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Summary of Facts and Subm ssi ons

The appel l ants (patentees) | odged an appeal, received
on 9 Septenber 1999, against the decision of the

opposi tion division, dispatched on 9 July 1999,
revoki ng the European Patent No. 0 314 573. The fee for
t he appeal was paid on 9 Septenber 1999 and the
statenent setting out the grounds of appeal was

recei ved on 16 Novenber 1999.

1. Since the oppositions originally filed by Baker Hughes
| ncor porated (opponent 01) and Baroid Technol ogy, Inc.
(opponent 02) had been withdrawn in 1994 and 1998,
respectively, the opponents took no part in the appeal.

L1, In the decision under appeal, the opposition division
hel d that the subject-matter of clains 1 and 11 did not
i nvol ve an inventive step within the neani ng of
Article 56 EPC, having regard to the follow ng
docunent s:

D1: US-A-4 209 747

D2: Rodney et al.: "The El ectromagnetic Wave
Resistivity MAD Tool ", SPE 12167, 1983

D6: GB-A-2 146 126

| V. Oral proceedings were held on 19 July 2000.

V. The appel l ants requested that the decision under appeal
be set aside and a patent granted on the basis of the

fol |l owi ng docunents:

Cl ai ns: 1 to 17 filed in the oral proceedings:
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Descri ption: pages 2, 3, 4 and 17 of the description
filed in the oral proceedings; pages 5
to 16 of the description as granted;

Dr awi ngs: Figures 1 to 27 as granted.

The wording of claim1l now reads as foll ows:

"1. A logging apparatus (200) for determ ning the
resistivity of earth formations surroundi ng a borehol e
while the borehole is being drilled with a drill bit
(15) rotatable by neans of a drill string (12), the
apparatus coupleable in the drill string (12) and
conpri si ng:

- a transmtter (T1l) for generating el ectromagnetic
wave energy at a first location in the borehol e;
characterised by:

- a pair of receiver coils (Rl, R2) for receiving
el ectromagneti ¢ wave energy, one at each of second
and third locations in the borehole, said second
and third | ocations being successively spaced
longitudinally in the borehole fromsaid first
| ocati on;

- a circuit (261) for detecting the phase shift
bet ween el ectromagneti c wave energy received at
said second and third locations in the borehol e;
and

- a circuit (262) for detecting the attenuation
bet ween el ectromagneti c wave energy received at
said second and third locations in the borehol e;
wherei n said apparatus includes

- a systemconprising nmeans (270, 85) for
determ ning, as a function of the detected
phase shift, the resistivity of formations at
a relatively shallow depth of investigation
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around said second and third | ocations, and

- means (270, 85) for determining, as a
function of the detected attenuation, the
resistivity of formations at a relatively deep
depth of investigation around said second and
third | ocations,

wherein

- these resistivity determ ning neans (270,
85) are arranged to determ ne said
resistivities utilizing measurenent
information fromonly a single pair of
receiver coils (Rl, R2);

- these resistivity determ ning neans (270,
85) are arranged for applying a transform
stored in such neans, from phase shift to
resistivity wherein said transformutilizes a
predeterm ned functional relationship between
the dielectric permttivity and conductivity
of earth formations, and/or

- these resistivity determ ning neans (270,
85) are arranged for applying a transform
stored in such neans, fromattenuation to
resistivity wherein said transformutilizes a
predeterm ned functional relationship between
the dielectric permttivity and conductivity
of earth formations."

The wording of claim 11 now reads as foll ows:

"11. A method for determining the resistivity of earth
formati ons surrounding a borehole while the borehole is
being drilled, the nmethod conprising the steps of:

provi ding a | oggi ng device which is coupleable in
a drill string and novabl e through the borehol e;
generating el ectromagneti c wave energy at a first
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| ocation in the borehol e;

- receiving el ectromagneti c wave energy at second
and third locations in the borehole, said second
and third | ocations being successively spaced
longitudinally in the borehole fromsaid first
| ocati on;

- detecting the phase shift between el ectromagnetic
wave energy received at said second and third
| ocations in the borehole; and

- detecting the attenuati on between el ectromagnetic
wave energy received at said second and third
| ocations in the borehol e;
the nethod further conprising the steps of:

- determning, as a function of the detected
phase shift, the resistivity of formations at
a relatively shallow depth of investigation
around said second and third | ocati ons;

- determning, as a function of the detected
attenuation, the resistivity of formations at
a relatively deep depth of investigation
around said second and third | ocati ons;
wherein

- said resistivities are determ ned from

el ectromagneti ¢ wave energy received only at
said second and third | ocati ons;

- atransformis applied fromphase shift to
resistivity wherein said transformutilizes a
predeterm ned functional relationship between
the dielectric permttivity and conductivity
of earth formations;

and/ or

- atransformis applied fromattenuation to
resistivity wherein said transformutilizes a
predeterm ned functional relationship between
the dielectric permttivity and conductivity

1956.D Y A
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of earth formati ons."

Clains 2 to 10 and 12 to 17 are dependent on clains 1
and 11, respectively.

The appel l ants' argunents may be summari sed as fol |l ows:

The present invention related to a | oggi ng appar at us
for determining the resistivity of earth formations
surroundi ng a borehol e while the borehol e was bei ng
drilled with a drill bit rotatable by neans of a drill
string. This apparatus, which conprised two receiver
coils and a transmitter coil, was designed to allow the
determ nation of resistivity at two different depths of
i nvestigation from nmeasurenents of phase shift and
attenuation perfornmed at the same receiver coils. The
gi st of the invention consisted essentially in applying
a transformfrom phase shift and/or attenuation to
resistivity which utilised a predeterm ned functional
rel ati onship between dielectric permttivity and
conductivity of the earth formations in order to
mnimse errors in the resistivity nmeasurenents due to
the effect of dielectric permttivity. Since the

avai lable prior art failed to teach or even suggest
that a suitable correlation between dielectric
permttivity and conductivity could be utilised in the
transformation from phase shift and/or attenuation to
resistivity, the subject-matters of clains 1 and 11

i nvol ved an inventive step within the nmeaning of
Article 56 EPC.

Reasons for the Deci sion

1

1956.D

The appeal is adm ssible.
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Claim1l differs fromthe apparatus claimas original
filed and as granted essentially in that it conprises
features relating to the application of a transform
from phase shift and/or attenuation to resistivity
which is stored in "resistivity determ ning neans” and
"utilizes a predeterm ned functional relationship
between permttivity and conductivity of earth

formati ons". Such features find support in the
application as originally filed (page 12, line 21 to
page 13, line 1; Figures 6, 7 and 8) and constitute a
further limtation of the scope of the apparatus claim
as grant ed.

The nethod claim 11l is based essentially on the sane
features of claim1l expressed in terns of nethod steps.

Hence, the Board finds that all the anendnents nade to
the description and the clains are adm ssi bl e under
Articles 123(2)(3) EPC.

The present invention relates to a | oggi ng appar at us
and a nethod for investigating earth formations by
determining their resistivity at two different radial
dept hs of investigation while using signals received at
a single pair of receiver coils operating in
differential arrangenent. As pointed out in the
description (cf. application as originally filed,

page 1, lines 10 to 14), resistivity logging is a
particularly inportant well 1ogging technique, because
porous earth formations having high resistivity
generally indicate the presence of hydrocarbons, while
porous earth formations with lowresistivity are
general |y water saturated.
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Docunent D2, which is considered to represent the

cl osest prior art, provides an overview of the

devel opment of a 2 MHz MAD (Measurenment-Wile-Drilling)
resistivity | ogging tool.

The | oggi ng tool shown in D2 conprises a single
transmtter and two receivers having receiver coils
spaced longitudinally fromthe transmtter coil. Since
the effects of the dielectric constant of the medi um on
t he propagation of an el ectromagnetic wave are

negligi ble at the chosen operating frequency (2 Miz),

t he phase shift and the attenuation experienced by a
wave travelling through the nediumare primarily a
function of the mediums resistivity. Thus, as pointed
out in D2 (page 2: "BASIC APPROACHES'), the resistivity
of earth formations can be inferred from

- the difference in phase between the two signals at
the receiving coils;

- the ratio of anplitude of the signals (attenuation)
at the receiving coils;

- a conbination of phase and anplitude ratio
(attenuation) neasurenents.

Furthernore, it is known in the art of well |ogging
(D1, columm 4, lines 3 to 17) that, when

el ectromagneti c wave energy is emtted froma first

| ocation in a borehole into the surrounding earth
formati ons and then received at a second location in

t he borehol e, nmeasurenents of wave energy attenuation
and of relative phase taken at the second | ocation are
affected by different volunes and shapes of the
formations. In particular, the attenuation neasurenent
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is nore affected by portions of the formations further
fromthe borehole than are nmeasurenents of phase; i.e.
t he attenuation nmeasurenment | ooks deeper into the
formati ons than does the phase neasurenent.

Hence, the resistivity values obtained wth the |ogging
tool suggested in D2 relate necessarily to different
regions of the rock formations, dependi ng on whet her
they are derived from phase shift or attenuation

neasur enent s.

In the opinion of the Board, the teaching of docunent
D2 inplies for the person skilled in the art of well
| oggi ng the disclosure of a | ogging apparatus for
determining the resistivity of earth formations
surroundi ng a borehol e which conprises the foll ow ng
features recited in claim1l:

- atransmtter for generating el ectromagnetic wave
energy at a first location in the borehol e;

- a pair of receiver coils (Figure 2: "far receiver",
"near receiver") for receiving el ectromagneti c wave
energy, one at each of second and third locations in

t he borehol e, said second and third | ocations being
successively spaced longitudinally in the borehole from
said first |ocation;

- acircuit for detecting the phase shift between
el ectromagneti c wave energy received at said second and
third locations in the borehol e;

- acircuit for detecting the attenuation between
el ectromagneti c wave energy received at said second and
third locations in the borehol e;
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- a systemconprising nmeans for determning, as a
function of the detected phase shift, the resistivity
of formations at a relatively shall ow depth of

i nvestigation around said second and third | ocati ons;

- nmeans for determning, as a function of the detected
attenuation, the resistivity of formations at a
relatively deep depth of investigation around said
second and third | ocati ons;

- wherein, these resistivity determ ning neans are
arranged to determne said resistivities utilising
nmeasurenent information fromonly a single pair of
receiver coils

Since the error introduced by disregarding the
permttivity of the earth formations increases with the
medium s resistivity (cf. D2, Figure 5), it is further
suggested in D2 to inprove the accuracy of the |ogging
tool in highly resistive formations with well known
lithologies by inferring the dielectric constant from
the Iithol ogy and by applying a linear correction to
the resistivity readings (page 4, |eft-hand col um,
first paragraph).

Starting fromthe teaching of D2, the problem addressed
by the present patent could be defined as inproving the
accuracy of the resistivity nmeasurenents derivable from
a phase shift neasurenent and/or an attenuation

neasur enent .

The gist of the invention as specified in claiml
consists essentially in applying a transformfrom phase
shift to resistivity and/or fromattenuation to
resistivity which utilises a predeterm ned functional
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rel ati onship between the permttivity and the
conductivity of earth formations.

As pointed out in the description, the conversion from
phase shift and/or attenuation to resistivity is based
on a mat hemati cal nodel of the propagation of an

el ectromagneti ¢ wave whi ch considers the nediums
resistivity as the unknown to be determ ned and assunes
that permttivity and conductivity are nmutually |inked
by a predeterm ned functional relationship not directly
dependent on a particular lithology. According to an
enbodi mrent of the invention shown in the description, a
functional relationship between permttivity and
conductivity may be obtained fromstatistical data
taken fromdifferent rock formations.

As submtted by the appellants, an essential difference
bet ween the correction suggested in D2 and the subject-
matter of claiml is that the |atter does not
presuppose any know edge of the characteristics of the
particul ar rock formations surroundi ng the borehol e,
because the dielectric permttivity is assuned to be a
predeterm ned function of conductivity (i.e. of the
resistivity which the | ogging apparatus is expected to
determne). Furthernore, the error correction shown in
D2 woul d not conpensate for the substantial deviations
between the inferred and the actual permttivities

whi ch may be encountered while drilling a borehole

t hrough different rock formations. The correction
according to the present invention, however, would
allow for different lithol ogies surrounding the sane
borehol e by continuously varying the assunmed val ue of
permttivity as a function of the nediums
conductivity, thereby reducing the maxi mum error which
can be expected in the determ nation of the resistivity
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of unspecified rock formations.

The apparatus and nethod for determning permttivity
and conductivity of rock formations according to
docunent D1 operate in a frequency domain (10 to 100
MHz) in which both dielectric permttivity and
conductivity have a substantial effect upon the
propagati on of an el ectromagnetic wave, so that
nmeasurenents of attenuation and phase shift can be used
to solve two sinultaneous equations with respect to the
di el ectric constant and the conductivity of the rock
formations through which the wave travels (colum 2,
lines 56 to 64).

The | oggi ng apparatus shown in docunent Dl conprises a
transmtter coil and two coil pairs spaced fromthe
transmtter coil, whereby the first coil pair is spaced
further fromthe transmtter coil than the second coi
pair. The phase shift at the first coil pair and the
attenuation at the second coil pair are used to
determ ne both the resistivity and the permttivity of
a certain region of a rock formation. By taking the
phase shift measurement at the first coil pair (far

coil pair) and the attenuati on neasurenent at the
second coil pair (near coil pair), it is ensured that
both the phase shift and the attenuati on nmeasurenents
are related to the sane region of the rock formation,
since, for a given spacing between transmtter coil and
receiver coils, the attenuation neasurenent | ooks
deeper into the formations (cf. point 3.3, above).

A further assessnent of the resistivity at a greater
"depth" of investigation is made by utilising
attenuation neasurenents taken at the far receiver pair
and the value of permttivity derived fromthe
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attenuation neasured at the near receiver pair and the
phase shift at the far receiver pair. Al though the
permttivity enployed in determining the resistivity
fromthe attenuati on neasurenent taken at the far
receiver coils represents the dielectric constant of
somewhat "shal |l ower” formations, in nbst cases this
woul d not give rise to a substantial percentage error
in the determ nation of the resistivity of the "deeper”
formations (cf.: D1, colum 16, lines 28 to 50).

Docunent D6 relates to a | oggi ng apparatus coupl eabl e
inthe drill string having a transmtter and a single
pair of receiver coils. The operating frequency is
chosen so that the signal is predom nantly influenced
by the conductivity of the formations and not very
strongly affected by dielectric constant variations
(page 4, lines 57 to 67). This docunent does not
suggest applying any corrections to the neasured
resistivity on the basis of assunptions concerning the
value of the permttivity.

In summary, the Board finds that none of the avail able
prior art docunents suggests that resistivity

measur enents obtai ned from phase shift or attenuation
measurenents taken at a single pair of receiver coils
of a | oggi ng apparatus could be inproved by assum ng
that the dielectric constant is a function of the
conductivity and by introducing a functional

rel ati onship between permttivity and conductivity into
t he cal cul ati ons which are carried out to convert phase
shift or attenuation neasurenents into the nediums
resistivity.

Hence, the subject matter of claim1l involves an
inventive step within the nmeaning of Article 56 EPC.
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6.3 | ndependent claim 11 is based essentially on the
features of claim1l expressed in terns of nethod steps.
Hence, the subject-matter of the nethod claimalso
conplies with the requirenents of Article 56 EPC
Clains 2 to 10 and 12 to 17 are dependent, and,
therefore, their subject-matters also involve an
i nventive step.

7. For the above reasons, the Board finds that the

appel  ants' request nmeets the requirenents of the EPC
and that a patent can be granted on the basis thereof.

Or der

For these reasons it is decided that:

1. The deci sion under appeal is set aside.

2. The case is remtted to the departnment of the first
instance with the order to grant a patent on the basis
of the appellants' request (cf. V, above).

The Regi strar: The Chai r man:

R. Schunacher G Davi es
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