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(57)  An assembly for placing a cement plug (1) in a
well-bore comprises a landing and disconnecting collar
(2), ashoe track (3), a circulation element (4), and a guide
shoe (5), said elements forming an internal conduit (10),
the circulation element (4) comprising side conduits (8)
directed towards a well-bore wall (WBW). The assembly
(1) diameter is such as to create a narrow annulus (AN2)
in which a fluid pumped through the side conduits (8)
circulates in the annulus according to a turbulent flow.
The assembly (1) further comprises a sealing element
(6) comprising a bottom sealing element (6A). The land-
ing and disconnecting collar (2), shoe track (3), circula-
tion element (4), and guide shoe (5) are made of material
that are drillable, the elements forming the cement plug
when a cement slurry (CS) is set into the annulus (AN2)
and the internal conduit (10).

An assembly and method for placing a cement plug
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Description

FIELD OF THE INVENTION

[0001] An aspect of the invention relates to an assem-
bly for placing a cement plug in a well-bore. Another as-
pect of the invention also relates to a corresponding ce-
ment plug placing method.

[0002] A particular application of the invention relates
to the oilfield industry, for example in cementing opera-
tion.

BACKGROUND OF THE INVENTION

[0003] Duringahydrocarbon well drilling operationand
after a hydrocarbon well has been drilled, various fluid
injecting operations are generally carried out. The fluid
injecting operations serves various purposes, for exam-
ple delivering a cement slurry for borehole cementing
operation. These operations are well known in the oilfield
industry.

[0004] Typically, cement plug placement techniques
recommend the use of a stinger for the section of the drill
pipe immersed in the fluid in the borehole, the stinger
having a diameter substantially smaller than the well-
bore diameter. In this condition, the preferred mud re-
moval technique, namely turbulent flow is nearly impos-
sible to achieve due to the important gap (annulus) ex-
isting between the stinger and the well-bore wall. Further,
there is also a risk that the cement sets with the drill pipe
immersed in the well-bore. Furthermore, after a cement
plug has been placed, the drill pipe is pulled through the
cement plug which may result in contamination. Finally,
the plug placement assembly must be completely pull
outofthe well-bore before resuming any further operation
to be conducted in the well-bore, which leads to a loss
in rig time.

SUMMARY OF THE INVENTION

[0005] It is an object of the invention to propose an
assembly for placing a cement plug in a well-bore that
overcomes one or more of the limitations of the existing
cementing apparatus or method for well-bore.

[0006] According to an aspect, the invention relates to
an assembly for placing a cement plug in a well-bore
comprising a landing and disconnecting collar, a shoe
track, a circulation element, and a guide shoe, said ele-
ments forming an internal conduit, the circulation element
comprising side conduits directed towards a well-bore
wall. The assembly diameter is such as to create a narrow
annulus in which a fluid pumped through the side conduits
circulates in the annulus according to a turbulent flow.
The assembly further comprises a sealing element com-
prising a bottom sealing element. The landing and dis-
connecting collar, shoe track, circulation element, and
guide shoe are made of material that are drillable, said
elements forming the cement plug when a cement slurry
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is set into the annulus and the internal conduit.

[0007] The assembly may further comprise a top seal-
ing element.
[0008] The material may be chosen among the group

of material comprising Aluminum, fiberglass, cement,
plastic, and carbon fiber reinforced material.

[0009] The assembly may further comprise a central-
izer.

[0010] The guide shoe may further comprise a differ-
ential pressure valve for reducing any piston effect on a
geological formation surrounding the well-bore.

[0011] The sealing element may be a flexible cup-like
packer or an external casing packer.

[0012] According to a further aspect, the invention re-
lates to a method of placing a cement plug in a well-bore
comprising the steps of:

- assembling a cement plug placing assembly and
coupling said assembly to a drill pipe at the surface,

- running the cement plug placing assembly to a de-
sired depth,

- cleaning the well-bore wall by circulating fluid in said
assembly by producing a jetting effect towards the
well-bore wall and a turbulent flow in a limited annu-
lus portion defined between the cement plug placing
assembly and the well-bore wall,

- mixing and pumping a cement slurry into the drill
pipe,

- displacing the cement slurry towards the cement
plug placing assembly and into the annulus portion,
and

- disconnecting the drill pipe after a pressure bump at
the end of the displacing step.

[0013] The length of the cement plug may be defined
by coupling casing joints during the assembling step.
[0014] The drill pipe may be rotated for sweeping a
whole circumference of the well-bore wall during the
cleaning step.

[0015] The invention enables enhancing the safety
and the quality of the cement plug placement operation.
[0016] Further, the invention allows high pump rates
throughout the operation, and avoids having to balance
the plug.

[0017] Furthermore, the invention eliminates contam-
ination caused by pulling the drill pipe through the plug
after placement, and reduces the risk of cementing the
drill pipe in the well-bore.

[0018] In addition, it is not necessary anymore to cre-
ate a bottom support for the plug cement.

[0019] These and other aspects of the invention will
be apparent from and elucidated with reference to the
embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The present invention is illustrated by way of
example and not limited to the accompanying figures, in
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which like references indicate similar elements:

Figure 1 schematically shows an onshore hydrocar-
bon well location;

Figure 2 schematically shows the assembly for plac-
ing a cement plug in a well-bore; and

Figures 3 to 7 schematically and partially illustrate
the cement plug placement method and the fluid dis-
placement during the cement plug placement oper-
ation.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Figure 1 schematically shows an onshore hy-
drocarbon well location and equipments WE above a hy-
drocarbon geological formation GF after drilling opera-
tion has been carried out and after a drill pipe DP has
been run. At this stage, the well-bore WB is an open-hole
OH generally filled with various fluid mixtures (e.g. the
drilling mud or the like). The well-bore WB may also be
partially cased CH. The equipment WE comprises a drill-
ing rig DR for running the drill pipe DP in the well-bore,
cementing equipment comprising cement silo CR and
pumping arrangement CP, and a well head and stuffing
box arrangement WH providing a sealing for deploying
the drill pipe DP or pumping down the cement into the
generally pressurized well-bore WB.

[0022] Subsequently, cementing operations are gen-
erally undertaken to seal the annulus AN (i.e. the space
between the well-bore WB and the casing where fluid
can flow). A first application is primary cementing which
purpose is to achieve hydraulic isolation around the cas-
ing. Other applications are remedial cementing which
purposes are to stabilize the well-bore, to seal a lost cir-
culation zone, to enable deflecting a subsequent drilling
assembly into a different path than that previously drilled,
to set a plug in an existing well or to plug a well so that
it may be abandoned. The cement may be pumped into
the drill pipe DP through a plug placement assembly 1
near the bottom of the bore-hole after the assembly has
been positioned at the desired location.

[0023] Cementing engineers prepare the cementing
operations by determining the volume and physical prop-
erties of cement slurry and other fluids pumped before
and after the cement slurry. In many situations, chemical
additives are mixed with the cement slurry in order to
modify the characteristics of the slurry or set cement.
Cement additives may be broadly categorized as accel-
erators (i.e. for reducing the time required for the set ce-
ment to develop sufficient compressive strength to ena-
ble further operations to be carried out), retarders (i.e.
for increasing the thickening time of cement slurries to
enable proper placement), dispersants (i.e. for reducing
the cement slurry viscosity to improve fluid-flow charac-
teristics), extenders (i.e. for decreasing the density or
increasing the yield of a cement slurry), weighting agents
(i.e. for increasing or lightening the slurry weight), fluid-
loss or lost-circulation additives (i.e. for controlling the
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loss of fluid to the formation through filtration) and special
additives designed for specific operating conditions.
[0024] Figure 2 schematically shows the assembly 1
for placing a cement plug in a well-bore WB according
to a cross-section view. The plug placement assembly 1
comprises a landing and disconnecting collar 2, a shoe
track 3, a circulation element 4, a guide shoe 5 and a
sealing element 6. All these elements have a cylindrical
section and define an internal conduit 10.

[0025] The landing collar and disconnecting 2 is in-
stalled immediately under the bottom of the casing string
or the drill pipe DP. The landing and disconnecting collar
is a component on which the cementing plugs BP, TP
land during the cementing operation. The landing and
disconnecting collar is coupled to the drill pipe via a re-
leasing mechanism (not shown), for example through a
known shear-pinned coupling. The landing and discon-
necting collar may be disconnected from the drill pipe by
means of a downstream pressure bump, for example by
breaking the shear-pinned coupling of the releasing
mechanism. The landing and disconnecting collar may
comprise a valve arrangement (not shown). The landing
and disconnecting collar is made of plastics, cement, car-
bon fiber reinforced material or other high strength and
drillable material.

[0026] The shoe track 3 is a closed space between the
landing and disconnecting collar 2 and the guide shoe 5.
The principal function of this space is to ensure that the
guide shoe is surrounded in high-quality cement such
that any contamination that may bypass the top plug is
safely contained within the shoe track. The shoe track
may be a casing portion, namely a casing joint, made of
fiber glass, carbon fiber reinforced material, aluminum or
any other high strength and drillable material. The shoe
track may comprise a plurality of casing joint coupled
together. The shoe track may be fitted with one or more
centralizer 7 for keeping the bottom hole assembly in the
center of the tubing, casing or well-bore (Figure 2 only
show an embodiment comprising one centralizer). The
centralizer comprises bow-spring profile made of plastic
or light metal like aluminum.

[0027] The circulation element 4 is a component that
allows a direct communication between the shoe track 3
and the annulus AN. The circulation element may com-
prise a circulation valve (not shown) that may be operated
to open and close on demand. The circulation element
4 comprises side conduits 8 extending radially from the
internal conduit 10 towards the annulus AN2 and dis-
posed all around the circulation element. The circulation
elementenables the circulation of fluids, namely pumping
of fluid or cement slurry from the casing string or drill pipe
directly into the annulus for well-bore wall cleaning pur-
poses or for placing a cement plug, respectively. Though,
the side conduits 8 are represented as round holes in the
Figures, they may have other shapes. As an example,
the side conduits 8 forming helical slots may be more
efficientin distributing the fluid around the circumference
of the cement plug placement assembly. The circulation
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element is made of plastics, cement, carbon fiber rein-
forced material or other high strength and drillable ma-
terial.

[0028] The guide shoe 5 is a tapered, e.g. having bul-
let-nosed element installed on the bottom of the assem-
bly 1, immediately under the circulation element 4. The
guide shoe function is to guide the drill pipe DP toward
the center of the hole of the well-bore and minimizes prob-
lems associated with hitting rock ledges or washouts in
the well-bore as the drill pipe is lowered into the well. The
external face of the guide shoe is made from steel, gen-
erally matching the assembly in size. The inside part of
the guide shoe is made of cement, plastic, carbon fiber
reinforced material or other high strength and drillable
material. It can be drilled out if the well is to be deepened
beyond the cement plug point. The guide shoe 5 may be
replaced by a float shoe comprising an additional check
valve. The guide shoe 5 may comprise a differential pres-
sure valve 9 that allows circulation of fluid through the
guide shoe port reducing any piston effect on the forma-
tion GF. The assembly may be sealed downwards by
means with either a rubber wiper plug or a ball that seats
in the guide shoe at the bottom of the assembly (not
shown). When sealed downwards, the downward flow is
shut off and the fluid flow is forced to flow out of the as-
sembly via the side conduits 8 of the circulation element
4.

[0029] Thesealing element6 comprises abottom seal-
ing element 6A that seals the communication at the end
of the casing shoe in order to prevent downward flow in
the annulus behind the plug placement assembly. The
sealing element is a ring positioned around the casing
shoe and/or the circulation element and contacting the
well-bore wall WBW. Advantageously, the sealing ele-
ment is a flexible cup-like packer that may slide down the
well-bore wall during running operations. As an example,
the sealing element may be made of Hydrobonder™ man-
ufactured by the company Weatherford. As another ex-
ample (not shown), the sealing element may be an ex-
ternal casing packer which offers self support to the as-
sembly and hydraulic isolation in the annulus. The use
of such sealing elements eliminates the need for viscous
pills or other supporting means to support the cement
plug. In an alternate embodiment, the sealing element 6
may also comprise a top sealing element 6B, similar to
the bottom sealing element 6A, that seals the communi-
cation at the top of the shoe track or at the landing collar
in order to prevent upward flow in the annulus AN1 above
the plug placement assembly. Thus, the cement slurry
pumped into the annulus AN2 tends to be contained be-
tween the bottom 6A and top 6B sealing elements. This
is also practical for placement of cement plugs in hori-
zontal wells.

[0030] The cement plug placement assembly 1 diam-
eter is such as to create a narrow annulus portion AN2
compared to the standard annulus AN1 defined by the
drill pipe DP. Thus, a fluid pumped through the side con-
duits 8 circulates in the narrow annulus portion AN2 ac-
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cording to a turbulent flow.

[0031] The method of the invention will now be de-
scribed in relation with Figures 3 to 7 schematically illus-
trating certain steps of the method and the fluid displace-
ment during the cement plug placement operation.
[0032] Figure 3 illustrates the assembly 1 as herein-
before described after having been assembled and run
at the desired depth, and during cleaning step.

[0033] In a first step S1, the cement plug placing as-
sembly 1 is assembled at the surface. In particular, as
many standardized casing joints as desired plug length
are assembled to form the shoe track 3. The assembly
is coupled to the drill pipe DP. The sealing elements are
also made up as part of the assembly prior to running
into the well-bore. The sealing elements slide down the
well-bore wall. When the assembly also comprises the
top sealing element 6B, the assembly is more difficult to
run because it would prevent upwards circulation of the
fluids. Thus, this particular embodiment is preferably
used on open-hole squeeze cementing applications.
[0034] In a second step S2, the cement plug placing
assembly 1 is run to the desired depth by means of the
drill pipe DP of the corresponding length.

[0035] In a third step S3, a cleaning process may be-
gun by closing the circulation through the casing shoe 5
and circulating fluid F1 through the side conduits 8 of the
circulation element4. The produced jetting effect towards
the bore-hole wall WBW and turbulent flow TF in the an-
nulus helps in removing the mud cake MC formed on the
well-bore wall WBW. The drill pipe DP may be rotated
RT for sweeping the whole circumference of the well-
bore wall WBW. Pumping fluids in turbulent flow allows
better removal of the mud cake MC and thus will improve
the cement bond with the well-bore wall WBW.

[0036] Figure 4 illustrates the assembly 1 during a first
displacement phase.

[0037] In a fourth step S4, the cement slurry CS is
mixed and pump into the drill pipe. The bottom plug BP
is launched upstream of the cement slurry CS to minimize
contamination by fluids inside the drill pipe prior to ce-
menting. The top plug TP is launched downstream the
cement slurry CS. The top TP and bottom BP plugs are
rubber or plastics plugs separating the cement slurry from
other fluids present on the drill pipe. The top and bottom
plugs are usual cementing plug typically used in cement-
ing operation. The top plug comprises a solid core. The
bottom plug comprises a hollow core and a rupture dia-
phragm RD. The plugs prevent the slurry from depositing
on the internal wall of the drill pipe, reduce contamination
and maintain predictable slurry performance. Shorter
thickening time cement slurry could be utilized to reduce
the time waiting on cement (WOC). Other kind of cement
slurries may be used for specific applications.

[0038] Figure 5illustrates the assembly 1 during a sec-
ond displacement phase.

[0039] In a fifth step S5, the bottom plug BP, cement
slurry CS and top plug TP are displaced through the drill
pipe DP towards the cement plug placement assembly
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1. In Figure 5, the bottom plug BP already landed in the
landing and disconnecting collar 2. The cement slurry
CS is pushed downwards by the top plug TP which is
pushed by a fluid F2, e.g. a mud pumped downwards
from the surface. The diaphragm RD in the plug body
ruptures to allow the cement slurry CS to pass through
after the plug reaches the landing and disconnecting col-
lar 2. The cement slurry CS flows through the bottom
plug BP, the internal conduit of the assembly 10. Then
the cement slurry CS flows through the side conduits 8
into the annulus AN2 between the shoe track 3, the seal-
ing element 6A, 6B and the wall WBW of the well-bore.
[0040] Figure 6 illustrates the assembly 1 at the end
of the displacement phase.

[0041] In a sixth step S6, at the end of the displace-
ment, the top plug TP lands onto the bottom plug BP.
This provides a sudden pressure bump PU giving a pos-
itive indication of contact with the landing and discon-
necting collar 2 and the bottom plug BP. The increase in
pump pressure may be detected by an appropriate de-
tector (not shown) at the surface.

[0042] The drill pipe DP is also disconnected from the
landing and disconnecting collar 2 of the cement plug
placementassembly 1. The disconnection of the drill pipe
DP from the landing and disconnecting collar 2 is trig-
gered by the pressure bump.

[0043] Figure 7 illustrates the assembly 1 during dis-
connection.
[0044] Inaseventh step S7, the drill pipe DP is at least

partially pulled out of the hole POOH of the well-bore.
Since the whole assembly 1 is drillable, itis not necessary
to pull the drill pipe DP completely out of the hole. Thus,
the chance of contamination and the risk of the cement
setting with the drill pipe DP immersed are also reduced.
With the invention, there is no time spent in plug balanc-
ing.

[0045] A fluid may be circulated through the drill pipe
for cleaning purpose.

[0046] Once the cementis set, the cement plug PG is
formed by the cement filled in landing and disconnecting
collar 2, shoe track 3, circulation element 4, guide shoe
5, internal conduit 10 and annulus portion AN2. The ce-
ment plug CP may be used for a variety of applications
including hydraulic isolation, provision of a secure me-
chanical platform, and in window-milling operations for
sidetracking a new well-bore, or a horizontal or deviated
well-bore.

FINAL REMARKS

[0047] It is to be mentioned that the invention is not
limited to onshore hydrocarbon well and can also be used
in relation with offshore hydrocarbon well. Further,
though a vertical well-bore has been depicted in the draw-
ings, the invention may also apply in a horizontal or de-
viated well-bore.

[0048] Furthermore, though, the invention has been
presented with a particular cementing application, it is
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not limited to the placement of a cement plug which pur-
pose is to achieve hydraulic isolation at a particular lo-
cation in the well-bore. The invention may serve other
purposes, for example in remedial cementing through
the placement of drillable casing patch which purpose is
to stabilize the well-bore or to seal a lost circulation zone,
or to set a plug in an existing well so that it may be aban-
doned.

[0049] Also, a particular application of the invention
relating to the oilfield industry has been described. How-
ever, the invention is also applicable to other kind of in-
dustry, e.g. the construction industry or the like.

[0050] The drawings and their description hereinbe-
fore illustrate rather than limit the invention.

[0051] Anyreference signin aclaim should not be con-
strued as limiting the claim. The word "comprising" does
not exclude the presence of other elements than those
listed in a claim. The word "a" or "an" preceding an ele-
ment does not exclude the presence of a plurality of such
element.

Claims

1. An assembly for placing a cement plug (1) in a well-
bore comprising a landing and disconnecting collar
(2), a shoe track (3), a circulation element (4), and
a guide shoe (5), said elements forming an internal
conduit (10), the circulation element (4) comprising
side conduits (8) directed towards a well-bore wall
(WBW),
wherein the assembly (1) diameter is such as to cre-
ate a narrow annulus (AN2) in which a fluid pumped
through the side conduits (8) circulates in the annu-
lus according to a turbulent flow,
whereinthe assembly (1) further comprises a sealing
element (6) comprising a bottom sealing element
(6A), and
wherein the landing and disconnecting collar (2),
shoe track (3), circulation element (4), and guide
shoe (5) are made of material that are drillable, said
elements forming the cement plug when a cement
slurry (CS) is set into the annulus (AN2) and the in-
ternal conduit (10).

2. Anassembly for placing a cement plug (1) according
to claim 1, wherein the assembly further comprises
a top sealing element (6B).

3. Anassembly for placing a cement plug (1) according
toclaim 1 or 2, wherein the material is chosen among
the group of material comprising Aluminum, fiber-
glass, cement, plastic, and carbon fiber reinforced
material.

4. Anassembly for placing a cement plug (1) according
to any one of the preceding claims, wherein the as-
sembly further comprises a centralizer (7).
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An assembly for placing a cement plug (1) according
toany one of the preceding claims, wherein the guide
shoe (5) further comprises a differential pressure
valve (9) for reducing any piston effect on a geolog-
ical formation (GF) surrounding the well-bore (WB).

An assembly for placing a cement plug (1) according
to any one of the preceding claims, wherein the seal-
ing element (6) is a flexible cup-like packer or an
external casing packer.

A method of placing a cement plug in a well-bore
comprising the steps of:

-assembling (S1) a cement plug placing assem-
bly (1) and coupling said assembly to a drill pipe
(DP) at the surface,

-running (S2) the cement plug placing assembly
(1) to a desired depth,

- cleaning (S3) the well-bore wall (WBW) by cir-
culating fluid in said assembly by producing a
jetting effect towards the well-bore wall and a
turbulent flow in a limited annulus (AN2) portion
defined between the cement plug placing as-
sembly (1) and the well-bore wall (WBW),

- mixing and pumping (S4) a cement slurry into
the drill pipe,

- displacing (S5) the cement slurry towards the
cement plug placing assembly (1) and into the
annulus (AN2) portion, and

- disconnecting (S6) the drill pipe after a pres-
sure bump at the end of the displacing step.

A method of placing a cement plug according to claim
7, wherein a length of the cement plug is defined by
coupling casing joints during the assembling step.

A method of placing a cement plug according to claim
7, wherein the drill pipe (DP) is rotated for sweeping
a whole circumference of the well-bore wall (WBW)
during the cleaning step.
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