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(54) Abstract Title
Turbulence inducing component for liner assemblies

(57)  Aturbulence inducing component in a liner assembly is used during the sealing of a shoe track of a
casing or liner string. The component comprises a housing [10], which is connected to the string, with a
number of restrictions stacked inside it. The restrictions create a turbulent flow of sealing material, in the
housing [10], to promote the displacement of well fluids by the sealing material.

The restrictions can comprise flow diverter elements [20, 22] with bores [38] and tapered transitions [68,
70] .The bores [38] are offset from the longitudinal axis of the housing [10], and adjacent elements [20, 22]
have bores [38] which are offset from each other.

The restrictions may have peripheral O-ring seals [64] located in grooves [62] to prevent leaks along the
interior wall [66] of the housing [10].

The flow diverter elements [20,22] can be held in position by rings [16] located on thread [18).
Complimentary tabs [56, 60] and recesses [54, 58] of the diverter elements [20,22] and rings [16] prevent the
elements [20,22] from rotating when they are being drilled out. The component may be made from soft
metallic material to facilitate its drilling out.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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TITLE: SHOE TRACK SAVER

FIELD OF THE INVENTION
The field of this invention relates to devices which ensure a proper

cement seal for liner assemblies in highly deviated wellbores.

BACKGROUND OF THE INVENTION

Typical cementing assemblies involve a landing collar above a float

collar, which is in turn above a float shoe. The float shoe and float collar have
valves in them and generally have fairly small openings for such valves.
These components are located at the bottom of a liner string to be cemented
with some tubulars mounted further below. The assembly at the bottom of the
string, when inserted into a highly deviated wellbore, has encountered some
operational problems with the cement seal. The “shoe track” refers to the
termination of the wellbore where these components are inserted prior to the
pumping of cement. When the shoe track is highly deviated and cement is
pumped to displace the drilling mud, formation fluid leakage through the shoe
track has been experienced. The shoe track generally consists of approxi-
mately 100 ft. of liner below the float shoe, which by design remains full of
cement after a wiper plug is pumped down against the landing collar to dis-
place the pumped cement out of the liner being cemented down to the landing
collar. With the shoe track highly deviated, cement has a tendency to allow
water migration if the cement is prepared at the surface with an excess of

water. With the shoe track essentially horizontal or close to it, i.e., greater
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than about 70° deviation from vertical, migration of water upwardly creates a
flow channel through the cement in the shoe track, allowing formation fluids
to migrate into the casing or fluid loss into the formation. One of the reasons
excess water is used with the cement mixture is that the cement preparations
on the surface are frequently made “on the fly” as opposed to carefully mea-
sured batch operations. The control system for on-the-fly mixing of cement
slurries is not that precise, resulting in periodic blends which have an excess
of water.

Another phenomenon that could lead to undermining the cement seal
in the shoe track is the phenomenon of shrinkage of the cement. Generally,
cement when setting will shrink approximately a half of a percent. Shrinkage,
especially in the area of the float shoe or float collar, could result in movement
of these valves off their seats to leave them in a slightly open position. Thus,
the ability of the float shoe and float collar to act as seals after the cement has
set can be adversely affected.

The shrinkage of the cement also presents opportunities in highly
deviated wellbores for fluid flow adjacent the inside wall of the casing.

A phenomenon known as “roping” has been suspected as the cause of
inefficient displacement of mud with the cement. One suspected cause is the
necessity of pumping the cement through the float shoe and float collar which
have fairly small bores. The flow pattern of the cement emerging from the
float shoe and float collar is such that it leaves pockets of mud trapped which
are not displaced by the cement. These pockets of mud then can become the
source of future leakage problems through the cement job through the shoe

track.
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It is thus an objective of the present invention to provide an economical
device that can be installed in the liner assembly, particularly for deviated
wellbores with an inclination angle of more than about 70° from the vertical so
that leakage paths through the cement can be eliminated. The device should
be effective against the roping phenomenon as well as provide seals to
potential leakpaths adjacent the inside wall of the casing. The device should
also be sufficiently soft so that it can be readily drilled out if necessary. Due
to the harsh environment, a device which can accomplish these objectives
while being static, i.e., with no moving parts, is desirable. These objectives
have been addressed in the present invention, a preferred embodiment of
which is described in more detail below.

SUMMARY OF THE INVENTION
An inline component for a liner assembly, usable particularly in deviated

wellbores, is disclosed. The component involves a series of offset passages
to create sufficient turbulence in the circulating cement during a cementing job
so as to eliminate the phenomenon of roping where there is inefficient dis-
placement of mud with the circulating cement. The multi-component inline
device has peripheral seals to prevent leakpaths along the inside wall of the
casing being cemented. The offset flow passages are presented in individ-
ualized components which are rotationally locked to each other and have
peripheral sealing devices. The stack of components is retained within the
casing to prevent its longitudinal movement during the pumping of cement.
The preferred materials are soft metallics which facilitate drilling out if re-
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quired. The interlocking nature of the components aiso eliminates relative

rotation to facilitate drili-out.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1a-e area cross—sectional elevation of the device in its hous-
ing,

Figure 2 is a section through lines 2-2 of Figure 1a.

Figure 3 is a section view through lines 3-3 of Figure 1D.

Figure 4 is a section view along lines 4-4 of Figure 1b.

Figure 5 is section view along lines 5-5 of Figure 1c.

Figure 6 is a section view along lines 6-6 of Figures 1c.

Figure 7 is a section view along lines 7-7 of Figure 1d.

Figure 8 is a section view along lines 8-8 of Figure 1e.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figures 1a-3, a rigid housing 10 is secured to the liner or

casing string to be cemented at ends 12 and 14. A lower support ring 16 is
secured by thread 18 and supports the flow diverter elements 20-32. In the
preferred embodiment, the flow diverter elements 50—32 are identical in
several respects. Referring to Figure 8, diverter element 20 has a bore 34
whose centerline coincides with axis 36. The next flow diverter element 22
has a bore 38 offset 60° from axis 36, as shown in Figure 7. The pattern
follows throughout from one section to the next so that bore 40 is offset 60°
from bore 38. Bore 42 is offset a further 60°, putting in alignment with axis 36,

and so forth with regard to bores 44, 46, and 48. As shown in Figures 2 and
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8, bores 48 and 34 are in alignment. While the increments shown have been
in 60° rotation with respect to the axis 36, other incremental offsets between
adjacent bores of adjacent elements, such as 20~-32, can be used without
departing from the spirit of the invention. The number of elements can also
be varied. The elements 20-32, shown in Figures 1a-1e, are retained addi-
tionally by ring 50, which is attached to the housing 10 at thread 52. Rings 16
and 50 retain the elements 20-32 longitudinally so that they are not displaced
during the cement circulating operation.

The elements 20-32 are rotationally locked to each other by a series
of castellations at each end thereof. Thus, the lower ring 16 has a recess 54
into which fits tab 56 of element 20. The opposite end of element 20 has a
recess 58 into which fits a tab 60 of element 22. This pattern is repeated
throughout the diverter elements 20-32. The elements 20-32 drill out more
easily because they are rotationally locked. They can also be made of softer
metallics or composites such as aluminum or carbon fiber to expedite drillout.
Each of the diverter elements 20-32 also has a groove such as 62 which
contains preferably an O-ring seal 64. The purpose of the O-ring 64 which
appear on each of the elements 20-32 is to prevent flow channels adjacent
the interior wall 66 of housing 10.

Each of the elements 20-32, apart from having a bore therethrough,
also has tapered transitions, such as 68 and 70, shown in Figure 1d, respec-
tively leading into and out of bore 38. These transitional inlets and outlets for
each of the bores is repeated for each of the diverter elements 20-32. Thus,
each of the diverter elements 20-32 has an internal venturi-like shape to

maximize the mixing between the cement, or any other hardenable material
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such as blast furnace slag, for example, and the remaining drilling mud to
ensure efficient displacement of the drilling mud, thus eliminating the roping

effect.

The housing 10 is used in conjunction with a float collar, float shoe, and
landing collar to conduct the cementing job on the liner in a deviated wellbore
in a known manner. Due to the thorough mixing, the roping effect is mini-
mized, if not eliminated. The peripheral seals also close off a path along the
inside wall of the liner which could exist due to cement shrinkage.

The foregoing disclosure and description of the invention are illustrative
and explanatory thereof, and various changes in the size, shape and materi-
als, as well as in the details of the illustrated construction, may be made

without departing from the spirit of the invention.

baker\patents\568 shoe track saver.wpd SS



~N N AW NN

pad

BN

What is claimed:

1. A component for sealing a shoe track of a casing or liner string
with a sealing material to address leakage situations which can occur after
placement of the sealing material, comprising:

a tubular housing connectable to the string and having an inside
wall;
a plurality of restrictions stacked in said housing to create turbu-

lence therein to aid in displacement of well fluids by the sealing material.

2. The component of claim 1, further comprising:
peripheral seals mounted to at least one said restrictions for

contact with said inside wall.

3.  The component of claim 2, further comprising:
a locking member to prevent movement of said restrictions with

respect to a longitudinal axis of said housing.

4. The component of claim 3, further comprising:
a detent on said locking member to retain at least one of said

restrictions against rotation about the longitudinal axis of said housing.

5. The component of claim 4, further comprising:
a detent on each of said restrictions which engages an adjacent
restriction so as to keep a stack of restrictions, each of which are touching an

adjacent restriction all rotationally locked and longitudinally restrained.
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6.  The component of claim 5, wherein:
said locking member comprises an upper and a lower collar
mounted to said housing, each collar having a detent to engage an adjacent
restriction and said collars together keeping said restrictions locked rotation-

ally and fixed longitudinally in said housing.

7. The component of claim 6, wherein:
said restrictions further comprise an annularly shaped component

having a bore therethrough;
each said component having a bere offset from the bore of an

adjacent component.

8. The component of claim 7, wherein:

each component comprises at least one taper adjacent said bore

therethrough.

9. The component of claim 8, further comprising:

a pair of tapers, one on each end of said bore in each of said

components.

10. The component of claim 9, wherein:
each said bore is disposed in each component at a fixed distance
from the center of said housing;
said housing contains sufficient components so that at a prede-

termined angular offset about the center of said housing between each pair
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of components, the components closest to said upper and lower collars have

their bores aligned.

11.  The component of claim 1, wherein:
said restrictions further comprise an annularly shaped component
having a bore therethrough;
each said component having a bore offset from the bore of the

next component.

12. The component of claim 11, wherein:
each component comprises at least one taper adjacent said bore

therethrough.

13.  The component of claim 12, further comprising:
a pair of tapers, one on each end of said bore in each of said

components.

14.  The component of claim 11, further comprising:
peripheral seals between said components and said inside wall.

15. The component of claim 14, further comprising:
a locking member to prevent movement of said components with
respect to a longitudinal axis of said housing.



—

O 00 NN N W e VLN

HOW N

16. The component of claim 15, further comprising:
a detent on said locking member to retain at least one of said

components against rotation about the longitudinal axis of said housing.

17. A method of cementing a shoe track of a liner using a string
which comprises at least one component which constricts the opening there-
on, comprising;

installing a housing in said liner adjacent said constriction in said
liner;

creating turbulence in said housing when cement is pumped
through it;

displacing mud from said liner due to said turbulence generated

in said housing.

18. The method of claim 17, further comprising:
using a plurality of components with offset bores to create said

turbulence.

19. The method of claim 18, further comprising:

sealing around at least one component and against an inside wall

of said housing;
preventing leakpaths due to cement shrinkage by said sealing.

20. The component of claim 19, further comprising:’

rotationally locking said components.

10



21. The component of claim 2, further comprising:

longitudinally locking said components.

22. The component of claim 18, further comprising:
providing at least one taper in each component adjacent said

bore.
23. The component of claim 17, further comprising:
disposing said liner with said housing at a deviation of at least
70° from vertical.
24, The component of claim 20, further comprising:

drilling out said components after said cement is pumped and has

set up.

baker\patents\568 shoe track saver.wpd ss

11



&Y S
¥+ The % {‘ “‘%
- N .,
& g Patent : .
' ‘3*‘? O[ﬁce g INVESTOR IN PEOPLE
/C& T‘. TT?‘OQ) '
Application No: GB 0008615.7 Examiner: Philip Ord
Claims searched: 1-24 Date of search: 9 October 2000

Pafents Act 1977
Search Report under Section 17

Databases searched:

UK Patent Office collections, including GB, EP, WO & US patent specifications, in:
UK Cl1 (Ed.R): EIF: FJT, FJU
Int C1 (Ed.7): E21B
Other:  Online: WPI, EPODOC, JAPIO

Documents considered to be relevant:

Category| Identity of document and relevant passage Relevant
to claims
A GB2115860 A (HUGHES TOOL CO.) i
See esp. seal 109, fig. 3.
X SU1712587 (UKHTA ) See abstract 17
A SU383825 ( BULATOV ) See abstract -
X | US4984633 ( LANGER ) See esp. col. 2 lines 10-35 17
X | US4595058 ( NATIONS ) See esp. abstract 17
X US3982590 ( HALLIBURTON ) See esp. abstract 17
X  Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of the art.
Y  Document indicating lack of inventive step if combined P Document published on or after the declared priority date but before the
with one or more other documents of same category. filing date of this invention.
E Patent document published on or after, but with priority date earlier
&  Member of the same patent family than, the filing date of this application.

An Executive Agency of the Department of Trade and Industry



