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7 Claims.

. This application relates to the art of detect-
ing the presence of inflow of water in wells and
more particularly to the determination of the
zone or zones of ingress of water into wells.

While this invention has particularly to do with

the determination of ingress of water into oil
and gas wells, it is not so limited.

In the operation of wells to produce various
kinds' of valuable:products or in the drilling of
test wells. to- determine the presence of such
products it is often found that water enters these
wells in more or less profusion from one or more
permeable formations. Normally it is highly de-
sirable to eliminate this water so that the sub-
stance being produced can be obtained at the
well head with minimum dilution. This becomes
of extreme economic importance in such matters
as the operation of oil wells in which, unless con-
siderable precautions are used, often the flow of

oil from the well is not over a few percent of the g9

total fluid produced. This problem ocecurs not
only in wells from which the production has
been almost exhausted, but also in the early pro-
duction periods of wells and, in fact, may be a
considerable problem as soon as & well is drilled.

Considerable ingenuity has been employed in.

devising various means to shut off the flow of
water. ~ In recent- years these methods have
progressed to such a point that it is possible to
shut off selectively various formations, for ex-
ample, by the use of stage cement jobs and the
like. However, it is obvious that the successful
employment of any such method of shutting off
the flow of water must be based upon the knowl-
edge of the location of the water flow with con-
siderable exactitude. For example, if a well is
producing from two formations It is just as pos-
sible. that water flowing into the well may come
from the upper formation as from the lower:
~Various methods have been employed in order
to determine the zone or zones of water ingress
into a well.. Thus, for example, attempts have
been made to utilize the data obtained from cores
of the formations, i. e. by the location of per-
meable water sands. Attempts have also been
made with somewhat greater success, to utilize
the  information gained from electrical logs of
 various types. However, this is often unsuccess-
. ful because no good method of determining per-
meability of the formations has as yet been set
out and because the resistivity of a freely flowing
water sand may be quite similar to that of a
relatively impervious low resistance formation.
Again, the effect of the infiltration of the fluid
from the drilling mud into the various forma-
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tions greatly affects the resistivities obtained so
that a highly permeable oil sand may show the
same electrical characteristics as a highly per-

- meable water sand.

The best method of determination of the pres-
ence of water ingress into a well would seem to
be the direct method, i. e. the detection of the
water in the well as or just after it has seeped
from the formation,  In the past inventors have
sought to determine the presence of this water

-in the well by various electrical sounding meth-

ods which in general involve measuring the re-
sistivity of the fluid column in the well as a
function of depth, but these attempts have been
usually unsuccessful because the dropping of the
sounding apparatus into the well disturbs the
column of liquid and:tends to spread out the
water into a zone of. considerable extent which,
of course, causes erroneous results to be obtained.

I have discovered a method of determining the
location of water ingress into a well which is sim-
ple, direct and expeditious, which involves only a
single record and which can be carried out in any
well regardless of the previous history of the
well’s operation. It may be applied to the de-
termination of multiple points ot ingress of water
into the well as well as a single point of ingress.
Tt is therefore an object of this invention to pro-
vide a method and apparatus for the determina-
tion of the location of water entering into a well.

It is a further object of this invention to pro-
vide a method and apparatus for the determina-
tion of water ingress into a well by means of
which single electrical indication of the com-
posite effects of water ingress at all points in .
the well is produced at the surface without the
movement of apparatus through the well during
the test period.

Another object of this invention is to provide
such a method and apparatus in which a single

- electrical indication is produced at the surface
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regardless of the number of points of water entry
while permitting the location of each point of
water entry to be determined by the electrical
indication. It is'a further object of my invention
to provide a method and apparatus for determin-
ing the change of ievel of water in the bore hole.
Other objects and advantages of this invention
will be apparent from the description immediate-
ly following.

In order to describe the principles upon which
this invention is based in -the clearest fashion,
certain figures have been attached to this speci-

.fication and made a part thereof which illustrate

embodiments of my invention. It is to be un-
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derstoad, however, that there are further unil-
lustratéd embodiments of my invention which will
be obvious to those skilled in the art, and that I
do not intend to be limited to the embodiments
{llustrated. . In these drawings the same number §
in various figures refers to the same or corre-

sponding parts. !

Figure lis a dlagrammatic representation of a
cross section through a portion of the earth pen-
etrated by a well and certain items of equipment 10
illustrating one embodiment of this invention;
and

Figure 2 illustrates the same cross section of
the earth and well shown in Figure 1 with an- -
other set of equipment illustrating an embodl- 15
ment of my invention,

Figure 3 shows a cross section across one form
of electrode station adapted for use in my in-
vention.

In Figure 1 of this application I have shown a 20
diagrammatic cross section of a portion of the
earth’s surface traversed by a well |1 extending
from the surface of the earth (2. 'This well has
penetrated in turn an oil stratum (3, a water
stratum 14, an impervious stratum 185, an oill ¢
stratum 18, and a water stratum (7. As shown
in the drawings, two strings of casing have been
set in the well, a surface string 18 and a produc- .
tion string 19, the lower end of which is above the
producing section of the well, 1, e, the well section 3¢
from which well flulds are obtalned. In this
case this section extends through the uncased
portion of the well from the upper oil producing
stratum I3 to the water stratum 1. At the sur- .
face, a conventional casing head indicated gen- 38
erally at 20 hag been provided. If the well is a
flowing well,“an oil saver or stufing box 2/ is -
fitted on the casinghead, through which a cable
22 may be lowered without substantial loss of .
well pressure, If the well is not flowing no such 40
equipment need be used. The production string
of casing is connected through a valve 23 to a
line 24 which may lead, for example, to the at-
mosphere or to an oil and gas separator, etc. All
of this equipment with the exception of the cable 45

- is entirely standard.

It 1s presumed that it is known that water is
being produced in the well. As a first step in -
shutting off this water, a string of tubing is low-
ered into the well (through the stufing box if 50
one Is used) until the lower end is adjacent the
bottom of the producing section, and a condition- -
ing fluid is circulated in the well. 'Thig circu-
lating fluid should be a liquid in the electrical re.
sistivity of which differs markedly from that of 55
salt water, and can, for example, be oil, drﬂnng
mud prepared from fresh water, fresh water, car-
bon tetrachloride or the like. It -should either
have a suffiicent specific gravity so that the pres-
sure head in the well is at least equal to the for- 6o
mation pressure or else extra pressure should be
applied to 1t in & manner well known in this art,
so that during the conditioning of the well no
fluid from the formations can have ingress into
the well bore. By the circulation of the fluld g5
through the well'the material originally present -
in the producing section at the start of the con-
ditioning operation is replaced by s relatively uni-
form column of fluld of substantially uniform

- resistivity - differing considerably from that of 70
-the connate water. The circulating pipe is then

. removed or at least a sufficlent number of joints

of this circulating pipe are removed s0 that the
low;st end of this pipe is above the produclnz -
section.
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While maintaining the hydraullc pressure on
the producing section, the cable 22 is now low-
ered into the well. As shown in this figure, this’
is a two-conductor cable with each conductor
suitably insulated. The cable i3 unreeled from a
reel 25 and passes over a measuring sheave 26 as
it is placed in the well so that the depth of the
lower end of this cable Is known at all times by
inspection of the depth counter 271 actuated by
revolution of the measuring sheave 28. Other
types of depth measuring instruments may be
employed if desired.

At the lower end of the cable 22 are a number
of pair of electrodes exposed to the fluids in the
well.  In Pigure 1 these &re numbered from 28
to 87, respectively. Across pairs of electrodes
such as 28 and 29, 30 and 3!, etc. are connected
electrical impedances which can, for example, be
resistances 38 to 42, respectively, preferably in-
sulated from the well fluids, though this is not
essential. These palirs of electrodes are connected
in serles by insulated wires 43 to 48, respectively.
The "end electrodes are connected to the two
cable conductors. While preferably the spacing
between the electrodes forming a pair should be
uniform, and while I prefer to have the spacing
between adjacent pairs of electrodes to be equal,
neither one of these conditions is at all requisite
and any desired spacing may be employed be-
tween the electrodes in a pair or between adja-
cent pairs of electrodes. It is normally desir- -
able In the case of small flows of water to have
the two electrodes in a pair such as the electrodes
28 and 29 relatively closely spaced together, for
example of the order of one-quarter inch to six
inches. - Spacing of two to twenty feet between
pairs of electrodes is usually convenient although
these are not fixed limits.

No particular form is absolutely essential for-
these electrodes, I have found that one advan-
tageous form consists of two circular sections of
wire screen (window screen or the like) of the
order of two inches or more in dlameter, spaced -

. approximately one-quarter inch apart and placed

approximately horizontally in the well. In this
embodiment of my invention it is advantageous
when operating in a cased well producing
through perforations to insulate the outer edges
of the well electrodes and the wires between ad-
Jacent palrs of electrodes so that accidental short-
circults by contact with the well casing are
avoided.

One such assemblage of electrodes {2 is shown
in Figure 3. In this flgure two circular sections
of wire screen 60 and 6/ are mounted on wire
rings 62 and 63 respectively. These rings are in
turn mounted on supporting metal spiders 84 and
The spiders are separated by g cylindrieal
plece of insulating material 66 within which is
mounted impedance 671 furnished at the ends with
metal ferrules 68 which make electrical connec-
tion between the impedance 61 and the spiders
64 and 85. The electrical connectors 43 and 44
are attached to the ends of the spiders 84 and
€8, for example by conventional set screws (not
shown). The wire rings 62 and 63 are surrounded
by rubber protectors 69 and T0 which insulate the
electrodes from accidental short-circuiting. :

At thé surface the ends of the cable stored on
reel 28 are brought out to a pair of slip rings #1

. and 48 on & disk of insulating material 48 mount-

ed upon one end of the reel. Two brushes §0 and
81 bear upon the slip rings 47 and 48 and are
connected together through a source of poten-

({ tla.l such as, for example, a battery 62 and a cur-



rent measuring device 83 which may be a meter,
an oscillograph or other means of producing s
visual indication of the flow of current, 1. e. the
impedance of the circuit. Any other potential
source such as an alternating current generator
could be used in place of the battery 82. If an
A. C, source Is used, condensers or inductances
can be used instead of the resistances 38 to 42
described.

After the cable has been lowered so that the
electrodes are spaced along opposite the produc-
ing section, the well is caused to produce a small
amount of fluld from the various permeable for-
mations by decreasing the well head pressure (for

example by opening valve 23) If the well 18 a,

flowing' well, or by bailing the well if it does not
flow., As soon as water from a water-producing
formation such as formation I4 or {71 is pro-
duced into the well it displaces the conditioning
fluid in a relatively short period of time. The
initial displacement occurs opposite the water
producing formation or formations. Very shortly
after this occurs the pair of electrodes nearest
the water producing formation are short circuit-
ed by the relatively low resistivity water from the
formation. This immediately changes the total
impedance in the series circuit made up of the
well electrode configuration, the cable, and the
equipment at the surface, and accordingly
-changes the reading of the meter or whatever
impedance measuring device is employed. At a
short interval of time later the next pair of elec-
trodes in the direction of flow in the water is sim-
ilarly short-circuited, causing a second change
in the reading of the meter, and so on. By this
means the presence of water is detected, practi-
cally as soon as the water flow commences,
Preferably the impedances between the various
pairs of electrodes are all of different magni-
tudes. Thus the change in current occasioned by
the short circuiting of any one impedance will
be different from that due to the short eircuiting
of any other impedance. By observing the mag-
nitude of the initial change in current it is pos-
sible, knowing the depth of the various electrodes
in the well, to determine the point of initial wa-
ter entry, If there is evidence that the water
flow is from two or more formations, such as
shown in Figure 1, and that two pairs of elec-
trodes may be short-circuited simultaneously, the
impedances are chosen so that the sum of any
two of such impedances, and preferably any num-
ber of such impedances, Is not equal to the value
of any one impedance. In this case the change
in current due to the short-circuiting of two or
more impedances is different from that due to the

short-circuiting of any one impedance and the -

operator can immediately deduce the location of
the two or more points of water entry. Any de-
sired combination of impedances satisfying this
condition can be used. Onhe combination, for ex-
ample, for the five impedances shown involves
the use of impedances of 2,000, 4,000, . 8,000,
16,000 and 32,000 ohms, respectively. In the case
shown, using these impedances, one of the first
two impedances shorted out is impedance 42
which causes a decrease in the total impedance
of the series circuit of 32,000 chms. The other
of the first two impedances shorted out is im-
pedance 39 which causes a decrease in the total
series impedance of an additional 4,000 ohms. If
the impedances are simultaneously short-circuit-
ed there Is a total change of 36,000 ohms which
results in a change In current which can not be
mistaken for that due to the shorting out of

¥
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.either the 4,000 or the 32,000 ohm impedance
alone; It is therefore apparent that from the
reading of initial current and the initial change
it is possible to determine the total impedance
change and hence determine the location of all of
the points of water entry cor, more correctly, the
location of the pairs of electrodes across which
the initial short-circuits occur.

It 1s assumed in the above example that the
conditioning fluid is of extremely high resistivity,
for example oll, since it is obvious that at all times
the fluld between adjacent electrodes furnishes
& path for electric current which is in-parallel
- with that of the corresponding impedance,” If
15 the conditioning fluid is water, it normally has

- a relatively low resistivity compared to that of

" oll, for example, -and in such .case much lower

resistances or impedances should be used in the

" cable circuit. In one instance where the condi-
20 tioning fluld had a resistivity of approximately

2500 ohm-inches and the salt water in the well
was known to have g resistivity of approximately

10

12 ohm-inches, the following set of circuit im-~ - -

pedances could be advantageously employed on-
a four-zone determination: 10.5, 22.2: 50, 133.
The effective impedance across each pair of ad-
Joining electrodes, such as electrodes 28 and 29
In Figure 1, taking into account the effect of the
conditioning water, becomes in this case, 10, 20,
40 and 80 ohms respectively. When the well Auid
forms s low impedance path across the top pair
of electrodes, for example, this impedance
changes from 10 ohms to slightly less than 1
ohm, thus causing a total change in impedance
of the entire circuit of approximately 9 ochms or a
percent change in the current in the circuit of 6%.
If the operator is interested in determining the
change in water level with time he merely ob-
serves the change in the metered current with
40 time since each change in current is uniquely re-
lated upon the particular pair or sets of pairs of
¢lectrodes that are short-circuited. If an oscillo-
graph is used to record the current changes this
record can be read in the same manner as the
45 needle of the meter 53 can be observed, 1. e, as
a function of time,

If for any reason the spacing between pairs of
electrodes is so great that the observer wishes to
determine the location of the points of water

60 entry closer than this spacing, the well is recon-
ditioned and the electrodes are again located in
the well, this time at a different position, prefer-
ably opposite the mid points between the loca-
tions of the previous observation, and again a

65 single reading of the composite effect at all elec-
trodes is made in the manner already described.
The location of the points of water ingress, there-
fore, should be located with whatever degree of
precision is required. .

60> In Figure 2 I have shown an alternative set of
equipment by means of which the biggest flow
of water into the well can be determined. In
this case a single conductor insulated cable is em-
ployed. The lower end of this cable terminates

85 in a bare resistance wire 55 at the end of which
can sultably be provided a weight 56 to stretch
it the full length of the hole. Only a single slip
ring 87 'is employed and a single corresponding
brush 58. The single brush 58 is connected in

70 series with the meter 63 and a source of potential
here shown as an alternator 59 to a ground con-
nection 80. If desired a volt meter 61 can be con-
nected across the source of potential, as shown.

The resistance wire 65 is lowered into the well

75 opposite the producing section after it has been

23
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conditioned and then the well is allowed to pro-
duce as before. The greatest source of water will
cause the initial short circutt from the formation
to a point on the resistance wire §8. The point
at which the resistance wire 88 is short-circuited
will hence depend upon the position in the well
of this wire and the position of the water sand.
The total resistance in the circuit at the instant
of Initial current change will be the relatively
negligible cable resistance, the resistance of the
ground between the ground connection 60 and
the water in the well, and the resistance of the
non-short-circuited portion of the resistance wire
]
higher in resistance than the other resistances in
the circuit, the total current immediately after
the short-circuit will depend almost entirely upon

10

Since this resistance wire is preferably much -

15

the length of resistance wire above the point of -

contact with the salt water. By previous cali-
bration, made, for example, by lowering the re-
sistance wire 68 into g body of water, the current
corresponding to & given length of non-short-cir-
. cuited resistance wire can be determined.
" Therefore the initlal reading of the meter, oscil-
lograph, or other current measuring device taken
in connection with the known depth of the end
of the cable, indicates the depth at which the
short-circuit occurred. In cases where there is
one main source of water this apparatus operates
as well as that shown in Figure 1 and gives a re-

sult which is usually equally accurate as to the -

depth of the body of water. :

It will be noted that in the employment of this
invention it is unnecessary to make a large num-
ber of individual determinations of the resistiv. ¢

ity of the electrode configuration in the well since
one single indication is produced of the composite
effects occurring in the well. Likewlse of interest
is that the fact that the equipment in the well
is not moved during the time that the readings
are being taken so that there is no way by which
electrode movement can spread out the flow of
water into & zone which would obscure : the
sharpness of the determination of the water
ZONe or Zones, ' h )

Various modifications and adaptations of my
invention will be apparent to those skilled in the
art. The inherent novelty in this invention is
best set forth in the appended claims.

I claim: ' :

1. In apparatus for determining the location
of at least one zone of water ingress into a well
including means for displacing the fluids in sald
well by a conditioning fluld, an electric charac-
teristic of which differs from the same charac-
teristic of said water, an electric cable adapted to
be lowered into said well, means for determin-

20
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65

ing the depth of the lower end of sald cable in

said well, and mesans for permitting ingress of
water into sald well after the lower end of said
cable has been disposed in the region to be in-
vestigated in said well, the improvement com-
prising a series-connected group of alternate
impedances and connectors of considerable
length, the ends of which group are connected to
two conductors of said cable, each impedance in
said group being of different value from that of
any other impedance in said group and from any
combination of said impedances, a plurality of
pairs of electrodes equal in' number to the num-
ber of said impedances, the electrodes of each
pair being connected to the opposite ends of only
one of said impedances, a source of potential,
means for applying said source across the upper
terminals of sald cable, and means inserted in

60

66

70

(]
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sald eircuit including sald source, said cable, and -
said Impedances for producing a visible indica-
tion of the flow of electric current in said circuit,

2. Apparatus for well logging according to claim

1 in which the electrodes of each of said pairs of .

electrodes are separated by a distance of from
one-quarter to six inches and the separation be-
tween adjacent impedances is between two snd
twenty feet. ' -

3. In a method for defermining the location of
a zone of water ingress through a permeable
formation traversed by a well in which the fluids - -
in a portion of said well including the region
traversing sald formation are displaced by a con-
ditioning fluid, an electrical. characteristic of

which is different froni the same characteristicof -

the water in said formation, so that the ingress of
well fluids into: said well is temporarily halted,
in which a plurality of stationary fluid chareacter-- -
measuring zones substantially vertically displaced
from each other are established at known depths
within said well in the vicinity of said formation
and in which formation flulds are caused to flow -
into sald well, the improvement comprising pro-
ducing an electrical effect at each of said zones,
so varying said effect upon the ingress of forma-
tion water into said zone, that each of said effects,
regardless of the conductivity of said water, is'of
different magnitude from that produced at any
other of said zones and different from the simul-"
taneous resultant of any plurality ot said effects,
varying the current in & single electrical circuit
as the simultaneous resultant of the electrical

.effects at all of said zones, and producing a visual

indication directly related to said variation In
said current. ‘

4. In apparatus for determining the location of
a zone of salt water ingress into g well including
means for stopping the ingress of flulds into sald
well and for displacing such fluids as are present
in the producing section of sald well by a condi-
tioning fluia, means for lowering & testing appa-
ratus in said well, means for determining the depth
of sald apparatus in said well and means for caus-
ing ingress of well fluids into said well, the im-
provement in which said apparatus comprises &
plurality of substantially vertically spaced pairs of
well fluids, a similar plurality of impedances each
of which is connected across one of said palrs of
electrodes, the value of each impedance being
different from the value of all other impedances
and from the sums of any plurality of other im-
pedances in said circuit, a plurality of conductors
so connecting one electrode of each pair to an
electrode of an adjacent pair as to connect said
impedances in series with each other to form a
single series circuit, an electric cable two conduc-
tors of which are connected to the opposite ends,
respectively, of said plurality of pairs of elec-
trcdes, and means located at the surface of the
earth for producing a visual indication of the

.change in impedance of the series circuit includ-

ing said cable and said impedances due to the

‘formation of at least one low-resistance path

across at least one of said impedances by ingress
of sult water into said well, .

5. In apparatus for determining the location of
a zone of water ingress through a permeable
rormation traversed by a well including means for
displacing the fluids in a portion of said well in-
cluding the region traversing said formation by
a conditioning fluid an electrical characteristic
of which is differerit from the same characteristic
of the water in said formation so that the ingress
of well fluids into sald well is temporarily halted,
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means for disposing test apparatus in sald well in
a fixed position and at a known depth and in the
vicinity of sald formation, and means for causing
ingress of well flulds into said well, the improve-
ment in which the test apparatus-comprigses a
plurality of electric fluid character-measuring
stations each adapted to produce a change in an
electric characteristic thereof upon the presence
of water thereat, each of sald stations having its
characteristics so designed as to produce a change,
the magnitude of which differs from the magni-
tude of the change at each of said other stations
and from the magnitude of the sum of any plu-
rality of changes at said other stations, a source
of potential, current indicating means, and means
for connecting in a single series circuit all of sald
stations, said source, and said indicating means,
whereby the electric effect produced at each fluid
character-measuring station changes upon ar-
rival of water at sald station, thus varying the
- indication of said Indicating means.

8. Apparatus for determining the location of
changes in the electrical conductivity of fluids at
various points along the length of an oil well com-
prising a simple series electric circuit including

 one indicating means and a part which extends
into the well and is adapted to be ralsed and
lowered therewithin, said part of sald circuit in-
chuding in series connection at least two imped-

Patent No. 2,579,106:
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~ances and means electrically exposed to the well

fluids at the ends of said impedances, said im- -
pedances having such different values that when-
ever one or more of said impedances are shunted
by the presence of any conductive fluid which
forms a low resistance path between the exposed
means at the ends of said one or more shunted
impedances, the identity of said one or more
shunted impedances can be determined from said
one indicating means. i

7. A method for determining the location of
changes in the electrical conductivity of fluids-at
various points along the length of an oil well
comprising producing an electrical effect at each

“of a plurality of fluid character measuring zones

in said well, so varying said effect upon the
presence of a conductive fluid at each of said zones
that each of said effects, regardless of the con-
ductivity 'of said conductive fluid, is of different
magnitude from that produced at any other of
said zones and different from the simultaneous
resultant of any plurality of said effects, varying
the current in a single electrical circuit as the

‘simultaneous resultant of the electrical effects at

all of said zones, and producing a visual indica-
tion directly related-to said variation in said
current.

CLYDE S. SANDERS.

It 18 hereby certified that error appears 1n,the. printed specification
of ‘tp'e:_'npmie"r‘nihbe‘redjat‘ent requiring correction as follows: Page ly, sec-
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trodes arranged for
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Patent should’ be,i-gad ‘with t:hi'i correqtion'th‘erein' that the same may con- -
form to the record of the case in the Patent Office.
. ' Signed and sealed this 18th day of September; A. D. "1945.
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' Leslie Frazer

Firat Aﬁsiataht Com‘miagioner of Patents.
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means for disposing test apparatus in sald well in
a fixed position and at a known depth and in the
vicinity of sald formation, and means for causing
ingress of well flulds into said well, the improve-
ment in which the test apparatus-comprigses a
plurality of electric fluid character-measuring
stations each adapted to produce a change in an
electric characteristic thereof upon the presence
of water thereat, each of sald stations having its
characteristics so designed as to produce a change,
the magnitude of which differs from the magni-
tude of the change at each of said other stations
and from the magnitude of the sum of any plu-
rality of changes at said other stations, a source
of potential, current indicating means, and means
for connecting in a single series circuit all of sald
stations, said source, and said indicating means,
whereby the electric effect produced at each fluid
character-measuring station changes upon ar-
rival of water at sald station, thus varying the
- indication of said Indicating means.

8. Apparatus for determining the location of
changes in the electrical conductivity of fluids at
various points along the length of an oil well com-
prising a simple series electric circuit including

 one indicating means and a part which extends
into the well and is adapted to be ralsed and
lowered therewithin, said part of sald circuit in-
chuding in series connection at least two imped-
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~ances and means electrically exposed to the well

fluids at the ends of said impedances, said im- -
pedances having such different values that when-
ever one or more of said impedances are shunted
by the presence of any conductive fluid which
forms a low resistance path between the exposed
means at the ends of said one or more shunted
impedances, the identity of said one or more
shunted impedances can be determined from said
one indicating means. i

7. A method for determining the location of
changes in the electrical conductivity of fluids-at
various points along the length of an oil well
comprising producing an electrical effect at each

“of a plurality of fluid character measuring zones

in said well, so varying said effect upon the
presence of a conductive fluid at each of said zones
that each of said effects, regardless of the con-
ductivity 'of said conductive fluid, is of different
magnitude from that produced at any other of
said zones and different from the simultaneous
resultant of any plurality of said effects, varying
the current in a single electrical circuit as the

‘simultaneous resultant of the electrical effects at

all of said zones, and producing a visual indica-
tion directly related-to said variation in said
current.

CLYDE S. SANDERS.

It 18 hereby certified that error appears 1n,the. printed specification
of ‘tp'e:_'npmie"r‘nihbe‘redjat‘ent requiring correction as follows: Page ly, sec-

‘ond column, line 4T, claim L, after "pairs of" insert the words =--elec-

trodes arranged for

.exposure to contact by--; and that the said Letters

Patent should’ be,i-gad ‘with t:hi'i correqtion'th‘erein' that the same may con- -
form to the record of the case in the Patent Office.
. ' Signed and sealed this 18th day of September; A. D. "1945.
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