T 5589 SIN ELEC ention relates to @?ﬁ?"

el egtrical logging system In particular this invention relates to an

el eC¢trical |ogging systemfor determning the electrical resistivity of a
subsurface formation through a cased borehole. Conventionally such a system
tonprises voltage and current supply neanst ¥oftage and current control
nmeans, el ectrode support neans, and voltage and current processing neans
$or processing currents and vol tages thereby determ ning sai d elfpegtgioC &N
resistivity. It is well known to apply the above systemto carry out
measurenents in a | ogging procedure in order to determ ne electrica
resistivity of the formation thrEBLECTRDEALBEOGGING AYHDEMhol e. General |y
nmetal casings are applied, in particular those nade of steel. Borehole
depths may be up to several thousands of netres. For exanple such a
formati on has a stru€hiseipventiopezelagesafer anhgliesdrd aadsilagaing quite
different from td\gssdii ! oM bSO 1 AY R4S tIVDE CihPeRBLONCHERALEBCLBAGR Of

subsequent water-. and oil -beari | ayers occurs. :
: g electrical loggggg system gor 3etermining the electrical

resistivity of a subsurface formation through a cased
borehole. Conventionally such a system comprises voltage
and current supply means, voltage and current control
means, electrode support means, and voltage and current

processing means for processing currents and voltages
thereby determining said electrical resistivity.

It is well known to apply the above system to carry
out ‘measurements in a logging procedure in order to
defermine electrical resistivity of the formation through
the casing of a borehole. Generally metal casings are
applied,. in particular those made of steel. Borehole
depths may be up to several thousands of metres. For
example-such a formation has a structure of o0il bearing
layers having a resistivity quite different from the
surrounding layers. More in particular the case of
subsequent water- and oil-bearing layers occﬁrs.
Depending on the hydrocarbon saturation such layers
typically have resistivities in the range of 1 to
1000 Om. '

Especially in situations of already existing
boreholes having been cased, for example to update
subsurface formation characteristics or to monitor
production operating progress, it is of great interest to
have reliable data.

As shown in US 2,729,784, in the past attempts have
been made to measure currents leaking from cased drill
holes into the subsurface formation. Two axially spaced

" current electrode pairs housed in one and the same
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Dependi ng on the' hydrocarbon saturation such layers typically have
resgstivities in the range of 1 to 1000 [err] Especially in situations of
al ready exi sting borehol es having been cased, for exanple to update
Subsurface formation characteristics or to nonitor production operating
progress, it is of great interest to have-rél +able data. As shown in US
2,729,784, in the past attenpts have been made to neasure currents |eaking
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el ectrical Ci“%ﬂéréhawﬁéfﬁﬁﬁéﬁkS&f@a%?@ées of said two pairs had the
same electrical potential thus defining a casing part
therebetween functioning as a quasi separate electrode
from which currents leaked into the formation. By
providing three additional electrodes in the casing part
between said two pairs of electrodes both a symmetrical
electrical potential distribution is set and voltage
measuring is accomplished allowing the determination of
the electrical resistivity of the subsurface formation.

However, it is well known that electrical
measurements on casings are far from ideal because of
roughnesses of the casing, for example caused by
differences in casing thickness and corrosion spots. Thus
casing resistances are affected substantially. in the
above logging method such disadvantageous effects are
combined with electrical measuring and control on small
leakage currents starting from the above-mentioned short
casing part between the electrode pairs. In view of the
above this means that only very small voltages can be
measured whereas the reliability of such measurements has
to be considered very low. Consequently large deviations
in the subsurface formation resistivity should be
expected. _

From recent literature it is known to handle the
above-mentioned situations and cases in a different way.
For example US 5,043,668 discloses a method and apparatus
for determining the above said resistivity through the
casing of a borehole. In particular three current
electrodes and three voltage electrodes are employed,
five electrodes being electrically connected to the
casing at different heights, measured in axial direction
of the borehole, and one current electrode being arranged
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t he' t wo 'nei ghbour el ectrodes of said two pairs had the sane el ectrical
potential thus defining a casing part therebetween functioning as a quasi
“separate el ectrode fromwhich currents | eaked into the formation. By
providing three additional electrodes in the casing part between said two
pairs of electrodes both a symetrical elecdr+cal potential distributionis
set and voltage neasuring is acconplished allowi ng the deternm nation of the
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known that el ectrical neasurenents on casings are far fromi use of
roughnesses of stk&acgsi ng, for exanpl e caused by differences in casing

thi ckness and corr asy GResOtSf s saclag b&EhstaneBgadhionaffected

substantially. In the abqve | oggin t hod such di.sadvant ageous effects are
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starting from olm:.above-mentioned short casing part between the el ectrode
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very | ow. Consbgiameen the jevaiaumendhselectrodes connected to the

: ' casing induces two voltage indications between the three
voltage electrodes which are connected to the casing and
are arranged between said two current electrodes. Said
indications reflect the casing resistances between said
voltage electrodes. Again casing resistances are affected
- as explained above. Therefore said two voltages are
supplied to electronic circuitry in order to control and
to balance the respective proportional voltage
indications. |
In the resistivity determination mode the same
voltage electrodes are used. However, now an electrical
current is induced into the casing and into the formation
from the upper current electrode which forms an
electrical circuit with the current electrode arranged
within the earth's surface. Clearly in this mode leakage
currents, leaking into the formation, occur. Consequently
in this mode the voltage indications as detected by the
abovementioned three voltage electrodes are more or less
modified. Typically in‘this mode mainly casing currents,
which are many orders larger than the leakage currents
because of the corresponding difference between casing
resistivity and formation resistivity, are inducing said
proportional voltages. Notwithstanding the above the
differences between the voltages obtained from the above
explained two modes of operation, although being very
small, reflect said leakage currents. As a result thereof
formation resistivity can be determined.
Also for this set up it will be clear to those



in the subsurface formation resistivity shoul d be expected. From recent
literature it is known to handl e the above-nentioned situations and cases
in a different way. For exanple US 5,043,668 discloses a nethod and
apparatus for determ ning the above said resistivity through the casing of
a borehole. In particular three current el éetrodes and three voltage
el.ectrodes are enployed, five electrodes being electrically connected to
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the calibratiop,geagur Grent »IRAS 21 GALBL +SR5ENE casing current errors.
“ Consequently obtaining reliable leakage current
determinations is very difficult.

Thus it is a main object of the present invention to
detect leakage currents more accurately.

It is a further object of the present invention to
eliminate the contribution of the casing currents in the
leakage current detection as much as possible.

Therefore in accordance with the invention the above

e system further comprises
- a first pair of current electrodes, A, B, connected
with said supply means and said control means, adapted to
be electrically connected to the casing within said
borehole at different heights in axial direction of said
borehole, and, when connected, defining an intermediate
casing part, for supplying an electrical current to said
casing and pfoviding a casing current through said casing
part between said electrodes, and positioned nearby one
of the ends of the borehole, and
- a second pair of voltage electrodes, M, N, for
detecting voltages provided by leakage currents leaking
from the casihg into the formation, said second pair of
electrodes being adapted to be arranged in axial
direction of the borehole above or below said first pair
of current electrodes between said intermediate casing
part and the other end of the borehole.

In a further embodiment of the present invention at
"least one electrode of the second pair of electrodes is
adapted to be electrically connected to the casing within
said borehole. Furthermore, if both electrodes of said
second pair are electrically connected to said casing,
one electrode of said second pair of electrodes, M, is
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"between the two current el ectrodes connected to the casing induces two

- vol tage indications between the three voltage el ectrodes which are
connécted to the casing and are arranged between said two current

el ectrodes. Said indications-reflect the casing resistances between said
vol tage el ectrodes. Again casing resistancessare affected as expl ai ned
above. Therefore said two voltages are supplied to electronic circuitry in
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orders |arger tﬁ@ﬁ @@@Q?y(ihq @arth's surface.

In yet a further embodiment of the present invention
said second pair of electrodes is adapted to be located
at the earth's surface.

In a preferred embodiment of the present invention
at least a third voltage electrode, adapted to be
electrically connected to the casing within said borehole
as a calibration electrode, R, is arranged adjacent to
said first pair and at the other side of said first pair
of electrodes compared to said second pair electrodes.

In a further preferred embodiment of the present
invention at least one additional voltage electrode is
arranged, located substantially between said second pair
of voltage electrodes.

By using the electrical logging system of the
present invention every current travelling through the
casing outside said intermediate casing part is only
originating from leakage currents which start
predominantly from the casing outside said intermediate
casing part from the casing part at one side of said
intermediate casing part, leak into the formation and
return through the casing at the other side of said
intermediate casing part. Thus the voltage electrodes of
the second pair only detect leakage currents either in
the formation or through the casing, dependant on the
location of said second pair voltage electrodes.
Advantageously casing currents are fully eliminated when
detecting such leakage currents, thus allowing accurate
determination of formation resistivities.
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because of the corresponding difference between casing resistivity and
formation resistivity, are inducing said proportional voltages.

Not wi't hst andi ng t he above the differences between the voltages obtained
fromthe above explained two nodes of operation, although being very snall
reflect said | eakage currents. As a resul t-téereof formation resistivity
can be determned. Also for this set up it will be clear to those [err]

skilled in the art tygl S;%Hn r§ﬁ ﬂNe @Iéﬁtd&){‘f B &8 &1l iﬁeﬁéﬂﬁﬁi for

exanpl e caused by corro ectrlc ertur atlon ani cal
damage, or circhpreinafiesy, t FﬁhWé§@ﬁ?rﬁiﬂﬁniﬁeﬁhq ALGHESSg current

errors. Consequent| wn&xte?irmﬂggaﬁé | B @cm@@é@g@apuyrsn&wseaepﬁémat'reas I's
very difficult._5_Thus i i ect the pr ent vention to
det ect | eakage Sﬁfﬁgﬁfgeﬁﬁrg fg%é;ﬁﬂif the, §IRTHECHb; 9the
pr esent invent|systemebmnmhatpremen¢omnvdmnman}cﬁ t he 10 ca5|ng currents
in the | eakage currgife Ael,eCt] QPr&@S1HYSPe86nPYSTLPLEge curves provided
' by the logging system of figure 1la,
wherein figure 2 schematically shows the relation
between voltages measured and the casing lengths over
which leakage currents are starting from, and entering
into a homogeneous formation,
wherein figure 3 schematically shows the relation as
- shown in figure 2, now for a layered formation, and
wherein figures 4a, 4b, 4c, represent configurations
for arranging the electrodes in accordance with the
invention. . _

For explaining the principles of the present
invention there is referred to figures la and 1b.

Figure la schematically shows a borehole 1 which is
drilled into subsurface formation 2. The borehole has
been cased with casing 3, by way of example extending
from the earth's surface 4 to the bottom 5 of the
borehole 1. The lower end of the casing has been fastened
into the formation by means of a casing shoe 6. In order
to mark positions within the borehole both depth values
as measured from the earth's surface and height wvalues as
measured from the borehole bottom are used, both being

" measured in the axial direction of the borehole. Thus, if
the borehole is drilled not strictly vertically depth-
and height-values have to be read as length-values along
the axis of the borehole.

As usual the casing is made of a metal, for example
steel. Any other material may be applied provided that
the casing is electrically conducting which is required
for the system and method of the present invention.



Therefore in accordance with the invention the above system further

conpti ses: - a pair of current electrodes connected with said supply
means and said control neans, adapted to be electrically connected to the
casing within said 15 borehole at different heights in axial direction of
sai d borehol e, and, when connected, defining7an internediate casing part,
for supplying an electrical current to said casing and providing a casing

current through sai drgashBfepPRihilgt weeRt2acd 1elReia?den rdd stasiildpned
near by one of the ends of the borehol e,

hol and. - a_pair of voltage
el ectrodes for IAENY Ry WRHt RS tﬁOW?QEEP{@SW%%kQEEmZBnEﬁFangngEQQPﬁg
fromthe casing whdreddetHorveteloml e Shs dophy rcasedobfhge ekptoratiésnbandg

adapted to be arypnogf, i & Ale gl T 861 90c0Le t D POT AROLECARAYE AT bEl OW

said pair of curr 1 etween Sard interne e casing_ part and
the other end ofoReratbirsiol&s e¥elaimednbepainabeveuplent aétest hoydag

includes a curr eiider! @£44@0UENDB6LERoRE 1€ Raydoet Besiend1el othavlar ehol e,
and said pair of voltage el ectrodes,is
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other end of thd@RAEFOFE ERcIbeEming  ehe electFodRlnEgPeStivdtyai 498t her
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connected to sai LNg C of I {:Rat : ectrodes,
Is arranged in ag?g?&%$r5%§P§%€%F %éggﬁgfeﬁgﬁeﬂég?%geﬁgepgkgg% ! air, of

S conducting casing being embedded in a highly electrically
resistive formation, thus giving electrical currents

substantially only through said casing.

According to the present invention by employing a
first pair of current electrodes A, B a casing current I,
is flowing only between A and B. Typically low frequency
currents are provided by means of a current source 9.
Advantageously frequencies up to 20 Hz and current
amplitudes up to 40 A are employed.

In order to simplify further explanations current
electrode B is chosen as the electrode having the higher
electrical potential. Consequently casing current I, is
flowing from B to A, whereas leakage currents I] are
starting predominantly from the B side casing part, are
subsequently flowing through the subsurface formation and
will return through the casing at the A side casing part.
It may be clear that this situation is fully symmetrical
with the case of reversed potentials of A and B.
Furthermore it is noted that, although conventionally an
AC set-up is arranged, for the frequencies mentioned-
above DC data processing is allowed.

As can be seen in figure 1la said first pair is
arranged near the bottom 5, thereby obtaining at the side
of B an end part 7 of the casing 3 which is relatively
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[err] *Substitute sheet - 9 April 1998 -5- current el ectrodes and the

ot her_ at a substantial distance away from said one el ectrode. In particular
said other electrode is arranged down below in the borehol e nearby 5 the
casi ng shoe, or said other electrode is arranged at the top of the borehole
nearby the earth's surface. In yet a further8enbodi nent of the present

I nvention said pair of voltage electrodes is adapted to be |ocated at the
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addi tional volt agbesl sdideodd isaig rfimpdd pdicc e rdistedrs dthey petertihal
said pair of volifqfe other casing part 8 is substantially equal to the
electrical potential at infinity which is mostly defined
as zero potential as shown in figure 1lb. Thus, clearly a
voltage is created between casing parts 7 and 8.

Consequently the very large part of leakage currents
I; will flow between said two casing parts 7 and 8
thereby passing the subsurface formation 2. As set forth
above said end part 7 has the higher electrical potential
and therefore I; flows from part 7 to part 8 as indicated
by the arrows in the current flow lines 10. Furthermore,
by having a relatively short end part 7 both starting
position for said I; is well defined and sensitivity in
resistivity variations dependent on possible presence of
layered formations on said end part location is obtained.
This means that if the length of said end part 7 is
varied changes in resistivity are monitored. It will be
clear to those skilled in the art that the same
explanation can be given for the symmetrical arrangement
with said first pair at the upper end of the borehole
nearby the earth's surface.

Further to the above explanation only giving
conditions and details on starting of leakage current Ij
‘said currents have to be detected in order to arrive at
data allowing determination of the formation resistivity.
Therefore in accordance with the present invention
leakage currents are detected at the other side of the
first pair A, B. As can be seen in figure la a second
pair of voltage electrodes M, N is arranged within and
connected to the other casing part 8. Thus I; is detected
when returning to and flowing through said casing part 8.
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el ectrodes. 20 By using the electrical |oggings systemof the present

i nvention every current travelling through the casing -outside said
internedi ate casing part is only originating froml eakage currents which
start predom nantly fromthe casing outside said internediate casing part
fromthe casing part at one side of said 25 9nternediate casing part, |eak
into the formation and return through the casing at the other side of said

it er medi at e casi g qiafdraliiSed% Babhd cha VP! 6200 FLAGET 8YES:2BLESIRRSC!

| eakage currents eit ormation or throu casi ng, dependant
on the | ocati ont8f b§aprgradgssd spety thatt dde SR e tWRRMERR) HsFgoe
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schematical I'y SB?“ﬁengb%f%5&%%nts starting in axial direction from
beneath the second pair, then the voltage electrodes have
to be arranged in the return flow of said currents.
Especially on locations where said currents are most
diverging the arrangement of electrodes is most
preferred. Thus large spacings between M and N, for
example when arranged upon the casing, are preferred.
Further to the arrangement of figure la as to figures 4b
and 4c different arrangements will be explained
hereinafter.

In order to detect I; in an accurate way a large
spacing is chosen between M, N thereby detecting the very
large part of I;. Moreover, over such large spacings the
combination of low casing resistivity and low Ij-values
results in voltages which are very well detectable.

From the above it will be clear that a number of
advantages is obtained. First of all casing currents and
leakage currents are separated in a clear way.
Consequently said leakage currents are detected fully
separately. Moreover, large spacings between the voltage
electrodes allow advantageous detection of said leakage
currents.

In the following determination of the formation
resistivity is explained shortly.

In accordance with Ohm's Law resistivities can be
determined only when having both current- and voltage-
values. In the present invention it is assumed that
casing resistivity has a known value, for example by
specification or by having been determined previously to
the logging operation of the present invention. Thus, the
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arréngenént of electrodes of the electrical |ogging systemof the present
- invention, wherein figure | b presents voltage curves provided by the

| oggi ng system of figure la, wherein figure 2 schematically shows the

rel ati on between vol tages neasured and the casing | engths over which
|'eakage currents are starting from and entldrimg i nto a honobgeneous
formation, wherein figure 3 schematically shows the relation as shown in

f-igure 2, now wlt%deasv%reeé%li&ﬁ %a@ﬂ%mé'%ééﬂ&'rﬁi‘lé%fAfb 4c,

represent configurations for arrangin e el ectrodes 1 n accordance mnth
the invention. qéﬂﬂ%ﬁrﬂ4ﬁ)QQRyﬁﬁqQQnﬁﬂe%?%#a$%65$¥%%%ﬁtvﬁ%9@ﬁt|Bﬁ t here

is referred tothegutered a il datslrﬁj gtﬁl&ér&§®w9¢¢x@*$éfteéhﬁ@5vdlb§§éh0| e
1 which is dril] % in o subsurf cq¥%qag?H%8€$2 The bore ﬂ has, been cased

wi th casing 3, 5& mé@ i Tt BArTheStEtrface 4 to
the bottom 5 opdﬂ@aﬂma&ﬂhﬁtween'mhaIqa&wnqﬁpbrﬁstTmam®s8ngChaseQeently

fastened into tegnfsd G UL M MPAe fa e AHNNBNOE Froh"cOfBEhing the
above said leakage current values and voltage values
obtained by conversion.

As to the determination of_casing'resistivity a
further explanation is given hereinafter. In view of the
above addressed variations in casing resistivities a
further embodiment of the present invention comprises

" connection of an additional voltage electrode, a
calibration electrode R, employed for monitoring said
varying casing resistivity and thereby consequently
calibrating the measurements carried out during a logging
procedure. As can be seen in figure la said electrode R
can be combined with one of the voltage electrodes M, N,
where R and for example M are positioned at predetermined
positions at different sides of the casing part between
the first pair A, B. For example R and M can be
positioned symmetrically with respect to the A, B-pair in
order to simplify calibration procedures.

As addressed hereinbefore the length of end part 7
can be varied in order to trace layer structures in the
following way.

In case of a homogenéous subsurface formation 2 the
Ij-current flow pattern which will occur is shown in
figure la. This means that the density of flow lines is
most concentrated at said end part. Furthermore the
pattern at said end part is clearly determined by the
formation resistivity at that location. Thus by applying
the method and system of the present invention formation
resistivities are monitored at the starting position of
the leakage currents I;.
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to'mark’ positions within the borehole both depth val ues as neasured from
the earth's surface and hei ght values as neasured fromthe borehole bottom
are used, both being neasured in the axial direction of the borehole. Thus,
if the borehole is drilled not strictly vertically depth- and hei ght-val ues
‘have to be read as |ength-values al ong thelhxts of the borehole. As usual
“the casing is made of a netal, for exanple steel. Any other material may be

appl ed provided f hien! RrGa%IgNGHeS 1N GIdY SONRUAIIY HUED TS
crequired for the systemand nethod_of the present 1nventiaon. -7- For
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borehol e it neyebghticeecabes bargeecn the density of flow lines will be
modified only very slightly. This means that over such a
larger end part I; is increasing substantially linearly
and thus a greater leakage current I; is starting from
said end part. Consequently for this homogeneous
formation correspondingly greater voltages are measured
by means of the second pair of electrodes M, N. The above
explained relations for such a logging procedure are
presented schematically in figure 2. In this figure 2z
schematically represents the height of end part 7 of the
casing between a predefined position with respect to the
first pair of electrodes and the bottom of the borehole.
However, it will be clear to those skilled in the art
that for relatively larger end parts resulting from
lifting over correspondingly large distances modified
relations have to be derived because of different
behaviour of starting of leakage currents.

In the next figure 3 the case is represented when
during loggiﬁg as sketched above said first pair of
electrodes is passing a layer having a resistivity larger
than the resistivity when starting the logging procedure.
As soon as during lifting said layer is arrived the
leakage current will only slightly increase if any. After
the layer has been passed a further increase is presented
in said figure.

From the above it may be clear that layered
structures can be traced, whereas accurate modelling and
processing of the data obtained during logging will allow
determination of layer thicknesses and resistivity-
values.

Referring now to figures 4a, b, and c¢ further
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necessary to determne the electrical resistivity, for exanple for
nonitoring the electrical characteristics of the formation from which
“hydrocarbons are recovered. This neans that el ectrical neasurenments have to
be carried out through the metal casing, the highly electrically conducting
casi ng being enbedded in a highly electrrcafly resistive formation, thus
giving electrical currents substantially only through said casing.

According to téembpdémentsi ofethieopridyetiplioxiadd idr idrsd fdwn Of 115 UF{ Site

el ectrodes A, a i Lren r.n]. i.s flow ng onl etween A and B.
Typically | ow ?eaﬁgﬁcgg%%&ra é‘rﬁt ?e[atg‘él r&fi?dé’dlwq??éj;r%’cgfl : ’c‘iﬁ'?"éﬁtw@’cﬁh ce
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are enpl oyed. hpdondebspBciaMl kel Willel ey %!i%%%fﬁha%%rOde B

i's chosen as the el ectrode, having the higher electric ] :
Consequent | y cﬁ??ﬁﬂs&ﬁFPgnF FeFF%fF§ePF@ﬁ ke twesn ghese figirams | eakage
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. same tool 20. By using such a tool logging can be carried
out in a simple and economic way which is very well.
known. The other voltage electrode of the second pair is
now indicated with N. Further electrical circuitry, for
example voltage and current control means and voltage
.current processing means, is numbered 21.

In the arrangement of figure 4b the other voltage
electrode N, is now arranged at the earth's surface. This
set-up will further simplify preparations and operation
of the logging procedure. Although in this set-up the
very large part of I} will be picked-up between M and Np
some additional modélling may be necessary.

In figure 4c the electrode arrangement has been
further modified. Now both voltage electrodes M, No, are
arranged at the earth's surface, M. being connected to
the casing. In order to accomplish calibration
measurements as explained before. Tool 20 now houses two
calibration electrodes Rj, Ry, functioning as voltage
electrodes in the same way as shown in figures 1, 4a and
4b, with respect to the voltage electrodes M and R. In
correspondence with thé modified electrode arrangement
electrical circuitry 22 is adapted. The present Mc, Ne
electrode-arrangement necessitates further modelling as
to processing of the data obtained when logging by means
of the logging system of this figure 4c.

In a further preferred embodiment of the present
invention at least one additional voltage electrode is
arranged at a location substantially between those of the



It* may ‘be clear that this situation is fully symretrical with the case of
reversed potentials of A and B. Furthernore it is noted that, although
coriventionally an AC set-up is arranged, for the frequencies nentioned-
above DC data processing is allowed. As can_be seen in figure la said first
-pair is arranged near the bottom 5, theréb¥3obtaining at the side of B an
end part 7 of the casing 3 which is relatively -8- short. Typically the

length of sai dseton@iaphi¥ fercpaskinguop pkaturbatdbacicureantmat ential over

said part is substantially | 10 e. pot.entd ' rent
el ectrode. Convent ?%ng%lyl é‘t%%t%ﬁ'e ':Fsol c}%hrbqsféaf“g‘lq%% %E h%lygs?%%a%ﬁpégl?géf irst
pai r of el ectredésedheypbaturpdl condiféopsher bamangeppdoymenss are

substantial |y g883kn§0cbheihisaknyCeheP8uBBUIrFaca! foHnatiloh WMidgih is nostly

defi ned tential h f | b. Thus, .cl , | t
def ned e zere.potent el gc shown i Ligue Ll Tovs, Sl daisieee 1o

and train traffic phenomena have appeared to give stray
currents to an appreciable amount. These currents,
although small, often form large perturbations with
regard to the leakage currents originating from the above
first pair of electrodes of the present invention. In
particular in the cases of figures 4a and 4b as shown
above the arrangement of at least one additional voltage
electrode adapted to be electrically connected to the
casing allows an accurate determination of the above
perturbation currents passing the casing lengths located
between the voltage electrodes. Consequently, when
leakage currents are measured, leakage current
measurements can be corrected for said perturbation
currents.

Further to the explanations in the foregoing some
details on specifications with regard to geometry,
spacings and distances as applied in the system of the
present invention are set forth.

In order to have a balance between current amplitude
of casing current and of leakage currents the ratio of
spacing between current electrodes A and B, dag, and of
casing diameter d, is chosen advantageously between 3 and
15. However, in case of very thin layers ratio-values
well below 3 should be applied, whereas in case of
measuring resistivity at large distances from the cased
borehole ratio values well above 15 may be advantageous.

Referring to figures 2 and 3 heights z of end part 7
should not exceed 300 m. In case of larger heights
density of current flow lines is lowered such that only a
small increase of leakage currents I; will occur. As to



-

Consequently the very large part of |eakage currents [err] wll flow

bet ween said two casing parts 7 and 8 thereby passing the subsurface
formation 2. As set forth above said end part 7 has the higher electrical
potential and therefore [err] flows fron1part 7 to part 8 as indicated by
the arrows in the current flow |ines 10.”Fb#thernore, by having a
relatively short end part 7 both starting position for said [err] is well
defined and semsaéiugéybeﬁweem sbilvaby wdecgrbdes Hepaddentrelatiossipl e

presence of |a n pa tion._is t d. This
means that if ¥%£§$ B%EQL?SgaIg eﬁgeggffg9 |?E§§3 g scﬁ§ﬁ§e§gi%h£%
resistivity arboﬂnmnhevedappeaM@dltpe el edvansagkovs sﬂdwaﬁﬁﬂn1nﬂumayt

that the same Eépéfééi-' £8 eaasgesqmedf 9h the ARG hCa i rﬁr&%&sw th
said first pair at per. en t he borehol e nearby the eart

surf ace. Furth%Fet%tfﬁﬁggﬁoqﬁpéﬁﬁﬁaﬁappoﬁhSnF?mgiP@ﬁdo@omﬁtqﬁﬁ%P%wm

details on stagbhddceliviegkagermtiont resiaitd vatti, eans u@aecatg@ e iedeet ed
det erm,nat, on, of e for

oststivity. ThabEiBRa? tfieoRishencher RiERA sy G AL Tes e oed
ranges may be preferred.
Various modifications of the present invention will
become apparent to those skilled in the art from the
foregoing description. Such modifications are intended to

fall within the scope of the appended claims.



Iedkage currents are detected at the other side of the first pair A B. As
canzbe seen in figure la a second pair of voltage electrodes M Nis
arranged Wi thin and connected to the other casing part 8. Thus [err] is
detected when returning to and flow ng through said casing part 8. -9-
‘General |y of voltage el ect}ddes has to be arranged such

t hat the 'm ﬂﬁmﬂﬂm%lmhe vol tage el ectrodes bridges a difference in

el ectrical *potential. he present case of having a cased boy edxde @l
the first pair of current electrodes with the very |arge part of Teakage
currents starting in axial direction frombeneath the second pair, then the
vol tage el ectrodes have to be arrange@ LnatfAeM &turn flow of said currents.
Especially on | ocations where said currents are nost diverging the

arrangenent of electrodes i's nmost. preferred. Thus |arge spaci ngs between M
and N, for exahpl e Ah&leftmdfdd lggingsustemfornrdepennining. the

electrical resistivity of a subsurface formation through
a cased borehole, the system comprising,

- voltage and current sdpply means,

- voltagé and current control means, and

- electrode support means,

the system further comprising,
- a first pair of current electrodes, A, B, connected
with said supply means and said control means, adapted to
be electrically connected to the casing within said
borehole at different heights in axial direction of said
borehole, and, when connected, defining an intermediate
casing part, for supplying an electrical current to said
casing and providing a casing current through said casing
part between said electrodes, and positioned nearby one
of the ends of the borehole,
- a second pair of voltage electrodes, M, N, for
detecting voltages provided by leakage currents leaking
from the casing into the formation, said second pair of
electrodes being adapted to be arranged in axial
direction of the borehole above or below said first pair
of current electrodes between said intermediate casing
part and the other end of the borehole, and
- voltage and current processing means for processing
said currents and voltages thereby determining said
electrical resistivity.
2. The system as claimed in claim 1, wherein at least
one electrode of the second pair of electrodes is adapted
to be electrically connected to the casing within said
borehole.

3. The system as claimed in claim 2, wherein, if both
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'Fuet her“to the arrangenent of figure la as to figures 4b and 4c different
arrang plained hereinafter. In order to detect [err] in an
accu aﬂ LB““H acing is chosen between M N thereby detecting the
ver sl ekr]. Moreover, over such |arge spacings the
'conblnatlon of low casing resistivity and Léw-[err] results-in voltages
whi ch are very well detectable. Fromthe above it wll be clear that a

‘nunber of adVaélé&E%oH%SOB@aBQQQ s@db%ﬁ.%ﬁfylaféﬂﬂﬂgbﬂﬁgq ge
currents are sggaratg in.a clear way. Consequent | ea age Cur en
| §348p&

are detected f PEiagy . R EIPELET A oF ﬁd& st \Raske 19 vol tage
el ectrodes al | eheativadesgei,s 1@eh&&hh@@d)f1rﬁ&:ddle&iﬁ.mﬂldrlf ejt Stahé R t[lf%
foll ow ng dete han fQromat i esi,stivity X ed shortly.

I n accordance &?%Eﬁég% gég%gﬁgsgéggbﬁgpéi gﬁﬁﬂﬁ%(ﬂﬂéa ?ékf?éh S when
‘havi ng both cuﬁﬂéntheaﬁ&hﬁelﬁﬁg@-Smﬁamantuai1du5qannﬁﬂawaynﬁrumcsaid i s
assuned that cggkngiegthdlevity has a known value, for exanple by

4. The system as claimed in claim 3, wherein said other
electrode, N, is arranged down below in the borehole
nearby the casing shoe.

5. The system as claimed in claim 3, wherein said other
electrode, N, is arranged at the top of the borehole
nearby the earth's surface.

6. The system as claimed in any one of claims 1 to 5,
wherein said second pair of electrodes is adapted to be
located at the earth's surface.

7. The system as claimed in any one of the claims 1 to
6, wherein at least a third voltage electrode, adapted to
be electrically connected to the casing within said
borehole as a calibration electrode, R, is arranged
adjacent to said first pair and at the other side of said
first pair of electrodes compared to said second pair of
electrodes.

8. The system as claimed in claim 7, wherein voltage
electrodes M and R are arranged symmetrically with regard
to the first pair of current electrodes, A, B.

9. The syétem as claimed in any one of the claims 1 to
6, wherein at least one additional voltage electrode is
arranged, located substantially between said second pa1r
voltage electrodes.

10. The system as claimed in claim 9, wherein said
additional voltage electrode is adapted to be
electrically connected to the casing within said
borehole.

11. The system as claimed in any one of the foregoing
claims, wherein the ratio of the distance between the

\
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spedification or by having been determ ned previously to the | ogging

opeLatleﬁ—e#—khe—present—rnvent|on Thus, the - 10 - voltages neasured

by neans of t he r of electrodes are converted to | eakage current
val ues. “mﬂaﬂ l casing currents are converted to voltage val ues
bei ng equ nce in electricallpotential between the casing

parts 7 and 8. Cbnsequently formation resistivities are determ ned from

conbi ning the aélPN:?eﬁ@' Qlésa}saa@s,cuareﬁéagakees1ﬁn@h&0&>b%ﬁo\1%| ues obtai ned
by conversion. As t he detgrnlnatlon of aS|ng resistivity %E urt her

expl anation is %ﬁ@%ﬁ h%?9|ﬁ% tERe easipanddpmeh ragoveréBGFés m & it i ons

i n casing resisI5y|t|es a further enbodi nent of the present invention

conpri ses conn;;fp% oyg& %gndl tg 033% (Htf},g rﬁ} o%é dfa Kb Cf‘&)’fé)@‘g%y and

el ectrode R e nltorln Said varylng casi’hg'resrs
t her eby consequelhains, whereln the casing current provided is an AC

current, having a frequency up to 20 Hz and an amplitude
up to 40 A.

.\
“Noups
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calibrating the neasurenents carried out during a |ogging procedure. As can
be seen in figure la said electrode R can be conbi ned with one of the
voltage electrodes M N, where R and for exanple M are positioned at
predeterm ned positions at different sides of the casing part between the
first pair A B. For exanple R and M can be positioned symretrically with
respect to the A, B-pair in order to sinplify calibration procedures. As
addr essed hereinbefore the length of & part 7 can bé varied in order to
trace | ayer structures in the followi ng way. In case of a honbgeneous
subsurface formation 2 the [err] flow pattern which will occur is shown in

figure la. ‘This nmeans that the density of flowli I S nbst concentrated
at said end part. Furthernore th97e%21?rntﬁ?zéa#q2§2d part is clearly
determ ned by the formation resi‘stiv ‘o dtlon Thus by applying
t he met hod and system pf the presentygvivengton fo nresistivities are
noni tored at t e ng position t he lbakqgg curfents [err]

N oS

./\3 ~

-
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- 11 - Wen varying the lengths over relatively short distances, for
exanpl e by starting with logging having the first pair of electrodes nearby
t he bottom of the borehole and subsequently lifting said pair, although the
hei ght becones | arger, the density of flowlines will be nodified only very
“sliightly. This nmeans that over such a larger end part [err] is increasing
substantially linearly and thus a greater |eakage current [err] is starting
‘fromsaid end part. Consequently faiy3this honbgeneous formation
correspondi ngly greater voltages are neasured by neans of the second pair
of. electrodes M N. The, above explained relations for such a | ogging
procedure are presented schematically in figure 2. Inthis figure z
schematically represents the height of end part 7 of the casing between a
pr edef i ned p05|t on wWitR respect to the first pair of electrodes and the
bottom of the bo ?Qﬂ! : wever, it will be clear to those skilled in the
art that for rela I arger end parts resulting from

FIG. 2

-

0 FIG. 3 7
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lifting over correspondingly |arge distances nodified relations have to be
derived because of different behaviour of starting of |eakage currents. In
the next figure 3 the case is represented when during | oggi ng as sketched
above said first pair of electrodes is passing a |layer having a resistivity
| arger than the resistivity when starting the | ogging procedure. As soon as
~during lifting said layer is arrived the | eakage current wll only slightly
increase if any. After the | ayer has been passed a further increase is
presented in said figure. Fromthe above it may be clear that |ayered
structures can be traced, whereas accurate nodelli and processing of the
data obtapfied during logging will allow determinati of |fRyer thicknesses
and resisfivity- values. Referring nowto figures 4a, Yo, apd c further -
12 - (%)
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>, MR, '
erhodk nent s of the present invention are shown. In figure 4a only rel evant
details are nunbered and indicated which are the same as those used in
figure la. As to figures 4b and 4c especially the el ectrodes are indicated
t her eby enphasi zing the differences between these figures. In detail in the
‘el ectrode arrangenent of figure 4a the electrodes A, B, Mand R, are housed
in one and the sane tool 20. By using such a tool |ogging can be carried
out in a sinple and econonmc way which is very well known. Th& @989 SIN
vol tage el ectrode of the second pair is now indicated with Na. Further
electrical circuitry, for exanple voltage and current control means and
vol tage current processing neans, ié_ﬁu%bELBQQZEhIIn t he arrangenent of
figure 4b the other voltage electrode Nb is now arranged at the earth's
surface. This set-up wll furtE i ns and operation of
t he |1 oggi ng procedure. Althoug E&ﬁ%ﬁ sﬁpeﬁﬁ%%h§5§ F% | arge part of [err]
w Il be picked-up between Nland Nb sonme additional nodelling may be

necessary In 119056 4 diie Lol oy MBI Yo 036 et L 1AL e

electrical re51st1V1ty of a subsurface formation from a

cased borehole comprises voltage and current supply
means, voltage and current control means, electrode
support means, and voltage and current processing means.

In particular the system comprises a first pair of
current electrodes, A, B, adapted to be electrically
connected at different heights to the casing within said
borehole nearby one of the ends of the borehole for
supplying an electrical current to said casing and
providing a casing current between said electrodes
through the intermediate casing part thus defined, and a
second pair of voltage electrodes, M, N, for detecting
voltages provided by leakage currents leaking from the
casing into the formation.

Said second pair of electrodes is adapted to be
arranged above or below said first pair of electrodes
between said intermediate casing part and the other end
of the borehole.

(Figure 1)
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arranged at the earth's surface, M bei ng connected to the casi 6; " order
.to acconplish calibration neasurenents as expl ained before. Tool 20 now

ouses 1 wWo gl Ar@iiENT SOy odg@ [err] R2, .functioning as vol tage

el egtrofleg DétchpRorS SRR Y, 18 pagb@Vn n fr gures 1, 4a and 4b, vvr th %spect
to the yoht@geaE) ecipdes NbandeR. .. {@g@ ngate M SepterebabdPPCed
el ectrojemaﬁ,rqgﬂgggje gaegtt[)r gdcalsrc § I s adapted. The present M,

[err] e l? &srtctes further nodelling as to processing
of the fla tar ne eri"'l 3 g ng means of the |ogging systemof this
figure 4c, In a _further pr@lf.qr"red en‘qodi ment of t present invention at

| east oheDldddi OFoRECHIBT tacre el-eetrode is arran at a location
substantially between those of the pair for picking up
perturbation currents. As wel | kfled in the art currents
caused by natural conditions or

D eptr\
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passi ng continuously the subsurface formati on. For exanple thunderstorns
and rel ated electrical discharges and train traffic phenonena have appeared
to give stray currents to an appreci abl e anmount. These currents, although
smal |,  often formlarge perturbations with regard to the | eakage currents
originating fromthe above first pair o | ect.rodes of e.present

i nvgnti on._gl n particular in the cgses o& g‘i“@ﬁ}fté@e &E%ﬁaﬁ@%é‘ﬁ%%‘ B8ve
the arrangenent of at |east one additional voltage el ectrode adapted to be
electrically connected to the casing allows an accurate deternination of

t he above perturbation currents passing the casing | engths | ocated between
the voltage el ectrodes. -Consequently, when | eakage currents are neasured,

| eakage current nmeasurenents can be corrected for said péerturbation
currents. Further to theg explanations in the foregoing sane details on
speci fications i reggd to geonetry, spacings and di stances as applied
in the systemof t upr ent invention are set forth. In order to have a

" bal ance between current Janplitude

y FIic.3 %
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of casing current and of 1eakage currents the ratio of spacing between
rurrent electrodes A and B, [err], and of casing dianmeter dc is chosen
advant ageously between.3 and 15. However, in case of very thin |ayers
ratio-val ues well below 3 should be applied, whereas in case of neasuring
resistivity at large distances fromthe case or e | en9é¢! |
above 15 may be advant ageous. Referri r@st sftﬂtj{)ﬁ ﬁﬁg% amaésé@ugﬁgiﬁs z of end
part 7 should not exceed 300 m In case of larger herghts density of
current flowlines is |lowered such that only a small increase of |eakage
currents Il will occur. As to - 14 - spacings bgtween voltage el ectrodes
M and N rqyatively | arge di stances are preferred. Ehﬁ%gnce greater than

100'm'havq appeared to be advantageous. However, it be El ear to those
skilled irf the art that said distances are strongly dependapt on the

conbi nat i onwr | eakage

current

0,

RIS
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anpl i t ude. ~di-st-ances..out-si-de-the above- nenti oned ranges mafegE " £
preferred. VariRousAEMENESHEERE of S&he present invention will becone
appar ent xtﬁ M) bsactiiton|: @agsdh 4t ke pagad .Fr o t he foregoi ng description. Such

nodi fi cati ondl &ldmint engeged & falpbged .£hi f t he scope .of . the appgnde i Ns.
[err] T15- (CLAENMBring(s) : pagedel.e s pagal ...l o§gi ng sﬁ%ﬂ%ﬂﬁ' S'a%%g-r %&Pﬁg%ﬁé
el ectrical jdsi‘stirxitt y :ghgal subspagaice.f prmation through a cased borehol e,

the systemiconprising: 5 - volfage and current supply neans; -
vol tage and gygtenbroeatiglr MY and - electrode support means; the
syst em f ur t trer—conprt+srag— a—pat+r—et current el ectrodes, connected

with said SUQQiu&dﬂﬁQHg ?gq?ﬁoorﬁéis‘ﬂgﬁp%ﬁ lon3ea %o sardOdiFRFedc@sPPor exam

i le
el ectrically connecte the casing letl I n said borehol e at di fferen?
hei ghts i n arpusediibwmarwsiasy spatsd eleetsisal oeryrpatiomemechanical damage, or

circuitry tuning, will result in substantial casing current errors. Consequently
- obtaining reliable leakage current determinations is very difficult.

Thus it is a main object of the present invention to detect leakage currents more
accurately.

It is a further object of the present invention to eliminate the contribution of the
10 casing currents in the leakage current detection as much as possible.

Therefore in accordance with the invention the above system further comprises:
- a pair of current electrodes connected with said supply means and said
control means, adapted to be electrically connected to the casing within said
15 borehole at different heights in axial direction of said borehole, and, when
connected, defining an intermediate casing part, for supplying an electrical current
to said casing and providing a casing current through said casing part between
said electrodes, and positioned nearby one of the ends of the borehole; and
- a pair of voltage electrodes for detecting voltages provided by leakage
20 currents leaking from the casing into the formation, said pair of voltage electrodes
being adapted to be arranged in axial direction of the borehole above or below
said pair of current electrodes between said intermediate casing part and the
other end of the borehole; '
Wherein the pair of current electrodes includes a current electrode nearest
25 to said other end of the borehole, and said pair of voltage electrodes is adapted
to be arranged between said other end of the borehole and said éurrent electrode
nearest to said other end of the borehole. .

In a further embodiment of the present invention at least one electrode of the pair
30 of voltage electrodes is adapted to be electrically connected to the casing within
said borehole. Furthermore, if both electrodes of said pair of voltage electrodes
are electrically connected to said casing, one electrode of said pair of voltage
electrodes, is arranged in axial direction of the borehole adjacent to said pair of

This is the replacement sheet
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connected, defining an internedi ate casing part, for supplying an
electrical current to said casing and providing a casing current through
sai d casicng part between said el ectrodes, and positioned nearby one of the
ends of the borehole, 15 - a pair of voltage el ectrodes for

det ecti ng vol t ages provided by | eakage currents $éstitute sheet t BeApeki9g8
into the formation, said pair of voltage el ectrodes being adapted to be
arranged in axial direction of the borehole above or bel ow said pair of
current el ectrodes between said internediate casing part and the other end
of the borehole, and 20 vol tage and current processing neans for

processi ng sg r t e ; 1 i | £64 ri-cal
resistivity, %(‘:"ﬂ'ée(rhgc Igé}l}iﬂee%n&rﬁjv ﬁ?a?g‘t% ﬁg& %a%@%?&%&?r'%%@égﬁ‘é%? rfg?fgssea?&n(? :n%des
a current el efaqtodle.nearest to said other end of the borehole, and that
said pair of voltage electrodes is adapted to be arranged between said
ot her "end of the borehole and said current electrode 25 nearest to said

ot her end of Inpertivotagiseideoth@r electrbde fsyarrangemsdavvaibelaiviim the horahble néabgi n

| ea .pai | b
ol ectr cal 1y HouasiiESnds, driteid Bitler Hectlde Barfi Bl 4163 ob (R ¥tshSlp 12
repl acenent dieethy thedexHRs Barface.

In yet a further embodiment of the present invention said pair of voltage
electrodes is adapted to be located at the earth'é surface.
10
In a preferred embodiment of the present invention at least a third voltage
electrode, adapted to be electrically connected to the casing within said borehole
as a calibration electrode is arranged adjacent to said pair of voltage electrodes
and at the other side of said par of voltage electrodes compared to said pair of
15 current electrodes.

In a further preferred embodiment of the present invention at least oné additional
voltage electrode is arranged, located substantially between said pair of voltage
electrodes.

20
By using the electrical loggings system of the present invention every current
travelling through the casing outside said intermediate casing part is only
originating from leakage currents which start predominantly from the casing
outside said intermediate casing part from the casing part at one side of said

25 intermediate casing part, leak into the formation and return through the casing at
the other side of said intermediate casing part. Thus the pair of voltage electrodes
only detect leakage currents either in the formation or through the casing,
dependant on the location of said second pair voltage electrodes. Advantageously
casing currents are fully eliminated when detecting such leakage currents, thus

30 allowing accurate determination of formation resistivities.
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[err] -1Was claimed in claim2, wherein if both

el ectrodes of said pair of voltage electrodes are electrically connected to

sai d casi ﬂmlmmmlﬂl of said pair of voltage el ectrodes is arranged

in axial o Em[ borehol e adj acent to said pair of current

el ectrodes andl t'he "ot Ber*el ectrode of the pair oPulbstityte gheetet 8cApGHE998t a

substanti al distance away from said one el ectrode. 4. The system as

clainmed in any one of claims 1 to 3, wherein said other electrode of the

pair of voltage el ectrodes is arranged down bel ow in the borehol e nearby

t he casing shoe. 10 5. The systemas clainmed in any one of clains 1 to 3,

wher ei n sai d(ﬂ{ﬁﬂﬂ .electrode of the pair of voltage electrodes is arranged
e

at the top of jor ehol e nearby the earth's surface. 15 6. The system
as clainmed in claim1, wherein said pair of voltage el ectrodes is adapted

Lo be T ooat g 2 o Rakdn Bt iemlter catmo B el el BB uti 37% O™
adapted to bguBs@Face fthlatioh GRRRIGheSl chsed BSrehdR!, e ¥yt comprising:
5 - voltage and current supply means;
- voltage and current control means; and
- electrode support means;
the system further comprising;
- a pair of current electrodes, connected with said supply means and
10 said control means, adapted to be electrically connected to the casing within said
borehole at different heights in axial direction of said borehole, and, when
connected, defining an intermediate casing part, for supplying an electrical current
to said casing and providing a casing current through said casing part between
said electrodes, and positioned nearby one of the ends of the borehole, '
15 - a pair of voltage electrodes for detecting voltages provided by
~ leakage currents leaking from the casing into the formation, said pair of voltage
electrodes being adapted to be arranged in axial direction of the borehole above
or below said pair of current electrodes betwéen said intermediate casing part and
the other end of the borehole, and
20 - voltage and current processing means for processing said currents
and voltages thereby determining said electrical resistivity, characterised in that
the pair of current electrodes includes a current electrode nearest to said other
end of the borehole, and that said pair of voltage electrodes is adapted to be
arranged between said other end of the borehole and said current electrode
25 nearest to said other end of the borehole. '

2. The system as claimed in claim‘1, wherein at least one electrode of the pair
of voltage electrodes is adapted to be electrically connected to the casing within
said borehole.

30
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20 said borehole as a calibration electrode is arranged adj acent to said
pair of voltage el ectrodes. 8. The systemas clainmed in any one clains 1
to 5, inelTdi ddi tional voltage el ectrode coupled to said
vol t age and nt _processing neans 25 and | ocated between said pair of

vol t age el et’iﬂw ” wﬁ”mti ng perturbation cuBtbgtitutesheet TIRAPYiL1898as
clainmed in ) A said additional voltage electrode is adapted to
be electrically connectéd fo the casing within said borehole. 30 This is
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clainmed in any one of the preceding clains, wherein the ratio of the
di stance between the current el ectrodes neasured in the borehol e direction,

and the casing di dmeBSteAsyEaimeddm claify2q whessin ff bothglegtjadesphsaid Pained
[N any one olofl\ialbiectdbsCdrd olirtbaifydhrielfed #5588 Caling? Bhe Rt %bS S

an AC current, having requency up t
) said pair of voltage electrodes is arranged in axial direction of the borehole

adjacent to said pair of current electrodes and the other electrode of the pair of

5 voltage electrodes at a substantial distance away from said one electrode.

4, The system as claimed in any one of claims 1 to 3, wherein said other
electrode of the pair of voltage electrodes is arranged down below in the borehole
nearby the casing shoe.

10
5. The system as claimed in any one of claims 1 to 3, wherein said other
electrode of the pair of voltage electrodes is arranged at the top of the borehole
nearby the earth's surface.

15 6. The system as claimed in claim 1, wherein said pair of voltage-electrod'es
is adapted to be located at the earth's surface.

7. The system as claimed in any one of the preceding claims, wherein at least
a third voltage electrode, adapted to be electrically connected to the casing within

20 said borehole as a calibration electrode is arranged adjacent to said pair of voltage
electrodes.

8. The system as claimed in any one claims 1.to 5, including at least one
additional voltage electrode coupled to said voltage and current processing means

25 and located between said pair of voltage electrodes for detecting perturbation
currents.

9. The system as claimed in claim 8, wherein said additional voltage electrode

is adapted to be electrically connected to the casing within said borehole.
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10. The system as claimed in any one of the preceding claims, wherein the
ratio of the distance between the current electrodes measured in the borehole

direction, and the casing diameter, ranges from 3 to 15.

5 11. The system as claimed in any one of the preceding claims wherein the
casing current provided is an AC current, having a frequency up to 20 Hz and an

amplitude up to 40 A.
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