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(57) Abstract: A circulation unit (3) for an arrangement arranged to con-
tinuously circulate drilling fluid during drilling is described, in which a

housing (31) is provided with a centre bore (313) which is defined by upper
and lower annular sealing elements (32, 32') which are rotatably supported
in the housing (31); the sealing elements (32, 32") are provided with a centre
opening (321) which, by the expansion of said sealing elements (32, 32", is
closable or fits tightly against a pipe (5, 51, 51', 431); and a gate valve (34)
in a closed state forms a fluid-tight partition between upper and lower cham-
bers (311, 312) in the housing (31), and in which each of the sealing ele-
ments (32, 32') is connected in a fluid-tight manner to a rotatable packer
pipe (331) surrounded by a packer assembly (33 and 33', respectively) that
fits tightly against the circumterence of the packer pipe (331) and against the
housing (31). An arrangement for the continuous circulation of drilling fluid
during drilling, including a circulation unit (3) arranged between upper and
lower rotary units (2, 2", is described as well.
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ARRANGEMENT FOR CONTINUOUS CIRCULATION OF DRILLING FLUID DURING
DRILLING OPERATIONS

A circulation unit is described and so is an arrangement for the continuous circulation
of drilling fluid during continuous drilling, in which a circulation unit is arranged be-
tween upper and lower rotary units, the circulation unit and the rotary units being ver-

tically displaceable along a guide track.

It is known within the oil- and gas-drilling industry to take measures for the circulation
of drilling fluid to be maintained in the borehole while a drill string is being extended.
NO 326427 discloses a system in which a top-drive drilling machine with a hollow
drive shaft cooperates with a sluice chamber provided with seals surrounding the pipe,
the drilling fluid being directed alternately through the drive shaft via a first fluid inlet,
when a continuous drill string is connected to the drilling machine, and through the
sluice chamber via a second fluid inlet, when the upper end of the pipe string is ar-

ranged in the sluice chamber and is going to be connected to a new pipe section.

A drawback of the prior art according to NO 326427 is that the pipe-string rotation
ceases when the pipe string is to be extended. It is known within the industry that it is
an advantage to maintain the pipe-string rotation both in order to reduce the risk of
the pipe string sticking and in order to improve the productivity, for example increase
the drilling capacity by not having a stop in the actual drilling operation while the drill

string is being extended.

From NO 20100123 an arrangement is known in which, between a first top-drive drill-
ing machine and a borehole, a second drilling machine is arranged, which is provided
with a rotary table arranged to take the weight of a pipe string, a rotary-drive unit
arranged to continuously rotate the pipe string, and a fluid chamber which is arranged
to connect a pipe-string end portion to a drilling-fluid system in a fluid-communicating
manner, the fluid chamber being provided with pipe-string ports including means ar-

ranged to fluid-sealingly close the pipe-string ports, and the second drilling machine
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further being provided with a power tong which is arranged to connect/release an el-
ement to/from the pipe string, the power tong being arranged in the fluid chamber.
The drawback of this arrangement is that the rotary-drive unit is directly connected to
the fluid chamber (sluice chamber) and the power tong is enclosed in the fluid cham-
ber. Here, an adjustment of the power tong to the relevant pipe dimension that is be-

ing handled must be made by intervention in the fluid chamber.

The invention has for its object to remedy or reduce at least one of the drawbacks of

the prior art or at least provide a useful alternative to the prior art.

The object is achieved through features which are specified in the description below

and in the claims that follow.

In what follows, the term "drill string" is used as a collective term for all types of pipe
strings that, by the rotation of an end portion, form a borehole into the underground
by suitable drill-bit elements grinding up the underground material, and an entering
drilling fluid carrying the ground-up underground material out of the borehole by

means of a return flow to the surface.

Unless explicitly mentioned, the term "pipe" is used, in what follows, as a collective
term for individual pipes, pipe sections made up of several individual pipes, and a pipe
string built by joining together several individual pipes that can be screwed together
or several pipe sections. "Pipes" may also include so-called saver subs which are used
as a connection between the pipe string and a rotary unit, possibly adapted for drill-

ing-fluid supply to the pipe string.

A circulation unit is provided, arranged to supply drilling fluid through an open upper
end of a pipe string. The circulation unit is formed of a housing with a centre bore ex-
tending through it. At either end of the housing, a rotatably supported sealing element
is arranged, arranged to fit tightly around a pipe portion. Each of the rotatable sealing
elements is arranged to close the respective end of the centre bore, both when there
is a pipe extending through the sealing element and when the sealing element is not
surrounding a pipe, for example by an internal hydraulic pressure being applied to the
sealing element from an associated pressure-supply unit. Within the sealing elements,
that is to say in the direction of the interior of the housing, and connected in a fluid-
tight manner to an end face of the sealing element, a rotatable packer pipe is ar-
ranged, surrounded by a packer assembly resting against a portion of the circumfer-
ence of the packer pipe and forming a sealing barrier between the chamber and the

bearing and external periphery of the sealing element. The drilling fluid is thereby pre-
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vented from entering pressure-fluid supply channels surrounding the circumference of
the sealing elements, and mixing with the pressure fluid which is preferably also used
as a lubricant for the bearing of the sealing element. The packer assembly is typically
so-called wash-pipe seals which maintain their sealing function also when the packer
pipe is rotating and the drilling fluid is under high pressure. The abutment surface on
the packer pipe typically has a very smooth surface so that the packer assembly can

withstand long-term abutment against the rotating packer pipe without suffering wear.

The housing is divided into two chambers by means of a gate valve arranged to form,
in an open position, a centre opening which forms a connection between said two
chambers and to form, in a closed position, a fluid-tight partition between said cham-
bers. The gate valve may typically be a ball valve with a rotational axis that is perpen-

dicular to the centre axis of the circulation unit.

Each of the two chambers is provided with a fluid port connected to a drilling-fluid sys-
tem via first and second drilling-fluid lines and an associated valve system in order
thereby to allow drilling fluid to be directed into the respective chamber, possibly also

to drain the chamber.

A third drilling-fluid line, which is connected to said drilling-fluid system and valve sys-
tem, is connected to a saver sub which is arranged to be connected to an upper end of
a pipe in order thereby to allow drilling fluid to be directed into the pipe. The saver sub
is rotatable relative to the third drilling-fluid line. The saver sub is provided with at
least an upper portion which is suitable as an abutment portion for a tong in connec-

tion with making up and breaking out the pipe-connecting unit with/from a pipe.

In professional circles, the circulation unit is also termed a continuous-drilling and cir-
culation unit (CDU).

An arrangement for the continuous circulation of drilling fluid during the continuous
rotation of a drill string is provided as well. In an operative position, a circulation unit
in accordance with the invention is arranged with its centre axis coinciding with a drill-
ing-centre axis and between first and second rotary units. By means of a drive, the
circulation unit and the two rotary units can be moved vertically along guide tracks
suitable therefor. The circulation unit and at least one of the rotary units can be

moved vertically independently of each other.

Each of the rotary units typically includes a rotatable tong of the kind that can grip
around a pipe portion and hold it fixed, a hanging-off device, typically in the form of a

slips arrangement of a kind known per se arranged to rest against a downward-facing
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shoulder portion of a pipe sleeve or the like, and a rotary bearing which is arranged to
support the tong and/or the hanging-off device. The rotatable tong is provided with a

rotary drive.

A drilling operation with continuous drilling-fluid circulation and continuous drill-string
rotation in accordance with the invention may typically be performed in the following

manner:

1. In a first phase of a drilling sequence, the following takes place:
a) An upper end of the drill string projects through the circulation unit. The third
drilling-fluid line is connected via the saver sub to the upper end of the drill string.
b) Drilling fluid is supplied to a centre bore of the drill string via the saver sub.
¢) The drill string is kept in rotation by the upper rotary unit.
d) The upper and lower sealing elements are open, and the drill string is moved
freely relative to the circulation unit.
e) The upper rotary unit and the drill string are moved downwards according to

the achieved rate of penetration.

2. In a second phase of the drilling sequence, the following takes place:
a) The circulation unit and the lower rotary unit are moved upwards towards the
upper rotary unit.
b) The upper end of the drill string and a lower portion of the saver sub are
moved into the circulation unit so that the upper end of the drill string is in a low-
er chamber.
¢) The drill string is gripped by the lower rotary unit which takes over the drill-
string rotation. The saver sub remains hung off in the upper rotary unit. The seal-
ing elements are closed around the rotating drill string and the saver sub, respec-
tively.
d) Drilling fluid is supplied to the lower chamber through the lower fluid port. The
saver sub is disconnected from the drill string by the upper rotary unit holding the
saver sub back while the lower rotary unit is rotating the drill string. The saver
sub is pulled out of the lower chamber, the gate valve is closed, and the supply of
drilling fluid through the saver sub is stopped.
e) The upper sealing element is opened, and the saver sub is pulled out of the cir-
culation unit.
f) The drilling operation is maintained by the lower rotary unit and circulation unit
being rotated and displaced, and the supply of drilling fluid is maintained through

the lower chamber which is kept closed to the surroundings by means of the
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closed gate valve and the lower sealing element which fits tightly around a portion

of the drill string.

3. In a third phase of the drilling sequence, the following takes place:
a) The next pipe to be joined to the drill string is moved in to the drilling-centre
axis by means of a manipulator or the like and is held fixed there.
b) The upper rotary unit rotates the saver sub to connect it to the upper end of
the pipe.
c) The pipe is moved with its lower end into the circulation unit while the upper
sealing element is open.
d) The upper sealing element is closed around the pipe.
e) Drilling fluid is supplied to the upper chamber through the saver sub, possibly
through the upper fluid port, the gate valve is opened, and the supply of drilling
fluid through the lower fluid port is stopped as the drill string is now being sup-
plied with drilling fluid from the upper chamber and through the open gate valve.
f) The upper rotary unit moves the pipe, during rotation, to connect it to the drill
string, the pipe being rotated faster than the drill string.
g) Drilling fluid is supplied to the drill string through the saver sub. The sealing el-
ements are opened, possibly after the chambers of the circulation unit have been

drained.
The drilling operation continues by the steps 1a)-3g) being repeated.

The drilling operation may also be performed with variants that deviate somewhat
from what has been described above, without diverging from the scope of the inven-

tion.

It represents a considerable simplification of the operation and maintenance of sys-
tems for continuous drilling-fluid circulation during the continuous rotation of a drill
string in that all elements that provide rotation and hanging-off of a pipe or pipe string
are arranged outside the circulation unit. Any replacement of components in connec-
tion with maintenance or adjustment for another pipe dimension may be carried out

without intervening in the circulation unit.

The arrangement in accordance with the invention exhibits a great extent of flexibility
when drilling fluid is circulated continuously during the continuous rotation of a drill
string, in that the upper rotary unit may be displaced independently of the lower rota-
ry unit and the circulation unit. Further flexibility may be achieved by the lower unit

being displaceable independently of the circulation unit.
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In a first aspect, the invention relates more specifically to a circulation unit for an ar-
rangement arranged to continuously circulate drilling fluid during drilling, in which

- a housing is provided with a centre bore arranged to accommodate a portion of
a pipe;

- the centre bore is defined by upper and lower annular sealing elements which
are rotatably supported in the housing;

- the sealing elements are provided with a centre opening which, by the expan-
sion of said sealing elements, is closable or fits tightly against the pipe by the abut-
ment of an inner sealing surface against the pipe; and

- a gate valve in a closed state forms a fluid-tight partition between an upper
chamber and a lower chamber in the housing, characterized by

- each of the sealing elements being connected in a fluid-tight manner to a rotat-
able packer pipe projecting into the respective chamber and being surrounded by a
packer assembly that fits tightly against the circumference of the packer pipe and

against the housing.

The sealing element may be provided with an expandable cavity which is in fluid
communication with a pressure-fluid port via several fluid passages and an annular

space surrounding the sealing element.

Between the packer assembly and a pressure-fluid seal defining an annular space sur-

rounding the sealing element, a packer drain may be arranged.

The packer pipe may be connected to the sealing element via a bearing ring which fits

fluid-tightly against the end faces of the sealing element.

In a second aspect, the invention relates more specifically to an arrangement for the
continuous circulation of drilling fluid during continuous drilling, in which a circulation
unit as described above is arranged between upper and lower rotary units, the circula-
tion unit and the rotary units being vertically displaceable along a guide track, charac-
terized by

- at least the upper rotary unit being displaceable independently of the circula-
tion unit;

- the circulation unit including a housing provided with a centre bore arranged to
accommodate a portion of a pipe;

- the centre bore being defined by upper and lower annular sealing elements that
are rotatably supported in the housing; and

- the sealing elements being provided with a centre opening which, by the ex-



10

15

20

25

30

WO 2013/191559 PCT/NO2013/050107

pansion of said sealing elements, is closable or fits tightly against the pipe by the

abutment of inner surface against the pipe.

Any rotation of a drill string and any rotation of a pipe during connection to or discon-
nection from the drill string may be provided by rotatable tongs which are arranged

outside the housing of the circulation unit.

The lower rotary unit and the circulation unit may be provided with a common linear
drive which is arranged to move said rotary unit and the circulation unit in a synchro-

nous vertical movement along the guide track of the derrick.

The housing may be provided with a gate valve which, in a closed state, forms a fluid-

tight partition between an upper chamber and a lower chamber.

The gate valve may be a ball valve with a rotational axis that is perpendicular to the
centre axis of the housing and a centre opening which, in the open state of the gate

valve, forms a portion of the centre bore of the circulation unit.

The circulation unit may be provided with an upper chamber and a lower chamber
which are each connected to a drilling-fluid system via individually closable drilling-

fluid lines connected to a valve system.

The saver sub may be rotatably connected to a closable drilling-fluid line which is con-

nected to a drilling-fluid system via a valve system.

An end face on each of the sealing elements may be connected in a fluid-tight manner
to a rotatable packer pipe that projects into respectively an upper chamber and a low-
er chamber in the housing and is surrounded by a packer assembly that fits tightly

against the circumference of the packer pipe and against the housing.

In what follows, an example of a preferred embodiment is described, which is visual-

ized in the accompanying drawings, in which:

Figure 1 shows an axial section through the circulation unit in accordance with

the invention;

Figure 2 shows, on a smaller scale, a side view of an arrangement in accordance
with the invention, in which a drill string is rotated by an upper rotary
unit, and drilling fluid is supplied via a saver sub connected to the drill
string, while a circulation unit and a lower rotary unit are being dis-

placed vertically towards the upper rotary unit;
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Figure 3 shows a principle drawing of the arrangement in accordance with the
invention by an axial section through the circulation unit, in which the
upper end of the drill string is positioned in a lower chamber of the cir-
culation unit and the saver sub is disconnected from the drill string and
has its lower end positioned in the upper chamber, the drill string being
rotated by the lower rotary unit and drilling fluid being supplied through

the lower chamber of the circulation unit; and

Figure 4 shows the drill string in rotation continued by the lower rotary unit and

the saver sub having been pulled out of the circulation unit.

On a derrick 1, upper and lower rotary units 2, 2' and a circulation unit 3 are ar-
ranged, vertically displaceable along guide tracks 11, 11’ on the derrick 1. The guide
tracks 11, 11" may coincide or be separate. The vertical displacement is provided by
means of linear drives 25, 25" which, through their engagements with the guide tracks
11, 117, typically by toothed wheels meshing with toothed portions (not shown) of the
guide tracks 11, 11, can forcingly drive the respective rotary units 2, 2' and the circu-
lation unit 3 independently of the forces acting on the units 2, 2', 3 via connected el-

ements, for example a well pressure.

Reference is first made to figure 2 in particular. A drilling-fluid system 4 includes a
valve system 44, first and second drilling-fluid lines 41, 42 connected to respectively
upper and lower fluid ports 35, 35" arranged on the circulation unit 3, and a third drill-
ing-fluid line 43 connected to a saver sub 431 via a rotary coupling (swivel) 431a, so
that the saver sub 431 may rotate around its own centre axis independently of the
connected drilling-fluid line 43. The drilling-fluid lines 41, 42, 43 are connected to the
valve system 44 so that a drilling-fluid flow in one of the drilling-fluid lines 41, 42, 43
may be controlled independently of the drilling-fluid flow in each of the other drilling-
fluid lines 41, 42, 43.

A drill string 5 which has been made up, in a manner known per se, from several pipes
or pipe sections 51, 51' extends down a borehole (not shown) with its centre axis co-

inciding with a drilling-centre axis WC.
The saver sub 431 is connectable to an upper end 51a, 51a' of a pipe.

Reference is now made to figure 1. The circulation unit 3 includes a housing 31 which
is divided by means of a gate valve 34 into upper and lower chambers 311, 312. The
gate valve 34 which, for practical purposes, may be a ball valve with a rotational axis

perpendicular to the centre axis of the housing 31 exhibits, in its open position, a cen-
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tre opening 341 which coincides with a centre bore 313 extending through the entire
housing 31. At the end portions of the housing 31, respectively upper and lower seal-
ing elements 32, 32' are arranged, with a closable centre opening 321 of a kind which,
when a pressure fluid is supplied from a pressure-supply unit (not shown) to an inter-
nal packer cavity 329, may expand radially until an inner sealing surface 324 sealingly
abuts against a surrounded portion of the drill string 5, the pipe 51, 51" or the saver
sub 431, or, when the sealing element 32, 32' is not surrounding the drill string 5, the
pipe 51, 51' or the saver sub 431, until closing the centre opening 321 completely.
The pressure fluid is supplied to the sealing elements 32, 32' from a pressure-fluid
system (not shown) through a pressure-fluid port 326 and an annular space 327 sur-
rounding the sealing elements 32, 32'. There are several fluid passages 328 extending
between the packer cavity 329 and the annular space 327. In the axial direction, the
annular space 327 is defined in a fluid-sealing manner by several pressure-fluid seals
320.

The sealing elements 32, 32" are supported in the housing 31 rotatable around the
centre axis of the centre bore 313, bearings 323 arranged between bearing rings 32a,
within which, respectively, the sealing elements 32, 32' are arranged, and the housing
31 being arranged to take strains in the radial and axial directions. End faces 325 of
each sealing element 32, 32' have a fluid-tight fit against the bearing ring 32a. From
the bearing ring 32a, a packer pipe 331 which fits tightly, at an end portion, against
the bearing ring 32a and rotates with the bearing ring 32a and the sealing element 32
and 32', respectively, projects into the respective chamber 311, 312. The packer pipe
331 is surrounded by, respectively, upper and lower packer assemblies 33, 33' of a
type that allows the packer pipe 331 to rotate without the sealing function deteriorat-
ing to any extent worth mentioning, for example so-called wash-pipe seals. Drilling
fluid is thereby prevented from penetrating through the bearing 323 of the sealing
elements 32, 32" into the annular space 327 and mixing with the pressure fluid which
is being supplied to the sealing elements 32, 32'. To further prevent such a mixing of
drilling fluid and pressure fluid, the housing 31 is provided with packer drains 332 that

will drain any leakage of drilling fluid from the housing 31.

The internal pressure of the sealing elements 32, 32" may be adjusted to the drilling-

fluid pressure which reflects the prevailing well pressure.

In a lower end portion, the housing 31 is also provided with a bottom packer 36
which, by expansion, is arranged to close the centre bore 313. Above the bottom

packer 36, the housing is provided with a drain opening 37.
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The rotary units 2, 2" include a rotatable tong 21, 21" with a rotary drive 23, 23', and

a hanging-off device 22, 22’, typically in the form of a slips arrangement.

In one embodiment, the circulation unit 3 is connected to the lower rotary unit 2, as it
is shown in figures 2-4. It is also conceivable for the circulation unit 3 to be independ-

ent of said lower rotary unit 2'.

When a continuous drilling operation is performed with the arrangement in accordance

with the invention, it may be performed in the following manner:

In a first phase of a drilling sequence, an upper end of the drill string 5 projects
through the circulation unit 3. The third drilling-fluid line 43 is connected, via the sav-
er sub 431, to an upper end 51a of the drill string 5. Drilling fluid is supplied to a cen-
tre bore of the drill string 5 via the saver sub 431. The drill string 5 is kept in rotation
by the upper rotary unit 2. The upper and lower sealing elements 32, 32" are open,
and the drill string 5 is moved freely relative to the circulation unit 3. The upper rotary
unit 2 and the drill string 5 are moved downwards according to the achieved rate of

penetration.

In a second phase of the drilling sequence, the circulation unit 3 and the lower rotary
unit 2' are moved upwards towards the upper rotary unit 2. The upper end 51a of the
drill string 5 and a lower portion 431a of the saver sub 431 are moved into the circula-
tion unit 3 so that the upper end 51a of the drill string 5 is in the lower chamber 312.
The drill string 5 is gripped by the lower rotary unit 2' which takes over the drill-string
rotation. The saver sub 431 remains hung off in the upper rotary unit 2. The sealing
elements 32, 32" are closed around the rotating drill string 5 and the saver sub 431,
respectively. Drilling fluid is supplied to the lower chamber 312 through the lower fluid
port 35'. The saver sub 431 is disconnected from the drill string 5 by the upper rotary
unit 2 holding the saver sub 431 back while the lower rotary unit 2' rotates the drill
string 5. The saver sub 431 is pulled out of the lower chamber 312, the gate valve 34
is closed, and the supply of drilling fluid through the saver sub 431 is stopped. The
upper sealing element 32 is opened, and the saver sub 431 is pulled out of the circula-
tion unit 3. Drilling-fluid residues may be drained through the upper fluid port 35. The
drilling operation is maintained by the rotation and displacement of the lower rotary
unit 2' and the circulation unit 3, and the supply of drilling fluid is maintained through
the lower chamber 312 which is kept closed to the surroundings by means of the
closed gate valve 34 and the lower sealing element 32" which fits tightly around a por-

tion of the drill string 5.

10
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In a third phase of the drilling sequence, a next pipe 51' which is to be joined to the
drill string 5 is moved in by means of a manipulator (not shown) or the like to the
drilling-centre axis WC and held fixed there. The upper rotary unit 2 rotates the saver
sub 431 to connect it to the upper end 51a of the pipe 51'. The pipe 51" is moved with
its lower end 51b into the circulation unit 3 while the upper sealing element 32 is
open. The upper sealing element 32 is closed around the pipe 51'. Drilling fluid is sup-
plied to the upper chamber 311 through the saver sub 431, the gate valve 34 is
opened, and the supply of drilling fluid through the lower fluid port 35' is stopped as
the drill string 5 is now being supplied with drilling fluid from the upper chamber 311
and through the open gate valve 34. The upper rotary unit 2 moves, during rotation,
the pipe 51' to connect it to the drill string 5, the pipe 51' being rotated faster than
the drill string 5. Drilling fluid is supplied to the drill string 5 through the saver sub
431. The sealing elements 32, 32' are opened, possibly after the chambers 311, 312
of the circulation unit 3 have been drained through the upper fluid port 35 and drain

opening 37, respectively.

The drilling operation continues by repetition from phase 1 when new pipes 51" are

successively connected as the drill string 5 works its way into the underground.

By means of the arrangement in accordance with the invention, a simple system for
the continuous supply of drilling fluid during drilling has been provided, and the drilling
may be carried out in continuous progress. The central units used are uncomplicated
as only one main function has been assigned to each of the units, namely:

a) The first rotary unit 2 provides for the hanging-off, rotation and vertical displace-
ment of the drill string 5 or pipe 51, 51' connected to the saver sub 431.

b) The second rotary unit 2' provides for the hanging-off, rotation and vertical dis-
placement of the drill string 5.

¢) The circulation unit 3 provides for fluid-tight, movable connection between a
drilling-fluid system 4 and the rotating drill string 5 in cooperation with the saver sub
431 for drilling-fluid supply to alternate between a supply directly to the drill string 5

and a supply via the next pipe 51, 51' in the connecting phase.

The circulation unit 3 according to the invention provides an environmentally friendly
handling of the drilling fluid, as residual amounts of the drilling fluid may be drained
from the circulation unit before the sealing elements 32, 32" are released from the drill
string 5 and so on. The packer assemblies 33, 33' of the circulation unit 3 also ensure
a better durability of the rotary bearings 323 and so on in that the pressure fluid,

which usually also functions as a lubricant for said bearings, will not be contaminated

11
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so easily with drilling fluid as the drilling fluid is prevented from entering the pressure-
fluid supply channel 327, 328.

By using a circulation unit 3, which has the sole task of maintaining the supply of drill-
ing fluid to the drill string 5, and letting the rotation, hanging-off and vertical dis-
placement of the drill string and pipe be carried out by the rotary units 2, 2', adjust-
ments of the arrangement to other pipe dimensions could be done more rationally, as
no intervention is needed in the closed circulation unit 3 when gripping elements and
so on in the rotatable tongs 21, 21" and the hanging-off devices 22, 22" are to be re-

placed.

By separating the circulation unit 3 from the lower rotary unit 2', the circulation unit 3
being provided with a separate linear drive (not shown) for the vertical displacement
of the circulation unit 3 independently of the lower rotary unit 2', additional ad-
vantages can be achieved in consequence of greater operational freedom during con-

tinuous drilling with continuous drilling-fluid circulation.
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Claims

A circulation unit (3) for an arrangement arranged to continuously circulate
drilling fluid during drilling, in which:

a housing (31) is provided with a centre bore (313) arranged to ac-
commodate a portion of a pipe (5, 51, 51', 431);

the centre bore (313) is defined by upper and lower annular sealing
elements (32, 32') which are rotatably supported in the housing (31);

the sealing elements (32, 32") are provided with a centre opening
(321) which, by the expansion of said sealing elements (32, 32'), is closable
or fits tightly against the pipe (5, 51, 51', 431) by the abutment of an inner
sealing surface (324) against the pipe (5, 51, 51', 431); and

a gate valve (34) in a closed state forms a fluid-tight partition be-
tween upper and lower chambers (311, 312) in the housing (31), c h a -
racterized in that

each of the sealing elements (32, 32") is connected in a fluid-tight
manner to a rotatable packer pipe (331) projecting into the respective
chamber (311, 312) and being surrounded by a packer assembly (33 and
33", respectively) that fits tightly against the circumference of the packer

pipe (331) and against the housing (31).

The circulation unit (3) in accordance with claim 1, wherein the sealing ele-
ment (32, 32") is provided with an expandable cavity (329) which is in fluid
communication with a pressure-fluid port (326) via several fluid passages

(328) and an annular space (327) surrounding the sealing element (32, 32").

The circulation unit (3) in accordance with claim 1, wherein, between the
packer assembly (33, 33") and a pressure-fluid seal (320) defining an annu-
lar space (327) surrounding the sealing element (32, 32'), a packer drain

(332) has been arranged.

The circulation unit (3) in accordance with claim 1, wherein the packer pipe
(331) is connected to the sealing element (32, 32') via a bearing ring (32a)
which fits fluid-tightly against the end faces (325) of the sealing element
(32, 32").

An arrangement for the continuous circulation of drilling fluid during contin-
uous drilling, in which a circulation unit (3) in accordance with any one of

claims 1-4 is arranged between upper and lower rotary units (2, 2"), the cir-
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10.

culation unit (3) and the rotary units (2, 2') being vertically displaceable
along a guidetrack (11), characterized in that

- at least the upper rotary unit (2) is displaceable independently of the
circulation unit (3);

- the circulation unit (3) includes a housing (31) provided with a centre
bore (313) arranged to accommodate a portion of a pipe (5, 51, 517, 431);

- the centre bore (313) is defined by upper and lower annular sealing
elements (32, 32') which are rotatably supported in the housing (31); and

- the sealing elements (32, 32") are provided with a centre opening
(321) which, by the expansion of said sealing elements (32, 32"), is closable
or fits tightly against the pipe (5, 51, 51', 431) by the abutment of an inner
surface (324) against the pipe (5, 51, 51, 431).

The arrangement in accordance with claim 5, wherein any rotation of a drill
string (5) and any rotation of a pipe (51, 51") during connection to or dis-
connection from the drill string (5) are provided by rotatable tongs (21, 21")

which are arranged outside the housing (31) of the circulation unit (3).

The arrangement in accordance with claim 5, wherein the lower rotary unit
(2") and the circulation unit (3) are provided with a common linear drive
(25") which is arranged to displace said rotary unit (2") and the circulation
unit (3) in a synchronous vertical movement along the guide track (11) of
the derrick (1).

The arrangement in accordance with claim 5, wherein the housing (31) is
provided with a gate valve (34) which, in a closed state, forms a fluid-tight

partition between upper and lower chambers (311, 312).

The arrangement in accordance with claim 4, wherein the gate valve (34) is
a ball valve with a rotational axis which is perpendicular to the centre axis of
the housing (31) and a centre opening (341) which, in the open state of the
gate valve (34), forms a portion of the centre bore (313) of the circulation
unit (3).

The arrangement in accordance with claim 5, wherein the circulation unit (3)
is provided with upper and lower chambers (311, 312) which are each con-
nected to a drilling-fluid system (4) via individually closable drilling-fluid

lines (41, 42) connected to a valve system (44).

14
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The arrangement in accordance with claim 5, wherein a saver sub (431) is
rotatably connected to a closable drilling-fluid line (43) which is connected to

a drilling-fluid system (4) via a valve system (44).

The arrangement in accordance with claim 5, wherein an end face (325) of
each of the sealing elements (32, 32") is connected in a fluid-tight manner to
a rotatable packer pipe (331) which projects into respectively upper and
lower chambers (311, 312) in the housing (31) and is surrounded by a
packer assembly (33 and 33', respectively) fitting tightly against the circum-
ference of the packer pipe (331) and against the housing (31).
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