact with the surface of the sample, the free end portion 25 of the jack is enlarged and
preferably in the form of a spherical drop, or alternatively, a spherical drop in a malleable conductive material, and preferably tin
or indium, it is welded in correspondence with said end part 25.

[0053] Every time the second electrode 13 is compressed against the surface of the sample, the enlargement 25 is deformed
and adheres to the surface of the sample, with the result of reducing the contact resistance.

[0054] The diameter of the free end part 25 of the jack 32 in the form of a spherical drop is preferably 2.54 mm.

[0055] The second electrode 13 is arranged concentrically in the hole 17 of the first current injection electrode 14 and is
separated from this by a circular space much larger in extension, in the material, of the double layer of charges produced by the
polarization of the electrodes which is in an order of magnitude of nanometres.

[0056] In a preferred embodiment, the probes 13 have a milled surface which favours a better contact in the case of rugged or
incoherent samples.

[0057] This configuration with a milled surface also proves to be particularly suitable in the presence of layers of mineral olil
accumulated on the face of the sample, as the teeth of the milling can penetrate the first layers of the sample coming into contact
with the more homogeneous portions of the sample and measure more accurate potential differences.
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[0058] The probe 13 is assembled on the supporting body 26 made of insulating material, preferably Teflon®, and is rigidly
blocked, preferably by means of screws 33 also made of insulating material such as nylon for example, to the supporting element
20 which contains the springs 30 and the first current injection electrode 14.

[0059] The unit consisting of the supporting elements 20 and annular elements 21, the supporting body 26 and also the first and
second electrode 13, 14 is, in turn, rigidly anchored to the relative half-shell 11, 12 which is preferably made of steel, through
suitable fixing means 19 made of insulating material.

[0060] In this way, the cylindrical body consisting of the two half-shells 11, 12 acts as a metallic shield and, according to
requirements, can be connected to the mass or left floating.

[0061] Said cylindrical body 11, 12 exerts different functions among which the main ones are:

¢ maintaining the electrodes 13, 14 and the sample constantly aligned;

o allowing the electrodes 13, 14 to approach each other to ensure and maintain the electric contact with the sample;
¢ insulating the sample and electrodes 13, 14 from external electromagnetic noise; and

» keeping the sample in an environment with a controlled humidity.

[0062] In order to monitor the conditions of the environment inside the cylindrical body 11, 12, there is a temperature sensor and
a relative humidity sensor accessible from the outside through a connector 27 present in the lower part of the cylindrical body 11,
12.

[0063] The relative humidity of the measurement environment is controlled, by putting the interior of the cylindrical body 11, 12 in
contact with an environment having a defined humidity, through a gas connection 28 applied to the upper part 11 of the cylindrical
body.

[0064] The Applicant observed, during some tests, that the level of relative humidity measured by the sensor, once the sample
had been inserted and the measuring device 10 closed, increases until it reaches a stable value.

[0065] With reference to figures 6a-6¢c and 7, these show a liquid sample-holder device 50 which can be inserted in the
measuring device 10 according to the present invention when the electric properties of a liquid sample are to be determined.

[0066] Said liquid sample-holder device 50 preferably has outer dimensions typical of a rock core sample, i.e. 38 mm in diameter
and 44 mm in height.

[0067] Said device 50 is then inserted in the measuring prototype 10 in the place of a solid geological sample and allows various
tests to be effected in addition to calibrations with reference liquids in the same configuration in which the measurements are
subsequently effected.

[0068] The lateral surface consists of a cylindrical hollow body 51 made of plastic material, such as nylon.

[0069] A pair of contacts 52, 53 is arranged at each of the two ends of the hollow cylindrical body 51. Said pair of contacts 52, 53
is produced with a first outer perforated electrode 52 for the injection of the current and with a second concentric electrode 53,

insulated by a ring made of an insulating material, preferably Teflon®,
[0070] The first and second electrode 52, 53 preferably have dimensions of 38 mm and 2 mm respectively.

[0071] Inside the hollow body 51, the diameter of the first metallic electrode 52 is preferably 25.4 mm. The distance between the
two pairs of electrodes 52, 53 is preferably 20.3 mm.

[0072] A series of screws allows access to the interior of the hollow body 51 thus making it possible to fill and empty the liquid
sample-holder device 50 of the relative samples.

[0073] The two pairs of contacts 52, 53 are screwed onto the hollow cylindrical body 51 and the sealed closure is ensured by the

rubber O-ring and/or Teflon® tape (not illustrated).
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[0074] The functioning of the measuring device 10 of the electric properties of geological samples according to the present
invention is the following.

[0075] In the case of a solid sample, a cylindrical core of this sample is inserted in one of the two second housings 23 inside the
metallic body 11, 12.

[0076] Otherwise, in the case of a liquid sample, the sample is introduced into the liquid sample-holder device 50 which is then
inserted in the second housings 23 in the place of the core of solid sample.

[0077] The measuring device 10 is then closed and an increasing pressure is exerted, for example between 2 and 4
atmospheres, on the two bases of the half-shells 11, 12 by a hydraulic press until a good electric contact is established between
the electrodes 13, 14 and the sample or liquid sample-holder device 50.

[0078] The signals are made accessible to an external impedance analyzer by means of four connectors 29, preferably of the
BNC type, electrically insulated by the cylindrical body 10.

[0079] The connectors 29 are preferably connected to the respective electrodes 13, 14 with protected coaxial wires.

[0080] In this way, the external conductor of each wire, connected with each external BNC conductor 29, can float freely
regardless of the potential of the cylindrical body 11, 12 which can be freely earthed.

[0081] The electric insulation between the electrodes 13, 14 and towards the mass is ensured by the use of insulating material,

such as for example Teﬂon®, for the annular elements 21 which support the sample and are in contact with the electrodes 13, 14
and other insulating material such as nylon for example, with respect to the fixing means 19 which ensure the unification of
supports 20, 21, 26 and electrodes 13, 14 with the metallic cylindrical body 11, 12.

[0082] A further centering ring made of insulating material (not illustrated) which slides inside the cylindrical body 11, 12 can be
used for guiding the bases of the longer samples towards the housings 23 on the measuring electrodes 13, 14.

[0083] The characteristics of the device, object of the present invention, are evident from the above description, as also the
relative advantages.

[0084] The measuring device of the electric properties of geological samples according to the present invention makes it
possible to effect measurements with both two and four electrodes on the same sample, without the necessity of having to change
configuration. The two measuring techniques can therefore be applied in rapid succession.

[0085] Furthermore, the particular form of the electrodes makes systematic errors and the over-estimation of the resistance of
the substrate negligible, when the device is commanded to effect measurements with two electrodes, and also offers accurate
measurements when effected at high frequency, when the device is commanded to effect measurements with four electrodes.
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Patentkrav

1. Maleindretning (10) af elektriske egenskaber af geologiske prgver omfattende
et hult legeme (11, 12), der har en langsgdende akse og bestar af en fgrste gvre
halvskal (11) og en anden nedre halvskal (12), hvor den gvre og nedre halvskal
(11, 12) glider ind i hinanden koaksialt med den langsgdende akse, inden i
legemet (11, 12), hvor der er et hussaede til at huse en cylindrisk prgve, hvor
husszedet er koaksialt med den langsgdende akse og har aksialt modstdende
ender, hvor to par af elektroder (13, 14) er taenkt at vende mod hussaadet for
indsprgijtningen af strgm i prgven og til at male spaendingen ved enderne af
prgven, kendetegnet ved at parrene af elektroder (13, 14) er par af coplanare
elektroder, hvert par er situeret ved en af de aksialt modstdende ender af
hussaedet, hvor hussaedet er dannet inden i maleindretningen af to modstéende
andre huse (23, 23a) hvert tilsvarende et af de to par af coplanare elektroder (13,
14).

2. Maleindretningen (10) af elektriske egenskaber af geologiske prgver ifglge krav
1, kendetegnet ved at hvert af parrene af coplanare elektroder (13, 14)
omfatter en fgrste strgmindsprgjtningselektrode (14), der har en flad form og er
udstyret med et gennemgangshul (17) og en anden elektrode (13), der méler
spaendingen situeret i korrespondance med hullet (17).

3. Maleindretningen (10) af elektriske egenskaber af geologiske prgver ifglge krav
2, kendetegnet ved at et lag (15) lavet af et aedelmetal er svejset pa overfladen
(14a) af den fgrste stremindsprajtningselektrode (14), der indvendigt vender mod
hussaedet.

4. Maleindretningen (10) af elektriske egenskaber af geologiske prgver ifslge krav
2 eller 3, kendetegnet ved at den fgrste stramindsprgjtningselektrode (14) er
stgttet af en flerhed af fgrste elastisk organ (30) huset inden i et stgtteelement

(20) lavet af isoleringsmateriale.
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2

5. Maleindretningen (10) af elektriske egenskaber af geologiske prgver ifglge krav
4, kendetegnet ved at et ringformet element (21, 21a) er spaendt pa
stgtteelementet (20), er lavet af et isoleringsmateriale og omfatter, p& en forste
side vendende mod stgtteelementet (20), et fgrste hus (22) egnet til at modtage
den fgrste stremindsprgijtningselektrode (14) og, pa en anden side vendende mod

hussaedet, et andet hus (23, 23a) egnet til at modtage proven.

6. Maleindretningen (10) af elektriske egenskaber af geologiske prgver ifglge krav
5, kendetegnet ved at det ringformede element (21a) omfatter en reducerring
(24) egnet til at reducere dimensionerne af det andet hus (23a).

7. Maleindretningen (10) af elektriske egenskaber af geologiske prgver ifglge et
hvilket som helst af kravene fra 2 til 6, kendetegnet ved at den anden elektrode
til at male spaendingen (13) bestar af en kontaktfjeder (13) forsynet med andet
elastisk organ, der virker p& baggrund af et maleudtag (32) huset i et husrgr
(31).

8. M3leindretningen (10) af elektriske egenskaber af geologiske prgver ifslge krav
7, kendetegnet ved at den frie endedel (25) af maleudtaget omfatter en
udvidelse lavet af et smidigt ledende materiale.

9. Maleindretningen (10) af elektriske egenskaber af geologiske prgver ifglge krav
7 eller 8, kendetegnet ved at kontaktfjederen (13) har en fraest overflade.

10. Maleindretningen (10) af elektriske egenskaber af geologiske praver ifglge et
hvilket som helst af kravene fra 7 til 9 nar afhaengigt af krav 5, kendetegnet ved
at kontaktfjederen (13) er samlet pa et stgttelegeme (26) lavet af
isoleringsmateriale spaendt pé stgtteelementet (20) af den fgrste elektrode (14).

11. Méleindretningen (10) af elektriske egenskaber af geologiske praver ifglge

krav 10, kendetegnet ved at stgtteclementet (20), det ringformede element
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(21), stgttelegemet (26) og den fagrste og anden elektrode (13, 14) danner en
enhed, der er stift forankret til den relative nedre eller gvre halvskal (11, 12).

12. Maleindretningen (10) af elektriske egenskaber af geologiske praver ifglge et
hvilket som helst af de foregdende krav, kendetegnet ved at en flydende prgve-
holdeindretning (50) er huset i hussaedet, bestdende af et hult cylindrisk legeme
(51), hvor der er et par af kontakter (52, 53) ved hver af enderne af det hule
cylindriske legeme (51).

13. Maleindretningen (10) af elektriske egenskaber af geologiske praver ifglge
krav 12, kendetegnet ved at parret af kontakter (52, 53) omfatter en fgrste
udvendigt perforeret elektrode (52) til indsprgjtningen af strgm og en anden
elektrode (53) koncentrisk til den fgrste elektrode (52) og isoleret fra den samme

ved hjeelp af en ring lavet af et isoleringsmateriale.

14. Maleindretningen (10) af elektriske egenskaber af geologiske prover ifglge et
hvilket som helst af de foregdende krav, kendetegnet ved at det hule legeme
(11, 12) omfatter en forbinder (27) til den eksterne forbindelse af en sensor.

15. Maleindretningen (10) af elektriske egenskaber af geologiske praver ifglge et
hvilket som helst af de foregdende krav, kendetegnet ved at den omfatter en
gasforbindelse (28) egnet til at seette det indre af det hule legeme (11, 12) i
forbindelse med et forudetableret fugtighedsmiljg og/eller med en indretning, der

maéler fugtigheden inden i det hule legeme (11, 12).
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Fig. 5
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