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CASING EXPANDING TOOL

PIPE ANCHORING AND EXPANDING UNIT FOR PRODUCING A SLIM WELL
AND METHOD FOR PRODUCING A SLIM WELL USING THE SAME

The present invention relates to an anchoring and ex-
panding unit for pipes for producing slim wells and a
method for producing a slim well for the extraction, for
example, of water, oil or hydrocarbons in general, using
the same.

In the oil industry, the term drilling means the se-
ries of operations aimed at producing a hole in the ground
to extract hydrocarbons.

Among the numerous drilling techniques currently
known, the most widely-used technique for reaching consid-
erable depths is rotation drilling with direct circulation
of fluids. In this technique, the penetration into the
ground is due to a rotating bit at whose lower end a bat-
tery of drill pipes is screwed.

As the bit advances during drilling, it crushes the
ground and produces cuttings which are lifted from the well
bottom and brought to the surface by a drilling £fluid.

This fluid is introduced into the surface, at the top
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of the drill pipes and circulates in their interior, subse-
quently exiting through fissures in the bit and re-
ascending along the hollow space between the battery of
drill pipes and the walls of the well.

After the drilling of a certain tract of the well,
this is then covered through a series of columns or pipes
and the hollow space which is created between said covering
and the well walls is then cemented.

The covering columns offer various advantages, among
which the supporting of the well walls and the re-
establishment of the original tension. These covering col-
umns, moreover, prevent contamination of the water tables
with the drilling fluid, the migration of fluids between
layers having different pressures and fluid losses.

The covering columns include a conductor pipe, a sur-
face column, a series of intermediate columns and a produc-
tion column.

These columns or pipes are inserted into the well in-
side each other and at increasing depths, in subseqguent
phases which alternate between drilling and casing running.

The traditional drilling of a well in several phases,
for a series of planning and operative reasons, gives the
well profiles the telescopic configuration shown in figures
la and 1b. Figures la and 1lb respectively show a conductor

pipe 1 which serves to sustain the surface formations, gen-
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erally poorly consolidated, and to allow the circulation of
mud. This is followed by the surface column 2, which has
the purpose of protecting the water tables, sustaining the
safety equipment and anchoring the subsequent columns.

The intermediate columns 3a-3c follow, which have the
function of allowing the drilling of tracts with different
mud densities, according to the fluid pressures in the for-
mation pores.

Finally, the production column 4 reaches the mineral-
ized formation and possibly, completely passes through it.

When possible, in order to reduce costs and have more
space available, the intermediate columns 3a-3c can be an-
chored at the end of the preceding column by the overlap-
ping of a limited tract, as shown in figure 1b. In this
case, the intermediate columns 3a-3c are called “liners”.

The number and diameter of the covering columns 1-4 of
a well are selected on the basis of a series of parameters
relating to the reservoir and well, such as, for example,
the depth of the reservoir, the type of completion of the
same, the production method which can be used, the well
profile, the type of the same (explorative or productive),
as well as on the basis of the drilling, piping, cementa-
tion, completion and maintenance costs and columns avail-
able.

As a general rule, there is the necessity of using re-
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duced diameters in order to minimize the drilling times,
obtain lower quantities of refluent fluids to be disposed
of and reduce the cost of the columns and equipment.

The telescopic shape of the well profile which is ob-
tained by means of the known techniques, however, does not
allow a great reduction in the diameters to be drilled.
These wells, in fact, start from the production column 4
whose diameter is such as to allow the passage of the com-
pletion equipment envisaged and the dimensions of the other
columns are established, bearing in mind that the clearance
between the same must be such as to allow their passage in-
side each other.

In some known ground drilling methods, expandable col-
umns are used. These columns are made of a more ductile ma-
terial which, by means of the mechanical action of an ex-
panding device or expander which acts from the inside, such
as, for example, an ogive, can be expanded beyond the elas-
tic limit, thus obtaining a rigid structure having a larger
diameter.

In these columns, when expanded inside another cover-
ing column 1-4 or in an open hole, the external hydraulic
insulation is obtained by means of elastomeric seals or,
preferably, through the cementation of the hollow space.

Furthermore, the connection of a column to the previ-

ous one is effected by means of an expandable anchoring de-
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vice called expandable liner hanger. This device normally
includes a sleeve having slips and elastomeric seals on the
outside, to allow the anchoring to the previous column,
also ensuring its hydraulic seal.

A known ground drilling method using expandable col-
umns envisages, after drilling the phase of interest, the
running of the expandable column and an anchoring and ex-
panding unit comprising an expandable anchoring device and
a conical expander through the drilling pipes. The expander
used in this method is connected to the lower part of the
expandable column. Once the column has been lowered to the
bottom of the open hole, cementation takes place, for exam-
ple by pumping mortar inside the drill pipes making it flow
inside the annulus between the column and the open hole.

The column and anchoring device are expanded, before
the solidification of the cement, so that, at the end of
the cementation phase, a perfect anchoring is obtained in
addition to a hydraulic seal.

Firstly, there is the expansion of the column, which
takes place from the bottom upwards, pressurizing the area
beneath the expander. An upward thrust is thus created, ac-
ting on the expander which, as it ascends, expands the col-
umn in the tract of interest to an equal diameter.

When the upper part is reached, hooking to the preced-

ing column 2, 3a, 3b is effected by means of the expansion
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of the anchoring device, through the activation of the ex-
ternal seals.

Once the mortar has solidified, the casing shoe 1is
milled and the drilling of the subsequent phase is re-
started, with a smaller diameter, as the overlapping tract
between the two columns 2, 3a, 3b, 3¢, in correspondence
with the anchoring device, does not allow the diameter of
the upper column to be conferred to the lower column.

This operative expansion procedure from theibottom to
the upper part offers the advantage of having a column
thickness, at the end of the expansion, almost the same as
the initial one, with positive effects on the mechanical
resistance of the same. As the hooking to the upper column
occurs at the end of the expansion phase, in ﬁact, the ma-
terial for contributing to the enlargement is supplied to
the detriment of a shortening of the lower column, rather
than through a reduction of its thickness.

This operative procedure, however, proves to be less
safe, as, should problems arise, it is difficult to extract
the expander from the expandable column, as it remains
wedged. It is consequently not possible to react in short
times.

Another currently known ground drilling method using
expandable pipes envisages the running of the expandable

columns through the drill pipes to which they are connected
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in their upper portion, in particular at the height of an
anchoring device.

The expansion occurs through a three-roll expander,
assembled on radial-stroke hydraulic pistons. Expansion
first takes place from the lower to the upper part of the
anchoring device, to constrain the lower column to the pre-
vious one.

Duriné this first operation, the column of expandable
pipes is temporarily constrained to the previous one
through a third anchoring device. It is subsequently neces-
sary to extract the battery of drill pipes and remove this
third énchoring device, having such a diameter that it does
not allow the expander to pass into the expandable tubes to
effect the downward expansion of the expandable column.

The downward expansion mode through a roll expander
offers the advantage of being able to set up the operative
procedure more finely and consequently to obtain an optimal
expansion result. Furthermore, the expansion of the column
through rolls takes place more gently with respect to a
fixed expander, with less damage to the material.

And again, by operating downwards, in the case of
problems, it is possible to free the drill pipes in short
times and solve the problem.

The two expansion phases of the anchoring means and of

the column itself, on the contrary, can only be effected
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through the removal of the particular temporary anchoring
device, thus causing relatively long operating times.

The operative methods of this system, moreover, imply
the impossibility of hydraulically isolating the column
through its cementation.

It is therefore possible to effect a hydraulic seal
only by means of elastomeric external seals.

Finally, a ground drilling method is known which uses
expandable columns envisaging a downward column expansion
with a particular device that includes an expander assem-
bled on a hydraulic piston and anchoring slips.

This device is firstly constrained to the previous
column through pressurization from the inside of the drill
pipes, with which it is lowered. In this way, the slips
protrude and anchoring against the inner wall of the column
takes place. Pressurization also causes the opening of the
hydraulic piston, which pushes the expander downwards. When
the piston has ended its stroke, the device must be depres-
surized, the slips released, and the whole battery lowered
to expand a subsequent tract of the column.

The result is a discontinuous action, and the overall
expansion times are extended.

An objective of the present invention is to overcome
the above-mentioned drawbacks, in particular to conceive a

column anchoring and expanding unit which allows a slim
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well, substantially mono-diameter, to be produced in short
times.

Another objective of the present invention is to pro-
vide a pipe anchoring and expanding unit capable of guaran-
teeing a high safety level and at the same time allowing
the isolation of the ground layers through cementation.

A further objective of the present invention is to
provide a ground drilling method capable of producing a
slim well, preferably mono-diameter, in short times.

Yet another objective of the present invention is to
provide a drilling method which allows a high number of in-
termediate phases to be effected, substantially not being
subject to a reduction of the well diameters.

An additional objective of the present invention is to
provide a drilling method which is capable of producing a
mono-diameter well having a high resistance.

This and other objectives, according to the present
invention, are achieved by producing an anchoring and ex-
panding unit for the production of a well as specified in
claim 1, and a drilling method using the same.

Further characteristics of the unit and method are ob-
ject of the dependent claims.

The characteristics and advantages of a wunit and
method according to the present invention will appear more

evident from the following illustrative and non-limiting
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10

description referring to the schematic drawing enclosed

herewith, in which:

figures la-1b are a schematic representation of the
wells produced by means of the anchoring and expand-
ing unit and the drilling methods according to the
present invention;

figure 2 is a schematic representation of the wells
obtained by means of the anchoring and expanding unit,
and the drilling method, according to the present in-
vention;

figure 3 is an exploded view of an expanding device
according to a first embodiment of the anchoring and
expanding unit of the present invention;

figure 4 is an exploded view of an anchoring device
according to the first embodiment of the anchoring and
expanding unit of the present invention;

figures 5-16 represent phases of the drilling method
according to the present invention, using the anchor-
ing and expanding unit of figures 3 and 4;

figures 7a-7b are raised side-views of the expanding
and anchoring devices in the configurations relating
to the phases of figure 7;

figures 8a-8b are raised side-views of the expanding
and anchoring devices in the configurations of figure

8;
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figures 13a-13c are respectively a raised side-view of
a section along the line A-A and a section along the
line B-B of the expanding device in the configuration
of figure 13;

figures 14a-14b are respectively a raised side-view
and a sectional view along the line A-A of the expand-
ing device in the configuration of figure 14;

figures 15a-15b are respectively a raised side-view
and a sectional view along the line A-A of the expand-
ing device in the configuration of figure 15;

figure 17 is an exploded view of an expanding device
of a second embodiment of the anchoring and expanding
unit according to the present invention;

figures 18-29 represent the phases of the ground
drilling method according to the present invention,
using the anchoring and expanding unit of figure 17;
figure 20a, is a raised side-view of the anchoring and
expanding unit in the configuration relating to the
phase of figure 20;

figures 2la-21b are respectively a raised side-view
and a sectional view along the line A-A of the anchor-
ing and expanding unit in the configuration of figure
21;

figures 22a-22d are respectively a raised side-view, a

sectional view along the line A-A, a sectional view
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along the line B-B and a sectional view along the line
C-C of the anchoring and expanding unit in the con-
figuration of figure 22;

- figures 27a-27b are respectively a raised side-view
and a sectional view along the line A-A of the anchor-
ing and expanding unit in the configuration of figure
27;

- figures 28a-28b are respectively a raised side-view
and a sectional view along the line A-A of the anchor-
ing and expanding unit in the configuration of figure
28.

With reference to the figures, these show an anchoring
and expanding unit, for the production of a well, marked as
a whole by 20, 30; 20’, 30'.

In accordance with a first embodiment, the anchoring
and expanding unit 20, 30, according to the present inven-
tion, comprises an anchoring device 20 and an expanding de-
vice 30, removably constrained to each other.

The anchoring device 20 is advantageously equipped with
suspension means 24, 24a to a preceding column 12, 13a,
13b.

More specifically, the anchoring device 20 comprises an
inner expandable tubular element 21, covered by an external
tubular liner 22, 25, also expandable, made up of two

parts, a fixed upper part 25 and a lower moveable part 22.
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The lower part 22 of the outer liner is equipped with seal-
ing means, such as, for example, elastomeric seals to cre-
ate a hydraulic circuit and act as actuator piston of a se-
ries of leaf springs 24 situated above the same and con-
strained to the upper part 25 of the outer liner.

The actuation of the leaf springs 24 takes place after
the shearing of stop pins 56 which keep the lower part 22
of the outer liner in an initial position. Once the pins 56
have been sheared, the lower part 22 of the outer liner ex-
erts a thrust on the lower portion of the leaf springs 24.
This causes the arching of the leaf springs 24 (open posi-
tion) which strike against the inner wall of the upper col-
umn 12, 13a, 13b in which the anchoring device 20 1is
housed.

The leaf spring portion 24 which strikes against the
inner wall of the upper column 12, 13a, 13b is preferably
equipped with a series of first protuberances 24a, for ex-
ample slips, which are engaged with said inner wall.

Second protrusions 26a, 26b, suitable for cooperating
with each other to keep the lower part 22 of the outer
liner raised, therefore blocking the leaf springs 24 in an
open position, are envisaged on the outer surface of the
inner tubular element 21, and inside the lower part 22 of
the outer liner.

The second protrusions 26a, 26b are preferably made of
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a soft material so that the fixing of the leaf springs 24
collapses during the expansion of the anchoring device 20.

The lower part 22 of the outer liner is preferably hy-
draulic to effect the fixing of the leaf springs 24.

The outer 1liner 22, 25 is preferably provided with
third protrusions 23, preferably wedge-shaped and made of a
hard metal to increase the anchoring of the anchoring de-
vice 20 to the upper column 12, 13a, 13b.

A second expandable tubular element 27 is also con-
strained to the inner tubular element 21, comprising inner
recesses 29 for coupling with the expanding device 30 and
outer sealing means 28, such as, for example, elastomeric
seals for the hydraulic seal with the upper column 12, 13a,
13b.

A lower intermediate column 13a, 13b, 13c of the ex-
pandable type is constrained, through a threaded connec-
tion, to said second tubular element 27.

The expanding device 30 is housed inside the anchoring
device 20, which is initially removably constrained to the
same by the action of hydraulic fixing means 31.

The expander 30 preferably includes mechanical fixing
means (not shown) which operate in the case of the non-
functioning of the hydraulic fixing means 31.

The expanding device 30 is also externally equipped

with sealing means 36, such as, for example, elastomeric
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seals to effect the hydraulic seal between the same 30 and
the anchoring device 20.

The hydraulic fixing means 31 are preferably envisaged
in the lower portion 45 of the expanding device 30. They
include a series of radially movable dogs 31 which are ini-
tially kept protruding buffering, inside the expanding de-
vice 30, against a first sleeve 46 which prevents them from
withdrawing.

The first sleeve 46 can be 1longitudinally translated
along the main expansion direction of the expander 30. A
translation of this first sleeve 46, which is such that the
wall of the sleeve 46 no longer interferes with the movable
dogs 31, allows them to withdraw inside the body of the ex-
pander 30, releasing them from the inner recesses 29 pre-
sent in the second tubular element 27 of the anchoring de-
vice 20 with which they were cooperating in order to guar-
antee the coupling between the expanding device 30 and the
anchoring device 20.

The expanding device 30 also includes a cementation
plug 32 equipped with shearing pins 54.

According to the present invention, the expanding de-
vice 30 comprises a series of extractable expanding means
33a, 33b, which can be stopped in at least two different
operative positions in which said expanding means 33a,

33bb, are extracted.
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In the particular embodiments shown, the expander in-
cludes, in the upper side, a series of pads 35 which house
said expanding means, such as, for example, off-line rolls
33a, 33b. Each of the pad 35 is preferably equipped with a
first upper cylindrical roll 33a and a second lower conical
roll 33b.

The presence of the two off-line rolls 33a, 33b allows
a progressive expansion to be effected of the coating col-
umn 13a, 13b, 13c, in two phases. In particular, the lower
conical rolls 33b form a portal, during the first expansion
phase, which facilitates the second expansion phase.

Each pad 35 preferably has a cage structure to include
and protect the rolls 33a, 33b.

The pads 35 are actuated, for example hydraulically, to
slide along a pair of tilted guides 34a, 34b, by means of a
protrusion having a swallow-tailed profile.

In particular, a first guide 34b is situated on a
wedge-shaped body 37, which can be translated along the
main development direction of the expanding device 30. The
action exerted by the translation of the first guide 34Db
towards a second guide 34a, assembled in a fixed position
on a first external tubular body 42, exerts a thrust on the
relative pad 35, which causes it to radially advance out-
wardly.

In the embodiment shown in figure 3, the wedge-shaped
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bodies 37 are hydraulically translated. For this purpose,
these bodies 37 are each constrained to a tubular rod 38,
supported by an annular body 39 equipped with a narrowing
ring 41 which creates a seal chamber between the first
outer tubular body 42 and a second inner tubular body 43.
Thanks to the pressure drops induced by a choke 53 and said
narrowing ring 41, the axial excursion which radially
pushes the rolled pads 35, proves to be advantageously
greater with respect to traditional transversal hydraulic
pistons.

In this embodiment, the wedge-shaped bodies 37 act up-
wardly, i.e. in the opposite direction with respect to the
advancing of the expanding device 30, thus also exploiting
the weight discharged by the drill pipes during the
enlargement of the column 13a, 13b.

Furthermore, the wedge mechanism 37 allows, with re-
spect to traditional radial hydraulic pistons, a much wider
transversal excursion capacity.

The elements contributing to the radial protrusion of
the rolls 33a, 33b are activated and regulated by the cir-
culation of the drilling fluid and ceases with it, to allow
said rolls 33a, 33b to re-enter during the extraction phase
of the expanding device from the battery.

According to the present invention, stop pins 55 are

also envisaged, which initially 1limit the stroke of the
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translatable wedge-shaped body 37 and therefore the radial
protrusion of the pads 35, so that the rolls 33a, 33b are
blocked in a first operative position in which they are ex-
tracted with respect to the expanding device. When the
wedge-shaped body 37 is in the first limit position deter-
mined by the stop pins 55, the expanding device 30 is capa-
ble of effecting the expansion of the columns 13a, 13b, 13c
to a first diameter.

The breakage of the stop pins 55, on the contrary, al-
lows the pads 35 to protrude further and bring the rolls
33a, 33b to a second operative position in which said rolls
33a, 33b protrude even further from the expanding body 30,
thus being able to effect a high expansion of a portion 15
of column to a second diameter which is greater with re-
spect to said first diameter.

A second protection sleeve 44 1is preferably envisaged,
for the protection of the set of elements which contribute
to the protrusion of the rolled pads 35, which is activated
only after cementation.

The functioning of the anchoring and expanding unit ac-
cording to the present invention, will now be described
with respect to the drilling phases of a well, which can be
implemented together with the same.

Following the traditional installation of a conductor

pipe 11, the drilling of the surface phase takes place. The
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surface column 12 preferably has, in its lower part, a por-
tion with a larger diameter, also called bell 15. The di-
ameter of the bell 15 is selected so that it can house the
anchoring and expanding unit 20, 30 according to the pre-
sent invention, in its interior.

The installation of a conductor pipe 11 and a surface
column 12 of the traditional type allows the use of stan-
dard wellheads and safety equipment (BOP).

The length of the bell 15 is programmed so as to have a
sufficient overlapping between the columns 12, 13a, 13b,
13¢c and allows a good insulation with the elastomeric seals
and cement.

A hundred meters are generally adequate.

According to the present invention, for each drilling
and casing running phases of the intermediate columns 13a,
13b, 13c, two distinct expansion phases substantially take
place, in which, during a first phase, there is the expan-
sion of the intermediate column 13a, 13b, 13c to a first
diameter and, subsequently, a second expansion occurs of
the lower portion 15 of said column, to a second larger di-
ameter with respect to the first diameter.

More specifically, the laying and start-up of an inter-
mediate column during the drilling of a well are effected
as follows.

First of all drilling is effected, illustrated in fig-
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ure 5, together with the enlargement of the hole obtained
by the drilling, illustrated in figure 6. For greater il-
lustrative clarity, these phases are shown in succession,
however they can also be carried out simultaneously.

The diameter of the hole obtained by drilling is such
as to allow the housing of an intermediate column 13a, 13D,
13c, which has not yet expanded. The enlargement of this
hole has the purpose of facilitating the expansion of the
intermediate column 13a, 13b, 13c, also leaving a hollow
space éufficient for the cementation.

These drilling and enlargement phases are effected by
traditional techniques and tools, such as a bit 17 and an
underreamer 18.

The subsequent column 13a, 13b, 13c of the expandable
type is lowered until it rests on the bottom of the hole
obtained during the drilling phase.

This column 13a, 13b, 13c contains accessory equipment,
such as a shoe and plugs, of the traditional type or simi-
lar. The shoe 16 is made of a material completely drille-
ble.

The intermediate column 13a, 13b, 13c is run into the
well in the traditional way, through a battery of drill
pipes connected to the expanding device 30 according to the
present invention. The intermediate column 13a, 13b, 13c,

as mentioned above, is in fact constrained to the anchoring
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device 20, which is firmly connected to the expanding de-
vice 30 though the hydraulic fixing means 31 described
above, which guarantee a high sturdiness of the whole unit
and therefore the possibility of pushing or rotating the
intermediate column 13a, 13b, 13c during its running.

The hydraulic seal between the expanding device 30 and
intermediate column 13a, 13b, 13c 1is ensured by the elas-
tomeric seal 36 outside the expander 30, which act against
the inner wall of the anchoring device 20. Thanks to these
elastomeric seals 36, it is possible to circulate the
drilling fluid during the running of the intermediate col-
umn 13a, 13b, 13c towards the bottom.

As illustrated in figure 8, in a subsequent phase, the
first ball 48 is thrown, and the same is housed in the spe-
cific housing 49 inside the second cementation plug 32, at
the bottom of the expander 30.

It is therefore possible to pressurize the inside of
the rods, for example at a pressure of about 8.3 MPa (1,200
psi), in order to shear the stop pins 56 of the lower part
22 of the outer fixing liner of the anchoring device 20.
This pressurization causes the upward sliding of said lower
portion 22 and consequently the anchoring of the protru-
sions 24a present on the leaf springs 24 against the inner
wall of the bell 15.

In this case, the anchoring of the intermediate column
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13a, 13b, 13c to the preceding column 12, 13a, 13b, does
not serve to sustain the weight of the same 13a, 13b, 13c,
but only to provide the initial reaction to the rotation of
the battery of drill pipes and expander device 30, integral
with it, during the subsequent expansion phase.

The compression constraint of the intermediate column
13a, 13b, 13c at the well bottom is preferable in order to
facilitate the subsequent expansion and improve the me-
chanical resistance of the columns.

By further increasing the pumping pressure, to about
10.3 MPa (1,500 psi) for example, the stop pins 57 of the
hydraulic fixing means 31 of the toothed mechanism are
sheared. The first sleeve 46 of the expander 30 then slides
upwards, and the expander 30 is released from the anchoring
device 20 and consequently from the intermediate column
13a, 13b, 13c, as shown in figure 9.

By removing a portion of weight of the manoeuvring bat-
tery before the release of the expander 30, a lowering of
the battery, after the release, can be observed.

There is subsequently a further increase in pressure to
about 12.4 MPa (1800 psi) for example, to expel the ball 48
and its housing 49, which fall to the bottom as shown in
figure 10.

This is followed by the cementation of the intermediate

column 13a, 13b, 13c by the passage of a suitable gripping
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material 50, such as, for example, mortar, introduced
through the drill pipes towards the inside of the interme-
diate column 13a, 13b, 13c¢, as shown in figure 11.

The pumping pressure of the gripping material 50 breaks
the shearing pins 54 through which the plug 32 is anchored
to the bottom of the expanding device 30, which falls to
the bottom of the intermediate column 13a, 13b, 13c pushing
the gripping material 50 into the annular space 40 formed
by the same 13a, 13b, 13c with the well wall (see figure
12).

Before the solidification of the gripping material (ce-
ment) 50, the expansion takes place of the intermediate
column 13a, 13b, 13c, constrained in compression to the
bottom.

The expansion of the intermediate column 13a, 13b, 13c
takes place downwards through the rotation of the specific
expander 30 enabled by the anchoring of the intermediate
column 13a, 13b, 13c to the preceding column 12, 13a, 13b,
by means of the specific suspension means 24. There is a
decrease in the forces, with respect to a fixed expander,
and therefore of the damage on the inner wall of the col-
umns. This effect is further improved by the double line of
rolls 33a, 33b, with which the expander 30 is equipped, ac-
cording to the present invention. Furthermore, the off-line

positioning of the rolls 33a, 33b, assures a softer
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enlargement, in two phases: whereas, as already mentioned
above, the lower conical rolls 33b form a portal for dis-
charging and reducing the load necessary for the advancing,
the upper cylindrical rolls 33a ensure the final diameter
and an optimum calibration.

The expander 30 is firstly slightly raised through the
drill pipes. In this way the elastomeric seals 36 of the
expander are released from the inner wall of the anchoring
device 20 and the rolled pads 35 are positioned in corre-
spondence with the upper end of the same device 20.

In this way, fluid can be circulated to remove any pos-
sible excess of gripping material (cement) 50.

The second ball 51 is then thrown, as illustrated in
figure 13, which, once it has reached its housing 52, iso-
lates the upper part of the expanding device 30 from the
lower part 45. It is then possible to pressurize the inside
of the rods, for example at about 17.2 MPa (2,500 psi), so
that the fixing pins 58, which keep the second sleeve 44 of
the expander 30 in position, are sheared.

The sliding of the second sleeve 44, connected to the
housing 52 of the ball 51, causes the lifting of the sup-
port rods 38 of the wedge-shaped bodies 37 and therefore
the radial protrusion of the pads 35.

The enlargement of the intermediate column 13a, 13b,

13c is effected through the rotation imposed to the ex-
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pander 30 with the rolls 33a, 33b protruding through the
drill pipes.

The expansion is first exerted towards the upper part
of the anchoring device 20. Under this action, the second
protrusions 26a, 26b, which hold the leaf springs 24 in an
anchoring position, yield slightly, whereas the brotrusions
23 envisaged on the outer wall of the anchoring device 20,
create a further constraint between the preceding interme-
diate column 12, 13a, 13b and said device 20.

The expansion proceeds along the whole length of the
intermediate column 13a, 13b, 13c as shown in figure 14.

In this sense, the expanding device 30 has the contem-
poraneous function of installing the expandable column and
enlarging it.

Once the bottom has been reached, the circulation of
the drilling fluid is stopped to allow ‘the rolled pads 35
to re-enter, the battery is pulled out by about a hundred
metres and the downward enlargement of the bell 15 is ef-
fected.

The circulation flow-rate is increased for this purpose
to obtain a higher thrust on the wedges 37 and break the
stop pins 55 which, as they are positioned along the axial
sliding of the annular body 39, limit its excursion and
consequently the radial enlargement of the pads 35.

Once the maximum radial expansion of the sliding blocks
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35 has been reached, the bell 15 is produced, which houses
the anchoring and expanding unit, to make a following well
portion. This phase is illustrated in figure 15.

When the enlargement is complete, if it is necessary to
restore accessibility of the central hole of the expander
30, it is sufficient to increase the pressure to expel the
second ball 51 and its housing 52 at the bottom.

When the cement at the outside of the intermediate col-
umn 13a, 13b, 13c solidified, the milling of the shoe is
effected, as shown in figure 16, to initiate the formation
of a following portion of the well.

Thanks to the anchoring and expanding unit 20,30, which
allows expansions at different diameters to be produced, it
is possible to produce a bell 15, without the necessity of
reducing the diameter of the subsequent column 13a, 13b,
13c. The reduction of the diameters used with respect to
traditional diameters, advantageously causes a first reduc-
tion in the time and costs for drilling the well. Further-
more, the particular devices 20,30 used allow the bell 15
to be produced with operational continuity, with no time
waste and subsequent specific operations. It is possible to
effect the expansion operations when the cement behind the
columns is still liquid.

The vibrations induced by the rotations of the drill

pipes during the expansion advantageously improve the ce-
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mentation quality.

With reference to figure 2, this shows the well 10 ob-
tained by means of the drilling method according to the
present invention.

This well 10 comprises a conductor pipe in the upper
part, which reaches the surface and in which a surface col-
umn 12 is inserted, which also reaches the surface.

The conductor pipe 11 and the surface column 12 can be
chosen with a reduced diameter. In the embodiment shown,
the guide pipe 11 has a diameter of 339.7 mm and the sur-
face column has a diameter of 244.5 mm.

The surface column 12 has, in its lower part, a bell
15, i.e. a portion having a larger diameter with respect to
the diameter of the prevailing development of column 12,
equal, for example, to 273.1 mm.

Connected to the bell 15 of the surface column 12,
there is at least one intermediate column 13a, 13b, of the
expandable type, enlarged so that it also forms, in its
lower portion, a bell 15.

The enlargement diameters are selected so as to avoid
an overall reduction of the hole diameter. Consequently,
the upper portion of an intermediate column 13a, 13c is
enlarged to a diameter corresponding to the inner diameter
of the bell 15 of the previous column 12, 13a, 13b, whereas

the lower portion 15 has a diameter similar to the external
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diameter of said bell 15, of the preceding column 12, 13a,
13b.

In the embodiment shown, the upper portion of the in-
termediate column is enlarged to a diameter of 244.5 mm,
whereas the lower part is expanded to a diameter of 273.1
mm.

The maximum expansion, characteristic of the bell por-
tion 15, is advantageously effected only in a limited tract
of the intermediate column 13a-13c sufficient for the over-
lapping with the subsequent column.

Even if the lower portions of the intermediate columns
are subject to less mechanical stress, and are, in any
case, reinforced through the overlapping with the subse-
quent column, it is preferable to produce this portion with
the minimum necessary dimensions.

If the drilling method of a well according to the in-
vention is applied only to some tracts of said well, parts
of the intermediate columns 13a - 13c can also be selected
non-expandable, but comprising a lower portion with a lar-
ger diameter.

In this case, the two expansion phases with a different
diameter, will refer only to the expandable intermediate
columns.

Finally, a production column 14, selected with a non-

expandable material, is advantageously included to guaran-
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tee the characteristics of robustness of a traditional
well, which columns made of expandable material 13a-13c are
not capable of offering.

The production method of a well described can also be
implemented with alternative embodiments of the anchoring
and expanding unit 30,20, according to the present inven-
tion.

In a second embodiment illustrated in figures 17-29,
the anchoring and expanding unit comprises an anchoring de-
vice 20’ of the traditional type and an expanding device
30’ equipped with suspension means 24’ to a previous inter-
mediate column 12, 13a, 13b.

The expanding device 30’, in addition to the elements
described with respect to the first embodiment, comprises,
in the upper part, hydraulic suspension means 24’ forming a
parallelogram.

These suspension means 24’ comprise a series of paral-
lelograms 62 assembled on a cylindrical body 63, driven in
expansion by hydraulic pistons 64 and drawn by elastic
means 65, such as, for example, a spring.

The suspension means 24’ with a parallelogram 62, are
capable of expanding the traditional anchoring device 20',
thus fixing it to the previous column 13a by compression.

As shown in the sequence of figures from 18 to 29, the

operative phases of the method according to the present in-
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vention differ only in their succession.

In particular, the release of the expanding device 30’
from the anchoring device 20’ occurs before the anchoring
phase of the anchoring device 20’ to the previous column
12, 13a, 13b (figures 21 and 22).

More specifically, after releasing the expander 30’
with a pressure of about 8.3 MPa (1,200 psi) for example,
the pressure is increased to about 10.3 MPa (1,500 psi) for
example, to break the stop pins 56’ which are blocking the
thrust ring 61 of the parallelograms 62.

The load is discharged, still maintaining the battery
under pressure, so that the series of enlarged parallelo-
grams 62 can expand the upper part of the anchoring device
20’ thus anchoring the third external slips 23 against the
preceding column 13b.

The expansion of the anchoring device 20’ through the
series of parallelograms 62 does not prevent the f£fluid
circulation, in this way it can follow the cementation of
the subsequent expandable column 13b with the same proce-
dures already illustrated.

The parallelogram suspension means 24’ are subsequently
withdrawn in order to proceed with the expansion phases by
means of the rolled pads 35. This is followed by the com-
plete expansion of the anchoring device 20’ and intermedi-

ate column 13a-13c constrained to it.
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The characteristics of the device and method, object of
the present invention, in addition to the relevant advan-
tages, appear clear from the above description.

The presence of suspension means 24,24a,24' and spe-
cific slips 23 allow the expansion of the intermediate col-
umn to be effected while the expander is rotating, thus re-
ducing damage on the inner part of the columns.

Furthermore, the specific conformation of the hydraulic
actuation means acting on the expanders of the relative de-
vice, allow a much higher excursion with respect to tradi-
tional radial-run pistons, thus allowing a higher expansion
thrust to be exerted, also during the forced expansion
phase.

Again; thanks to the anchoring and expanding unit ac-
cording to the present invention, during the drilling of a
well, it is possible to effect the two expansion phases of
a column, one after another and therefore before the grip-
ping material solidifies.

In addition, the effecting of the strong expansion only
on the lower portions of the intermediate columns together
with the inclusion of a production column for covering said
intermediate columns, make the overall stability character-
istics of the well comparable to those of a traditional
well in which only non-expandable and therefore stronger

columns are used.
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Finally, it is evident that the device thus conceived
can undergo numerous modifications and variations, all in-
cluded in the invention; furthermore, all the details can
be substituted by technically equivalent elements. In prac-
tice, the materials used, as also the dimensions, can vary

according to technical requirements.
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CLAIMS
1. An anchoring and expanding unit for drilling a well
comprising an anchoring device (20, 20’) and an expanding
device (30, 30'), reciprocally removably constrained, said

anchoring device (20, 20’) being of the expandable type,
characterized in that said expanding device (30, 30') in-
cludes a series of expanding means (33a, 33b) which can be
extracted and blocked in at least two different operative
positions, wherein said expanding means (33a, 33b) pro-
trude radially from said expanding device (30, 30').

2. The anchoring and expanding unit for the production of
a well according to claim 1, characterized in that said ex-
panding means (33a, 33b) are a pair of off-line rolls.

3. The anchoring and expanding unit for the production of
a well according to claim 1, characterized in that said
pair of off-line rolls comprises a first cylindrical roll
(33a) and a second conical roll (33b).

4. The anchoring and expanding unit for drilling a well
according to claim 2 or 3, characterized in that each pair
of off-line rolls (33a, 33b) is housed on a pad 35 which
slides along a pair of tilted guides (34a, 34b), at least
one first guide (34b) of said pair of guides (34a, 34Db) Dbe-
ing translatable towards a second guide (34a) of said pair

of guides (34a, 34b).
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5. The anchoring and expanding unit for drilling a well
according to claim 4, characterized in that said at least
one translatable guide (34b) is translated by hydraulic ac-
tuation means (37, 38, 39) which move in the main develop-
ment direction of said expanding device (30, 30').

6. The anchoring and expanding unit for drilling a well
according to claim 5, characterized in that said hydraulic
actuation means comprise a wedge-shaped body (37) connected
to a rod (38) supported by an annular body (39) equipped
with a narrowing ring (41), said translatable guide (34Db)
being situated on a tilted wall of said wedge-shaped body
(37) .

7. The anchoring and expanding unit for drilling a well
according to claim 5 or 6, characterized in that said ex-
panding device (30, 30’) is equipped with first removable
stopping means (55), suitable for blocking the run of said
hydraulic actuation means (37, 38, 39) in a first position
corresponding to a first operative position of expanding
means (33a, 33b).

8. The anchoring and expanding unit for drilling a well
according to any of the previous claims, characterized in
that said expanding device (30, 30’) is equipped with hy-
draulic fixing means (31) suitable for removably constrain-
ing said expanding device (30, 30’) to said anchoring de-

vice (20, 20').
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9. The anchoring and expanding unit for drilling a well
according to claim 8, characterized in that said hydraulic
fixing means (31) are a series of radially movable dogs
(31), kept in a protruding position with respect to said
expanding device (30, 30') by a first sleeve (46) which can
be translated along said main development direction of said
expanding device (30, 30’) which prevents them from with-
drawing.

10. The anchoring and expanding unit for drilling a well
according to claim 9, characterized in that said dogs (31)
are engaged with corresponding recesses (29) situated in
said anchoring device (20, 20').

11. The anchoring and expanding unit for drilling a well

according to any of the previous claims, characterized in

that it comprises suspension means (24, 24a, 24’) suitable
for constraining said anchoring device (20, 20’) to said
well.

12. The anchoring and expanding unit for drilling a well
according to claim 11, characterized in that said suspen-
sion means (24, 24a, 24') are suspension means with a ra-
dial expansion.

13. The anchoring and expanding unit for drilling a well
according to claim 11 or 12, characterized in that said
suspension means (24, 24a) are situated on said anchoring

device (20).
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14. The anchoring and expanding unit for drilling a well
according to claim 13, characterized in that said suspen-
sion means (24, 24a) are a series of leaf springs (24) ac-
tuated by means of a hydraulic piston (22) which causes
them to arch.

15. The anchoring and expanding unit for drilling a well
according to claim 14, characterized in that said leaf
springs (24) comprise a series of first protuberances (24a)
on the radially most external surface.

16. The anchoring and expanding unit for drilling a well
according to claim 11 or 12, characterized in that said
suspension means (24, 24a) are situated on said expanding
device (30').

17. The anchoring and expanding unit for drilling a well
according to claim 16, characterized in that said suspen-
sion means (24’) comprise a series of parallelograms (62)
assembled on a cylindrical body (63), driven in expansion
by hydraulic pistons (64) and brought back by elastic means
(65) .

18. A method for drilling a well comprising the following

phases:
- running and installing a conductor pipe (11), a surface
column (12), at least one intermediate column (13a, 13b,

13c), widening said column downwards to a first diameter;

- widening a lower tract of said at least one intermediate
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column (13a, 13b, 13c) downwards to a second greater diame-
ter with respect to said first diameter.

19. The method for drilling a well according to claim 18,
characterized in that said at least one intermediate column
(13a, 13b, 13c) is lowered together with an anchoring and
expanding unit (20, 30; 20‘, 30’) according to any of the
claims from 1 to 17, said anchoring and expanding unit (20,
30; 20’, 30’) being positioned in correspondence with the
base of the 1last column (12, 13a, 13b) previously in-
stalled.

20. The method for drilling a well according to claim 19,
characterized in that it comprises a phase which consists
in fixing the anchoring device (20, 20’) of said anchoring
and expanding unit (20, 30; 20’, 30') to said base of said
previously installed column (12, 13a, 13b) .

21. The method for drilling a well according to claim 20,
characterized in that it comprises a phase which consists
in forming a permanent connection between said previous
column (12, 13a, 13b) an said intermediate column to be in-
stalled (13a, 13b, 13c) through the expansion of said an-
choring device (20, 20').

22. The method for drilling a well according to one of the
claims from 19 to 21, characterized in that between said
first enlargement phase and said second enlargement phase,

the expanding device (30, 30’) of said anchoring and ex-
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panding unit is raised for a length substantially equal to
the overlapping tract between two subseguent columns (12,
13a, 13b, 13c).

23. The method for drilling a well according to one of the
claims from 18 to 22, characterized in that before said
first and second enlargement phase there is cementation of
the intermediate column to be installed (13a, 13b, 13c) by
the introduction of a gripping material (50), said first
and second enlargement phase being effected before said
gripping material (50) solidifies.

24. The method for drilling a well according to one of the
claims from 19 to 23, characterized in that said surface
column (12) comprises a lower bell portion (15) having such
dimensions as to house said anchoring and expanding unit

(20, 30; 20’, 30').
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