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(57) Abstract: Method of assembly of a string (S) of drilling elements for deepwater
drilling. Each drilling element comprises an axial through hole (21), through which

drilling mud (M) can at least flow, and two connection portions (23) for connecting it
in series in said string. The method comprising the following steps: a) assembling a

lower portion of the string (15); b) taking a first drilling element (2); ¢) assembling
said at least one first drilling element (2) with other drilling devices in order to create a
first section (T1) of the string ( S ); d) repeating steps b)-c) until said lower portion

(15) arrives in the proximity of the blowout preventer (4) or in the proximity of the
bottom (G); e) beginning the assembly of second drilling elements (20) while execut-
ing a drilling cycle, for the purpose of creating at least a second section (T2) of the
string (S); 1) repeating step ¢) until the second section (T2) has reached an extension
equal to a desired drilling depth. After step a) and before step b), at least one step s) is
carried out, wherein at least one third drilling element (3) is assembled, which com-
prises at least one obstruction element (5) for preventing a backflow (B) from being
generated in said string (S).
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TITLE: METHOD OF ASSEMBLY OF A STRING OF ELEMENTS FOR
DEEPWATER DRILLING AND ULTRADEEP, OBSTRUCTION ELEMENT AND
CORRESPONDING USE OF THE SAME IN SAID DRILLING STRING.

The present invention relates to a method of assembly
of a string of drilling elements, such as, for example,
drill pipes, in which at least one obstruction element 1is
inserted as a safety device, for drilling wells for oil-
field exploration and development 1in deep and ultra-deep
waters, such as seas or watersheds. The present invention
further relates to an obstruction element acting as a
safety device and to the use thereof in said string of said
drilling elements.

The obstruction element acting as a safety device,
which 1is inserted in the drill string according to the
present invention, protects the environment and the life of
the c¢rew of a drilling rig, because 1t prevents an
uncontrolled outflow of layer fluids, also known as
blowout, through the inside of the drilling elements, e.g.
drill pipes.

The obstruction element acting as a safety device
according to the present invention operates automatically
and ensures that the pipes will be <closed internally.
Moreover, during the well drilling cycle said obstruction
element 1s positioned under the blowout preventer (BOP),
thus ensuring that the shear rams comprised in BOP will be
able to cut the pipe properly and sharply, since the
drilling element or pipe will not be concerned by an
anomalous internal pressure that might adversely affect the

cutting.
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For the purposes of the present invention, the term
deepwater drilling relates to a drilling process carried
out 1into the bed of a sea, an ocean or a watershed in
general, the depth of said bed being at least 550 m,
whereas ultra-deepwater drilling refers to a depth of at
least 1500 m from the water level.

It is known that in deepwater drilling, in particular
in very deep waters, the actual drilling of the bottom or
bed occurs after a string of drilling elements or pipes has
already been assembled, the 1length of which equals the
depth of the bottom or bed. Other drilling elements are
then added to this first string of elements to allow the
drilling rig to execute the drilling cycle, as known to the
man skilled in the art.

By way of example, 1in order to drill 1500 m with a
water depth of 1000 m from sea level, it will be necessary
to assemble a 2500m pipe string.

It is also known that, 1in deepwater drilling, the
blowout preventer (BOP) for preventing an undesired outflow
of hydrocarbons from a drilling well, is positioned on the
bottom or bed, i.e. very distant from the drill floor where
the drilling elements are assembled to form the string.

In the drilling field, all those who design and drill
wells rely on the concept that at least two independent and
tested safety barriers must be available. In most cases,
the two safety barriers respectively consist of: the
circulating drilling mud, the gradient of which is higher
than the gradient of the pores of the formation being
crossed; and the safety equipment installed and tested at

the wellhead.
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For the purposes of the present invention, the term
wellhead relates to the point where the drilling well
begins, which in deepwater drilling is on the bottom or bed
of the watershed.

In the technical jargon used in the o0il well drilling
industry, the safety equipment essentially consists of the
blowout preventer (BOP).

Current BOP’'s can hold operating pressures in the
range of 3,000 to 15,000 psi, i.e. 20.68 MPa to 103.4 MPa,
in deepwater drilling. For ultra-deepwater drilling, BOP’s
are typically used which work at pressures in the range of
10,000 to 15,000 psi, di.e. 68 MPa to 103.4 MPa. BOP’s
include a set of clamping devices, such as rams, to clamp
the drilling elements, and a plurality of shearing elements
to shear the drilling elements. In particular, a BOP for
deepwater use comprises at least three profiled rams, one
blind ram, and one or two shear rams, which c¢lose the
wellhead. Said BOP also comprises closing elements called
annulars, which can exert a pressure in the range of 5,000
to 10,000 psi, 1i.e. approx. 34.47 MPa to 68.93 MPa.
Normally the device includes one upper closing element, or
upper annular, and one lower closing element, or lower
annular.

Said closing elements can close any drilling element
or drill pipe of any common size, and can even exert a
blind closing action by closing the through hole comprised
in said drilling element, as is known to a man skilled in
the art.

In the prior art, shear rams have been introduced for
offshore activities on semi-submersible craft and drill

ships, for the purpose of being able to shear the pipes in
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dangerous situations and move away with the drilling craft,
leaving at the bottom of the sea a well closed at its head
by safety equipment.

Said hydrocarbon Dblowout preventer or BOP normally
comprises an upper portion and a lower portion. Said upper
portion 1is separable from the lower portion, which will
remain on the bottom or bed, integral with the wellhead.
This separation of the BOP into two portions allows
safeqguarding the life of the crew aboard the floating craft
or structure normally employed for deepwater drilling,
while at the same time ensuring a safe closing of the well.

Said removed upper portion of the BOP can be
reconnected to the safety system left at the wellhead, and
drilling activities can then be resumed.

The cutting of the well pipes effected by the shear
rams of the BOP 1is considered to be the last action that
should be taken because, by so doing, hydraulic contact
with the well will be lost and all actions aiming at
restoring the normal safety and working conditions at the
well will then be precluded. It follows that, 1f this
extreme action 1is the only option that is left, the BOP
will need to be in the best conditions for performing the
cutting.

It is known that the BOP ensures the best cutting
results on drilling elements or drill pipes in the well
when 1inside said pipes there 1is the nominal working
pressure, i.e. no anomalous pressure.

For the purposes of the present invention, the term
anomalous pressure refers to a pressure higher than the
pressure which 1is present 1inside the drilling elements

during the drilling cycle. In particular, an anomalous
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pressure 1s a pressure higher than the maximum drilling mud
intake pressure.

Said anomalous pressure normally causes an
uncontrolled outflow of Thydrocarbons, or Dblowout. In
particular, if blowout occurs through the inside of the
drill pipes, the BOP device will not operate in optimal
working conditions. It can therefore be presumed that the
shear rams will not be able to cut the pipe with anomalous
internal pressure and to properly seal the well. Moreover,
depending on the reservoir pressures, the wvalue of the
pressure inside the drill pipes may vary considerably.

The actual trend is to build increasingly powerful and
robust prevention systems or BOP’s, even including two
shearing parts, without however paying attention to the
above-mentioned concept, according to which 1t must be
ensured that, during the step of shearing the drilling
elements, the pressure conditions inside the pipes must be
such as to allow the shear rams to work 1in the best
operating conditions.

Therefore, notwithstanding the high power of these new
prevention devices or BOP’'s, problems might be easily
encountered while cutting pipes in high-pressure and high-
temperature well conditions, also known as HP/HT.

It is also known to use a valve assembly 1in series
with the through hole of the drilling element of a drill
string, aiming at preventing the drilling mud, during
continuous mud circulation, from flowing out on the drill
floor while adding or removing one or more drilling
elements to/from said string, as described, for example, in

patent US3298385.
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The present invention aims at solving the above-
mentioned technical problems by implementing a method of
assembly of drill pipes and an obstruction element, and the
use thereof, 1in accordance with the present invention,
thereby ensuring that inside the drilling element, at
wellhead level, there will always be a pressure that will
allow the BOP device to operate 1in the best working
conditions, should it be necessary to shear any drilling
elements in order to secure a drilling well for hydrocarbon
exploration.

One aspect of the present invention relates to a
method of assembly of drill pipes for deepwater and/or
ultra-deepwater drilling, having the features set out in
the appended claim 1.

Another aspect relates to an obstruction element
having the features set out in the appended claim 9.

A further aspect of the present invention relates to
the use of an obstruction element comprised in drilling
elements for deepwater and/or ultra-deepwater drilling,
having the features set out in the appended claim 13.

The features and advantages of the method, of the
obstruction element and of the use thereof will become
apparent from the following description of at least one
exemplary and non-limiting embodiment of the method of
assembly, of the obstruction element and of +the use
thereof, as well as from the annexed drawings, wherein:

° Figure 1 shows a typical apparatus for deepwater
or ultra-deepwater drilling, in particular a rig comprising
a floating station whereon a derrick 1is placed, above sea
level, and a safety device placed on the bottom or bed of

the watershed or sea, and a set of drill pipes running for



10

15

20

25

30

WO 2015/145293 PCT/IB2015/051839

the entire depth of the watershed or sea down into the
wellbore;

o Figures 2A and 2B show one possible embodiment of
a drilling element comprising an obstruction element in
different ©operating configurations; in particular, in
Figure 2A the obstruction element 1s shown 1in a first
configuration, wherein it obstructs the axial hole of the
drilling element with which it is associated, thereby
preventing the circulation of a backflow; in Figure 2B the
obstruction element is shown 1in a second configuration,
wherein 1t clears the axial hole of the drilling element
with which it 1s associated, thus not obstructing it and
re-establishing the passage that was obstructed in the
first operating condition, thereby allowing the circulation
of a flow of drilling mud towards the well bottom;

o Figures 3A and 3B show the flow within a drilling
element in two different conditions: Figure 3A
schematically shows the nominal flow within the drilling
device during a drilling cycle, whereas Figure 3B
schematically shows the flow during a blowout inside the

drilling element;

o Figure 4 shows a perspective view of a
disassembled obstruction element that can be associated
with a drilling element for the use claimed herein;

o Figures 5A and 5B show two different sectional
views of an obstruction element in the second operating
configuration; 1in particular, Figure 5A shows a first
section of the obstruction element relative to the plane
5A-5A, whereas Figure 5B shows a second section thereof
relative to the plane 5B-5B, wherein one <can see the

position of the obstructor in the cavity.
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o Figure 6 shows by way of example a flow chart of
the method of assembly of drilling elements for deepwater
drilling in accordance with the present invention.

The above-mentioned drawings illustrate the method of
assembly of a string “S” of drilling elements, which string
is specific for drilling oil wells “W” in deep and/or
ultra-deep waters, e.g. into the bottom of seas, oceans or
lakes.

In the method according to the present invention, each
drilling element, which can be assembled in series 1into
string “8”, comprises at least one axial through hole 21,
through which drilling mud “M” can at least flow in a first
direction. Said first direction 1s concordant with the
longitudinal axis “Z"”, as shown by way of example in Figure
3A. Said drilling mud “M” is directed towards the bottom of
well “W".

Each one of said drilling elements comprises at least
two connection portions 23 for allowing the same drilling
element to be connected in series in said string “S87,
particularly to other drilling elements.

The method of assembly of a string “S” of drilling
elements for deepwater drilling according to the present
invention comprises the following steps:

a) assembling a lower portion of string 15, e.g. the
bottom hole assembly (BHA) comprising a drill bit, drill
collars (DC) and any stabilizers;

b) Taking at least one first drilling element 2 from
a housing;

c) Assembling said at least one first drilling
element 2 with other first drilling elements, e.g. the

lower portion of string 15 or other drilling elements 2, in
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order to <create a first section “T1” of string “8”
comprising said first drilling elements 2 directed towards
a bottom or bed “G”, in particular directed towards the
place where a blowout preventer or BOP 4 is located, where
well “W”, and hence wellhead “H”, will be made;

d) Repeating steps b)-c) until the lower portion 15
arrives 1in the proximity of blowout preventer or BOP 4 or
in the proximity of bottom or bed “G”;

e) Beginning the assembly of second drilling
elements 20 while a drilling apparatus 1 is carrying out a
drilling cycle, for the purpose of creating at least a
second section “T2"” of string “S”;

) Repeating step d) until the second section “T2”
has reached an extension at 1least equal to a desired
drilling depth.

The method according to the present invention
envisages the execution, after step a) and before step b),
of at least one step s), wherein at least one third
drilling element 3 1s assembled into said string, which
element comprises at least one obstruction element 5.

The method according to the present invention also
envisages the execution, while carrying out the sequence of
steps b)-d), preferably extremes included, of at least one
further step s), wherein at least one third drilling
element 3 1s assembled into said string, which element
comprises at least one obstruction element 5. Said
obstruction element 5 prevents a backflow “B", in
particular a flow opposite to the predetermined direction
of drilling mud “M”, from being generated in said string
“3"”. The direction of drilling mud “M” towards the bottom

of well “W” 1is imposed by a mud circulation system, not
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shown in detail. In general, said obstruction element 5
prevents the generation of a backflow “B” by obstructing
said axial hole 21 of the drilling element with which it is
associated.

With this sequence of steps, at the beginning of the
drilling cycle carried out by a drilling apparatus 1, i.e.
when the actual drilling activity starts for making a well
“wW”, said third drilling element 3 is placed at least at
the blowout preventer or BOP 4, or downstream of it towards
the bottom of well “W”. More preferably, the method is
executed in a manner such that, at the beginning of the
drilling cycle carried out by a drilling rig 1, said third
drilling element 3 1is placed at such a depth as to be
located downstream of at least one first shearing device
comprised in the blowout preventer or BOP 4, in particular
such that said obstruction element 5 i1s located downstream
of at least one first shearing device. Such an arrangement
ensures that, should a backflow #“B” tend to propagate
within the drilling elements through axial hole 21, near a
shearing device of the blowout preventer or BOP 4 there
will be a known pressure, lower than the nominal working
pressure, preferably equal to or lower than the atmospheric
pressure.

Thanks to the execution of step s) 1in the method
according to the present invention, at least one third
element 3 1is interposed, 1in series along string #“S8”,
between initial portion 15 and the antecedent of the first
drilling elements 2 and/or between two consecutive first
drilling elements 2.

As previously specified, and as will be illustrated

below, in a first embodiment said initial portion 15 may be

10
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the assembly referred to as bottom hole assembly or BHP,
comprising a drill bit, drill collars, stabilizers, etc.,
as known to those skilled 1in the art. In equivalent
embodiments, said initial portion 15 is a drill pipe, as
known to those skilled in the art.

For the purposes of the present description, the term
drilling apparatus 1 for deepwater or ultra-deepwater
drilling refers to an apparatus for drilling oil wells,
comprising a structure floating on water, in turn
comprising a drill floor whereon a mast 12 is arranged, as
shown in Figure 1 and as known to a man skilled in the art.

With string “S8” of drilling elements obtained by using
the method according to the present invention, in the event
of a reversal of the direction of the flow 1inside the
drilling elements, said obstruction element 5 will be able
to take, preferably automatically, a first configuration in
which it will obstruct axial hole 21 of the third drilling
element 3 with which it is associated. In particular,
should a rising backflow “B” be generated along string “S8”
of drilling elements, e.g. towards floating structure 11,
which backflow “B” might cause an undesired blowout of
hydrocarbons, said obstruction element 5 will obstruct, by
taking said first configuration, axial hole 21 of the third
drilling element 3 with which it 1s associated, thereby
preventing backflow “B” from propagating past head *“H” of
well “W”, where the blowout preventer or BOP 4 is located,
or even up to the drill floor.

Figure 3B shows a backflow “B” tending to go up along
string “S” through axial hole 21 of drilling elements 2,
towards floating structure 11. Thanks to the method of

assembly of string “S” according to the present invention,

11
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obstruction element 5 comprised in the third drilling
elements 3 will cause backflow “B” to be at least partially
attenuated at least at the level of head “H” of drilling
well “W”, so that blowout preventer or BOP 4 will be
allowed to operate in optimal working conditions. In string
“3" of drilling elements obtained by using the method
according to the present invention, in fact, due to said
obstruction element 5 the pressure in axial hole 21 at the
level of blowout preventer or BOP 4 can at most be equal to
the nominal working pressure, i.e. the pressure of drilling
mud “M” used during the drilling cycle carried out by
apparatus 1. In particular, Figure 3B shows a kick, 1i.e.
layer fluids entering the well. This event 1s the very
critical condition that can be limited by the method of the
present invention, by preventing it from propagating and
allowing the safety mechanisms to 1limit its ©possible
catastrophic effects, thus demonstrating the inventiveness
of the present invention.

In particular, prior to the activation of the shearing
elements of a blowout preventer or BOP 4, the pressure
within the drilling elements 1is lower than the nominal
working pressure, preferably substantially equal to or
lower than the atmospheric pressure.

The same obstruction element 5, when drilling
apparatus 1 is in normal operating conditions, e.g. during
said drilling cycle, 1s in a second configuration in which
it does not obstruct axial hole 21 of the third drilling
element 3 with which it 1is associated, thus allowing
drilling mud “M” to flow towards the bottom of drilling
well “W”. When a flow direction reversal occurs, 1i.e. when

in hole 21 of the drilling elements there is a backflow

12
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“B”, said obstruction element 5 will switch from the second
operating configuration to said first operating
configuration, preferably automatically, thereby
obstructing the axial hole of the third drilling element 3
with which it 1is associated. When said obstruction element
switches into the first configuration, it will block, at
least partially, undesired backflow “B”, thus at least
limiting the propagation thereof.

For descriptive purposes, Figures 3A and 3B show the
directions of the flows within a first drilling element 2,
so that they can be compared. Such flows can be found in
any drilling device.

The method according to the present invention allows
preventing backflow “B” from propagating along the drilling
elements, in particular past head “H” of well “W”.

Preferably, the method according to the present
invention envisages that said further step s) 1is carried
out at regular intervals, so that said third drilling
element 3 comprising said obstruction element 5 will be
interposed between two first drilling elements 2 at known
intervals, 1i.e. at predefined distances, preferably at
regular distances. In particular, the distance between two
third drilling elements 3 1s comprised between 30m and
500m, ©preferably between 300m and 500m, as will be
considered appropriate by the operator.

Figure 6 shows an exemplary and non-limiting flow
chart of a sequence of steps for assembling a string “S” of
drilling elements for deepwater drilling.

In step a) of assembling the lower portion of string
15, e.g. the bottom hole assembly or BHA, the drill bit,

the drill collars and the other elements making up the
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bottom hole assembly or BHA are assembled together and
become the first elements of the string “S”, as known to
those skilled in the art.

The lower portion of string 15 is thus the first part
of string “S” that will be immersed into the water towards
prevention device 4, where drilling well “W” will be made.

After step a) and before step b), at least one step
s), preferably only one step s), is carried out.

During said step s), a third drilling element 3 1is
assembled to said lower portion of string 15, e.g. to the
bottom hole assembly or BHA; in particular, a third
drilling element 3 1is inserted. In said step s) a third
drilling element 3 is assembled in series to string “S”. In
particular, at this stage of the method a third drilling
element 3 1is assembled in series to lower portion 15 of
string “S”.

Step s) comprises an intermediate step (not shown) of
taking said third drilling element 3, e.g. from a pipe
container.

When step s) is completed, step b) is carried out.

In step b) of taking at least one first drilling
element 2 through handling systems known to a man skilled
in the art, said first drilling elements 2, stored in a
housing, e.g. a pipe container (not shown), are placed near
a drilling device or kelly, not shown in the drawings.

Step b) 1is followed by step c¢) of assembling said at
least one first drilling element 2 together with other
drilling devices.

In the first execution of step ¢) of the method
illustrated herein, said first drilling element 2 1is

assembled to a third drilling element 3, which 1in the

14
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previous step was assembled to said lower portion of string
15, e.g. to the bottom hole assembly or BHA. In the
subsequent executions of step <¢), the other drilling
elements 2 may be assembled either to other first drilling
elements 2 or to third drilling elements 3, as will become
apparent below. In general, the drilling elements are
assembled together through their respective connection
portions 23.

The assembly of first drilling elements 2 allows
creating a first section “T1” of string #“S”, comprising
said first drilling elements 2. Said first section “TI1,
just 1like the whole string *“S”, is directed towards bottom
or bed *“G”, where blowout preventer or BOP 4 is located.

Step c¢) 1s then followed by step d). Said step d) is a
check step wherein it 1is verified if said string “S”, in
particular said first section “T1”, has reached a known
predetermined length.

In general, said step d) can verify if the assembly of
said first drilling elements 2 1is such that said lower
portion of string 15 has reached blowout preventer 4 or
bottom or bed “G”.

If it is verified that said first section “T1” has not
reached the predetermined length, i.e. the estimated depth
of bottom or bed “G” where well “W” will be drilled, then
path *“J7” will be taken, wherein steps b) and c¢) of the
method will be repeated.

On the contrary, 1f 1t 1s verified that said first
section “T1” has reached the predetermined length, i.e.
that said lower portion of the string, or bottom hole

assembly or BHA 15, has arrived in the proximity of blowout
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preventer or BOP 4, then path “k” will be followed, wherein
the method will proceed to the next step e).

In general, along path “J” the method envisages,
according to the present invention, the possibility of
executing a step s) prior to repeating steps b) and c).

The flow chart shown 1in Figure 6 refers to an
embodiment of the method wherein step s) includes a first
check step s0) and an execution step sl1).

Said check step s0) verifies the periodicity of the
execution step sl) of inserting a third drilling element 3.
This process translates into verifying, along string “S”,
in particular along section #“T1”, the distance between two
third drilling elements 3. In particular, step s0) verifies
if the distance between two third elements 3 is less than a
predetermined threshold. If the distance between two third
elements 3 is below a predetermined threshold, which is set
depending on the operating conditions of well “W” to be
made, path “k” will be followed. Conversely, if the
distance between two third elements 3 1is greater than or
equal to a predetermined threshold, path “j” will be
followed.

Said distance threshold is a wvalue Dbetween 28m and
500m, preferably between 300m and 500m. Said threshold may
vary as a function of different parameters, such as, for
example, the operating conditions of well “W"”, as specified
below.

By following path “k”, the method will arrive again at
step b), which will then be repeated; instead, path *“j”
will lead to step sl1).

By way of non-limiting example, the distance threshold

between two third drilling elements 3, and hence between
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two obstruction elements 5, that will cause the method to
follow path “j” and execute the step sl), 1s comprised
between 28m and 500m, preferably multiples of 28m or 30m.
In general, the number of third drilling elements 3, and
hence of obstruction elements 5, inserted in string “S” for
surpassing blowout preventer 4, in particular for
surpassing wellhead “H” and entering well “W”, depends on
the type of well to be made and/or the type of rock and/or
the type of fossil fuel reservoir and/or the sensitivity of
the operator controlling the drilling cycle.

In said step sl) of inserting a third drilling element
3, a third drilling element 3 1s assembled in series to
string “S8”. As known to a man skilled in the art, said step
s) comprises an 1intermediate step (not shown) of taking
said third drilling element 3, e.g. from a pipe container.

After step sl), the process will return to step b),
and the steps of the method according to the present
invention will be repeated.

If path “k” is followed while executing step d), the
process can go on to the next step e) of beginning the
assembly of second drilling elements 20.

In an alternative embodiment (not shown), the method
comprises a further check step d0), which precedes the
check step d), wherein it is verified 1if the assembly of
said first drilling elements 2 has reached an extension
“T0”. Said extension “T0” 1s at 1least equal to the
predefined design drilling depth of well “ywr for
hydrocarbon exploration. Said step s) is carried out during
the cycle executed from step d0). Said extension “T0” is
comprised in said section “T1”, constituting the initial

part thereof, which will be actually inserted into well “W”
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and will surpass blowout preventer or BOP 4 at the end of
the drilling operation carried out by apparatus 1. Said
extension “T0” may be shorter than or equal to the total
extension of section “T1”, particularly for ultra-deepwater
drilling. For deepwater drilling, said extension “T0” may
also be equal to or greater than the total extension of
section “T17”. As aforementioned, said extension “T0” is
shorter than or at most equal to the maximum design depth
of well “wW”.

Step d0) is then followed by step d). Preferably, the
cycle generated in step d) includes no step s), since it
has already been carried out in the cycle generated in the
check step dO0). This latter embodiment of the method
reduces to a minimum the number of third drilling elements
3 required, thereby reducing the costs, while however being
sure that, as soon as the drilling cycle is started, at
least one third element 3 will be at least at or past said
blowout preventer or BOP 4, 1in particular it will have
surpassed, while descending the well, at least one of the
shearing elements comprised in BOP device 4.

In general, the method ensures that at least one third
drilling element 3 is inserted in the section of string “S”
that will drill well “W”, preferably immediately following
the initial portion of string 15, and will therefore have
gone past said Dblowout preventer 4, thus ensuring that
there will be at least one obstruction element 5 between
the bottom of well “W” being drilled and wellhead “H”, at
the level of bottom or bed “G” where said BOP device 4 is
located. The method of assembly of drilling elements
according to the present invention prevents the propagation

of a backflow “B” and ensures that, should a backflow “B”

18



10

15

20

25

30

WO 2015/145293 PCT/IB2015/051839

arise at the level of blowout preventer or BOP 4, 1in
particular at least at a shearing device comprised in
device 4, preferably the closest one to bottom or bed “G”,
there will be a controlled pressure, lower than the nominal
working pressure, and preferably much lower than the intake
pressure of drilling mud “M"”.

In general, the execution of step s) after step a)
provides immediate stopping, or at least attenuation, of a
possible propagation of a backflow “B” within the drilling
elements.

Furthermore, the execution of steps d) and s) of the
method of the present invention implies that said
obstruction elements 5 are arranged at predefined distances
from each other, so that they can cooperate together to
extinguish as soon as possible a backflow “B” that might
cause hydrocarbon Dblowout. The arrangement of third
drilling elements 3, and hence of obstruction elements 5,
along string “S8” allows preventer 4 to be immediately put
into optimal working conditions for shearing the drilling
elements by means of at least one shearing device.

In general, a backflow “B” could be stopped by using a
single third drilling element 3 comprising at least one
obstruction element 5, e.g. the first third drilling
element 3 arranged 1in series in string “S” immediately
after initial portion 15 in extension “T0”, and/or inserted
between the 1initial first drilling elements 2 of string
“3r.,

In general, step d) is followed by step e) of
beginning the assembly of second drilling elements 20, for
the purpose of creating at least one second section “T2” of

string “S”, as shown by way of example in Figure 1.
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Said step e) is carried out while drilling apparatus 1
is starting the drilling cycle.

For the purposes of the present invention, the term
second drilling elements 20 refers to drilling elements
suitable for allowing the <circulation of drilling mud
during all the operating stages of the drilling cycle
carried out by drilling apparatus 1.

Said third drilling element 3 and said second drilling
element 20 are of course different, since they perform
different functions.

In ultra-deepwater and deepwater drilling, said second
drilling elements 20 can hardly arrive in the proximity of
blowout preventer or BOP 4, in that they will normally
remain in a position along string #“S” between said BOP
device 4 and floating structure 11.

Said second drilling elements 20 can prevent a
backflow “B” from propagating within string “S”, avoiding a
blowout at the 1level of the drill floor comprised in
floating structure 11, but said second drilling elements 20
cannot ensure that at the level of blowout preventer or BOP
4 there will be a pressure within the drilling elements at
most equal to the pressure of the drilling mud, preferably
a very low pressure or a pressure equal to the atmospheric
pressure. For these reasons, the same blowout preventer or
BOP, in particular the shearing devices thereof, will not
operate in optimal conditions, should their intervention be
required, because of the high pressure within the drilling
elements. This high internal pressure, as previously
specified, might cause very serious damage due to an

improperly made cutting operation.
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Step e) 1s then followed by step f). Said step f) is a
check step wherein it is verified 1if said string “S”, in
particular said second section “T2m, has reached a
predetermined length.

In particular, in step f) it is verified if the second
section “T2” has reached an extension equal to the known
predefined drilling depth specified in the design of well
“WT.

If during the check it 1is verified that said second
section “T2” has not reached the predefined length, then
path “J” will be followed, which will cause the method to
repeat step e).

Conversely, 1if the check indicates that said second
section “T2” has reached the predefined length, then path
“k” will be followed, which will allow ending the method of
assembly of drilling elements for deepwater or ultra-
deepwater drilling according to the present invention
because the desired drilling depth will have been reached,
so that the drilling cycle carried out by apparatus 1 can
be stopped.

In an alternative embodiment, said further step s) is
carried out after the execution of at least two steps c),
preferably while keeping a regular cadence in the execution
of step s).

Figures 2A and 2B show, by way of non-limiting
example, one possible embodiment of a third drilling
element 3.

Said third drilling element 3 comprises two connection
portions 23 allowing the same third element 3 to be
assembled to string “S”, and an axial through hole 21 for

conducting drilling mud “M"”.
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Inside axial hole 21 there is a housing 30, into which
said obstruction element 5 is secured.

In alternative embodiments (not shown), each third
drilling element 3 may comprise two or more obstruction
elements 5, aiming at improving its capability of
dissipating and/or stopping the propagation of a backflow
“B7.

In general, the obstruction element 5 can Dbe
associated with any third drilling element 3, preferably
with a tool joint.

Any equivalent embodiments of the third drilling
element 3, having at least one obstruction element which in
a first configuration obstructs axial hole 21 and in a
second configuration restores the same axial hole, should
be considered to be comprised in the present description.

Said obstruction element 5 comprises an automatic
valve element, comprising at least one obstructor 52.
Figures 2A and 2B show an obstruction element 5 created by
means of a flap valve. In particular, Figure 2A shows
obstruction element 5 in the first configuration, wherein
it prevents the propagation of a backflow “B” along string
“S7”. With reference to Figures 24, 2B, 3A and 3B, when the
flow 1is proceeding 1in the direction concordant with
longitudinal axis “Z” towards the bottom of well “W”,
obstruction element 5 is in the second configuration. If
the flow reverses 1its direction because of layer fluids
entering the drilling elements, obstruction element 5 will
switch into the first operating configuration, thereby
immediately stopping or at least effectively reducing

backflow “B”. In general, when obstruction element 5 is in
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the first configuration, any propagation of backflow “B” is
preferably prevented.

In such an embodiment, a plate obstructor 52 obstructs
the duct formed in valve body 51 comprised in obstruction
element 5. Instead, Figure 2A shows the obstruction element
in the second configuration, wherein it allows drilling mud
“M” to flow along string “S” towards the bottom of well
“W’. In this embodiment, obstructor 52 is positioned in a
cavity 512 formed in valve body 51.

In general, said obstruction element 5 can consist of
any valve assembly that 1in a first configuration will
obstruct axial hole 21 of the drilling element, and in a
second configuration will allow, for example, the transit
of drilling mud or devices wuseful for preparing the
drilling cycle or other operating steps of a drilling
apparatus 1.

Figures 4, 5A and 5B illustrate a preferred but non-
limiting embodiment of obstruction element 5.

Said obstruction element 5 1s an automatic wvalve
element, comprising a valve body 51 defining a duct 510,
and an obstructor 52 for selectively opening and closing
said duct 510.

Figure 4 shows the different parts of obstruction
element 5 1in the preferred embodiment thereof. Said
obstruction element 5 is an automatic valve assembly of the
flap type.

In particular, one can see a valve body 51, wherein a
duct 510 is defined. Said valve body 51 advantageously has
a cylindrical shape in order to adapt itself to the shape
of the drilling elements, which are also substantially

cylindrical, and in particular to axial hole 21.
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In general, duct 510 of valve body 51 has an inside
diameter substantially equal to the inside diameter of
axial hole 21 of a generic drilling element in use.

In the illustrated embodiment, obstruction element 5
comprises an obstructor 52, which has a plate-like shape
for selectively opening and closing duct 510 defined by
valve body 51. The same obstructor 52 comprises a coupling
element 522 that allows said obstructor 52 to be fixed to
valve body 51, e.g. through a pin 54, while still being
able to move, e.g. obstructor 52 rotates about said pin 54.
In the preferred embodiment, said coupling element 522
comprises a through hole into which a pin 54 can be
inserted, so that it can be secured to wvalve body b51.
Obstructor 52 is fastened to valve body 51 through a hinge,
so that sald obstructor 52 can rotate about the
longitudinal axis of pin 54. Once obstruction element 5 has
been assembled, the longitudinal axis of pin 54 will be
parallel to a transversal axis “X” ©perpendicular to
longitudinal axis “Z”. As shown 1in the drawings, said
obstructor 52 1is adapted to rotate about pin 54 in order to
take the different operating configurations as previously
described.

Within valve body 51, as mentioned above, there 1is a
cavity 512 that houses obstructor 52 when obstruction
element 5 is in the second configuration, i.e. when 1t is
not obstructing duct 510.

Said cavity 512 is delimited by protuberances, which
define the cavity that houses obstructor 52 when
obstruction element 5 is in the second configuration. The
position of obstructor 52 in cavity 512 does not affect the

flow in duct 510 comprised in wvalve body 51. Although they
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will not Dbe described in detail herein, the structural
characteristics of the exemplary embodiment shown in
Figures 5A and 5B are comprised in the present description.

The same protuberances that define said cavity 512,
shaped 1like fins, perform the functions of preventing
obstructor 52 from seizing inside the cavity, e.g. due to
sticking, and of directing a possible backflow “B” into
said cavity 512, so as to cause said obstructor 52 to turn
about pin 54 and bring obstruction element 5 into the first
configuration.

The automatic closing of duct 510 of wvalve body 51,
and hence of axial hole 21 of the third drilling element 3,
is ensured by obstructor 52.

Thanks to the use of a flap valve and to the shape of
cavity 512 and of the protuberances or fins that define
cavity 512, the switching of obstruction element 5 between
the two configurations occurs automatically and is
dependent on the direction of the flow within the drilling
element. In particular, 1in the case of presence of a flow
concordant with the direction of longitudinal axis “Zz2”,
i.e. towards the bottom of well *“W”, said obstruction
element 5 will firmly stay in the second configuration; on
the contrary, if there is a backflow “B” in the direction
opposite to the desired direction towards the bottom of
well “W"”, obstruction element 5 will move into the first
configuration, thereby preventing backflow “B" from
propagating, or at least attenuating it.

The solution chosen for the switching of obstruction
element 5 between the two configurations includes no
further structural elements, such as, for example, elastic

return elements. Said obstruction element 5 according to
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the present invention preferably includes only the above-
mentioned parts of obstruction element 5. The present
solution 1s dictated by the necessity of using as few
elements as possible that might deteriorate and change
their functional characteristics over time. In fact, an
elastic element such as a return coil spring will wear over
time, or accumulated sediments might block the obstructor
into one configuration.

It is also preferable that in idle operating
conditions, wherein there 1is no flow in string “S8”,
obstructor 52 will not obstruct duct 510 in valve body 51.
In particular, it 1is preferable to use a normally open
valve. For clarity, it must be pointed out that the wvalve
assemblies comprised in the second drilling elements 20,
which normally do not reach the BOP device, are normally
closed valves, i.e. valves that close the axial hole of the
drilling element in idle conditions.

The requirement of wusing a normally open valve,
together with the necessity of obtaining a fast action of
obstruction element 5 in the event of the generation of a
backflow “B”, has led the Applicant to preferably exclude
any solutions equipped with return elements, such as
springs.

Obstruction element 5 according to the present
invention must allow all drilling equipment to pass within
string #“S”, with no limitations whatsoever due to the
diameter thereof, in idle conditions, i.e. in the absence
of mud circulation, and also while drilling mud “M"” is
circulating.

Dynamic retaining systems may possibly be employed, in

particular non-mechanical ones, such as magnetic retaining
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devices, e.g. using electromagnets, 1in particular for
ensuring that the first configuration will be held in the
event of a backflow with variable pressures.

Said obstruction element 5, and in particular the
elements comprised therein, may be made of composite and/or
multilayer materials, for the purpose of improving its
mechanical strength and reducing its weight. The use of
composite materials for making the wvarious parts also
allows to improve the production process and to obtain the
desired shapes.

In order to further improve their resistance to wear,
the various parts of obstruction element 5 may be subjected
to at least one surface process. Surface processes may be
one or more of the following surface treatments: TD or
Toyota Diffusion process; thermoreactive diffusion;
chemical nickelling; nitridation, wvapour phase deposition.

The composite material employed 1s based on boron
carbide and aluminium, with low percentages of graphite.

For the purposes of the present invention, the term
low percentages refers to percentages of less than 5% of
the total.

In an exemplary and non-limiting embodiment, pin 54 is
made of composite material, preferably Dbased on boron
carbide (BaC) and aluminium (Al), with small quantities of
graphite.

In order to further reduce the weight of the
obstructor and thus make it more sensitive to changes in
the direction of the flow in axial hole 21 of string “S”,
it may employ a nylon-filled cavity or an aluminium
obstructor subjected to a surface coating process for

increasing 1its resistance to abrasion. Such a surface
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process, combined with the use of the above-mentioned new
materials, will improve +the operation of obstruction
element 5, providing better performance and less wear.

Other solutions aimed at improving the sensitivity of
obstruction element 5 to flow variations may employ
bearing-mounted bushings for the movable parts.

A further aspect of the present invention relates to
the use of an obstruction element 5 for closing axial hole
21 of a drilling element to be used for deepwater or ultra-
deepwater drilling. Said obstruction element 5 is used in a
novel and innovative manner compared to the solutions known
in the art, as previously specified.

Said obstruction element 5 is comprised in a drilling
element, 1in particular a third element 3, assembled in
series to a string “S” of drilling elements, as already
mentioned. Said obstruction element 5 1s assembled in
series to said string “S” in such a way that it is located
between the bottom of a drilling well “W” and a blowout
preventer or BOP 4 during the drilling cycles carried out
by a drilling apparatus 1 in deep or ultra-deep waters.

The use of obstruction element 5 for deepwater and/or
ultra-deepwater drilling 1s particularly effective when
sald drilling element, in particular the third drilling
element 3, which comprises said obstruction element 5, 1is
located after, preferably immediately after, initial
portion 15.

Moreover, the use of obstruction element 5 for
deepwater and/or ultra-deepwater drilling is also
particularly effective when said drilling element, in

particular the third drilling element 3, which comprises
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said obstruction element 5, is arranged at regular
intervals along drill string “S”.

The use of multiple obstruction elements 5 along
string “S8” improves the obstruction performance of the
various obstruction elements 5, ensuring that, at blowout
preventer or BOP 4, the pressure inside string “S” will be
lower than the nominal working pressure, preferably equal
to or lower than the atmospheric pressure, as already
discussed herein in detail.

Figure 1 shows a <classical connection diagram of
drilling elements making up a string “S” for deepwater
drilling, wherein the depth of bottom or bed “G” from the
water level is greater than or equal to the design drilling
depth of well “W"”. Said obstruction element 5 according to
the present invention is particularly suitable for use in
the drilling conditions shown in Figure 1.

In Figure 1 one can see blowout preventer or BOP 4 on
bottom or bed “G”, at a great distance from floating
structure 11 of drilling apparatus 1. As aforementioned,
and as known to a man skilled in art, a blowout preventer
or BOP 4 comprises shearing devices and clamping devices,
the operation of which is known to a man skilled in the
art.

Should cement circulations or plugs, etc. need to be
provided by using open-end drill pipes, said third drilling
element 3 comprising said obstruction element will have to
be assembled to the initial first drilling element 2
running into the well. In drilling jargon, the term “open-
end” drill pipes refers to a drill string formed by pipes
only, 1.e. lacking the bottom hole assembly comprising a

drill Dbit, drill collars, stabilizers. Said string,
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comprising drilling elements only, such as drill pipes, 1is
a solution that 1s used for cement circulation or plug-
making operations, as known to a man skilled in the art.

In this embodiment, said lower portion 15 1is a
drilling element, e.g. a first drilling element 2, to which
a third drilling element 1is assembled. In an alternative
embodiment (not shown), said step s) 1s also carried out
prior to said step a), so that the first module of string
“37” will be a third drilling element 3 comprising an
obstruction element 5, which will thus become the lower
portion of the string.

For the purposes of the present invention, a module is
a generic drilling tool joint arranged in string “S”.

The wuse of obstruction element 5 according to the
present invention prevents the problem of backflows *“B”
within string “S”, which might cause blowouts, and allows
cutting the drilling elements, by means of said blowout
preventer or BOP 4, in optimal conditions.

Obstruction element 5 according to the present
invention moves along well “W” during the various operating
steps carried out by drilling apparatus 1, ensuring a high
level of safety because, in the event of a reversal of the
flow in well “W”, e.g. caused by layer fluids running
within the drilling elements, said obstruction element 5
will obstruct said axial hole 21, thus stopping backflow
“B” from propagating in the unwanted direction. The present
solution allows the blowout preventer or BOP 4 to perform
its shearing action correctly.

Obstruction element 5 according to the present
invention intervenes automatically, ensuring the closure of

the inner duct of string #“S”. Moreover, through the use of
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obstruction element 5, well “W” can be kept safe after the
operations for closing 1t, e.g. after the cutting of the
drilling elements carried out by the blowout preventer or
BOP 4.

As already specified, the use of obstruction element 5
as claimed herein results in a controlled pressure at the
shearing elements of blowout preventer or BOP 4. The use of
said obstruction element 5 avoids the generation of an
anomalous 1internal pressure 1in string “8”, equal to the
pressure generated by the kick, which might adversely
affect the cutting of the same drilling elements.

The method of assembly of drilling elements and the
use of said obstruction element 5 positioned under blowout
preventer or BOP 4, during the drilling cycle carried out
by drilling apparatus 1, prevents a possible backflow *“R”,
which might cause a blowout, from propagating through the
inside of the drilling elements, or at least from
propagating out of wellhead “H".

Furthermore, the present invention ensures that the
portion of string “S” in front of the shear rams of blowout
preventer or BOP 4 will always have a controlled pressure,
in particular lower than the nominal working pressure,
preferably substantially equal to the atmospheric pressure,
in particular the pipe having an internal/external
differential pressure such that the cutting of the same
drilling element will be facilitated and safe.

The method and the use according to the present
invention allow safeguarding the life of the crew of the
drilling rig as well as the environment, thus significantly

improving the safety of oil-well drilling operations.
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Floating structure
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First drilling elements
Second drilling elements
Axial hole

Connection portion
Third drilling element
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Blowout preventer or BOP
Obstruction element
Valve body
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Backflow

Bottom or bed
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Drilling mud
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Drilling well
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CLAIMS:

1. Method of assembly of a string (S) of drilling
elements for deepwater drilling;

each drilling element comprises at least one axial through
hole (21), through which drilling mud (M) can at least flow
in a first direction, and two connection portions (23) for
connecting it in series in said string;

the method comprising the following steps:

a) assembling a lower portion of the string (15);
b) taking at least one first drilling element (2);
c) assembling said at least one first drilling element

(2) with other drilling devices in order to create a first
section (T1l) of the string (S) directed towards a bottom or
bed (G), where a blowout preventer (4) is located;

d) repeating steps b)-c) until said lower portion (15)
arrives in the proximity of the blowout preventer (4) or
until said lower portion (15) arrives in the proximity of
the bottom or bed (G);

e) beginning the assembly of second drilling elements
(20) while a drilling apparatus (1) 1is carrying out a
drilling cycle, for the purpose of creating at least a
second section (T2) of the string (S);

£) repeating step e) until the second section (T2) has
reached an extension at least equal to a desired drilling
depth;

the method is characterized in that, after step a) and
before step b), at least one step s) 1is carried out,
wherein at least one third drilling element (3) is
assembled, which comprises at least one obstruction element

(5) for preventing a backflow (B) from being generated,
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against the direction of the drilling mud (M), in said
string (S).

2. Method according to c¢laim 1, wherein, during the
execution of the sequence of steps b)-d), at least one
further step s) is carried out, wherein at least one third
drilling element (3) is assembled, which comprises at least
one obstruction element (5).

3. Method according to claim 2, wherein said further step
s) is carried out at regular intervals.

4. Method according to claim 3, wherein said further step
s) is carried out after the execution of at least two steps
b).

5. Method according to any one of the preceding claims,
wherein the distance between two third drilling elements
(3) is comprised between 28m and 500m.

6. Method according to claim 1, wherein said step s) 1is
also carried out before said step a), by positioning a
third drilling element (3) as the first module of the
string (3).

7. Method according to any one of the preceding claims,
comprising a further check step d0), prior to the check
step d);

in said further check step d0), 1t 1s verified 1if the
assembly of said first drilling elements (2) has reached an
extension (T0) which is at least equal to the predefined
design drilling depth of the drilling well (W);

said step s) 1s carried out during the cycle executed in
step d0).

8. Method according to any one of the preceding claims,
wherein said obstruction element (5) comprises an automatic

valve element, comprising at least one obstructor (52).
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9. Obstruction element (5) constituting an automatic
valve element, comprising a valve body (51) defining a duct
(510), an obstructor (52) for selectively opening and
closing said duct (510);

said obstructor (52) comprises a coupling element (522)
allowing said obstructor (52) to be secured to the wvalve
body (51) through a pin (54) about which the obstructor can
rotate;

characterized in that said obstruction element (5) is made
of composite and/or multilayer material, for the purpose of
improving its mechanical performance.

10. Element according to claim 9, wherein the single parts
of the obstruction element (5) are subjected to at least
one surface process for the purpose of improving their
resistance to wear.

11. Element according to claim 10, wherein the surface

processes are one or more selected from:

° TD, or Toyota Diffusion, process;

o thermoreactive diffusion;

o chemical nickelling;

o vapour phase deposition.

12. Element according to any one of claims 9-11, wherein

said obstruction element (5) only includes those parts of
the obstruction elements (5) as set out in claim 9.

13. Use of an obstruction element (5) as an element for
closing an axial hole (21) of a drilling element (2, 3)
employed for deepwater and ultra-deepwater drilling;

said obstruction element (5) 1s comprised in a drilling
element (3) arranged 1in series in a string (S) of drilling
elements (2, 20), it being so assembled as to be placed in

said string (S) between the bottom of a drilling well (W)
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and a blowout preventer or BOP (4) during a deepwater or
ultra-deepwater drilling cycle carried out by a drilling
apparatus (1).

14. Use according to c¢laim 13, wherein said drilling
element (3) comprising said obstruction element (5) 1is
arranged at regular intervals along the drill string (3).
15. Use according to c¢laim 13 or 14, wherein said
obstruction element has the structural characteristics of
the obstruction element according to claims 9-12.

/EB
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