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Abstract

A method for sealing a gap sub wherein injected material is used to secure a seal member in a
gap. The seal member is positioned in the gap, and the material is then injected mto the gap and

against the seal member, seating the seal member and securing it in place once the matenal

solidifies. The injected material is preferably electrically non-conductive.
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METHOD FOR SEALING A GAP SUB ASSEMBLY

Field of the Invention

The present invention relates to sealing means, and more specifically to the use of sealing means

in gap subs.

Background of the Invention

Recovering hydrocarbons from subterranean zones relies on the process of drilling wellbores.
Wellbores are made using surface-located drilling equipment which drives a drill string that
eventually extends from the surface equipment to the formation or subterranean zone of interest.
The drill string can extend thousands of feet or meters below the surface. The terminal end of
the drill string includes a drill bit for drilling (or extending) the wellbore. Di‘illing fluid usually
in the form of a drilling “mud” is typically pumped through the drill string. The drilling fluid
cools and lubricates the drill bit and also carries cuttings back_to the surface. Drilling fluid may

also be used to help control bottom hole pressure to inhibit hydrocarbon influx from the

formation into the wellbore and potential blow out at surface.

Bottom hole assembly (BHA) is the name given to the equipment at the terminal end of a drill
string. In addition to a drill bit a BHA may comprise elements such as: apparatus for steering the
direction of the drilling (e.g. a steerable downhole mud motor or rotary steerable system);
sensors for measuring properties of the surrounding geological formations (e.g. sensors for use in
well logging); sensors for measuring downhole conditions as drilling progresses: systems for
telemetry of data to the surface; stabilizers; and heavy weight drill collars, pulsers and the hike.

The BHA 1s typically advanced into the wellbore by a string of metallic tubulars (drill pipe).

Telemetry information can be invaluable for efficient drilling operations. For example, telemetry
information may be used by a drill rig crew to make decisions about controlling and steering the
drill bit to optimize the drilling speed and trajectory based on numerous factors, including legal

boundaries, locations of existing wells, formation properties, hydrocarbon size and location, etc.
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A crew may make intentional deviations from the planned path as necessary based on
information gathered from downhole sensors and transmitted to the surface by telemetry during
the drilling process. The ability to obtain real time data allows for relatively more economical
and more efficient drilling operations. Various techniques have been used to transmit
information from a location in a bore hole to the surface. These include transmitting information
by generating vibrations in fluid in the bore hole (e.g. acoustic telemetry or mud pulse telemetry)
and transmitting information by way of electromagnetic signals that propagate at least in part
through the earth (EM telemetry). Other telemetry systems use hardwired drill pipe or fibre optic
cable to carry data to the surface.

A typical arrangement for electromagnetic telemetry uses parts of the drill string as an antenna.
The dnll string may be divided into two conductive sections by including an insulating joint or
connector (a “gap sub”) in the dnll string. The gap sub is typically placed within a BHA such
that metallic drill pipe in the drill string above the BHA serves as one antenna element and
metallic sections in the BHA serve as another antenna element. Electromagnetic telemetry
signals can then be transmitted by applying electrical signals between the two antenna elements.
The signals typically comprise very low frequency AC signals applied in a manner that codes
information for transmission to the surface. The electromagnetic signals may be detected at the

surface, for example by measuring electrical potential differences between the drill string and

one or more ground rods.

In gap subs, mechanical scaling devices such as gaskets are commonplace to prevent or reduce

the flow or introduction of fluids into undesired locations. Gaskets, O-rings and the like are

commonly employed at interfaces between components to prevent leakage of the hydrocarbon

and have become ubiquitous.

However, it 1s known that seals can become worn or shifted by the passage of fluids over time.
In cases where the fluid 1s being transported under pressure, this risk is increased. In many cases
the seal 1s cylindrical in shape and in slip-fit engagement with the surfaces being sealed, and may

thus be susceptible to shifting under pressure. Some prior art solutions incorporate a metallic
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barnier to prevent the cylindrical seal from shifting, but this introduces additional complexity and

cost as well as another component that may itself become subject to wear under pressure.

What 1s needed, therefore, 1s a sealing method that can be employed to reduce the risk of a seal

dislodging under fluid impingement pressure.

Summary of the Invention

The present invention therefore seeks to provide a seal that comprises one or more radial

extensions that engage with corresponding recesses or grooves in the surface or surfaces being

sealed.

According to a first broad aspect of the present invention, there is provided a gap sub assembly
comprising;:

a female tubular member comprising a female mating portion;

a male tubular member comprising a male mating portion;

at least a part of the male mating: portion received within at least a part of the female
mating portion;

an mner surface of the female mating portion angled outwardly in an uphole direction to
provide an angled female member surface, and an outer surface of the male mating portion
generally cylindrical to provide a non-angled male member surface, providing a wedge-shaped
gap between the angled female member surface and the non-angled male member surface;

a seal member having a wedge-shaped cross-section positioned within the gap and
sealingly engaging both the angled female member surface and the non-angled male member
surtace: and

an mjected material retaining the seal member in the gap and sealingly engaging both the

angled female member surface and the non-angled male member surface.

According to a second broad aspect of the present invention, there is provided a gap sub for
insertion in a drill string, the gap sub comprising:

a temale tubular member comprising a female mating portion;

-3.
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a male tubular member comprising a male mating portion;

at least a part of the male mating portion received within at least a part of the female
mating portion;

an inner surface of the female mating portion angled outwardly in an uphole direction to
provide an angled female member surface, and an outer surface of the male mating portion
cylindrical to provide a non-angled male member surface, providing a wedge-shaped gap
between the angled female member surface and the non-angled male member surface;

a seal member having a wedge-shaped cross-section positioned within the gap and
sealingly engaging both the angled female member surface and the non-angled male member
surface; and

an injected material retaining the seal member 1n the gap and sealingly engaging both the

angled female member surface and the non-angled male member surface.

According to a third broad aspect of the present invention, there is provided a method for sealing
a gap sub, the gap sub comprising a female tubular member having an outwardly angled inner
surface and a mated male tubular member having a non-angled outer surface facing the

outwardly angled 1nner surface, providing a wedge-shaped gap between the angled inner surface

and the non-angled outer surface;
the method comprising the steps of:
a. providing a scal member having a wedge-shaped cross-section corresponding to
the gap and contigured to sealingly engage both the angled inner surface and the

non-angled outer surface;

b. inserting the seal member mnto the gap;
C. injecting a material into the gap against an upper impingement surtace of the seal

member, thereby pressing down on the seal member to seat the seal member 1n
the gap; and
d. allowing the material to solidify, thereby securing the seal member in the gap

such that the seal member sealingly engages both the angled inner surface and the

non-angled outer surface.
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According to a fourth broad aspect of the present invention, there is provided a method for

securing a gap sub seal, the method comprising the steps of:

d.

providing a gap sub comprising a female tubular member having an outwardly angled
inner surface and a mated male tubular member having a non-angled outer surface facing
the outwardly angled inner surface, providing a wedge-shaped gap between the angled
nner surface and the non-angled outer surface;

providing a seal member having a wedge-shaped cross-section corresponding to the gap
and configured to sealingly engage both the angled inner surface and the non-angled
outer surface;

inserting the seal member into the gap;

injecting a material into the gap against an upper impingement surface of the seal
member, thereby pressing down on the seal member to seat the secal member in the gap;
and

allowing the material to solidify, thereby securing the seal member in the gap such that

the seal member sealingly engages both the angled inner surface and the non-angled outer

surface.

In some exemplary embodiments of the present invention, the gap is wedge-shaped at only an

upper portion, and the seal member is sized and configured to seal at least the upper portion of

the gap. The gap may comprise a lower cylindrical portion, such that the seal member is sized

and configured to seal both the upper portion and the lower portion of the gap, and in some cases

at least one O-ring 1s provided for sealing a lower end of the seal member in the lower portion of

the gap.

The sealing engagement is preferably selected from the group consisting of size-on-size and

press fit. The seal member itself may be composed of an electrically non-conductive material,

such as tor example polyether ether ketone. The injected material may also be an electrically

non-conductive material, such as a plastic.
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In some exemplary embodiments, a jamming ring is provided to help secure the seal member in
place. The jamming ring would be sized and configured to press downwardly against a portion

of the seal member to further secure the seal member in place within the gap.

By angling the mwardly-facing surface of the female tubular, a wedge-shaped seal member can
be forced against the opposed surfaces and held in place by the injected material already

commonly empioyed in some gap sub designs.

A detailed description of an exemplary embodiment of the present invention is given in the
following. It is to be understood, however, that the invention is not to be construed as being
limited to this embodiment. The exemplary embodiment is directed to particular applications of
the present invention, while it will be clear to those skilled in the art that the present invention

has applicability beyond the exemplary embodiment set forth herein.

Brief Description of the Drawings

In the accompanying drawings, which illustrate an exemplary embodiment of the present

imnvention:

Figure 1 1s a sectional view of an exemplary embodiment of the present invention, with

the seal member secured in place between the female member and the male member;

Figure 2 1s a perspective view of a seal member in accordance with the exemplary

embodiment: and

Figure 3 1s an elevation view of the seal member in accordance with the exemplary

embodiment.

An exemplary embodiment of the present invention will now be described with reference to the

accompanying drawings.
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Detailed Description of Exemplary Embodiment

Throughout the following description specific details are set forth in order to provide a more
thorough understanding to persons skilled in the art. However, well known elements may not
have been shown or described in detail to avoid unnecessarily obscuring the disclosure. The
following description of examples of the technology is not intended to be exhaustive or to limit
the invention to the precise forms of any exemplary embodiment. Accordingly, the description

and drawings are to be regarded in an illustrative, rather than a restrictive, sense.

Turning to Figure 1, an exemplary gap sub assembly 10 is illustrated. The gap sub assembly 10
comprises a mated female tubular member 12 and male tubular member 14. As can be seen in
Figure 1, the female member 12 has a mating portion 16 that comprises an inner surface 20, and
the male member 14 has a mating portion 18 that comprises an outer surface 22, the inner surface
20 and the outer surface 22 generally facing each other. The inner surface 20, however, is angled
outwardly away from the outer surface 22, in an uphole direction. In conventional gap sub
assemblies, in contrast, it is common to have the opposed surfaces parallel, thus the gap
therebetween is consistent in thickness from one end to the other. In the present invention, the

angled inner surface 20 creates a gap that expands in an uphole direction.

A seal member 24 is inserted into the gap. The seal member 24 is shown in detail in Figures 2
and 3, and 1s preferably composed of an electrically non-conductive material, and most
preferably polyether ether ketone. The seal member 24 comprises an upper portion 26 and a
lower portion 28, the upper portion 26 for sealingly engaging the angled inner surface 20 with an
outer seal member surface 34 and sealingly engaging the non-angled outer surface 22 with an
inner seal member surface 36, preferably in a size-on-size or press-fit engagement. As can be
seen in Figure 1, the female mating portion 16 also includes a downhole non-angled section,
such that the lower portion 28 is more conventionally cylindrical and sealingly engages the inner
surface 20 with an outer seal member surface 38 and sealingly engages the outer surface 22 with
an inner seal member surface 40. The lower portion 28 is more conventionally cylindrical, and is

for sealing the parallel opposed tubular surfaces in that part of the assembly 10.
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In the exemplary embodiment, the lower portion 28 is further secured by O-rings 42, as a

measure to further ensure adequate sealing.

Figure 1 only illustrates a part of the gap sub assembly 10, namely a sectional view of what is a
generally cylindrical assembly. The male member 14 is generally cylindrical and would be

positioned within a cavity 48, which cavity 48 is shown in Figures 2 and 3.

The seal member 24 further comprises surfaces that do not sealingly engage the female and male
members 12, 14. Specifically, when seated as shown in Figure 1, the seal member 24 comprises
an exposed side surface 30 and an exposed top surface 32. These exposed surfaces 30, 32 could
be subjected to downhole fluid impingement unless engaged in some manner. In the exemplary
embodiment, a jamming ring 46 is pressed against a portion of the exposed top surface 32, in a
conventional manner such as threading, thereby pressing downwardly against the seal member

24 to secure the seal member 24 in place against the opposed surfaces 20, 22.

In addttion, it is known to inject an electrically insulative material such as a plastic into certain
areas of a gap sub to assist in the necessary electrical isolation required for utility of the gap sub
in telemetry operations. In the exemplary embodiment of the present invention, an electrically

non-conductive material 44 1s injected for this purpose but also to further secure the seal member
24 against the opposed surfaces 20, 22. The material 44 is shown as injected against the exposed

surfaces 30, 32, but it could also be injected into void spaces downhole of the lower portion 28.

In operation, then, female and male members 12, 14 would be provided, with the female member
12 having an angled surface 20 as described above and illustrated herein. The seal member 24 ~
manufactured to the correct size and shape for the desired engagement — would be inserted either
over the male member 14 before mating with the female member 12 or after mating of the
female and male members 12, 14, depending on other structural features of the particular gap
sub. O-rings 42 would also be applied at this same time. With the seal member 24 (and O-rings
42) in place between the female and male members 12, 14, the jamming ring 46 would be
installed and pressed/threaded against the top surface 32 of the seal member 24. Following this,

the material 44 would be injected against the side and top exposed surfaces 30, 32 of the scal

8.
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member 24, and subsequently allowed to solidify. Once solidified, the now-hardened material

44 would provide further security to the seal of the gap sub assembly 10.

Even if the material 44 and jamming ring 46 were to loosen and allow downbhole fluid to impinge
upon the seal member 24, the surfaces 34, 36 of the seal member 24 would be pressed against the
inner and outer surfaces 20, 22 by the fluid pressure, thus reducing the risk of fluid incursion

around the seal member 24.

Unless the context clearly requires otherwise, throughout the description and the claims:

* “comprise”, “comprising”, and the like are to be construed in an inclusive sense, as opposed to

~an exclusive or exhaustive sense; that is to say, in the sense of “including, but not limited to”.

* “connected”, “coupled”, or any variant thereof, means any connection or coupling, either direct
or indirect, between two or more elements; the coupling or connection between the elements can
be physical, logical, or a combination thereof.

« “heremn”, “above”, “below”, and words of similar import, when used to describe this

specification shall refer to this specification as a whole and not to any particular portions of this

specification.

194

* “or”, in reference to a list of two or more items, covers all of the following interpretations of
the word: any of the items in the list, all of the items in the list, and any combination of the items
in the hist.

* the singular forms ““a”, “an” and “the” also include the nieaning of any appropriate plural

forms.

Words that indicate directions such as “vertical”, “transverse”, “horizontal”, “upward”,
“downward”, “forward”, “backward”, “inward”, “outward”, “vertical”, “transverse”, “left”,
“right”, “front”, “back”, “top”, “bottom”, “below”, “above”, “under”, and the like, used in this
description and any accompanying claims (where present) depend on the specific orientation of
the apparatus described and illustrated. The subject matter described herein may assume various

alternative onentations. Accordingly, these directional terms are not strictly defined and should

not be interpreted narrowly.
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Where a component (€.g. a circuit, module, assembly, device, drill string component, drill rig
system etc.) is referred to herein, unless otherwise indicated, reference to that component
(including a reference to a "means") should be interpreted as including as équivalents of that
component any component which performs the function of the described component (i.e., that is
functionally equivalent), including components which are not structurally equivalent to the

disclosed structure which performs the function in the illustrated exemplary embodiments of the

invention.

Specific examples of methods and apparatus have been described herein for purposes of
illustration. These are only examples. The technology provided herein can be applied to
contexts other than the exemplary contexts described above. Many alterations, modifications,
additions, omissions and permutations are possible within the practice of this invention. This
invention includes variations on described embodiments that would be apparent to the skilled
person, including variations obtained by: replacing features, elements and/or acts with equivalent
features, elements and/or acts; mixing and matching of features, elements and/or acts from
different embodiments; combining features, elements and/or acts from embodiments as described

herein with features, elements and/or acts of other technology; and/or omitting combining

features, elements and/or acts from described embodiments.
The foregoing is considered as illustrative only of the principles of the invention. The scope of

the claims should not be limited by the exemplary embodiment set forth in the foregoing, but

should be given the broadest interpretation consistent with the specification as a whole.

- 10 -
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CLAIMS

. A gap sub assembly comprising:

a temale tubular member comprising a female mating portion;

a male tubular member comprising a male mating portion;

at least a part of the male mating portion received within at least a part of the female
mating portion;

an mnner surface of the female mating portion angled outwardly in an uphole direction to
provide an angled female member surface, and an outer surface of the male mating portion
generally cylindrical to provide a non-angled male member surface, providing a wedge-shaped
gap between the angled female member surface and the non-angled male member surface;

a seal member having a wedge-shaped cross-section positioned within the gap and

sealingly engaging both the angled female member surface and the non-angled male member
surtace; and

an mjected material retaining the seal member in the gap and sealingly engaging both the

angled female member surface and the non-angled male member surface.

2. The gap sub assembly of claim 1 wherein the gap is wedge-shaped at only an upper

portion, and the seal member is sized and configured to seal at least the upper portion of the gap.

3. The gap sub assembly of claim 2 wherein the gap comprises a lower cylindrical portion,

the seal member sized and configured to seal both the upper portion and the lower portion of the

5ap-

4. The gap sub assembly of claim 3 further comprising at least one O-ring for sealing a

lower end of the seal member in the lower portion of the gap.

5. The gap sub assembly of claim 1 wherein the sealing engagement is selected from the

group consisting of size-on-size and press fit.

- 11 -
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6. The gap sub assembly of claim 1 wherein the seal member is composed of an electrically

non-conductive material.

7. The gap sub assembly of claim 6 wherein the electrically non-conductive material is
polyether ether ketone.

3. The gap sub assembly of claim 1 wherein the material is an electrically non-conductive
material.

9. The gap sub assembly of claim 8 wherein the electrically non-conductive material is a
plastic.

10.  The gap sub assembly of claim 1 further comprising a jamming ring sized and configured

to press downwardly against a portion of the seal member to further secure the seal member in

place within the gap.

l1. A gap sub for insertion in a drill string, the gap sub comprising:

a female tubular member comprising a female mating portion;

a male tubuiar member comprising a male mating portion;

at least a part of the male mating portion received within at least a part of the female
mating portion;

an inner surface of the female mating portion angled outwardly in an uphele direction to
provide an angled female member surface, and an outer surface of the male mating portion
cylindrical to provide a non-angled male member surface, providing a wedge-shaped gap
between the angled female member surface and the non-angled male member surface:

a seal member having a wedge-shaped cross-section positioned within the gap and

sealingly engaging both the angled female member surface and the non-angled male member

surface; and

an mjected material retaiming the seal member in the gap and sealingly engaging both the

angled female member surface and the non-angled male member surface.

-12 -
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12.  The gap sub of claim 11 wherein the gap is wedge-shaped at only an upper portion, and

the seal member 1s sized and configured to seal at least the upper portion of the gap.

13.  The gap sub of claim 12 wherein the gap comprises a lower cylindrical portion, the seal

member sized and configured to seal both the upper portion and the lower portion of the gap.

14.  The gap sub of claim 13 further comprising at least one O-ring for sealing a lower end of

the seal member n the lower portion of the gap.

15. The gap sub of claim 11 wherein the sealing engagement is selected from the group

consisting of size-on-size and press fit.

16.  The gap sub of claim 11 wherein the seal member is composed of an electrically non-

conductive materal.

7.  The gap sub of claim 16 wherein the electrically non-conductive material is polyether

cther ketone.

18.  The gap sub of claim 11 wherein the material is an electrically non-conductive material.
19.  The gap sub of claim 18 wherein the electrically non-conductive material is a plastic.

20.  The gap sub of claim 11 further comprising a jamming ring sized and configured to press

downwardly against a portion of the seal member to further secure the seal member in place

within the gap.

21. A method for sealing a gap sub, the gap sub comprising a female tubular member having
an outwardly angled inner surface and a mated male tubular member having a non-angled outer
surface facing the outwardly angled inner surface, providing a wedge-shaped gap between the
angled mner surface and the non-angled outer surface;

the method comprising the steps of:

- 13 .
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a. providing a seal member having a wedge-shaped cross-section corresponding to
the gap and configured to sealingly engage both the angled inner surface and the
non-angled outer surface;

0. iserting the seal member into the gap;

G

injecting a material into the gap against an upper impingement surface of the seal
member, thereby pressing down on the seal member to seat the seal member in
the gap; and

d. allowing the material to solidify, thereby securing the seal member in the gap

such that the seal member sealingly engages both the angled inner surface and the

non-angled outer surface.

22.  The method of claim 21 wherein the gap 1s wedge-shaped at only an upper portion, and

the seal member is sized and configured to seal at least the upper portion of the gap.

23.  The method of claim 22 wherein the gap comprises a lower cylindrical portion, the seal

member sized and configured to seal both the upper portion and the lower portion of the gap.

24.  The method of claim 23 further comprising providing at least one O-ring for sealing a

iower end of the seal member in the lower portion of the gap.

25.  The method of claim 21 wherein the sealing engagement is selected from the group

consisting of size-on-size and press fit.

26.  The method of claim 21 wherein the seal member is composed of an electrically non-

conductive material.

27.  The method of claim 26 wherein the electrically non-conductive material is polyether

ether ketone.

28.  The method of claim 21 wherein the material is an electrically non-conductive material.

-14 -
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29.  The method of claim 28 wherein the electrically non-conductive material is a plastic.

30.  The method of claim 21 further comprising the steps of:

providing a jamming ring sized and configured to press downwardly against a portion of

the seal member;

pressing the jamming ring downwardly against the portion of the seal member; and

allowing the jamming ring to further secure the seal member in place within the gap.

31. A method for securing a gap sub seal, the method comprising the steps of:

a.

providing a gap sub comprising a female tubular member having an outwardly
angled 1nner surface and a mated male tubular member having a non-angled outer
surface facing the outwardly angled inner surface, providing a wedge-shaped gap
between the angled inner surface and the non-angled outer surface;

providing a seal member having a wedge-shaéed cross-section corresponding to

the gap and configured to sealingly engage both the angled inner surface and the

non-angled outer surface;

inserting the seal member into the gap;

injecting a material into the gap against an upper impingement surface of the seal
member, thereby pressing down on the seal member to seat the seal member 1n
the gap; and

allowing the material to solidify, thereby securing the seal member in the gap

such that the seal member sealingly engages both the angled inner surface and the

non-angled outer surface.

32.  The method of claim 31 wherein the gap is wedge-shaped at only an upper portion, and

the seal member is sized and configured to seal at least the upper portion of the gap.

33.  The method of claim 32 wherein the gap comprises a lower cylindrical portion, the seal

member sized and configured to seal both the upper portion and the lower portion of the gap.

- 15 -
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34.  The method of claim 33 further comprising providing at least one O-ring for sealing a

lower end of the seal member in the lower portion of the gap.

35. The method of claim 31 wherein the sealing engagement is selected from the group

consisting ot size-on-size and press fit.

36.  The method of claim 31 wherein the seal member is composed of an electrically non-

conductive material.

37.  The method of claim 36 wherein the electrically non-conductive material is polyether

ether ketone.

38.  The method of claim 31 wherein the material is an electrically non-conductive material.
39.  The method of claim 38 wherein the electrically non-conductive material is a plastic.

40.  The method of claim 31 further comprising the steps of:

providing a jamming ring sized and configured to press downwardly against a portion of

the seal member;

pressing the jamming ring downwardly against the portion of the seal member; and

allowing the jamming ring to further secure the seal member in place within the gap.

- 16 -
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