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5 A prior method, which employs a drill pipe the natural earth potentials and other potentials 5
having an insulated internal conducting tube, or while minimizing the effect of the horizontal
an insulated conductor extending down inside of compenent of the natural earth currents on such
a, drill pipe, and a bit which is insulated from the measurements.
drill pipe, has been suggested for this work. According to this invention a direct, alternat-

10 With such an arrangement the current flows ing or other suitable electric current is passed 10
from this insulated bit into the strata and through an electric circuit which includes the
through the earth to the other terminal of the drill stem and drill bit of a conventional drilling
current circuit which is located at the surface of apparatus within a bore hole as one electrode,
the ground near the mouth of the hole, or it may another electrode connected to the earth at a

15 be the drill pipe itself. Suitable measuring in- position laterally removed from the bore hole, 18
struments are included in this circuit for measur- and the portion of the earth included electrically
ing variations in current and/or potential as the between the electrodes; and a measurement is
bit descends the hole. After repeated and ex- taken which involves the potential difference be-
tensive tests at commercial operations the tween two points whose potential difference

99 method has proven to be of limited use due to the changes with variations in the path of the cur- o4
difficulty of properly insulating the drill pipe rent flowing between the drilling apparatus or
from the bore hole itself, or of passing an in- bore hole electrode and the other or distant elec-
sulated wire down the inside of the drill pipe. trode. In the preferred embodiments of the in-
Another practical difficulty in the latter method vention described herein, this potential measure-

25 is to obtain proper insulation of the bit from the ment is taken between two points spaced from 25
drill pipe. Materials having the desired insulat- one another along the path of current flow
ing qualities do not usually possess sufficient through the earth. The measurement is then re-
mechanical rigidity and ruggedness to withstand Dpeated with the drill bif located at different
the severe conditions encountered in drilling depths within the bore hole in order to deter-

30 work. In the method which is described in this mine variations in the character of the strata
invention, these practical difficulties have been encountered at different depths by the drill bif.
overcome, and in addition a simplified method The above-mentioned other electrode is suffi-
of operation provided, which gives greater ac- ciently removed from the bore hole so that
curacy. changes in the electrical characteristics of the

a5 This application is a continuation-in-part of formation adjacent the drill bit will produce
my application Ser. No. 112,207, filed November variations in the measurements. The positioning
23, 1936. of this other electrode is an important feature

3 i ion i : of this invention. In general, it may be stated
a Iﬁgtﬁk;ga(;t;céf :E;;;iizn:vgil:ﬁ%;ﬁngﬁ:zlﬁg;]};ﬁ: that \yhen this oj:hgr electrode is connected to the

40 instantaneous, and preferably permanent record earth’s surface lt. 1s preferaply _spaced from the 40
at the surface, as the drilling operations progress. bore hole by 2 dlsta,.ncg which is comparable to
Such records are of great value during drilling B€ depth of the drill in the hole, for example,
operations, especially in areas where the drilling 9% the order of one-third or more the depth to
must be stopped at a known horizon or strata, vaécgeghgfdfﬁagﬁrfmgﬁ? e)%ﬁgd:gvgg%nggesa%}ff

¥ iisl f(s);rigstg? ce}:vheré (.illilinmgtﬁnm ailhlgh pi‘essul(;e such an arrangement of the energizing electrodes ®

» or when drilling through an o1l 5and, oy the equivalents thereof have been brought out
and where water may be encountered By 2 y1y in my pending application Serial No. 55,600,
stratum underlying the oil sand. By means of fjleq December 21, 1935. It may be seen tha if

5o Uhe present method and apparatus suiable in-  the earth was to be energized between the drill 5

This invention relates to an electrical method
and apparatus for determining the character of
the strata encountered at different depths by a
drill bit during the drilling of a bore hole.

dicating and signaling means may be located on
the surface of the ground and the drilling opera-
tions supervised more intelligently.

Another object of the invention is to provide an
advantageous method and apparatus for measur-

ing the electrical conductivity of the strata while
utilizing either direct or alternating currents.

A further object of the invention is to provide
means for measuring the vertical component of

bit and another electrode located closely adjacent
the bore hole, or between the drill bit and a direct
connection to the surface casing, as shown by
the prior art, the current would flow largely be-

tween the near surface, and surface, drilling g



2

apparatus, and the adjacent surface electrode.
Under such conditions a sufficient portion of the
current would not flow from the drill bit itself
to give a readable or detectable change in the
measured quantity as the different strata are
encountered by the drill bit.

The term “measurements involving potential,”
as used throughout the specification and claims,
is meant to include the direct measurement of a

10 potential difference, the measurement of the rela-

tion between the energizing current and a poten-
tial difference, as for example with an apparatus
of one of the types shown in my copending ap-
plications Serial No. 162,635, filed September 7,

15 1937, and Serial No. 172,009, filed October 30,

1937, or, when alternating current is used, the
measurement, as one example, of the phase angle
between the current in the energizing circuit and
the potential difference betwen the two points

20 utilized in the measurement. An apparatus for

obtaining comparable phase-angle measurements
is shown in my Patent No., 2,038,046. '

In any electrical survey, when a measurement
is taken while the earth is energized by an elec-

28 tric current, the final interpretation of the meas-

40

urements depends not only upon the magnitude
of the effect created by the energizing current
but also upon the magnitude or some other char-
acteristic of the energizing current. Hence, it
will be understood that throughout the speci-
fication and claims Where mention is made of
measurements involving the potential difference,
it will also be understood that the necessary in-
formation regarding the energizing current will
also be obtained. Such information regarding
the current may be obtained by directly measur-
ing the current or by controlling its magnitude
as by keeping it substantially constant for ex-
ample, or by directly measuring the ratio be-
tween the energizing current and the potential

- difference.
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As stated above, in practicing this invention
the earth is energized by using the drilling ap-
paratus as one electrode, and it is not necessary
for the drill bit to be insulated from the drill
stem. Thus the energizing circuit may be sub-~
stantially the same as shown in my above-men-
tioned copending application Serial No. 112,207
and also in my copending application Serial No.
129,839, filed March 9, 1937, now issued as Pat-
ents No. 2,153,802 and No. 2,150,169 (Re. 21,102)
respectively. This invention may be practiced in
bore holes in which the hole is filled or partly
filled with a conductive liquid medium, such as
an ordinary water clay mud drilling fluid in a
manner comparable to that described in said co-
pending application Serial No. 129,839, or with
a drilling fluid of relatively low conductivity such
as an oil clay suspension, or other oil or drilling
fluids of low conductivity, in a manner com-
parable to that described in said copending ap-
plication Serial No. 112,207.

Further objects and advantages of the inven-
tion will become apparent as the description pro-
ceeds.

I have diagrammatically illustrated apparatus
according to my invention in the accompanying
drawings, in which:

Fig. 1 is a vertical cross-section of a portion
of the earth illustrating the essential parts of a
conventional rotary drilling apparatus in a bore-
hole along with a circuit diagram according to
my invention;

Fig. 2 is another diagrammatic vertical section
illustrating a modified circuit arrangement;

2,181,601

Fig. 3 is a diagrammatic vertical cross-section
of a portion of the earth showing a circuit ar-
rangement which may be used to alternately
measure the natural earth potential and the
combined natural earth potential and the poten-
tial created by the flow of energizing current;
in this case a cable drilling arrangement is shown,
but the circuit arrangement is equally adapted
to the rotary drilling equipment shown in the
other figures;

Fig. 4 illustrates a record which may be ob-
tained with the apparatus shown in Fig. 3; and

PFig. 5 is a diagrammatic cross-section illus-
trating a modified circuit arrangement which
may be used to obtain measurements compara-
ble to the measurements obtained with the ap-
paratus shown in Fig. 3.

Fig. 1 illustrates the application of this inven-
tion to the conventional rotary system of drill-
ing. In this figure, the rotary table | is con-
nected to a proper source of motive power
through shaft te. The rotary table, by means
of the Kelly joint 2 transmits a rotary motion to
drill stem 3 extending within a bore hole H. At
the end of the drill stem is a drilling bit 4. The
Kelly joint is supported at its upper end by a
swivel-head 10, These parts constitute the usual
type of rotary drilling equipment and need not
be described in detail herein. A connection
terminal {1 is in electrical contact with the
swivel-head and associated drilling mechanism
including the drill stem 3 and bit 4 and is associ-
ated with a suitable electrical energizing circuit,
such as hereinafter described, for establishing
an electrical circuit through the earth between
the drilling apparatus and another electrode con-
nected to the earth at a position remote from the
bore hole.

The present invention is also applicable to
various types of rotary drilling equipment and
drilling bits, including various devices for ob-
taining rock samples, and to core bits. In addi-
tion, the invention may be applied to cable drill-
ing apparatus wherein a heavy bit assembly im-
pacts and cuts into the earth by being alter-
nately raised and lowered on a steel cable. 'This
invention may also be applied to hydraulic drill-
ing methods employing a pipe, extending into
the bore hole, from which water under high pres-
sure is being discharged. In short, the method
and apparatus of this invention may advan-
tageously be employed with any exploring and/or
drilling apparatus which is constructed of, or
employs, electrically conductive materials.

Electrical connection to the rotary drill stem
may be made by means of terminal 11, as above
described and the other contact to the earth is
made by means of a suitable surface electrode 5,
preferably of large contact area, placed a con-
siderable distance from the hole. This distance
is preferably one-third (or more) of the depth
which the drilling apparatus extends within the
bore hole. In any case, the position of this dis-
tant electrode is sufficiently removed from the
drill hole so that an appreciable portion of the
current will pass through the drill bit 4 and
through the earth formation adjacent the bit.
The distant electrode 5 should be firmly im-
bedded in the earth in such a manner as to min-
imize the contact resistance. I have found that
the electrode should preferably be placed a dis-
tance of two to five feet below the surface of the
ground. The casing of a distant well may be uti-
lized as a distant electrode, or a suitable elec-
trode of extended surface area may be lowered

10

15

20

25

30

35

50

60

65

5



255, EARTH BORING,

into contact with the water or other conductive

10

15

20

»
(=13

30

40

50

(1]
ot

60

%

2,181,601

fluid in a distant well for this purpose.

A current source S and an indicating or re-
cording ammeter i3 are shown connected in
series between the terminal 11 and the electrode
5 through the agency of a suitably insulated con-
ductor 148, The current source S may comprise
any controllable source of direct or alternating
current of either high or low frequency, com-
mutated direct current, or pulsating current, or
any other suitable source of current. A poten-
tial-responsive measuring means M such as a
conventional potentiometer is shown connected
between an earthed potential electrode 16 and a
sliding terminal I{e¢ in contact with the kelly 2
through the agency of a suitable insulated con-
ductor {7. The kelly 2 is shown provided with
a cylindrical portion 2a providing a slip ring for
the contact tla. This provides good electrical
contact to drill stem and drill bit. Connection
can of course be made directly to terminal on the
swivel head (0. If a ratio measuring instrument
is used for the measuring means M, for example
one of the instruments described in my above-
mentioned copending applications Serial Nos.
162,635 and 172,009, the current circuit is also
connected to the measuring means M. For ex-
ample, one of the current conductors {4 would be
opened and the open ends connected through the
instrument M. The electrode (6 is preferably
located within the path of current flow through
the earth between the drilling apparatus and the
distant energizing electrode 5, and at a position
spaced from the drilling apparatus. It may be
located in the same direction from the bore hole
as the energizing electrode 5. The electrodes 5
and 16 may be located fairly close to one another,
on the order of 100 feet for example, without
interfering with the proper functioning of the
apparatus, but they are preferably located at a
considerable distance from one another. For
example, I may locate the electrode 16 in the
opposite direction from the bore hole to the elec-
trode 5. It should be understood, however, that
the potential electrode 16 may be located consid-
erably nearer to the drill hole than it is possible
to locate the current electrode 5 and still obtain
satisfactory operation of the apparatus.

According to one practice of the invention, the
source of current S is set in operation and ener-
gizing current is caused to pass in the energizing
circuit which includes drill stem 3 and drill bit
4 as one electrode, the energizing electrode 5 as

the other electrode, and the portion of the earth.

included electrically therebetween. It will be seen
that when an electric current is passed through
the earth between the drilling apparatus and the
distant electrode 5, as by means of the above-
described energizing circuit, the current will in
some cases flow between the earth and the drill-
ing apparatus throughout substantially the en-
tire length thereof, particularly when the bore
hole contains a conductive fluid medium such as
the aqueous drilling fluid ordinarily employed in
rotary drilling operations, as described in said
copending application Serial No. 129,839. How-
ever, this flow between the drill stem and the
earth throughout the length of the drilling appa-
ratus is not so pronounced when insulating drill-
ing fluids are used such as brought out in said
application Serial No. 112,207. A suitable drill-
ing fluid which may fill or partly fill the bore
hole is shown at F, and such fluid may be of
either the conductive or poorly conductive type.
This liquid medium F is maintained in the bore

]
.

hole around the drill stem 3 which is exposed to
electrical contact with such medium throughout
substantially its entire length. It will be noted
that the drill stem 3 is shown provided with pro-
tectors P which may be of a type that is commer-
cially available and are preferably of insulating
material. These protectors tend to minimize the
chance contacts of the drill stem with the wall
of the bore hole and tend to prevent erratic
variations in the measurements. However, such

" protectors are not essential to the practice of this

invention and are shown only as a means of
minimizing variations in the measurements.

In any event, if the distant electrode is suffi-
ciently removed from the bore hole, an appre-
ciable portion of the current will flow throughout
substantially the entire length of the drill stem
or other drilling apparatus extending within the
bore hole, and through the strata adjacent the
lower end of the drilling apparatus. It is this
current flow, which is appreciable if the distant
electrode is removed a sufficient distance from
the bore hole, which gives electrical variations
indicative of the nature of the strata adjacent
the lower end of the drilling apparatus, as the
drilling apparatus is moved to different depths.
The resulting changes in current distribution pro-
duée variations in the magnitude and distribution
of the potential field created by the current flow
between the drilling apparatus and the distant
energizing electrode and produce variations in
the potential difference between the terminal {la
and the electrode 18 which are indicative of
variations in the electrical properties of the strata
encountered by the drill bit at different depths.
For practical purposes the terminal {{a may be
considered to be at substantially the same poten-
tial as the drill bit 4.

Thus the variations in the measurements will
be produced by changes in the electrical char-
acteristics of the formation adjacent the drill bit
and when the variations in the measurements
obtained on the potential-responsive measuring
means M are correlated with the corresponding
values of current in the energizing circuit as may
be obtained from the ammeter 13, for example,
valuable information regarding the character of
the strata encountered by the drill bit at differ-
ent depths may be obtained.

If direct current is employed, the readings ob-
tained will be a function of the resistance of the
formations adjacent the drill hole, while if alter-
nating current is employed, the readings will be
a function of the impedance of such formations.

" Broadly, it may be said that the measurements

serve to indicate variations in the conductivity
of the formations, the term “conductivity” being
considered herein as including either straight
conductance (the reciprocal of resistance) in the
case of direct current, or admittance (the recip-
rocal of impedance) in the case of alternating
current.

Measurements are preferably made continu-
ously as the drilling proceeds in order to give &
complete history of the drilling operations and to
allow reccgnition of the various marker strata
encountered by the drill bit as the drilling ap-
paratus is extended to different depths in the bore
hole and penetrates the formations successively
at different depths. As brought out in the above-
mentioned copending applications, the electrical
information may be continuously recorded on &
time- or depth-operated recording chart such as
shown in said applications, so that the informa-
tion obtained may be used not only as an electri-
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4

cal record of the characteristics of the formation
traversed by the bore hole but also as a record of
the operations of the drilling crew showing the
progress made in drilling and the time required
to perform various operations stuch as removing
the drilling apparatus from the hole.

The measurements should begin, however, at
a time when the strata exhibit characteristic
electrical changes which may be employed for
correlation purposes. In some cases, important
electrical markers (strata which may readily be
recognized by characteristic changes in electri-
cal properties) manifest themselves many hun-
dreds of feet above the oil sand, while in other
areas important markers are encountered adja-
cent to the oil sand. In metal mining operations,
the measurements should begin prior to the time
the drill penetrates the mineral-bearing forma-
For location of water-bearing horizons
the measurements also should begin prior to the
time the bit penetrates the water-bearing
formations.

Referring to Fig. 2, a modified apparatus ar-
rangement is shown in which the energizing cir-
cuit corresponds to the energizing circuit illus-
trated in Fig. 1 and the potential-responsive
measuring means M is connected between the
potential electrode 16 and a second potential
electrode i6a, both connected to the surface of
the earth and spaced from one another along the
path of current flow through the earth. Thus the
conductor #7 instead of being connected to the
terminal tla which is connected to the drill stem
3 is connected to the additional potential elec-
trode 168a. With the arrangement illustrated,
the electrodes 5, 16, and i6a are shown arranged
substantially along a single straight line which
passes through the bore hole H and the electrodes
{6 and {6a are positioned between the bore hole
and the distant energizing electrode 5. It is
to be understood that this particular arrange-
ment of the electrodes is not necessary to the
satisfactory operation of the apparatus, but that
the electrodes 16 and I6a may be connected be-
tween any two points whose potential difference
changes with variations in the path of the cur-
rent flowing between the drilling apparatus and
the distant energizing electrode 5. It is prefer-
able, however, to have the potential electrodes
located at a considerable distance from the en-
ergizing electrode 5. For example, they may be
located in the direction from the bore hole op-
posite to the direction of the electrode 5.

Measurements may be taken with this appa-
ratus in exactly the same manner as with the
apparatus shown in Fig. 1. Thus the earth is
energized between the drilling apparatus and
the electrode 5, and measurements are taken in-
volving the potential difference between elec-
trocdes 16 and 16a with the drill bit 4 located at
different depths within the bore hole.

The measurements obtained with the appara-
tus shown in Figs. 1 and 2 will in general be af-
fected by the varying natural earth potentials,
and in Fig. 3 T have shown a way for minimizing
the effects of such potentials on the final meas-
urements. In this figure a churn or cable drill-
ing apparatus is illustrated and is shown as com-
prising a heavy bit assembly including a drill
bit 44 and a connected drill stem 45 suspended
within the bore hole H by a cable 45a¢. With
such an arrangement the bit is alternately raised
and lowered by the cable 45¢ by means not
shown, so that as the bit is lowered it impacts
the earth and produces the hole H. The ener-

2,181,601

gizing circuit is shown as comprising a switching
means 54 and power source S connected in series
between distant energizing electrode 23 and the
drilling assembly including the drill bit 44
through insulated conductors 70 and T!{. The
conductor 7i is connected by a clamp Tle to
cable 452 which provides electrical connection to
the drill bit 44. The source S is preferably a con-
stant current generator provided with suitable
manual or automatic means for maintaining a
constant current reading on the ammeter A dur-
ing the times of current flow, although any other
suitable controlled source may be used. The
switching means 54 may comprise stationary
quadrants 59 and 56 and a rotor bar 57 con-
nected to a suitable time-operated shaft so that
as the time-operated rotor 57 turns, connection
will first be established between the quadrants 55
and 56 by the bar 57 and then broken so that
periods of current flow are alternated with pe-
riods of no current flow.

The potential circuit is somewhat modified, and
is shown as comprising a potentiometer 52 and
measuring means M connected in series with po-
tential electrode 22 and the drilling assembly by
conductors 72 and 173, respectively. The con-
ductor 13 is shown connected to cable 45¢ through
clamp 73a. ‘The natural earth potential between
the drill stem and the electrode 22 may now be
measured with the portion of the electrical cir-
cuit described above. The electrode 22 may be
located with respect to the bore hole and the dis-
tant energizing electrode 23 in any of the man-
ners described in connection with the electrodes
5 and {6.

It will be understood that the circuit arrange-
ment above described is equally adapted to use
with rotary drilling equipment as illustrated in
Figs. 1 and 2 for example. Thus the conductors
71 and 73 instead of being connected to the cable
45a would be electrically connected to the drill
stem 3 illustrated in Fig. 1, for example.

In order to establish a suitable zero level on
the record of the recording meter M which is in-
dicated at 6! in Fig. 4, the potentiometer 52 may
be adjusted to bring the indication of the earth
potential to any convenient point on the record-
ing medium 61. It will be appreciated that as
the bit 44 bores into the earth, the potential will
vary or drift and it may be necessary from time
to time to readjust the potentiometer 52 to keep
the potential readings on the record; also when
bad ground currents prevail it may be necessary
to reverse the polarity of the battery 51 in some
instances to maintain the desired control of the
recording.

When connection is established between the
quadrants 55 and 56 the measuring means M will
give indications which are indicative of the po-
tential between the drilling apparatus and the
electrode 22 as influenced by the current flow
from 23 to the drilling apparatus; these indica-
tions will also be influenced by the natural earth
potential. When connection is brcken between
said quadrants the meter M will give indications
of natural earth potentials as above described.

Referring particularly to Fig. 4, I have shown
an example of a record which may be obfained
with the apparatus shown in Fig. 3. The solid
line 62 on the recording tape 61 represents the
path of the stylus of the measuring means M;
the substantially horizontal portions of said
record, indicated at 62a, represent the interval
at which the rotor 57 either makes or breaks with
the quadrants 55 and 56. TFor example, the short
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portions of the recording on the left side, indi-
cated at 62b, may represent the value of the
natural earth potential during an interval in
which the rotor 51 of the switching means 54
does not establish contact with the quadrants 55
and 56; when the rotor 57 contacts said quadrants
the stylus will move across the record as at 62a
and trace a record, for example of potential, at
62c for the length of time said connection is main-
tained. At the end of said time the contact will
be broken and the stylus will move to the left
along 62b and trace the curve 62a¢. Thus it may
be seen that by dotting in the lines between the
adjacent portions of the curves 62b and 62¢, a
continuous record of the earth potential and po-
tential indicative of earth conductivity or other
property and the nature and characteristics of
the strata may be plotted simultaneously on the
single recording medium.

It will be appreciated that suitable compensat-~
ing networks may be inserted in the circuit of the
measuring means M and in operative association
with the switching means 54 for adjusting the
relative positions and amplitudes of the earth
potential curve 62b and potential curve 62c as
will readily be apparent to those skilled in the
electrical art.

It will be apparent that the conductor 13 may
be connected to a suitable potential electrode com-
parable to the electrode 16a shown in Fig. 2
instead of to the drilling apparatus. If such is
the case measurements will be made between two
potential electrodes as shown in Fig. 2.

It will be appreciated that the power source S
shown in Fig. 3 may be alternating current source
in which case the recording means M may be re-
placed by a suitable direct current instrument for
obtaining natural earth potential readings and
an alternating current instrument for obtain-
ing alternating current potential readings. Cir-
cuit arrangements suitable for obtaining such
readings are shown and described in Patent No.
2,132,807 to Rust, Jr., et al.

An alternative arrangement for minimizing the
effects of natural earth potential on the final
measurements is illustrated in Fig. 5. Distant
potential electrodes 21 and 22 are located at a
considerable distance from the drill hole H and
are shown connected through suitable insulated
conductors 41 and 42 to a common conductor 43
which is connected to the variable tap of a po-
tentiometer 52. A drill bit 74 is shown in contact
with the bottom of the hole H and is in electrical
connection with a drill stem 75 which is con-
nected through a suitable conductor 46 to one side
of a potential responsive measuring device M such
as a conventional indicating or recording po-
tentiometer, the other side of said measuring de-
vice being connected to the other side of the po-
tentiometer 52 through a conductor 471. The
bore hole H may be filled or partly filled with a
fluid F which may be conductive or it may be
partly insulating as described in the above-men-
tioned application Serial No. 112,207. The po-
tential between the conductors 43 and 47 may be
made variable by connecting a battery 51 across
the potentiometer and varying the potentiometer
52 according to well-known procedures.

The utilization of two or more potential elec-
trodes connected together at a common point,
such as the electrodes 21 and 22, connected to-
gether by the conductors 41 and 42 to the com-
mon conductor 43, is one important feature of this
invention. Such an arrangement tends to
eliminate potential variations due to changing

2,181,601
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earth currents, which currents are ordinarily a
varying source of error and are present at all
times, making it practically impossible to dupli-
cate survey results. This feature has been par-
ticularly pointed out in my pending application
Serial No. 103,038, filed September 28, 1936, and
in my above-mentioned copending application
Serial No. 112,207, and it will suffice to say that
the reference electrodes such as 21 and 22 should
be spaced with respect to hole H and connected
together in such manner that the horizontal com-
ponent of the natural earth currents in the
neighborhood of the bore hole will have a
negligible effect on the reference potential no
matter what the direction or magnitude of the
earth currents. In areas where extreme varia-
tions in earth currents are encountered, more
than two potential electrodes may be advanta-
geously employed. It has been found that normal
earth currents flow substantially horizontally, and
have a very minor vertical component. In the ex-
ample illustrated in Fig. 5, the electrodes 21 and
22 are shown substantially equidistant from the
drill hole H and at a considerable distance there-
from, and that 21, 22, and H are substantially in
a line with one another. The electrodes 21 and
22 may be disposed preferably symmetrically
with respect to the bore hole, on a straight line at
right angles to the straight line joining the bore
hole and the distant energizing electrode.

The natural earth potential between the refer-
ence potential supplied by the points 21 and 22
and the drill stem 75 may now be measured with
the portion of the electrical circuit described
above. Since the electrodes 21 and 22 are located
at a considerable distance from the drill hole
and are connected together through conductors
41 and 42, the juncture of said conductors and
the conductor 43 is at a more or less average
potential of the points 21 and 22 and is con-
sidered as a reference potential, and measure-
ments may be taken with the measuring device
M, which may comprise a recording potentiome-
ter, which are indicative of the vertical com-
ponent of the earth potential at the position of
the drill bit 74.

I have also shown a distant energizing elec-
trode 23 connected through an insulated conduc-
tor 53 including an ammeter A to a variable
potential power source S, the other side of said
source S being connected to one side of a switch-
ing means 54 and the other side of said switching
means being connected through a conductor 58
to the conductor 46 which is connected to the
drill stem 75.

The distant energizing electrode 23 is placed
at a considerable distance from the bore hole
H, for example a distance equal to or greater
than one-third the depth to which the bit 14 is
carried, so that sufficient energy will flow in the
earth to create a measurable potential between
electrodes 21 and 22, and the bit 74 or drill stem
715. The electrodes 21 and 22 may be disposed,
preferably symmetrically with respect to the bore
hole, on any one of a number of straight lines
bearing any angular relation to the straight line
passing through the bore hole H and the electrode
23. PFor example, the electrodes 21 and 22 may
be disposed on a straight line perpendicular to
the straight line passing through the bore hole
and the electrode 23. At least one, and prefer-
ably both, of the electrodes 21 and 22 are located
within the path of current through the earth
between the drilling apparatus and the electrode
23.
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It may be readily seen that current flow
through the earth between the drilling apparatus
and the electrode 23 will influence the potential
of adjacent points on the surface of the earth
and that the potential of any of said last-named
points will be a function of the current distribu-
tion through the earth, which is indicative of
the nature of the strata, and a function of the
current in said circuits. By maintaining a con-
stant current through the earth circuit interpre-
tation will be greatly simplified, although results
may be interpreted if variations in current are
recorded along with potential measurements. If
variable current energization is employed, the
meter A should preferably be of a recording type,
to allow proper interpretation of the potential
record made by recording meter M.

It is not entirely necessary to use the switching
means 54 so as to obtain alternate measurements
involving the natural earth potential alone when
no current is flowing and measurements involv-
ing the combined created and natural earth
potentials during the flow of energizing current

. as described in connection with Figs. 3 and 4,

since the use of the reference potential electrodes
21 and 22 minimizes the effects of the natural
earth potentials. However, alternate measure-
ments may be taken in the same manner as de-
scribed in connection with Fig. 3 to obtain a
record which may be entirely comparable to the
record illustrated in Fig. 4.

Methods and apparatus in which measurements
are taken indicative of the potential during suc-

. cessive energizing current pulses and during the
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intervals between such current pulses as described
above are more fully described and claimed in my
copending application Serial No. 230,963, filed
September 21, 1938.

It is to be understood that the circuit arrange-
ments illustrated in Figs: 1, 2, and 5 are equally
adapted for use with cable drilling equipment as
illustrated in Fig. 3, in which case the circuit
connections which are made to the drill stem
either directly or through the swivel-head are
made to cable 45a as illustrated in Pig, 3.

In general, the magnitude of the variations in
the measurements produced by changes of given
magnitude in the electrical characteristics of the
strata will change as the drilling apparatus is
extended to greater depths. For example, a
given change in characteristics of the strata may
give a variation of ten per cent in the measure-
ments when the drill bit is at one depth and only
a five per cent change when the drill bit is at
a greater depth. Hence, this phenomenon must
be taken into consideration if it is desired to
directly compare the measurements at relatively
shallow depths with the measurements at rela-
tively great depths. In practice the measure-
ments at different depths may be multiplied by
empirical factors based upon experience in the
area, in order to permit such comparison.

I claim:

1. In the drilling of a bore hole with a drilling
apparatus comprising a drill stem extending
within the bore hole and a drill bit electrically
connected to said drill stem at the lower end of
said drill stem, the method of determining the
character of the strata encountered at different
depths by the drill bit during the drilling of said
bore hole, which comprises: passing a controlled
electric current through an electric circuit in-
cluding the drill stem and the drill bit as one
electrode, another electrode connected to the
earth at a position removed from the bore hole,
and the portion of the earth included electrically
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between said electrodes; taking a measurement
involving the potential difference between two
points whose potential difference changes with
variations in the path of the current flowing be-
tween said electrodes; and repeating such meas-
urement with said drill bit located at different
depths within the bore hole, while maintaining
a liquid medium in the bore hole around said
drill stem, said drill stem being exposed to elec-
trical contact with said liguid medium through-
out substantially its entire length and said other
electrode being sufficiently removed from the bore
hole so that changes in the electrical characteris-
tics of the formation adjacent the drill bit will
produce variations in said measurements.

2. In the drilling of a bore hole with a drilling
apparatus comprising a drill stem extending
within the bore hole and a drill bit electrically
connected to said drill stem at the lower end of
said drill stem, the method of determining the
character of the strata encountered at different
depths by the drill bit during the drilling of said
bore hole, which comprises: passing a controlled
electric current through an electric circuit in-
cluding the drill stem and the drill bit as one
electrode, another electrode connected to the
earth at a position removed from the bore hole,
and the portion of the earth included electrically
between said electrodes; measuring the potential
difference between two points whose potential
difference changes with variations in the path
of the current flowing between said electrodes;
and repeating such measurement with said drill
bit located at different depths within the bore
hole, while maintaining a liquid medium in the
bore hole around said drill stem, said drill stem
being exposed to electrical contact with said
liquid medium throughout substantially its entire
length and said other electrode being sufficiently
removed from the bore hole so that changes in
the electrical characteristics of the formation ad-
jacent the drill bit will produce variations in
said measurements.

3. In the drilling of a bore hole with a drilling
apparatus comprising a drill stem extending
within the bore hole and a drill bit electrically
connected to said drill stem at the lower end
of said drill stem, the method of determining the
character of the strata encountered at different
depths by the drill bit during the drilling of said
bore hole, which comprises: passing a controlled
electric current through an electric circuit in-
cluding the drill stem and the drill bit as one
electrode, another electrode connected to the
earth at a position removed from the bore hole
and the portion of the earth included electrically
between said electrodes; measuring the potential
difference between a pair of potential electrodes
connected to the earth at two points whose poten-
tial difference changes with variations in the
path of the current flowing between said elec-
trodes; and repeating such measurement with
said drill bit located at different depths within
the bore hole, while maintaining a liquid medium
in the bore hole around said drill stem, said
drill stem being exposed to electrical contact
with said liquid medium throughout substantially
its entire length and said other electrode being
sufficiently removed from the bore hole so that
changes in the electrical characteristics of the
formation adjacent the drill bit will produce
measurable variations in said measurements.

4. In the drilling of a bore hole with a drilling
apparatus comprising a drill stem extending
within the bore hole and a drill bit at the lower
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end of said drill stem, the method of exploring
the strata traversed by the bore hole, which com-
prises: passing an electric current through the
earth between the drill stem and drill hit as
one electrode and another electrode connected to
the earth at a position remote from the bore
hole, and measuring an electrical potential as-
sociated with such current flow; interrupting said
current flow and taking a measurement of natural
earth potential while said current flow is so in-
terrupted; and repeating the steps of alternately
measuring one potential during current flow and
the other potential when the current flow is in-
terrupted as said drill stem is extended to dif-
ferent depths, said other electrode being suf-
ficiently distant from said bore hole so that varia-
tions in the measured electrical potential asso-
ciated with the flow of such current will be
produced by changes in an electrical character-
istic of the different portions of the earth in-
cluded electrically between said electrodes as said
drill bit is moved to different depths in said bore
hole.

5. An apparatus for use in determining the
character of the strata encountered at different
depths by the drill bit during the drilling of a
bore hole containing a liquid medium, which
comprises: an electrode comprising a drill stem
and the drill bit electrically connected to the drill
stem and in electrical connection with the earth
within said bore hole, said drill stem being ex-
posed to electrical contact with said liquid me-
dium throughout substantially its entire length;
an electrode connected to the surface of the earth
at a position remote from said bore hole; a con-
trollable source of electric current connected to
said drill stem and to said last-named electrode
for passing an electric current through the earth
between said electrodes; and potential-responsive
measuring means connected between two pointg
whose potential difference changes with variations
in the path of the current flowing between said
electrodes for indicating changes in an electrical
characteristic of the earth included between said
electrodes when said drill bit is located at differ-
ent depths, said other electrode being sufficiently
distant from said bore hole so that variations in
said measurements will be produced by changes
in an electrical characteristic of the different por-
tions of the earth included electrically between
said electrodes as said drill bit is moved to dif-
ferent depths in said bore hole.

6. An apparatus for use in determining the
character of the strata encountered at different
depths by the drill bit during the drilling of a
bore hole containing a liquid medium, which
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comprises: an electrode comprising a drill stem
and the drill bit electrically connected to the
drill stem and in electrical connection with the
earth within said bore hole, said drill stem being
exposed to electrical contact with said liquid
medium throughout substantially its entire
length; an electrode connected to the surface of
the earth at a position remote from said bore
hole; a controllable source of electric current
connected to said drill stem and to said last-
named electrode for passing an electric current
through the earth between said electrodes; and
potential-responsive measuring means connected
between a pair of electrodes electrically connect-
ed to the earth at two points whose potential dif-
ference changes with variations in the path of the
current flowing between said electrodes for in-
dicating changes in an electrical characteristic
of the earth included between said electrodes
when said drill bit electrode is located at different
depths, said other electrode being sufficiently dis-
tant from said bore hole so that variations in said
measurements will be produced by changes in an
electrical characteristic of the different portions
of the earth included electrically between said
electrodes as said drill bit is moved to different
depths in said bore hole.

7. An apparatus for use in determining the
character of the strata encountered at different
depths by the drill bit during the drilling of a
bore hole, which comprises: an electrode com-
prising a drill stem and the drill bit positioned
within a bore hole and in electrical connection
with the earth therein; an energizing electrode
connected to the surface of the earth at a posi-
tion Iaterally removed from said bore hole; power
supply means connected to said energizing elec-
trode and to said drill stem through switching
means operable to alternately connect and dis-
connect said power supply means to said drill
stem; potential electrode means in electrical con-
tact with the earth; and measuring means con-
nected between said last-named electrode means
and said drill stem for indicating variations in
the natural earth potentials between said drill
stem and said other electrodes as said drill bit is
moved to different depths in the bore hole, said
measuring means being operable to indicate vari-
ations in natural earth potentials when said
switching meany is in disconnected position and
operable to indicate variations in an electrical
characteristic of the earth included between said
energizing electrodes when said switching means
is in connected position, as said drill bit is moved
to different depths within the bore hole.

JOHN JAY JAKOSKY.
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