2,037,306

April 14, 1936. L. W. BLAU ET AL
: METHOD AND APPARATUS FOIR LOGGING A WELL v
Filed June 8, 1934 3 Sheets-Sheet 1

/

74,

==L
G

_;M_M




April 14, 1936. L. W. BLAU ET AL 2,037,306
METHOD AND APPARATUS FOR LOGGING A WELL

Filed June 8, 1934 3 Sheets-Sheet 2

772X 2531 5034;')"5 38

i —
1T SIS LA £

g
ALl B
’!

\V/

F

\

1il'hi

tt
” I.II !Im ]
FUIHUL
Litits

PN Y
H:

Tt LB LEITERL
TR

o
¥ :
Y
YA
R
LY
ey 2
et 2,
3
|« "‘n
£, J
T
T
TiT |I|I
HTRHITH]
Ay

TITTTY

bl bl et benbepidiliin, g

T
H




- April 14, 1936. L. W. BLAU ET AL 2,037,306 -
‘ METHOD AND APPARATUS FOR LOGGING A WELL .
Filed June 8, 1934 3 Sheets-Sheet 3

/[

Eg )

. ; ‘:.A, -
26 28" J6 38




Patented Apr. 14, 1936

UNITED STATES

2,037,306

PATENT OFFICE

2,037,306 ,.
METHOD AND APPARATUS FOR LOGGING
3 A WELL :
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14 Claims.

This invention relates to improvements in
method and apparatus for determining the na-
ture of the earth strata adjoining a well.

In the drilling of wells, especially in drilling

5 for oil, it is very desirable to obtain informa-
tion about the sequence of the geological strata
penetrated by the drill, - The customary practice
when rotary drills are used is to obtain cuttings
while drilling and to core often because the cut-
tings do not always permit of definite paleonto-
logical identification.  Coring is very slow and
therefore expensive. -  When several wells are
drilled in the same general area and reliable data
have been obtained about the depths of the dif-
ferent strata in each well, the. information can
be obtained by the correlation of strata.over the
area. The probable depths of any certain strata
at points intermediate between the wells are then
known with fair accuracy so that little coring
20 is done. .

It is an object of this invention to electrically
obtain data in bore holes which can be used to
correlate strata having the same electrical char-
acteristics over an area. Another object of this
invention is to observe the presence of earth
strata of different electrical impedance from each
other by measuring changes in frequency of cur-
rent passing through the strata. Other objects
will be apparent from the specification and from
30 the accompanying drawings in which latter—

- Fig. 1 is a vertical sectional view through two
bore holes showing earth strata which have been
penetrated by the bore holes; |

Fig. 2 is a vertical sectional view through a
bore. hole showing a preferred form of .well log-
ging apparatus in operative position; and

Fig. 3 is a vertical sectional view of a bore
hole showing the drill bit used as an electrode.

Referring particularly to Fig. 1 of the draw-
Ings, reference numerals 1, I’ designate the sur-
face of the earth, and bore holes 2 and 3 are dis-
posed in the earth spaced from each other any
desired distance such as several miles. The bore
hole 2 has penetrated through earth strata des-
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6, 6’. It is now very desirable to know whetheér
or not in the case of these bere holes the stratum
6, 6’ asscciated with bore hole 3 is the same as
stratum 4, 4’ or 5, 5’ associated with bore hole
2, If the strata 4, 4’ and 6, 6’ are found to be
the same and are therefore correlated, it would
mean that in the case illustrated the bore hole
3 is farther down dip or off structure than the
bore hole 2 and that it would, fof example, be

50

ignated 4, 4’ and 5,.5’ respectively, while bore
hole 3 has penetrated through an earth stratum

(CL 175—182) -

very unlikely that any production of oil would
be found farther away from the bore hole 2 than
the bore hole 3. If, on the other hand, the
.stratum 5, 5’ is found to be the same as the
stratum 6, 6’ and they are therefore to be cor- j
related, it would indicate that the bore hole or
well 3 is higher structurally than the bore hole
or well 2, and that more drilling should be done
around the bore hole 3. ..
Referring to Fig. 2, a detailed view of the bore 10
hole 2 lined with casing 7 is shown with suitable
apparatus applied to the bore hole for locating
earth strata of different electrical irmpedance
from each other. This apparatus comprises an
electrode 8 which is suspended by an insulated 15
cable 10 of electrically conductive material with-
in the well 2. The well 2 normally contains water-
{1 which assures good contact electrically of the
electrode 8 with the surrounding earth forma-
tions. Suitable means are provided designated 20
13:for raising and lowering the cable 10 and elec-
trode 8 in the well. The cable 10 is connected
to a grounded electrode-15 through the secondary
i6 of a transformer {1. The ground 15 comprises
a plurality of electrically conductive stakes 19 25
which are driven into the earth. The earth
around the stakes 19 is saturated with a solution
of a suitable salt such as copper sulfate, sodium
chloride or any other suitable electrolyte desig-
nated 20. The solution is disposed in the earth 30
around the stakes 19 over an area of approxi-
mately 10 or 20 square feet. "The above circuit
constitutes an exploring circuit.
" An oscillator is operatively connected t0 w.e
cable 0. In the embodiment illustrated the os- 35
cillator is of the type commonly known as a Col-
pits oscillator. The oscillator comprises condens-
ers 25 and 26 which are connected in series across
the primary 21 of the input transformer 7. A
grid leak 28 is inserted between the condensers 40
25 and 26 in the grid circuit of a vacuum tube
30. The grid circuit includes a condenser 3.
The plate circuit of the vacuum tube 30 is con-
nected into the primary winding 34 of an output
transformer 35, as shown. : 45
The oscillations are delivered from the oscil-
lator through the secondary 36 of the output
transformer 35 to a frequency meter 38 which in
the embodiment illustrated is a recording fre-
quency meter. It will be understood that the 50
frequency meter 38 may be of the type which will
indicate oscillations of current without record-
ing them and some of the advantages of the in-
vention will be retained. It will be understood
also that other oscillators than the Colpits oscil- 56
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lator can be used and some of the advantages of'

the invention will be retained. i
The earth materials lying between the elec-

trode 8 and the ground 5 together with the
water 1 and the casing T complete the electrical

. eircuit through the cable 10 and the secondary {6

of the input transformer 1. The impedance of
this circuit through the earth from electrode. 8
to the ground 5 furnishes an electrical load
across the secondary 16 of the transformer 17,
which electrical load in turn affects the induc-
tance of the primary 27 of the transformer 7.
The lower the impedance of the electrical circuit
through the esrth from the electrode 8 to the
ground 15, the lower will be the apparent in-
ductance of the primary winding 27 and the
higher therefore will be the frequency of the
circuit consisting of the inductance of the pri-
mary winding 27 and the condensers 25 and 26
in series. If, on -the other hand, the electrical

impedance of the current path from the elec~

trode 8 through the earth to the ground 15 is
raised, then the inductance of the primary wind-
ing 27 of the transformer 17 is also raised. This
effects lowering of the frequency at which the
ihductance of the primary winding 27 tunes with
the condensers 25 and 26. It is evident there-
fore that by the method here outlined, the data
regarding the geological formations penetrated

by the drill holes will be obtained in terms of the

frequency of the primary circuit of the trans-
former |1 as determined by the electrical im-
pedance of the current path through the earth
material intervening between the electrode 8 and
the ground 15. - Each earth stratum such as 4, 4’
or 5, 5 or the like has its own characteristic im-
pedance and- it becomes possible therefore to
correlate strata in different wells by means of
these characteristic frequencies. _ -

The electrical impedance of the current path
through the earth from the electrode 8 to the
ground 15 is determined largely by the earth lying
in very close proximity to the electrode 8 because
a large fraction of the voltage drop between the

ground 15, which has a very low resistance, and
the .electrode 8 is confined to a small fleld of.

area, perhaps .less than one or two feet, sur-.

rounding the electrode 8.. It is also apparent that

the electrode 8 may be very small, for example it
may have a diameter of one or two inches.

Referring particularly to Fig. 3, a modiﬂed

form or means is shown for supporting the cable
10 within the bore hole 2 in which 40 designates
a drill pipe which carries at its lower. end & drill

bit 41. The drill pipe 40 is insulated at 42 for .

a distance of some few feet above -the bit 41 by
means of suitable insulating material such as
bakelite or the like. The insulated cable 10 is

" lowered into the well 2 within the drill pipe 40

and is connected through a suitable low resistance
contact to the drill bit 41 which functions as the
The cable 10 may or may not be
fastened to the center or to the side of the drill

.. pipe 40. By this arrangement of parts, it is pos-
85

sible to obtain the data about the formations

penetrated by the drill while the well is being .

drilled. The method is operative when the drill-
ing fluid is in.the bore hole since the drilling
fluid assures good contact of the electrode with
the surrounding earth formations.

Practical work with this apparatus has shown

that a vertical displacement of the electrodes 8

or &1 of as small a distance as one inch will’

" cause. & measurable change in the frequency

15

recorded by the frequency meter 38. Further-

- 2,037,300

more the frequency due to the varying impedance
of the earth strata throughout the extent of a

well varies over & wide range such as, for ex- -

ample, approximately 25 cycles to 100,000. The
frequency . meter indicates differences in fre-
quency of less than one-quarter cycle. It Is
obvious that any one commercial - frequency
meter will operate with this accuracy over the’
range indicated above; however. the range can be

. covered with several frequency meters, each oper-

ating over a definite range. Consequently, it is

. apparent that the apparatus is exceedingly sensi-

tive and accurate. It will be understood that the

frequency meter 38 can be dispensed with and

the impedance of the earth read directly by other
means well known to those familiar with the art.

tory circuit is separate from the exploring circuit,
it is meant that there is no direct connection be-
tween the two circuits. - R

By the procedure described the frequencies
recorded by the frequency meter due to changes
in the electrical impedance of the current path

‘through the earth are independent of the natural

earth currents so that the measurements re-
corded at any given depth within the well can
always be easily and accurately duplicated. The
apparatus described records changes in frequency
thereby differentiating between earth strata.

Various changes may be made within the scope
of the appended claims in which it is desired to
claim all novelty inherent in the invention as
broadly as the prior art permits.

We claim: R B :

1. Apparatus for logging a well in earth strata
of different electrical impedance from each other,
comprising a ground at the surface of the earth
spaced from:the weil, an electrode adapted to be
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‘Where it is stated in the claims that the ‘oscilla- -
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disposed at varying elévations in the well, an

electrical conductor connecting the electrode with
the ground whereby an electrical circuit is formed
which is completed through the earth between
the electrode and the ground, and. a vacuum tube
oscillatqr'lndudtlvely connected to the conduetor
to cause changes in the electrical impedance of
the current path through the earth between the
electrode and the ground due to variations in
the earth strata constituting the. current path
to effect corresponding changes in the frequency
of the current in the oscillator. ;

2, Apparatus for logging a well in earth strata

of different electrical impedance from each other, .

. comprising a ground at the surface of the earth
_spaced from the ‘well, an electrode in the well,

the secondary winding of a transformer, -an

55

electrical conductor connecting the electrode with -

the  ground through the - secondary winding
whereby an electric circuit is formed which is

-completed through the earth between the elec-

trode and the ground, a vacuum tube oscillator
connected through the primary winding of the
transformer operative to-cause changes in the
electrical impedance of the current path through
the earth between the electrode and the ground .
to effect corresponding changes in frequency of
the oscillator, and a frequency meter operatively
connected to. the oscillator; * . . .
3. Apparatus for éxploring sub-surface earth
strata for locating deposits of oil or the like, com-"
prising an electrode in electrical connection with

. g known ~sub-surface stratum, an electrode in

electrical connection with said stratum through-
a different stratum at a point distant from the
point of contact with said known. stratum, a
vacuum tube oscillator for producing alternat-
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ing current, and, means inductively connecting
said- electrodes with the oscillator to vary the
frequency of the alternating currents produced
thereby in response to changes due to the varying
impedance of the earth strata. .

4. Apparatus for logging a well in earth strata
of different electrical impedance from each other,
comprising an electrode at the surface of the
earth spaced from the well, an electrode in the
well, one winding of a transformer connected
across the electrode in the well and the other
electrode, a vacuum tube oscillator for producing
alternating currents, the other winding of the
transformer being associated with the oscillator
in such a way as to vary the frequency of the
alternating currents produced thereby in response
to changes in electrical impedance of the earth
between the electrodes, and a frequency meter
supplied by the oscillator for measuring the fre-
quency. . ,

5. Apparatus for logging a well in earth strata
of different electrical impedance from each other,
comprising an electrode at the surface of the
earth spaced from the well, an electrode in the
well, one winding of a transformer connected
across the electrodé in the well and the other
electrode, a vacuum tube oscillator for producing
oscillating currents, the other winding of the
transformer constituting part of the oscillator
circuit so that changes in the impedance of the
ground between the electrode in the well and the
electrode at the surface of tt 2 ground will cause
changes in frequency of the oscillator cireuit, an
output transformer the primary of which con-
stitutes part of the oscillator circuit, and a fre-
quency meter connected across the secondary of
the output transformer.

6. Apparatus for logging a well in earth strata,

of different electrical impedance from each other,

comprising an electrode at the surface of the
earth spaced from the well, an electrode in the
well, means for varying the elevation of the elec-
trode in the well, one winding of a transformer
connected across the electrode in the well and the
other electrode, a vacuum tube oscillator for pro-
ducing oscillating currents, the other winding
of the transformer constituting part of the oscil-
lator circuit so that changes in the impedance of
the ground between the electrode in the well and
the electrode at the surface of the ground due to
variation in-the elevation of the electrode in the
well will cause changes in frequency of the oscil-
lator circuit, an output transformer the primary
of which constitutes part of the oscillator circuit,
and a frequency meter connected across the sec-
ondary of the ocutput transformer.

7. Apparatus for determining the impedance of
earth strata of varying impedance, which com-
prises a source of electric oscillations of prede-
termined frequency, and means inductively con-
nected with the source, for passing the oscilla-
tions through earth strata of varying impedance
whereby variations in the oscillations per second
are effected. .

8. Apparatus for measuring impedance of the
ground, comprising an electric circuit including
spaced electrodes disposed in the ground, an os-

cillator, and means for inductively connecting

the circuit through the ground between the elec-
trodes to the oscil'ator whereby the electrical im-
pedance of the current through the ground af-

3

fects the frequency of the oscillations generated
by the oscillator, .
9. Apparatus for measuring impedance of the
ground, comprising spaced electrodes disposed
in the ground, one winding of a transformer con-
nected across the electrodes, an oscillator for
producing alternating currents, the other windihg

‘of the transformer being connected to the oscil-

lator to affect the frequency of the alternating
currents produced thereby in response to the
electrical impedance of the ground between the
electrodes. : . .
10. Apparatus for logging a well in earth strata
of different electrical impedance from each other,
comprising a circuit including an electrode at
the surface of the earth spaced from the well

electrically connected to an electrode in the well,

an oscillator, and means for inductively connect-
ing the circuit to the oscillator whereby changes
in the electrical impedance of the current path
through the earth between the electrodes effects

corresponding changes in frequency of the 0s-

cillator.

11. The method of measuring the impedance
of the ground between the terminals of. an ex-
ploring circuit, which comprises creating electric
oscillations of given frequency in an oscillatory
circuit separate from the exploring circuit, and
passing the oscillations’ by inductance through
the exploring circuit whereby the impedance ef-
fects of the current path through the ground
appear as mutual inductance effects in the oscil-
latory circuit. ;

12, The method of exploring subsurface earth
strata between the terminals of an exploring cir-
cuit, which comprises creating electric oscilla-
tions of given frequency in an oscillatory circuit
separate from the exploring circuit, passing the
oscillations by inductance through the exploring
circuit, and placing the terminals in successive
portions of the ground whereby the frequency of
the alternating current is varied in response to
changes due to the varying impedance of the
ground. '

13. The method of exploring subsurface earth
strata between the terminais of an exploring cir-
cuit, which comprises creating electric oscillations
of given frequency in an oscillatory circuit sep-
arate from the exploring circuit, passing the os-
cillations by inductance through the exploring
circuit, and placing the terminals in successive
vertical portions of the ground, whereby the fre-
quency of the alternating current is varied in
response to changes due to the varying impedance
of the ground. -~ C

14. The method of measuring impedance of
the ground adjacent an earth hole havihg a me-
tallic casing, the casing and ground lying be-
tween the terminals of an exploring circuit, which

- comprises creating electrical oscillations of given

high frequency in an oscillatory circuit separate

- from the exploring circuit, and passing the os-
" cillations by inductance through the exploring

circuit, the frequency being sufficieritly high so
that the impedance of the metallic casing is high
compared with the impedance of the ground
whereby the impedance effects of the current
path through the ground appear as mutual in-
ductance effects in the oscillatory circuit.
LUDWIG W. BLAU.
RALPH W. GEMMER,
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