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(57) Abréegée/Abstract:
The present invention Is a well data telemetry apparatus and method of its use. The apparatus generally comprises a signal

generator (12) capable of generating a signal at a first location of a well, a recelver (20) capable of detecting the signal at a position
spaced from the generator, and an electrical insulator (26) disposed between at least a portion of the generator and the recelver.
The apparatus preferably utilizes electromagnetic signals to gather telemetry data from an oll or gas well. The present invention Is
particularly useful as part of a drill string for gathering telemetry data concerning formation characteristics at or near the drill bit.
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ABSTRACT

The present invention 1s a well data telemetry apparatus and method of its use.
The apparatus generally comprises a signal generator (12) capable of generating a signal
at a first location of a well, a receiver (20) capable of detecting the signal at a position
spaced from the generator, and an electrical insulator (26) disposed between at least a
portion of the generator and the receiver. The apparatus preferably utilizes
electromagnetic signals to gather telemetry data from an oil or gas well. The present
invention 1s particularly useful as part of a drill string for gathering telemetry data

concerning formation characteristics at or near the drill bit.
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DRILL STRING TELEMETRY WITH INSULATOR BETWEEN RECEIVER AND
TRANSMITTER

FIELD OF THE INVENTION
This present invention relates to an improved downhole telemetry apparatus and methods
of its use. The downhole telemetry apparatus preferably utilizes electromagnetic (current
potential and magnetic) signals to transmit data from an oil or gas well during drilling or
alternately while producing. The present invention is particularly useful for telemetering data

concerning formation characteristics, wellbore characteristics and physical characteristics within

the drillstring at the drill bit.

BACKGROUND OF THE INVENTION
Conventional techniques of well data telemetry involve mud pulse telemetry. In this
technique, data pulses are typically transmitted through the drilling mud which 1s pumped down
a borehole being drilled. Other types of well data telemetry techmques utilize electromagnetic
signals. These techniques typically measure magnetic flux signals transmitted electronically
through a drill string material or through the formation from a transmitter coil at one end of the

drill string to a receiver coil at the other end.

SUMMARY OF THE INVENTION
The present invention provides a well data telemetry apparatus. The apparatus 1s
preferably utilized to gather data from an oil or gas well. The apparatus may comprise a signal
generator capable of generating a signal at a first location of a well, a receiver capable of
detecting the signal at a position spaced from the generator, and an electrical insulator disposed

between at least a portion of the generator and the receiver.

The generator may generally be any suitable current supply such as a downhole battery or
turbine alternator, both of which can drive an AC generator. The generator is typically
connected across the electrical insulator. The generator is preferably located in a dnll or a work
string operating in the wellbore, even more preferably at the lower end of the drill or work string,
and most preferably at the bottom hole assembly (BHA) of the drill string. Alternatively, the
generator may be disposed at the upper end of the drll or work string, or at the wellhead or

surface.
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The receiver may generally be any device suitable for detecting an electric potential or
magnetic signal that comprises the signal generated. For example, in the case of the magnetic
signal the receiver may be an AC magnetometer capable of detecting and responding to a signal
transmitted by a transmitter. Alternatively, the receiver may be a conventional receiver coil. In
the case of the electric potential measurement electrodes disposed at the surface constructed of
copper rods or plates in a copper sulfate solution are used. The receiver is preferably located at

the wellhead or surface.

The apparatus may further comprise sensors for detecting and measuring parameters or
conditions at or near the location of the signal generator. (e.g. at the bottom of the wellbore).
Examples of sensors that may be particularly useful with the present invention include
inclinometers, magnetometers, scintillating sensors, resistivity sensors, gradiometers, and strain

gauges.

The receiver and generator may each comprise a power source. Suitable power sources

may include a battery or turbine generator.

The receiver and generator may further comprise recording, processing and display

apparatus as needed or desired.

The electrical insulator preferably forms a connectable joint between an upper and a
lower sub of a drill string. The term “sub” as used herein, in accordance with its common usage
by those of ordinary skill in the art, refers to a segment of a drill string or tool. In a preferred
embodiment of the invention, the electrical insulator forms a connectable joint comprising a pin
and box connection between the ends of an upper and a lower sub. The connectable joint is

preferably a threaded joint having a male threaded portion and a female threaded portion.

The electrical insulator typically comprises a suitable electrically insulating material.

The electrically insulating material is preferably a polymer, such as rubber nitrile, or fiberglass.
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One of ordinary skill in the art is aware of the broad array of electrically insulating materials that

may be suitable for use in the present invention.

The underlying connectable joint is preferably stainless steel, but other metals or
materials may also be used. The electrically insulating material is typically wrapped, sprayed,
molded, or otherwise applied to at least one end of the connectable joint. With a threadable joint,
the electrically insulating material may be wrapped, sprayed, molded, or otherwise applied
around the threads of at least one, and perhaps both, of the male or female connectors before

assembling the upper and lower subs.

At least one of the ends of the upper or lower sub forming the connectable joint 1s
preferably coated with rubber nitrile. The rubber nitrile is preferably coated onto the pin portion
of the connection, or wrapped, formed or shrunk onto either (or both) parts of the connector.
Optionally, the connectable joint may comprise a threaded male/female connection having more
or less helical threads. The rubber nitrile may be wrapped or formed onto the threads, and can
thereby insulate electrically the box and the pin sections of the connector when the connectable
joint is formed. In a preferred embodiment, nitrile rubber (or a similar electrically insulating
material) is coated onto each of the helically threaded portions of the pin and box parts. In
addition to the insulating function the rubber nitrile serves to provide shock isolation between the

two segments of the drlistring 1t connects.

The present invention also provides a method of using a down hole telemetry apparatus to

identify characteristics of the underground environment and formations.

A voltage is preferably applied across the insulator, disposed between an upper and lower
sub of a drill string, whereby an electrical circuit is completed between the generator and the
receiver. Preferably, both the generator and receiver form part of the drill or work string and the

circuit is completed between the drill string (separated by the insulator) and the formation.

When the current flows through the apparatus, it generates magnetic fields and an electric

potential in the drill string and surrounding formation which can be received, recorded and
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analyzed by apparatus at the surface or at an alternate point along the dnllstring. The magnetic

field or the current signal generated and propagated to the surface can be interpreted as an
indication of downhole conditions, such as resistivity of the formation oil water contact points,
etc, 1In addition, downhole sensors may feed signals to the generator and cause modulation of
certain characteristics of the wave so as to encode the signal from the sensor in the signal (e g.
the ciectromgnetic wave) from the generator.

The present invention also provides a method of transferring data in a wellbore, the
method comprising generating a signal at a first point in the well, providing a receiver at a
second point spaced from the hirst, providing an electrical insulator between at least a portion of
the generator and the receiver and transmitting data from the generator to the receiver.

Preferably, current is transmitted along the string by a voltage source applied across the
insulator and connections between each end of the string and the formation are made to use the
formation as a return path for the current.

In one aspect, the invention provides a downhole telemetry apparatus,

comprising:

an upper sub and a lower sub each having an interior bore;

an electrically insulating joint connecting the upper sub and lower sub, the electrically
insulating joint comprising an electrically insulating material interposed between at least
a portion of the upper sub and the lower sub; and

an electrode disposed along the length of the respective interior bores of the upper sub
and the lower sub and extending across the electrically insulating joint, wherein the upper

sub and the lower sub each make at least one electrical contact with the electrode;
wherein the electrode comprises an insulating pressure housing connected to a tube

made of a conductive material.

In one aspect, the invention provides, a method of determining downhole

telemetry, the method comprising:

providing:

an upper sub and a lower sub each having an interior bore,
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the upper sub and the .lo.wer sub being connected by an electrically insulating joint
comprising an electrically insulating material interposed between at least a
portion of the upper sub and the lower sub;

5 an electrode disposed along the length of the respective interior bores of the
upper sub and the lower sub and extending across the electrically insulating joint,
wherein the upper sub and the lower sub each make at least one electrical contact
with the electrode;

a generator operably connected to the drill string and forming an electrical
10 circuit across the insulating joint between the upper and the lower sub; and
a receiver operably connected to the drill string; |
operating the generator to apply a voltage across the electrical circuit to 'j)roduce an
electrical current;

operating the receiver to measure the magnetic field generated by the electrical current;

15 and

analysing the measurements of the magnetic field thus obtained,;

wherein the electrode comprises an insulating pressure housing connected to a tube

made of a conductive material.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a well data telemetry apparatus incorporating an electrical insulator.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
25

The present invention will now be described, by way of example only, with

reference to the accompanying drawing.

Referring now to Fig. 1, a drill string comprises a bit 10 attached to a lower sub
30 12 with a conventional externally threaded male connector pin 12p at the upper end
thereof. An upper sub 20 1s provided with a female box connector 20b at its lower end
which 1s internally threaded to receive the threads of pin 12p so as to engage top sub 20
and lower sub 12 together. The subs 12, 20 each have a central bore 12i, 20i.
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Pin 12p has a coating of rubber nitrile or fiberglass on its outer threads, and the contours
of the threads are preserved through the outer face of the rubber nitryl or fiberglass coating so
that the internal thread of box section 20b actually contacts the fiberglass or rubber nitrile
coating on the outer threads of the pin 12p. Both the upper sub 20 and the lower sub 12 have
bodies constructed from steel, but the coating disposed on the outer threads of pin 12p prevents

electrical contact between the two subs 20, 12 at the interface.

Upper sub 20 has an outer epoxy fiberglass insulator surrounding a waist in its body, and

has aluminum oxide coatings on the exterior surfaces of its upper and lower end.

A contact electrode 25 is located against the inner surface of the bore 201 of the upper
sub, and from the contact electrode 25, an insulating pressure housing of non-electrically
conductive material extends downwardly along the central axis of the bore 20i. The insulating
pressure housing 26 is connected to a narrow tube 28 of beryllium copper which extends axially
downwards along the central bore of the two subs 20, 12. A hanger 12h extends through the wall
of the lower sub 12 into the bore 12i so as to engage the beryllium copper tube 28. The hanger
12h is typically formed from an electrically conductive material such as stainless steel so that
electrical contact is made between the hanger 12h and the tube 28. The tube 28 extends through
the hanger 12h downwardly through the bore 12i of the lower sub 12 and terminates in a space
13 adjacent the bottom hole assembly and drill bit 10 without touching or otherwise making

electrical contact with the lower sub 12.

A voltage generator such as a battery or an AC current source 1s applied between the
hanger 12 and the contact electrode 25, optionally from a downhole source, but preferably from a
surface AC source so that current is driven upwardly from the contact electrode 25, to the upper
sub 20 and continuing up the remainder of the drill string to the surface. From the surface, the
current returns to the drill bit 10 via the formation and continues up the lower sub 12 to the
hanger 12h. The voltage across the insulator can be modulated so as to generate a carnier wave

that can carry the signals from the downhole sensors to the receiver at the surface.
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Mud can be pumped down the bore 201, 12i of the subs 20 and 12 in a conventional
manner. The mud flows around contact electrode 25 and tube 28, but does not allow electrical

conductivity between the two to any substantial extent.

When the current flows through the apparatus, it generates magnetic fields and electric
potentials in the drill string and surrounding formation which can be received, recorded and
analyzed by apparatus at the surface. The magnetic field or the current signal generated and

propagated to the surface can be interpreted as an indication of downhole conditions.

In the apparatus described, AC current is applied by the voltage across the insulating
connection, at a typical frequency of 5Hz. The carrier frequency can be varied up and down.
For example if the wellbore is shallow, higher frequencies can be accommodated, or if deeper,

the frequency may be reduced to reduce attenuation.

A numerically controlled oscillator (NCO) device such as the Analog Devices part 7008
Is used to generate a stable reference frequency. Once the carrier wave is generated, the data to
be transmitted by must be encoded. This can be by amplitude modulation of the voltage, or
(better) frequency modulation, which is less prone to noise aberrations. Significant
improvements can be gained by using phase modulation, where the phase of the carrier system 1s
changed in accordance with the modulating signal. Noise emulation of phase shifts are difficult,
and this variant is less prone to noise. The preferred system uses an M-ary communication
modulation system as described in "Principles of communications, systems, modulation and
noise” by RE Zimmer and WH Tranter. This provides the advantage high rates of coding, and a

high effective data rate within a relatively narrow bandwidth.

Downhole sensors such as inclinometers or radiation sensors can provide local signals or
via short hop telemetry can feed signals to the generator comprising the current source connected
across the insulator. The generator can be configured with electronics capable of encoding the
signal from the sensor by modulating certain characteristics of the voltage applied across the
insulator. The characteristics of the modulated signal from the generator then carries the encoded

signal from the downhole sensor to the surface receiver.
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The invention has advantageous characteristics in that the coating of an insulating
material (e.g. rubber nitrile) over the pin and/or box of a connectable joint allows the
construction of electrical insulators which are capable of withstanding torque and axial loads
which are common in a drill string. Certain embodiments of the invention allow the

transmission of data through the drill string as an electrical conduit during drilling operations.

Advantages are gained by a very coarse thread being provided on the pin and box. The

threads are advantageously helical.

The topside receiver can be any suitable type capable of detecting changes in magnetic
field. Typically one or more magnetic field sensors such as gradiometers which are
conventionally available, for example, from IMC Limited of Salford, England and described in
the paper "Three Componént Magnetic Measurement Using the Cubic Anisotropy in [111] YIG
Films" by A Y Perlov et al. Simpler forms of receivers can be used (e.g. simple ground-

engaging electrodes).

Those of skill in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are disclosed and still obtain a like or

similar result without departing from the spirit and scope of the invention.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A downhole telemetry apparatus, comprising:
an upper sub and a lower sub each having an interior bore;
an electrically insulating joint connecting the upper sub and lower sub, the electrically

insulating joint comprising an electrically insulating material interposed between at least

a portion of the upper sub and the lower sub; and

an electrode disposed along the length of the respective interior bores of the upper sub
and the lower sub and extending across the electrically insulating joint, wherein the upper
sub and the lower sub each make at least one electrical contact with the electrode: |

wherein the electrode comprises an insulating pressure housing connected to a tube

made of a conductive matenal.

2. The apparatus as claimed in claim 1, wherein the upper and the lower sub are
operably connected to a drill string having a proximate end and a distal end, the distal

end compnsing a bottom hole assembly.

3. The apparatus as claimed 1n claim 2, further comprising a generator operably
connected to the drill string and forming an electrical circuit across the insulating joint

between the upper and the lower sub.

4. The apparatus as claimed in claim 3, wherein the generator is disposed at the

bottom hole assembly.

5. The apparatus as claimed in claim 3 or 4, wherein the generator IS an AC
generator.,
6. The apparatus as claimed in any one of claims 3 to 5, wherein the generator

COMPIISES @ POWET SOUrce.

7. The apparatus as claimed in any one of claims 2 to 6, further comprising a

receiver operably connected to the drill string.
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8. The apparatus as claimed in claim 7, wherein the receiver 1s operably connected
at the proximal end of the dnll string.
0. The apparatus as claimed in claim 7 or 8, wherein the receiver comprises a power

SOUrce.,

10.  The apparatus as claimed in any one of claims 1 to 9, wherein the electrically

Insulating joint comprises a pin and box connection between the upper and lower sub.

11.  The apparatus as claimed in any one of claims 1 to 10, wherein the electrically

insulating joint is a threaded joint.

12.  The apparatus as claimed in any one of claims 1 to 11, wherein the electrically

insulating material comprises an electrically insulating polymer.

13.  The apparatus as claimed in any one of claims 1 to 11, wherein the electrically

insulating material is rubber, fibre glass, or ceramic.

14.  The apparatus as claimed in any one of claims 1 to 13, further comprising at least

one SCnsor.

15.  The apparatus as claimed in claim 14, wherein the sensor is a scintillating sensor,

resistivity sensor, strain gauge, inclinometer, gradiometer, or magnetometer.

16.  The apparatus as claimed in any one of claims 1 to 15, further comprising a

recording apparatus.

17.  The apparatus as claimed in any one of claims 1 to 16, further comprising a

processing apparatus.

18.  An apparatus as claimed in any one of claims 1 to 17, further comprising a

display apparatus.
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19. A method of determining downhole telemetry, the method comprising:
providing:
an upper sub and a lower sub each having an interior bore,

the upper sub and the lower sub being connected by an electrically insulating joint
comprising an electrically isulating matenial interposed between at least a

portion of the upper sub and the lower sub;

an electrode disposed along the length of the respective interior bores of the
upper sub and the lower sub and extending across the electrically insulating joint,

wherein the upper sub and the lower sub each make at least one electrical contact

with the electrode;

a generator operably connected to the drill string and forming an electrical

circuit across the insulating joint between the upper and the lower sub; and

a recerver operably connected to the drill string;

operating the generator to apply a voltage across the electrical circuit to produce an

electrical current;

operating the receiver to measure the magnetic field generated by the electrical current;

and

analysing the measurements of the magnetic field thus obtained;

wherein the electrode comprises an insulating pressure housing connected to a tube

made of a conductive material.

20.  The method as claimed in claim 19, wherein the drill string has a proximate end

and a distal end, the distal end comprises a bottom hole assembly, and the generator is

disposed at the bottom hole assembly.

21.  The method as claimed in claim 19 or 20, wherein the generator is an AC

generator.

22.  The method as claimed in any one of claims 19 to 21, wherein the generator

COMPrises a pPOWer source.,

23.  The method as claimed in claim 20, wherein the receiver is disposed at the

proximal end of the drill string.
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24.  The method as claimed in any of one of claims 19 to 23, wherein the receiver

COMPprises a power source.

25.  The method as claimed in any one of claims 19 to 24, wherein the electrically

insulating joint comprises a pin and box connection between the upper and lower sub.

26.  The method as claimed in any one of claims 19 to 25, wherein the electrically

insulating joint 1s a threaded joint.

27.  The method as claimed in any of claims 19 to 26, wherein the electrically

insulating material comprises an electrically insulating polymer.

28.  The method as claimed in any one of claims 19 to 26, wherein the electrically

insulating material is rubber, fibreglass, or ceramic.

29.  The method as claimed in any one of claims 19 to 28, wherein the drill string

further comprises at least one sensor.

30. The method as claimed in claim 29, wherein the sensor 1s a scintillating sensor,

resistivity sensor, strain gauge, inclinometer, gradiometer, or magnetometer.

31.  The method as claimed any one of claims 19 to 30, wherein the drill string further

comprises a recording apparatus.

32.  The method as claimed in any one of claims 19 to 31, wherein the drill string

further comprises a processing apparatus.

33.  The method as claimed 1n any one of claims 19 to 32, wherein the drill string

further comprises a display apparatus.

34, A method as claimed in any one of claims 19 to 33, wherein the voltage applied

to the electrical circuit 1s an AC voltage at about SHz.
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