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3 Claims.

1

This invention relates to a method and means
for determining the electrical resistance or im-
pedance of the various subsurface geological for-
mations penetrated by a drilling well and more
particularly, but not by way of limitation, for
determining the possibilities of oil, gas or water
production in such formations during the con-
tinuous drilling operation or at drilling intervals
thereof. The electrical resistance or impedance,
being typical of the various strata penetrated, are
also essential for correlation between wells in
order to determine their relative geologic position
on the structure.

Many prior methods have been proposed for
measuring the various charsacteristics of a bhore
hole and a common practice is to employ a con-
ductor cable for supplying electrical energy from
the surface to the well logging or investigation
apparatus in the bore hole, and a separate con-
ductor for transmifting the response of the in-
vestigation apparatus to an indicating means at
the surface of the well. Such a logging apparatus
can only be run at intervals after the drill pipe
is removed from the hole and in many cases it is
found that possible productive horizons unknow-
ingly have been passed up during the drilling,
which makes subsequent completion difficult and
costly. Also it is known that during the process
of drilling through a prospective producing for-
mation fresh water from the drilling mud in-
vades such formation and this flooding action
changes the natural electric resistivity of the for-
mation thereby confusing the proper -interpreta-
tion of its producing possibilities if too much
time expires between the time of drilling and the
time the electric survey is made. These disad-
vantages are overcome by the present invention
because the natural electric resistivity is imme-
diately available when the formation is being
drilled into and before flooding by fresh water
takes place.

Generally the present invention provides for a
method and apparatus which will log the forma-
tion characteristics of a well hole during a con-
tinuous drilling operation or at an interval there-
of wherein the source of electrical energy for the
investigation apparatus is created at the bottom
of the well and the signals related to the elec-
trical resistance or impedance of the adjacent
strata are transmitted to the top of the well
without the use of any auxiliary conductors, ca-
bles or the like and the values of the electrical
resistance or impedance are picked up by a sur-
face indicating apparatus and are constantly
available to the drilling operator.

More specifically, but not by way of limitation,
this invention utilizes the circulation of the drill-
ing fluid in the drill stem to actuate means for
creating electrical energy utilized by the investi-
gating apparatus. Furthermore, the drilling fluid
is utilized as a transmission medium for trans-
mitting t-e pulsations of the investigation appa-
ratus to the top of the well.
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It is an important object of the present inven-
tion to provide a method and means for continu-
ously indicating the electrical resistance or im-
pedance of the sub-surface geological formations
penetrated by a bore hole and which can be con-
tinucusly transmitted to the surface of the bore
hole without the necessity of employmg cumber-
some electrical connecting cables.

It'is a further object of this invention to pro-
vide a method and means of logging a well dur-
ing the process of drilling in which variations
in the physical properties of the penetrated strata
will produce variations in an electrical investiga-
tion apparatus located opposite the strata, and
are then transmitted to the surface to provide a

continuous indication at the surface of the elec-.

trieal resistance or impedance of the strata.

And still another object of this invention is to
provide a method and means of logging wells
whierein the energy of the circulating drilling
fluid is utilized to create a source of electricity
adjacent the portion of the strata being drilled

"so that a continuous logging of the electrical re-

sistance or impedance of the freshly drilled strata,
may be provided at all times.
And still another object of this invention is to

provide a method and means for logging ‘the

electrical resistance or impedance of freshly
drilled sub-surface formations whereby a high

frequency pulsating device ig utilized in the drill-

ing string -to transmit -the electrical resistance
or impedance of the freshly-drilled formation as
high frequency vibrations through the drilling
fluid to the surface of the well.

And another object of this invention is to pro-
vide a method and means for continuously log-
ging a well during the:drilling operation thereof
which consists in utilizing the drilling fluid as a
transmission medium for -created pressure pulsa-
tions in accordance with the electrical resistance
or impedance of the freshly drilled formation
to a detecting device communicating with the
driliing fluid circuit -at the surface of the well
whereby ‘the pressure pulsations are converted
into electrical current which can be amplified,
filtered and rectified as a source of continuous
measurement of the resistivity or -impedance of

‘the formation as it is ‘penetrated by the drill-

ing bit.

And still a further object of this invention is
to provide ‘a method and means for iogging ﬁhe
electrical resistance or impedance of the freshly
drilied sub-surface formation which is simpl’e in
construction and operation, inexpensive to manu-
facture and efficient and durable in use.

With these and other objects in view there has
been illustrated on the accompanying drawings
several forms in which the invention may be con-
veniently embodied and practiced.

In the drawings:

Fig. 1 is a diagrammatic elevational view of the.

well shewing the bore hole in section,
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Fig. 21is a sectional elevational view of the lower
portion of the bore hole showing the logging ap-
paratus arranged schematically in the lower part
of the drill collar.

Fig. 3 is a schematic view partly in section
showing the arrangement of the surface detecting
apparatus in the mud stream as well as the ap-
paratus for correlating the depth of the bore hole
with the recording means.

Fig. 4 is a sectional elevational view of the bore
hole showing a modified form of the investiga-
tion apparatus disposed in the drill collar.

Fig. 5 is a schematic detail view of a receiving
means for the investigating apparatus in Fig. 4.

Fig. 6 is a sectional elevational view showing
ancther modification of the investigating means
disposed in the lower portion of the drill column.

Referring now to the drawings in detail and
more particularly to Figs. 1 to 3 inclusive, refer-

ence character 2 indicates a well derrick disposed ¢

over a bore 4 in which is located a string of drill
pipe 6 extending through a rofary table 8 on
the derrick floor. The upper end of the drill
stem 6 is attached to a kelly 18 grasped by the
table 8 which in turn is rotated by a source of
motive power such as the engine {2. The driil
“string is supported by a hook 14 of a traveling
block 16 supported by crown block (1. A mud
line 20 discharges into the drill string 6 and re-

ceives mud from a sump 22 through a mud pump -

24. Interposed in the mud line 20 is a surface
detecting device 26 which will be hereinafter ex-
plained in detail. The lower end of the drill stem
is provided with a drill collar 28 of an increased
_outside diameter having the usual drill bit 30
connected thereto.
The logging apparatus to be hereinafter re-
ferred to is disposed in the drill collar imme-
diately above the drill bit 30 and is preferably
housed in a cylindrical housing unit 32 completely
sealed in with the exception of inlet and outlet
ports as will be hereinafter explained.
Referring now to the investigation or logging
apparatus in detail and more particularly Fig. 2,
a vertical turbine 34 is arranged inside the hous-
ing 32 disposed immediately above the rotary bit
30 and comprises an inlet flow passageway 36
in communication with the drilling fluid or mud
present in the drill string 6. The velocity of the
drilling fluid flowing downward through the drill
string toward the drilling bit and into the pas-
sageway 36 drives the turbine 34 and then is dis-
charged through an outlet passageway 38 which
in turn communicates with passageways 48 of the
bit 36. The turbine 34 activated by the drilling
- mud is directly coupled by means of shaft 42
(shown schematically) with a direct current gen-
erator 44. The generator 44 is equipped with a
voltage regulator (not shown) in order to main-
tain the output voltage therefrom at a constant
value independent of variations in the revolutions
per minute of the turbine 34, which would nor-
mally be caused by the fluctuations in the veloc-
ity of the mud stream flowing downward in the
 drill string. The electrical output or current

from the generator 44 is transmitted by conduc-
tors 46 and 48 extending through apertures 45
and 47 in the collar to two metal electrode bands
50 and 52 respectively. These annular electrodes
are disposed around the drill collar 28 in vertical
spaced relationship. The periphery of the drill
collar is provided with an insulating sleeve 53 in-
terposed between the electrodes and the collar.
In the electrical circuit emitting through con-
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ductor 48 to the electrode 52 is a direct current
electric motor 54 in series therewith, and of such
type that the speed of rotation varies directly
with the magnitude of the current flowing there-
through.

From the foregoing it will be apparent that the
complete circuit activated by the direct current
voltage generator 44 includes in series the direct
current variable speed motor 54 a portion. of the
drilling fluid in the annular space in the borehole
surrounding the electrodes and the formation
strata extending between the electrodes 50 and
52. The electrical resistance of the formation
in the space between the two electrodes and also
to some extent that of the drilling mud passing
through this space will thus determine the amount
of current flowing through the circuit which in
turn will determine the speed or velocity of the
motor 54. :

The motor 54 is directly connected through a
shaft 58 with a single phase alternating current
generator 68 disposed immediately thereabove in
the housing 32. The generator 60 is preferably
constructed in such g manner that the frequency
of the alternating current generated thereby will
vary directly with the velocity or speed of rota-
tion of the variable motor 54 which obviously will
depend directly upon the resistivity of the adja-
cent strata located in the space between the two
electrodes 58 and 52. From the above it will be
gpparent that during the drilling operation, or
during an interval thereof, if a strata is pene-
trated which contains mainly salt water, normally
having a low electric resistivity, the electrical out-
put or current through the circuit will be in-
creased thereby causing a high frequency of the
alternating current generated by the generator
60. However, when an oil or gas bearing strata
is penetrated, which is normally characterized by
a higher electrical resistivity, then the current
through the circuit activated by generator 44 will
be in accordance with the electrical resistance
or impedance and therefore much smaller, which
in turn will create a lower frequency of alternab-
ing current from generator 68. From the fore-
going it will be apparent that the generator 44
and motor 54 are operating in g direct current
circuit with the formation characteristic which
is measured as the electrical resistivity. Instead
of such direct current it is possible to utilize an
alternating current circuit for the same purpose,
without changing the basic principle of the in-
vention. In such case the formation characteris-
tic measured is the impedance rather than the
normal resistivity. The use of alternating cur-
rent may be preferable in those cases where a
high content of electrolytes in the drilling fluid
would cause polarization of the electrodes 50
and 52.

Disposed immediately above the generator 60
in the housing 32 is an electro-magnetic pulsator
62 connected in series with the generator §0
through the conductor 64. The pulsator 62 is
preferably constructed so that it will produce
vibrations with a frequency corresponding to that
of the alternating current from generator 68.
The pulsator 62 is provided with two elements: a
vibrating magnetic dise 66, and a solenoid lo-
cated underneath the disc. The magnetic disc 6%
is constructed from suitable permanently mag-
netized steel. The magnetization of the disc 66
is perpendicular to its surface. Consequently,

the disc 66 is in fact a permanent magnet pro-
vided with two permanently magnetized poles, the
% length of said magnet being equal to the thick-
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ness-of the disc. The north-pele isiconstitubed by
‘the-upper surface-of the disc and the south pole
is constituted by the lower surface of the disc.
e solenoid positioned underneath the disc is
-supplied by an alternating current of variable
frequency derived from the generator 60. It is
apparent that the solenoid behaves itself -as:a
‘magnet the polarity of which varies in ‘synchro-
nism with the frequency of the eurrent supblied
by ‘the generator 60. Consequently, the solenoid
alternately attracts and repels the permanently
magnetized disc 66. Thus the disc vibrates with
the frequeney of the alternating current from
the generator 60 and transmits these vibrations

to the drilling mud present in the drill string §. -

The resulting high frequency pressure pulsations
of ‘dise-86-are transmitted through the mud stream
in the drill pipe to the top of the well where they
are picked up by a deteeting deviee 26 shownmore
in detail in Fig. 3 and which -will now be ex-
plained. c
Referring now to Figs. 1 and 3; the detecting
deviee indicated at 26 -comprises a housing:mem-
ber 10 interposed in the mud line 208. The hous-
ing member is formed of two segments having
an upper section T2 secured to a lower section 14
by bolted fanges 1. Interposed between the
flanges is a diaphragm 78 which may be sub-
jeeb to -gas-or air pressure in the chamber 19 or
spring loaded (not shown). To equalize the gas
pressure with the mud pressure in line 20 a device
11 is preferably used whiech consists of a vertical
vessel 13 communicating through line 715 with
mud line 20 and through line 1 to the chamber
19 above the membrane 18. A floating ball 81
is provided to keep the gas from bleeding out
when the pumps 24-are shut down, while an ad-
justable needle valve ‘83 is -necessary to dampen
sudden fluctuations in the mud pressure during
the drilling. The.diaphragm 18 is connected to
g coil 80 which is adapted to vibrate in a strong
magnetie field from a permanent magnet 82 se-
-cured by bolt 84 to the housing section 12. Move-
ment of the diaphragm 78 and the coil 88 is

caused by the pressure pulsations emitting from 4

the pulsator 66 and transmitted through the-mud
circuit to the underface of the membrane 18.
Slight ‘movement of the diaphragm and coil will
create an alternating current to flow through the

coil 80 which is transmitted through conductors I

86 to an amplifying unit 88 -of the conventional
type. 'The output or current created by the.coil
consists of a high frequency wave caused by the
pulsator 66 which is superimposed upon a low
frequency wave created by the normal -pulsation
of the mud pump 24. After amplification of the
current in amplifier 88, it is transmitted to a
standard or conventional high pass radio filter
ciredit'90 which will filter out the lower frequency
wave created by the mud pump. The remaining
high frequency wave from the pulsator 66 will
be transmitted to an electrical transducer 92, de-
siened to translate the frequency modulated in-

put current into a corresponding amplitude-mod-
Since .the frequency of -

ulated output current.
the input current varies in accordance with the
variation of the resistance or impedance of the
strata, the amplitude modulated output current
from transducer 92 will vary in a similar manner
with the resistance or impedance of -the strata.
From the transducer 92-the amplitude modulated
alternating current is transmitted to a rectifying
unit 98 changing the output into a direct or uni-
directional current. Asshown in Fig. 3, the-direct
current may be transmitted to a sensitive ammeter
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«closed utilizing a conventional magnetic wirg re-

-86from-which theé amount thereof: can be read
directly. However, as shown in Fig. 3, the am-
meter:96-is in series with a coil 100 having .a
mirror 102 . interposed in conductor 104 in turn
conneeted with rectifier 84. -Surrounding the coil
100 is'a permanent magnet 106 which, upon trans-
mission of current through the coil causes rota-
tion thereof with a corresponding rotation of the
mirror:102. " A piece of soft iron 107 is preferably

“interposed in the.coil 100 in order to concentrate

the density of the magnetic field between the-coil
and.-the magnet 106. A source of light 108 is

rarranged:to throw g light beam onto the rotating -

trror 102:and the reflection from the mirror-will
be transmitted to a sensitized photographic film
110 disposed in the path of the reflection in-order
that a permanent record of the logging data may

“be recorded  thereon. .

Thefilm 410 is disposed ontolls 12.and 113 and
the supply roll. 112:is directly connected through

~&i shaft 114 to :a gear box |16 which in turn is

-directly.connected through a pulley {18 and cable
119 to.the traveling block 1§. From the fore-
going, it will be apparent that the film 110 may
be scaled to indieate the penetration of the bore
hole and with ‘the gear arrangement !{6 the;

“fitm 119 :will show:the proper electrical character-

istics of the formation' at the exact depth of the
drilling ‘operation.

Referring now to Fig.«4 showing a modification
of the-investigating apparatus, part of the appa-

-ratusssuch as the turbine:34 activated by the drill-

ing fluid, the generators 44 and 608 are identical -
with the disclosure of the preferred embodiment,

‘hewever, a conventional radio sender {20 is uti-

lized in lieu of the -electro-magnetic pulsator 62
of :the preferred embodiment. This radic sender -
is of special rugged construction so as to with-
stand the shocks transmitted to it from the drill~ -
ing bit .86 .during the process of drilling. The
insulated collar 124 encircling the drill collar 28
is provided with a recessed portion 122 in which

is disposed an aerial 124, a ground [2§ extends
from- the radio sender {20 into contact with the

drill collar 28. In Fig. 5 is shown the modified.
apparatus for detecting the signals from radio
sender §20. In operation, the apparatus shown

in Fig. 4 is similar to the preferred embodiment

in‘that an alternating eurrent is transmitted from
the:-generator 60 and with a frequency which will
vary directly ‘with the velocity of the variable
motor 54 contingent upon the resistivity or im-
pedance of the formation hetween the electrodes
50 and 52. The generator 60 is directly con-
nected through conductors 128 to the sender (20

-which in turn will send signals in the nature of

high frequency radio carrier waves, modulated
inwa manner similar to the frequency modulated "
pressure pulsations relating to the electrical re-

‘sistance or impedance of the formation. These

signals-are transmitted to the surface of the well
where they are received by a conventional re-
ceiving set 138 having an aerial {32 and ground
{33. From the set 130 -the signals are filtered at
438, and rectified through a rectifier {36 where-
‘after the electrical impulses are transmitted to a
recorder 140 in series with sensitive ammeter (42
similar to the arrangement shown on Fig. 3 for
the preferred embodiment. From the foregoing,
it will be apparent that the electrical resistance .
or impedance of the formation can be directly

-read from the ammeter 142 as weil as be perma-

nently recorded ‘in the recorder {40.
‘Referring to Fig. 6, another modification is dis-

#
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cording apparatus operated by & timing: mech-
anism in lieu of the electric magnetic pulsator 62
of the preferred embodiment. = The magnetic wire
recorder apparatus (50 is directly connected
through prong connections {52 to tlie alternating
current generator 68 as shown in the preferred
-embodiment. The recorder {50 is encased in a
housing 154 and comprises a pair of spaced rolls
{56 and (59. Supply roll 155 is provided with a
steel wire {58 extending therefrom through guides
{80 to be reeled upon roll 159. The -stee] wire
(58 passes between a pair of electro-magnets 162
directly connected by conductors 163 and 164 with
the alternating current generator 60. The fre-
quency pulsations corresponding to the electrical
resistance or impedance of the formation are
transmitted directly to the magnets 162 from
generator §§ which in turn transmits them to the
steel wire 158 passing thereby. The wire {58 is
then magnetized in accordance with the electrical
resistance or impedance of the strata. The hous-
ing 154 is provided with a hook or serrated mem-
her {66 adapted to receive any conventional re-
tracting means allowing removal of the unit from
the drill pipe so that it may be inspected at any
time during the drilling operation. By corre~
lating the timing of the magnetized wire with the
known drilling progress at the surface, a log of
the electrical resistance or impedance of the for-
mations penetrated can be prepared as soon as
the apparatus is withdrawn from the hole.

From the foregoing, it is thought that the oper-
ation of the method and apparatus will be obvi-
ous. While severa] specific embodiments have

been described, the invention is not intended to be

limited thereto, but is susceptible to numerous
changes in form and detail within the scope of
the appended claims.

I claim:

1. In apparatus for logging a drill hole while
drilling with a drill bit suspended in a drill hole
upon a tubular drill stem and collar through
which drilling fiuid is circulated, the combination
of: a turbine disposed within the drill stem and
having its impeller means located in a drilling
fluid circulating duct therein and thereby adapted
to be driven by circulation of drilling fluid
through said duct: a direct current generator
in said drill stem; a mechanical drive connection
between said turbine impeller and said direct cur-
rent generator; a variable speed direct current
motor; a pair of spaced electrode elements insu-
lated from one another and positioned on and
exteriorly of said drill stem to be in electrical
communication with formation penetrated by the
drill hole during drilling; and an electrical cir-
cuit connecting one of said electrodes to the other
of said electrodes, said circuit including the out-
put of said direct current generator connected in
series with the input of said direct current motor;
an alternating current generator mechanically
connected to said direct current motor for gener-
ating an alternating current the frequency of
whiech is a function of the speed of said motor;
and an electro-magnetic signal generator in com-
munication with the drilling fluid duect in said
drill stem, the actuating windings of which are
connected to the cutput of said alternating cur-
rent generator, for converting alternating output
current from said alternating current generator
into signal pulsations within said drill stem.

2. In apparatus for logging g drill hole while
drilling with a drill bit suspended in a drill hole
upon a tubular drill stem and collar through
which drilling fluid is circulated, the combina-
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tion of: a turbine disposed within the drill-collar
and having an impeller means located in.a driil-
ing fluid eirculation -duct. therem and thereby
adapted to be driven by clrculatlon of drilling
Auid through said duct from said drill stem; a
generator in said drill collar; a mechanical driv-
ing connection between said turbine impeller and
said generator; a variable speed motor; a pair
of spaced electrode elements insulated from.one
another and positioned on and exteriorly of said
drill collar to be in electrical communication with
formation penetrated by the drill hole during
drilling; and an electrical circuit connecting one
of said electrodes to the other of said electrodes,
said cireuit including the output of said gen-
erator connected in series with the input of said
motor; an alternating current generator mechan-
ically connected to said motor for generating an
alternating current the frequency of which is a
function of the speed of said motor; and an elec-
tro-magnetic pulsator in communication with the
drilling fluid duct in said drill collar, the actuating
windings of which are connected to the alternat-
ing current output of said alternating: current
generator, for converting alternating output cur-
rent from said alternating current generator into
mechanical pulsations in drilling fluid flowing in
said drill stem. ]

3. In apparatus for logging a drill hole while
drilling with a drill bit suspended in g drill hole
upon a tubular drill stem and collar through
which drilling fluid is circulated, the combina-
tion of: a turbine disposed within the drill collar
and having an impeller means located in a drili-
ing fluid circulation duct therein and thereby
adapted to be driven by circulation of :drilling
fluid through said duct from said drill stem; a
generator in said drill collar; a mechanical driv-
ing connection between said turbine impeller and
said generator; a variable speed motor; .a pair
of spaced electrode elements insulated from one
another and positioned on and exteriorly of said
drill collar to be in electrical communication with
formations penetrated .by the drill hole during
drilling, and an electrical circuit connecting one
of said electrodes to the-other of said electrodes,
said circuit including the output of said. gen-
erator connected in series with the input of said
motor; an alternating current generator me-
chanieally connected to said motor for generat-
ing an alternating current the frequency of
which is a function of the speed of said motor;
and an electro-magnetic signal generator in
communication with the drilling fluid duet in
said drill stem, the actuating means of which is
connected to the alternating current output of
said alternating current generator, for convert-
ing alternating output current from said alter-
nating current generator 1nto signal pulsations
within said drill stem.

JAN J. ARPS.
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