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such a clean-out tool

(67)  Aclean-outtool for cleaning outa well bore com-
prises a helical displacing member (3) which is secured
against rotation about a longitudinal axis thereof. A tu-
bular barrel (2) surrounds the helical displacing member
and is rotatably journalled in a first bearing (9) and a
second bearing (10). A drive mechanism (7) rotatably
drives the tubular barrel. The tubular barrel comprises a
hollow bit at a free end of the tubular barrel, the second
bearing being provided within the hollow bit (12). The
hollow bit is provided with scoop openings (13).

In a method for cleaning out a well bore using such
a clean-out the tool is completely lowered into a pre-
formed well bore until the hollow bit engages debris or
other material. The drive mechanismis activated to rotate
the tubular barrel relative to the helical displacing mem-
ber while the helical displacing member is kept stationary
to convey debris or other material into the tubular barrel
via the scoop openings and further into the tubular barrel.
The tool is pulled out of the well bore and debris or other
material is removed out of the tubular barrel.

A clean-out tool for cleaning out a well bore and a method for cleaning out a well bore using
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a well clean-
out tool and, in particular, to a well clean-out tool for re-
moving debris or other material from well bores with sub-
hydrostatic reservoir pressure, well bores where suffi-
cientlifting velocity cannot be achieved or wellbores filled
with high density debris or other material which cannot
be circulated to the surface.

[0002] From time to time it can become necessary to
remove sand, scale and other types of debris or material
from a well bore in order to maintain or increase the pro-
ductivity and/or life of the well.

[0003] Conventional well clean-out operations, such
as the circulating type, require that the well bore be filled
with liquid or at least contain a substantial liquid column.
In many instances, however, the formation cannot sus-
tain a substantial column of liquid for a conventional
clean-out operation. In addition removing such debris or
material from such a well with for example a wire line
bailer can take substantial time as the volume of such
bailer is limited and fill efficiency unpredictable. Other
known methods involve the use of foam which may have
negative effect on the producing formation or can pose
problems in handling returns at the surface. Consequent-
ly, those wells cannot be efficiently cleaned out at an
economic price.

[0004] It is, therefore, an object of the invention to al-
leviate the above-discussed shortcomings and to provide
a clean-out tool and method for efficiently cleaning out
oil, gas and uranium well bores in general, in particular
well bores with lost circulation or formations with sub-
hydrostatic pressure, where low reservoir pressure pre-
vents debris or other material being circulated to the sur-
face, where settling velocity of the particles exceeds the
lifting velocity due to the ratio between well inside diam-
eters and achievable fluid and/or gas pump rates or
where the density of the debris or other material prevents
such debris or other material being circulated to the sur-
face. Another object of the presentinvention is to provide
such a clean-out tool and method with which a well bore
can be cleaned-out effectively without having a negative
effect on the producing formation and without adding any
fluid to the well bore.

SUMMARY OF THE INVENTION

[0005] Those and other objects are achieved by the
present invention by providing a clean-out tool for clean-
ing out a well bore, said clean-out tool comprising:

- a helical displacing member comprising a central
shaftand a helical blade flight with a longitudinal axis,
said displacing member being secured against rota-
tion about said longitudinal axis;

- atubularbarrel surrounding said displacing member,
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said tubular barrel being rotatably journalled in a first
bearing and a second bearing spaced from the first
bearing;

- adrive mechanism for rotatably driving said tubular
barrel; and

- said tubular barrel comprising a hollow bit at a free
end of the tubular barrel, said second bearing being
provided within the hollow bit, and wherein said hol-
low bit is provided with scoop openings. The drive
mechanism can be a down hole motor. Such a down
hole motor can be driven hydraulically, by means of
a compressed gas or air or a combination thereof.
Further drive mechanism can be an electric drive
(e.g. an electric motor with power supplied from
down hole batteries or a surface source via a con-
ductor cable) or a rotating drill string or tubing rotating
the tubular barrel. Preferably, the hollow bit compris-
es a cylindrical part with substantially uniform diam-
eter and a conical part with reducing diameter or a
flat bottom. Please note, that the invention is not re-
stricted to remove

debris from well bores but can also be used to remove
other materials, such as uranium, from well bores or to
deepen an existing well bore.

[0006] In an embodiment of a clean-out tool for clean-
ing out a well bore according to the invention the scoop
openings are provided in the conical or bottom part so
that - in use - debris or other material can be effectively
removed from the well bore.

[0007] In a further embodiment of a clean-out tool for
cleaning out a well bore according to the invention the
helical blade flight extends to within the hollow bit, pref-
erably up to the second bearing, for efficiently conveying
debris or other material from the scoop openings into the
tubular barrel and further displacing the debris into the
tubular barrel.

[0008] Inanadvantageous embodiment of a clean-out
tool for cleaning out a well bore according to the invention
the hollow bit is removably connected to the tubular bar-
rel. In this manner, maintenance and repair can be per-
formed in a simple manner while it is also possible to
remove debris or other material contained within the tu-
bular barrel by removing the hollow bit from the tubular
barrel.

[0009] Preferably, the clean-out tool comprises a first
bearing and connection subassembly, said first bearing
and connection subassembly comprising the first bearing
and being connectable to the drive mechanism. Itis then
in particular advantageous when the drive mechanism
comprises a down-hole motor comprising a static or hol-
low shaft, said static shaft being coupled to the central
shaft of the helical displacing member in a rotationally
fixed manner or the central shaft of the helical displacing
member is extended through the hollow shaft of the down
hole motor and rotationally fixed in the work string above
the down hole motor. For facilitating maintenance and
repair and allowing debris or other material contained
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within the tubular barrel to be removed from the tubular
barrel it is preferred that the first bearing and connection
subassembly is removably connected to the tubular bar-
rel.

[0010] In a further embodiment of a clean-out tool for
cleaning out a well bore according to the invention the
clean-out tool comprises an anchor extending in longitu-
dinal direction from the hollow bit, said anchor comprising
an anchor shaft extending through the hollow bit, said
anchor shaft being coupled to the central shaft of the
helical displacing member in a rotationally fixed manner.
In this manner the helical displacing member can be held
stationary by the anchor, which - in use - is pressed in
the debris or other material. Such an anchor can be used
in addition to or as an alternative to a down-hole motor
comprising a static shaft coupled to the central shaft of
the helical displacing member.

[0011] In a still further embodiment of a clean-out tool
for cleaning out a well bore according to the invention
the tubular barrel comprises at least one slot for passing
fluids, gas or air within the tubular barrel to outside the
tubular barrel. Such slots enable fluids, gas or air present
in the debris or other material to be squeezed out of the
tubular barrel through the slots to prevent pressure built
up inside the tubular barrel. The dimensions, i.e. length
and width, of the slots are preferably chosen in depend-
ence of the size and kind of the debris or other material.
[0012] Preferably, in a still further embodiment the hel-
ical displacing member comprises an upper partin which
the central shaft is free from helical blade flight which can
provide more compacting of the debris. In particular when
the slots are provided in an upper part of the tubular bar-
rel, which upper part of the tubular barrel surrounds the
upper part of the helical displacing member which is free
from helical blade flight compacting can be performed
very efficiently, as a result of which more debris or other
material can be contained within the tubular barrel.
[0013] In a particular advantageous embodiment of a
clean-out tool for cleaning out a well bore according to
the invention a predefined working clearance between a
cylindrical volume occupied by said helical displacing
member and an inner surface of said tubular barrel is
such that, in use, a stable layer of material is formed
against said inner surface of said tubular barrel, said sta-
ble layer urging a mass of material within said tubular
barrel along a helical path by frictional engagement be-
tween said stable layer and said mass of material. Such
a clearance can provide an efficient fill of the tubular bar-
rel and prevents wear of the inner wall of the tubular barrel
through metal-on-metal contact and lock up of the tubular
barrel against the helical displacing member in the tubu-
lar barrel. Due to the contact frictional engagement be-
tween the material and the inner wall of the tubular barrel
the material is caused to rotate inside the tubular barrel
where it encounters the static helical displacing member.
The rotating tubular barrel pushes the debris or other
material along the helical blade flight inward the tubular
barrel and the tubular barrel can become completely filled
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with debris or other material. In addition because of said
clearance between the rotating tubular barrel, it is then
in particular advantageous that the material inside the
rotating tubular barrel will only move by the same amount
of debris or other material as is additional taken in via
the scoop openings of the hollow bit.

[0014] For a person skilled in the art it is clear that the
clean-out tool can be sized and extended with various
diameters and lengths of screw and tube sections to ac-
commodate the well bore and/or the well bore surface
lubricator configurations.

[0015] The presentinvention further relates to a meth-
od for cleaning out a well bore using a clean-out tool
according to the invention, comprising the steps of:

lowering said clean-out tool completely into a pre-
formed well bore, such as by means of for example
coiled tubing, jointed pipes, wire line or conductor
line, until the hollow bit of said clean-out tool engages
debris or other material within said pre-formed well
bore;

activating the drive mechanism, causing the tubular
barrel surrounding the helical displacing member to
rotate about the longitudinal axis while the helical
displacing member is kept stationary to convey de-
bris or other material into the tubular barrel via the
scoop openings and further into the tubular barrel;
pulling said clean-out tool from said well bore, such
as by means of for example coiled tubing, jointed
pipes, wire line or conductor line; and removing de-
bris or other material out of the tubular barrel.

[0016] Preferably, the step of removing debris or other
material out of the tubular barrel comprises the step of
removing atleast one of the hollow bit and the first bearing
and connection subassembly from the tubular barrel. By
disassembling the clean-out tool it is ensured that the
components of the clean-out tool are damaged as less
as possible when removing debris or other material from
the tubular barrel, although it requires a relatively small
amount of additional time. Thus the debris or other ma-
terial can be cleaned out of the well bore through pro-
duction tubing, casing or a combination of both. The in-
ventive method can be used for cleaning out cased well
bores as well as so called open hole well bores.

[0017] In a particularly advantageous embodiment of
a method cleaning out a well bore according to the in-
vention, said method comprises the steps of:

rotating said tubular barrel at a speed sufficient to
urge debris or other material towards an inner wall
of said tubular barrel;

providing a predefined working clearance between
said helical displacing member and said inner wall
of said tubular barrel, the predefined working clear-
ance being such that, in use, a stable layer of debris
or other material is formed against said inner wall of
said tubular barrel;
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urging a mass of debris or other material within said
tubular barrel along a helical path by frictional en-
gagement between said mass of debris or other ma-
terial and said stable layer;

wherein preferably said working clearance between
acylindrical volume occupied by said helical displac-
ing member and said inner wall of said tubular barrel
is greater than a mean particle diameter of packable
debris or other material. Preferably the tubular barrel
is rotated at a speed sufficient to form a static layer
of debris or other material in a clearance space be-
tween a cylindrical volume occupied by said helical
displacing member and said inner wall of said tubular
barrel. Furthermore, rotation of material inside the
tubular barrel will automatically tend to centre the
helical displacement member which is particular ad-
vantageous for extended cleanout tools.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In order that the invention may be more fully
understood and put into practical effect, reference will
now be made to preferred embodiments illustrated in the
accompanying drawings in which:

FIG. 1A shows schematically a cross-sectional side
elevation of an embodiment of a clean-out tool ac-
cording to the invention;

FIG. 1B shows schematically a hollow bit of the
clean-out tool in side elevation of Figure 1A;

FIG. 1C shows schematically the hollow bit of FIG.
1B seen from the free end of the tubular barrel;
FIGs. 2A and 2B show the clean-out tool of FIG. 1
in two positions during cleaning out debris from a
well bore;

FIG. 3A shows schematically a cross-sectional side
elevation of an alternative embodiment of a clean-
out tool according to the invention comprising an an-
chor;

FIG. 3B shows schematically the clean-out tool of
FIG. 3A seen from the free end of the tubular barrel;
FIGs. 4A and 4B show the clean-out tool of FIG. 3
in two positions during cleaning out debris from a
well bore;

FIG. 5 shows yet another embodiment of a clean-
out tool according to the invention comprising slots
in the tubular barrel; and

FIG. 6 shows a further embodiment of a clean-out
tool according to the invention in which an upper end
of the helical displacing member is free from a helical
blade flight.

DETAILED DESCRIPTION OF THE INVENTION

[0019] InFIG. 1A, the clean-out tool 1 comprises a tu-
bular barrel 2 surrounding a helical displacing member
3 comprising a central shaft 4 with a helical blade flight
5 extending about the circumference of central shaft 4.
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[0020] The shaft 4 is fixedly mounted (in a rotational
manner) to a static shaft 6 of a down-hole motor 7 which
forms the drive mechanism for the clean-out tool 1.
[0021] In FIG. 1A the positioning of the clean-out tool
1is shown - in use - in which the helical displacing mem-
ber is supported, with a longitudinal axis 8 in a substan-
tially upright position. Please note, that the helical dis-
placing member need not be placed substantially upright
but operates as well when positioned horizontally or un-
der an angle to the horizontal plane. The helical displac-
ing member 3 is thus secured against rotation about the
longitudinal axis 8.

[0022] The tubular barrel 2 surrounds the helical dis-
placing member 3 and is rotatably journalled in a first
bearing 9 and a second bearing 10, spaced from the first
bearing 9. Thefirst bearing 10 is included in afirstbearing
and connection subassembly 11, which in the shown em-
bodiment is removably connectable to the drive mecha-
nism 7 (schematically shown) and the tubular barrel 2.
[0023] The tubular barrel 2 further comprises a hollow
bit 12 at a free end of the tubular barrel 2. The second
bearing 10 is provided within the hollow bit 12. The hollow
bit 12 comprises a cylindrical part 12A with substantially
uniform diameter and a conical part 12B with reducing
diameter. Please note that although the conical part 12B
is shown as being pointed, it is in other - not shown -
embodiments possible that the conical part is more flat-
tened. Scoop openings 13 are provided in the conical
part 12B for enabling debris to enterinto the tubular barrel
2. In the shown embodiment there are two, almost trian-
gular shaped scoop openings 13 in the conical part 12B.
[0024] AscanbeseeninFIG. 1Athe helical blade flight
5 extends to within the hollow bit 12, preferably up to the
second bearing 10, and thus has a reducing diameter in
a direction toward the second bearing 10. In the shown
embodiment the hollow bit 12 is removably connected to
the tubular barrel 2, e.g. by a threaded connection as
indicated in FIG. 1B.

[0025] InFigures2A and 2B the clean-outtool 1 of FIG.
1is shown in two positions during cleaning out debris D
from a well bore WB which is pre-formed in a formation
F (partly shown) . In Figure 2A the clean-out tool is low-
ered into the pre-formed well bore WB until the hollow
bit 12 of said clean-out tool 1 engages debris D within
said pre-formed well bore WB. Thereafter the drive mech-
anism 7 is activated causing the tubular barrel 2 sur-
rounding the helical displacing member 3 to rotate (indi-
cated by the arrow) about the longitudinal axis 8 while
the helical displacing member 3 is kept stationary by the
static shaft 6 of the down-hole motor 7 to convey debris
D into the tubular barrel 2 via the scoop openings 13 and
further into the tubular barrel 2 as indicated in Figure 2B.
As a result of the hollow bit 12 the clean-out tool 1 is
efficiently drilled into to debris D. Due to the first bearing
9 and the second bearing 10 the helical displacing mem-
ber 3 will substantially not deform leading to a reproduc-
ible and constant operation of the clean-out tool 1. After
the tubular barrel 2 is sufficiently filled the clean-out tool
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1 is pulled from the well bore WB. The debris D can then
be removed out of the tubular barrel 2 by e.g. disassem-
bling the hollow bit 13 and the first bearing and connection
subassembly 11. Please note, that the rotation direction
is indicated as an example only and that it will be clear
for a person skilled in the art that the rotation direction
for displacing debris or other material into the tubular
barrel depends on whether the helical blade flight 5 has
a right hand or a left hand wound screw. Of course the
down hole motor needs to be modified accordingly.
[0026] In FIG. 3A schematically a cross-sectional side
elevation of an alternative embodiment of a clean-out
tool 1 according to the invention is shown which compris-
es an anchor 14, which is shown in FIG. 3B as seen from
the free end of the tubularbarrel 2. The anchor 14 extends
in longitudinal direction from the hollow bit 13 and com-
prises an anchor shaft 15 extending through the hollow
bit 12. The anchor shaft 15 is coupled to the central shaft
4 of the helical displacing member 3 in a rotationally fixed
manner and holds the helical displacing member static.
In this embodiment the drive mechanism 7’ (schemati-
cally shown) does not need to have a static shaft con-
nected to the central shaft 4 but can be formed by any
other known drive mechanism able to rotate the tubular
barrel 2.

[0027] FIGs. 4A and 4B show the clean-out tool 1 of
FIG. 3 in two positions during cleaning out debris D from
awell bore WB which is pre-formed in aformation F (part-
ly shown). In Figure 4A the clean-out tool is lowered into
the pre-formed well bore WB until the anchor 14 of the
hollow bit 12 of said clean-out tool 1 engages debris D
within said pre-formed well bore WB. Thereafter the drive
mechanism 7’ is activated causing the tubular barrel 2
surrounding the helical displacing member 3 to rotate
(indicated by the arrow) about the longitudinal axis 8 while
the helical displacing member 3 is kept stationary by the
anchor 14 to convey debris D into the tubular barrel 2 via
the scoop openings 13 and further into the tubular barrel
2 as indicated in Figure 4B. As a result of the hollow bit
12 the clean-out tool 1 is efficiently drilled into to debris
D. Due to the first bearing 9 and the second bearing 10
the helical displacing member 3 will substantially not de-
form leading to a reproducible and constant operation of
the clean-outtool 1. After the tubular barrel 2 is sufficiently
filled the clean-out tool 1 is pulled from the well bore WB.
The debris D can then be removed out of the tubular
barrel 2 by e.g. disassembling the hollow bit 13 and the
first bearing and connection subassembly 11. Please
note that in this embodiment it is not necessary to use a
drive mechanism having a static shaft but any other avail-
able drive mechanism can be used.

[0028] FIG. 5 shows yet another embodiment of a
clean-out tool 1 according to the invention comprising
slots in the tubular barrel 2.

[0029] FIG. 6 shows a further embodiment of a clean-
out tool 1 according to the invention in which an upper
end 3A of the helical displacing member 3 is free from a
helical blade flight 5. Please note, that in this embodiment
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the slots 16 are only provided in an upper part 2A of the
tubular barrel, which upper part 2A of the tubular barrel
surrounds the upper part 3A of the helical displacing
member which is free from helical blade flight 5.

[0030] In the embodiments shown a predefined work-
ing clearance C between a cylindrical volume occupied
by said helical displacing member 3 and an inner surface
20 of said tubular barrel 2 is such that, in use, a stable
layer of material is formed against said inner surface 20
of said tubular barrel 2. The stable layer urges - in use a
mass of material within said tubular barrel 2 along the
helical path by frictional engagement between said stable
layer and said mass of material.

Claims

1. A clean-out tool for cleaning out a well bore, said
clean-out tool comprising:

- a helical displacing member comprising a cen-
tral shaft and a helical blade flight with a longi-
tudinal axis, said displacing member being se-
cured against rotation about said longitudinal
axis;

- a tubular barrel surrounding said helical dis-
placing member, said tubular barrel being rotat-
ably journalled in a first bearing and a second
bearing spaced from the first bearing;

- a drive mechanism for rotatably driving said
tubular barrel; and

- said tubular barrel comprising a hollow bit at a
free end of the tubular barrel, said second bear-
ing being provided within the hollow bit, and
wherein said hollow bit is provided with scoop
openings.

2. Aclean-outtoolfor cleaning out a wellbore according
to claim 1, wherein the hollow bit comprises a cylin-
drical part with substantially uniform diameter and a
conical part with reducing diameter.

3. Aclean-outtoolforcleaning out a wellbore according
to claim 2, wherein the scoop openings are provided
in the conical part.

4. Aclean-outtoolfor cleaning outawellbore according
to any one of the preceding claims, wherein the hel-
ical blade flight extends to within the hollow bit, pref-
erably up to the second bearing.

5. Aclean-outtoolforcleaning outawellbore according
to any one of the preceding claims, wherein the hol-
low bit is removably connected to the tubular barrel.

6. Aclean-outtoolforcleaningoutawellbore according
to any one of the preceding claims, wherein the
clean-out tool comprises a first bearing and connec-
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tion subassembly, said first bearing and connection
subassembly comprising the first bearing and being
connectable to the drive mechanism.

Aclean-outtool for cleaning out awell bore according
to claim 6, wherein the drive mechanism comprises
a down-hole motor comprising a static shaft, said
static shaft being coupled to the central shaft of the
helical displacing member in a rotationally fixed man-
ner.

Aclean-outtool for cleaning out awell bore according
to claim 6 or 7, wherein the first bearing and connec-
tion subassembly is removably connected to the tu-
bular barrel.

Aclean-outtool for cleaning out awell bore according
to any one of the preceding claims, wherein the
clean-out tool comprises an anchor extending in lon-
gitudinal direction from the hollow bit, said anchor
comprising an anchor shaft extending through the
hollow bit, said anchor shaft being coupled to the
central shaft of the helical displacing member in a
rotationally fixed manner.

Aclean-outtool for cleaning out awell bore according
to any one of the preceding claims, wherein the tu-
bular barrel comprises at least one slot for passing
fluids within the tubular barrel to outside the tubular
barrel.

Aclean-outtool for cleaning out awell bore according
to any one of the preceding claims, wherein the hel-
ical displacing member comprises an upper part in
which the central shaftis free from helical blade flight.

Aclean-outtool for cleaning out awell bore according
to claims 10 and 11, wherein the slots are provided
in an upper part of the tubular barrel, which upper
part of the tubular barrel surrounds the upper part of
the helical displacing member which is free from hel-
ical blade flight.

Aclean-outtool for cleaning out awell bore according
to any one of the preceding claims, characterized
in that a predefined working clearance between a
cylindrical volume occupied by said helical displac-
ing member and an inner surface of said tubular bar-
rel is such that, in use, a stable layer of material is
formed against said inner surface of said tubular bar-
rel, said stable layer urging a mass of material within
said tubular barrel along a helical path by frictional
engagement between said stable layer and said
mass of material.

A method for cleaning out a well bore using a clean-
outtool according to any one of the preceding claims,
comprising the steps of:
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lowering said clean-out tool completely into a
pre-formed well bore until the hollow bit of said
clean-out tool engages material within said pre-
formed well bore;

activating the drive mechanism, causing the tu-
bular barrel surrounding the helical displacing
member to rotate about the longitudinal axis
while the helical displacing member is kept sta-
tionary to convey material into the tubular barrel
via the scoop openings and further into the tu-
bular barrel;

pulling said clean-out tool from said well bore;
and

removing material out of the tubular barrel.

15. A method for cleaning out a well bore according to

claim 14, using a clean-out tool according to claim 5
or claim 8 or according to claims 5 and 8, wherein
the step of removing material out of the tubular barrel
comprises the step of removing at least one of the
hollow bit and the first bearing and connection sub-
assembly from the tubular barrel.
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