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An apparatus and method for modifying the sidewalls of a borehoie

The present invention relates to modification of borehole sidewalls, in particular in
connection with drilling of long boreholes. The invention is particularly adapted for
extended reach drilling, ERD of wells such as offshore oil wells. Especially, the

invention concerns an apparatus and method making a spiral shaped rifle inside a
wellbore. The modified borehole is not a circular borehole with a uniform diameter
along the length of the hole, but rather a hole with a non circular cross section, or
a hole with varying diameter along the length. The apparatus of the invention may
be used for milling the sidewalls of an all ready drilled hole, or may form a part of a
unit providing simultaneous milling and drilling,

A solution for creating of non-circular boreholes in rocks for use with geotharmal
heat pump applications, and for increasing wellbore support in applications such
as horizonial oil and gas diiliing, is shown in US patent application 2008/0093125.
The system uses a non contacting drilling system which in one embodiment uses
a supersonic flame jet drilling system with a movabie nozzle that swings between
pivot points.

US 4,629010 shows a process and device for sinking wells. The device includes a
pair of rotary digging heads with horizontal axes mounted on supports for
movement of such axes towards and away from each other between a central
position close to the axis of a well and a peripheral position adjoining the wall of
the well being formed.

In for instance oil well drilling is well construction is an important cost driver in oil
and gas field development, and extended reach drilling, ERD, is a key challenge.
These types of drilling include extended reach far out from infrastructure and
multiple targets, and may involve slim hole infill drilling, through tubing rotary
drilling (TTRD), coil tubing drilling (CTD) and casing while driliing (CWD).

Extended reach drillihg (ERD) is limited due to drill string friction causing excess
drag and torque. This again may lead to drilt string buckling and twist off.
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Furthermore, increased pressure loss along the drill string may cause excessive
pressure to the formation equivalent circulating density (ECD). This may again
lead to borehole instability and lost circulation, poor well cleaning and stuck drill
string. Drili string / borehole wall contact may also cause mud cake damage. A
rotating drill string whirling in a borehole may cause damage to a mud cake
continuously, further resulting in mud filtration loss and invasion zone around the
borehole. With embodiments of the present invention, this contact is reduced, and
this causes less mud cake damage, less filiration iosses and less wellbore
instability. The contact can be reduced as much as 75 % while a buckling limit of a
drili string is maintained. increased mud invasion may lead to borehole instability,
well collapse and formation damage in a hydrocarbon reservoir. Embodiments of
the present invention may maintain the same borehole clearance and thereby the
same buckling capacity of a drill string in the borehole. Less invasion zone in a
reservoir leads to reduced skin effect, improved production rate and higher

recovery factor.

Fiuid foss of the drilling mud is one of the main factors that results in borehole
instability in formations. Maintaining the mud cake will decreases the rate of fiuid
loss. Preventing mud cake damage has a big impact in reducing the volume of
fluid loss. Therefore, embodiments of the present invention reducing the wall
contact between a bore hole wall and eg. a drill string, will have a big impact to

reduce the borehole instability.

Reduced borehole instability leads to less drilling time and increased operational

safety, which are the main challenges issues in the drilling industry.

With a borehole with modified sidewalis according to embodiments of the invention,
it is proposed to increase the reach of wells by reducing the borehole wali friction by
reducing wall contact, reducing the pressure loss along the drill string (ECD) by
increasing an annulus area, increasing borehole stability by reducing wall contact of
eg. a drill string , reducing differential sticking of drill string in open hole section,
improving hole cleaning due to rotational flow regime in annuius, and reducing
surface torque by eliminating drill bit reactive torque. Reducing the circulation
pressure loss in an annulus reduces the pressure on the formation and thereby the

risk of formation
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fracture. The total pressure inserted to the formation is equivalent to the hydrostatic
pressure of circulating mud with the equivalent density in the annulus, ECD, is one
of the main limiting factors in extended long borehoies. With embodiments of the
present invention, the ECD can be reduced, and thereby, the borehole length can

be increased,

Reducing drill string / wall contact in borehole may again lead to less mud filtration
loss and less borehole instability. Time is a key factor on volume of filtration loss.

Friction factor is an empirical parameter, affected by different variables: Sliding
velocity, temperature, vibration, surface quality, contact area and extent of
contamination. The friction laws for lubricated surfaces are considerably different
than for dry surfaces. in lubricated surfaces the frictional resistance is almost
independent of the specific load.

Increasing flowing area leads to less pressure loss (ECD) in the annulus.
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Initial calculation modeis suggest 300 % extended reach and 88 % reduction in
pressure loss per unit length, Additional benefits may include less driliing problems

(less NPDT), reaching new targets and environmental bensfits. This also results in
saving costs.

Creating spiral grooves around a main borehole improves the fiow regime with
respect to drill cuttings transport in an annulus.

Lateral fluid movement in the spiral grooves and rotational flow regime will improve
drill cuttings transportation compared to a circular annulus. In addition, more
clearance below a dril string increases fiuid velocity on a lower side of the
borehole. Higher fluid velocity in this section is a key issue to increase cuttings
transport reduce particle deposition,
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Typical flow simulation with equivalent conditions show that the retuming mudfiow
regime in a rifeled well annulus will be different compared io conventional
annuluses and hole cleaning in ERD wells will be improved,

Higher fluid velocity below the drilipipe in the horizontal section leads to improved
well cleaning and less settied cuttings. Better borehole cleaning will reduce the
seftled cuttings and excess drag and torgue. Using larger diameter drilipipe for

increased mechanical properties is also an option in some cases to extend the
drilling reach.

A study of pressure loss in the different cases and comparing the conveniional and
a modified drilling system shows that the borehole cleaning is much better in
modified wells.

An embodiment of the present invention concerns an apparatus for modifying the
sidewalls of a borehole. The apparatus may be a bottom hole assembly, BHA. The
produced borehole will not be a circular borehole with a uniform diameter along the
length of the hole, but rather a hole with a non circular cross section, or a hole with
varying diameter along the length. The cross section may in an embodiment
include a multi profile well pattern where the profile will have several different
profiles along the length of the hole or section, or may in a further embodiment be
a multi spiral well pattern having several grooves along a main circular borehole.
The borehole may in an even further embodiment have several diameters or an

elliptic profile.

Furthermore, another embodiment of the present invention concerns a method for
drilling the above mentioned borehole. Typically the borehole will have a helical or
spiral shaped internal recess where the cross section vary along the length of the
borehole, if the cross section is fixed to a reference axis along the length of the

borehole, ie. not is turned along with the helical recess.
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As explained above, borehole cross sections may have at least one of a mulli
profile well pattern with several different recesses, a multi spiral well pattern having
several recesses or grooves along a main circular borehole, a multi diameter

borehole or a combination of the various borehole shapes mentioned above.

A further embodiment of the invention seeks to provide a borehole having an
eliiptical cross section. The elliptical cross section may twist along the length of the

hole.

The apparatus of an embodiment of the invention includes a longitudinal housing
adapted to fit inside the borehole. The housing includes a first end portion, a
second end portion, and a side portion between said end portions, adapted to face
the sidewalls of the borehole. Furthermore the apparatus includes means on the
side of the housing for removing material from said borehole sidewall. The
apparatus can be rotated and moved in a lengthwise direction on for instance a drill
string or includes separate means for rotating the housing with a controlled
rotational speed in relation to said the borehole sidewalls. The apparatus may
include means for feeding the housing in a conirolled rate of longitudinal motion in

relation to said borehole.

The means for removing material may include particle blasting nozzles, but this
method may be less favourable and cannot really be compared to a milling

method.

The housing may include energized driving means, such as mud motors and other
driving elements well known within the field, typically driven by drilling mud, or
electrically with electric motors. The means for removing material from said
borehole wall in the side of said housing may include at least one mill driven in

rofation by said driving means.

The mill or bits may typically have a dome shaped head with sintered or some kind

of hard facing bits to provide a milling action. However other shapes such as a
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pointed or square shape may be used. Synthetic diamonds will typically be used
on the face of the mill.

Said means for rotating the housing with a controlled rotational speed may
includes means for rotating a drill string attached at a rearward end of said
housing. Typically the rotation is provided by ordinary means for rotating a drill
string.

The at least one mill for removing material may be inciined in reiation to the
borehole wall for providing both a forward motion and a rotating motion of the
housing in the borehole while milling a helical rifle.

The housing may include a first and a second part, and at least the first part may
include means such as a driil bit for removing material from in front of said
borehole to further drill the hole, The second part may be glidingly attached to the
first part. One or both paris may include means for anchoring the apparatus to the
borehole wall. The parts may then be driven back and forth by a suitable actuator
to provide a mechanism for providing a simultaneous rotating and forward motion
resulting in an inchworm motion. The means for anchoring the apparatus to the
borehole wall must then grip or release the borehole wall sequentially to provide
the twisting inchworm motion. The housing must furthermore include means for
removing matetial from the borehole wall as explained.

The housing may further include a drill bit at the end of the housing facing in the
direction of the borehole for drilling the borehole. The drill bit may be an ordinary
drill bit well known within the field, and may typically be driven by a mud motor.

The housing may include several mills on the side of said housing. Four mills may
for instance be used.

When a main borehole is Penetrated may additional grooves along the axis of the
borehole introduce a bigger effective cross sectional area with constant effective
diameter, and there by maintaining the buckling capacity of the driil string. The
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number of grooves may be varied from 110 4 or more. The number, shape aﬁd
size may vary with tool design. The amount of reduction of wall contact is also
dependent on number and size of the side mills or cutters and couid even be more
than 95 %. The modified borehole of the invention can be applied to all borahole or

well sizes. In general, every non-circular and out of shape cross section that has

been rotated along the bore hole axis will create spiral grooves, corners and shapes
(rifled well} and gives the benefit of maintaining eg. a drill string inside the main

borehole.

The apparatus may further include sensors for monitoring rotation and forward
motion in relation to the borehole. Output from the sensors may be fed in real time
to the surface for controlling forward motion and rotation of the apparatus or may
be fad to a contro! system on the apparatus. The sensors may also provide
information to onboard computer readahie storage means for later reading by a
computer after the apparatus is retrieved to the surface.

The housing may include at least one actuator for actuating the at least one miil
between an extended operating position and a retracted position, in particular to
be able to retract the mill or mills during running in or retrieval, The housing may
also include redundant mills for operation if some mills shouid fail.

Furthermore an embodiment of the invention relates to a borehole for the
exploration and production of hydrocarbons with a bore with a substantially circular
cross section and a helical rifle surrounding the bore. The shape of the helical rifle
will typically conform to the shape of the mill used to make the rifle, typically
providing a curved or pointed section. If the less favourabie method of abrasive
blasting is used, the profile or section will be less predictable and will to a greater
extent depend on the material in the borehole. The shape is however of less
importance as long as the helicat or spiral rifle provides the intended effect. An
embodiment of the invention may also include a swivel for allowing the apparatus to
rotate freely or for providing an independent rotation of the apparatus in relation to

the drill string.
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An embodiment of the invention may also include a reamer. Means for centring the

apparatus in the borehole may also be provided.

A further embodiment of the invention seeks to provide an apparatus for drilling a
borehole having a cross section varying along its length in relation to a fixed axis
parallel to the bore hole. Said borehole cross sections may have at least one of a
multi profile pattern, an elliptical pattern having spiral grooves along a main

borehole axis, and a multi diameter borehole,

A further embodiment of the invention seeks to provide a borehole having a mulli
nrofile or elliptical cross section formed by the use of a bottom-hole-assembly

comprising a milling process.

A further embodiment of the invention seeks to provide a tube for transporting
liquids with a substantially non-circular cross section which is twisted along the

axial length and results in rifle shaped grooves in the tube.

Furthermore, an embodiment of the invention relates to a method for making a
borehole with internal, helical grooves. The method comprises the steps of installing
an apparatus as defined above and with a longitudinal housing in a borehole. The
housing includes a first end portion, a second end portion, and a side portion
between said end portions. The means or mills on said side portion for modifying
the bore hole wall is then operated for removing material. The housing is rotated
and fed in a controlled rate of longitudinal motion and with a controlied rotational

speed in relation to said the borehole walls.

The apparatus of an embodiment of the invention may rotate without any forward
motion to produce areas of different diameter. The mifls may then be refracted, the
apparatus led forward and then the milling of an area of different diameter may
commence by rotation of the apparatus without forward motion. The width of the
area with different diameter can be controlled by the rotation and the forward
motion.
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A further embodiment of the invention seeks to provide a method for drilling a
borehole having a cross section varying along the length of the borehole, according
to one of the borehole cross section embodiment provided above.

According to a first aspect, there is provided an apparatus for modifying sidewalls of a
borehole and creating at least one helical rifle groove inside said borehole
sidewalls, comprising: a longitudinal housing adapted to fit inside the borehole,
with a first end portion, a second end portion, and a side portion between said end
portions, adapted to face the sidewalls of the borehole, and at least one actuator;
at least one miill, driven in rotation by said at least one actuator, on the side of the
housing for milling the at least one helical rifle groove in said borehole sidewall,
and wherein said housing is adapted to be rotated with a confrolled rotational
speed in relation to said borehole sidewalls and to be fed in a controlled rate of

jongitudinal motion in relation to said borehole.

The housing may include a first and a second part and wherein one or both parts
may include means for anchoring the apparatus to the borehole wall. The housing
may further include an actuator for providing a simultaneous rotating and forward

motion between the first and second part in an inchworm motion.

According to a second aspect, there is provided a borehole for the exploration and

production of hydrocarbons with at least one helical rifle inside said borehole.

According to a third aspect, there is provided a method for making a borehole with
internal, helical grooves, comprising the steps of; installing an apparatus with a
fongitudinal housing adapted to fit inside the borehole, said housing inciudes a first
end portion, a second end portion, and a side portion between said end portions,
rotating dome shaped, pointed or square shaped mill or bits on the side portion of
the housing for removing material from said borehole wall, rotating the housing
with a controlled rotational speed in relation {o said the borehole sidewalls; and
feeding the housing in a controlled rate of longitudinal motion in relation to said
borehole.

According to a fourth aspect, there is provided the use of an apparatus as

described above for drilling a well for producing hydrocarbons.
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BRIEF DESCRIPTION OF DRAWINGS

Example embodiments of the invention will be described in relation o the following
drawings, in which: _

Figure 1 is an example of the present invention used for Extended Reach Drilling
(ERD);

Figure 2 shows a cross section of a borshole with a muilti spiral rifle shape
according fo an embodimeant of the invention:

Figure 3 is an iliustration from the side of the multi spiral rifie shaped borshole of
fig. 2; '

Figure 4 is an illustration from the side of a multi diameter borehole according to
an embodiment of the invention;; _ _

Figure 5 is an illustration from the side of a muli diameter borehole according to
an embodiment of the invention, with a drill string in the hole;

Figure 6 shows a cross saction of an elliptical borashole:

Figure 7 is an illustration from the side of the sliiptical rifle shaped borehole of fig.
& |

Figure 8 shows a cross section of a borehole with a dril string before and after
modification of the borehole sidewalis;

Figure 8 is an illustration from the side of 2 mulii spiral rifle shaped borehole
according to an embodiment of the invention, with a drill string in the hole, showing
contact points betwaen the borehole and the drill string;

Figure 10 shows a first embodiment of an apparatus according to the invention
from the side;

Figure 11 shows a second embodiment of an apparatus according to the invention
from the side;

Figure 12 shows a third embodiment of an apparatus according to the invention
from the side; and

Figure 13 shows an apparatus according to the invention in a borehole.
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In the following, the invention will be better explained with reference to the
accompanied figures:

Figure 1 shows an apparatus 1 according to the invention for Extended Reach
Drilling (ERD) from a subsea installation, in a borehole 20. The apparatus is
attached to a drill string 6.

Figure 2 shows an example of a cross section of a borehole 20 according to the
invention, drilled with an apparatus that will be further elaborated below. The
borehole include rifles or longitudinally extending grooves 21 that typically will form
a rofating pattern around the bore hole 20. The shape of the rifies may be rounded
as shown on the figure.

Figure 3 is a side view of the borehole 20 of figure 2, where the helical grooves or
rifles 21 are shown as stripes to better illustrate the shape of the borehole,

Figure 4 is an Hllustration from the side of a multi diameter borehole 20 according
to an embodiment of the invention. The figure shows how a borehole can be made
with several diameters, indicated with black and white areas, the black areas
indicating a modified hole with increased diameter.

Figure 5 is an illustration from the side of a multi diameter borehole 20 of fig 4 with
a drili string 6 in the hole. The figure shows how the contact area between the drill
string 6 and the wall of the borehoie 20 is reduced compared to a hole with
substantially uniform diameter along the length.

Figure 6 is an illustration of a different embodiment of the inventior from the side
with an elliptical, rifle shaped borehole. The elliptical shape can be rotated along
the length of the borehole 20 as illusirated on figure 7. Figure 7 shows the elliptical
spiral as different shading.

Figure 8 shows a cross section of a borehole with a drill string before and after
modification of the borehole sidewalls, where the drill string 6 is shown in an
ordinary borehole 20 to the left and in a borehole 20 with rifles according to the
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invention to the right. The illustration shows how the contact area between the drill
string and the borehole is reduced, and how the effective cross section for
transportation of fluids is increased. Furthermore the problem related to differential
sticking Is reduced. Rotating the position of the grooves along the axis of the bore
hole and introducing the spiral grooves contributes to maintain a mechanical
clearance between the drill string and borehole.

Figure 9 is an illustration from the side of a multi spiral, rifle shaped borehole 20
according to an embodiment of the invention, with a dfil string 6 in the hole 20,
showing contact points between the borehole and the drill string 6. The rifles are
shown as black areas.

Figure 10 shows a first embodiment of an apparatus 1 for modification of the
sidewalls of a borehole according to the invention, from the side. Modification in
this context is intended to cover removing material from the sidewalls to provide
grooves, rifles, recesses, different diameters etc. The apparatus 1 includes a
longitudinal housing 2 adapted to fit inside the borehole. The housing 2 is typically
oylindrical or tubular and includes a first end portion 11 and a second end
portion12. A side portion 13 extends between the end pottions 11 and 12. The
side portion 13 is adapted to face the sidewalls of the borehole. Fig 10 shows
three means 5 on the side of the housing 2 for removing material from the
borehole wall. A fourth means 5 is not shown on the figure as it is hidden behind
the housing 2. A drill bit 14 is located at the first end portion 11 of the housing 2.
The drilt bit 14 will typically be driven in fast rotation by a mud motor or any other
suitable motor, typically inside the housing 2. If the apparatus 1 of the invention is
to be used in an all ready drilled borehole, then the drill bit 14 can be omitted. A
swivel 15 controls the rotation of the housing 2 in relation to a drill string 6. The
swivel 15 is attached to the housing 2 at the second end portion 12. The swivel 15
may allow free rotation of the drill string in relation to the housing.

The housing 2 may be rotated in relation to the borehole by with a controlied
rotational speed in relation to the borehole sidewalls and may include separate
anchoring means (not shown) on the swivel 15 and an actuator in the swivel 15 or
the housing 2 for providing rotation of the housing 2. Alternatively the means for
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removing material 5 may inciude rotating mills that can be attached inclined in
retation to the housing 2 to provide a rotating action on the housing 2. The drill bit
14 wiil also result in an applied torgue on the housing that again can be used to
rotate the housing 2 in relation to the borehole. This embodiment provides an
opportunity for slow rotation of the drill string and reduced wear in ERD wells. As
mentioned, the apparatus can be automatically rotated by the torque imposed by
the drilt bit 14, and the pitch of the rifles or helical grooves is created automatically.
The tools can be located in upper part of a BHA behind the main drill bit and LWD
and MWD tools. The bits or milis 5 of the apparatus 1 can rotate and peneirate in
to the borehole wall perpendicular to the borehole axis and the main drilling bit 14.
The side drill bits are rotating and have the capability to move out of the body and
retract after finishing the job. In order to make the spiral grooves apparatus may
rotate slowly during the axial penetration of the main borehole. The main drilling bit
and the side bits are rotating fast but the body of the Apparatus must been rotated
stowly to create the spiral pitch. The pitch of the spirals is depending to the rate of
penetration of main bit and the rate of rotation of the apparatus. This process can
be designed manual or automatic.

According to the different design of the apparatus 1, the main drill bit 14 in front of
the drill string 6 and the sides drill bits 5 can rotate by using internal mud motors.
in this case the pitch of the spirals controlled by slow rotation of the drill string.

The apparatus can be desighed to work on a rotary drill string and in this case the
main drill bit 14 and the side bits 5 will rotate by rotating of the dtill string. The
reactive torgue of the main drill bit will cause to slow rotating of the Apparatus and
creating the spiral grooves. The pitch of the spirals will create automatically and
are according to the tool design. Releasing the BHA included the apparatus from
the drill string and have a free rotational drill string which might be beneficial io
reduce the casing wear in a ERD well.
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Figure 11 shows a second embodiment of an apparatus according to the invention
from the side. In this embodiment the swivel 15 on fig 10 is omitted. In this
embodiment, the drill string 6 is rotated along with the housing 2 1o rotate the mills
5 in relation 1o the borehole. A drill bit 14 is attached to the housing 2. The drill
string 6 may also slide, and the sliding and rotating action of the drill string will
control pitch on the rifles in the borehole. The pitch can the typically be controlled
from the surface. The Bit 15 can be rotated with a Positive Displacement Motor
(PDM). Alternatively, with a rotating drifl string 6, the pitch of the rifles is created
automatically. The bit 14 may be rotaied by the drill string.

Figure 12 shows yet another embodiment of an apparatus according o the
invention. In this embodiment, the tool is made as a retrievable part of a bottom
hole assembly (BHA) that can be used as an after a reaming tool or casing and
liner drilling. The apparatus can then be fixed fo a liner 16, and slow rotation of the
liner and the apparatus 1 with housing 2, for instance 10 rpm, can ream the
borehole to expand the borehole. In this configuration, less torgue for rotating the
apparatus is required for reaming the hole. Rotating side bits on the apparatus
may lead to a more effective cutting process compared to passive cuiter elements
on traditional reamers. Forming grooves according to the invention may also
improve the machanical conditions during liner and casing drilling.

in the apparatus according to the invention, the milis 5 may be extended or
retracted from the housing 2 by suitable actuators, or may be fixed.

Various motors or actuators may be used for driving the milis and the drill bit.
Motors may typically include mud motors or electric motors. An umbilical cord
providing signals and power o the apparatus may typically be used in place of a
drill string, casing or liner.

Figure 13 shows an apparatus 1 according to the invention in a borehole 20. Black
and white spirals indicate the spiral shaped grooves in the borehole.
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Table 1 shows typical calculations and parameters for a pipe in a wellbore,

The present invention is particularly developed for use in connection with drilling
wellbores for hydrocarbon exploration, but may also be used for instance in
connection with installation of pipelines for transporting fiuids such as water oil or
gas. The invention may actually be used in any bore hole where it is an advantage
to reduce the friction between a wall in a hole and a longitudinal object to be
pushed or pulled through the hole. The invention may also be used for producing a
certain flow pattern in fluid flowing through a borehole.
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Table 1

Hud dencity 1820 Kofmh3 1656 1850 1850 $630 163D,
Flow Hats Q03 meyS 103 ngs 043 08,03
Wincosity p 001§ Pas 4,015 0810 4,018 8,045
ylaid 2 Pa E 2 2 z
Boyancy 079 878 278 0,79 ]
WOR 50000 N 50000 Sp0u8 Elurjg Hpibh
Frigtlon factor 43 03 a3 63 832
Kick of paind 2479 meter 2800 79,60 2975.C0 257300
MD 400800 meler 3983 88 4448,57 428847 4448 57
i Pine Dlametsr (chl= 3.8 4 New preflics i
Halz diameter 0, 348225 maler 04482 f1,1492 11,1560 Viryal D= ©,1558 Virual D= 04,3700
Tubing 1D G157  meter 4,157 8,157 8,157 4,157 G457
1 Sexasnv D,149225 maier ° 0,15 0,15 8,15 815 0,15
BHA OD 475  uck 41207 81307 0, 1207 01207 B, 1207
EHA L 53 meter 53,00 £3.00 5309 53,89 53,80
Pip OD [5-135) 35 inck 00858 0,101 0,116 04,4018 8,105
Weight 55 e BETH 241,38 24130 241,38 241,39
Pipe 1D 25 inch 30680 G,0848 0,0848 15,0848 10,0843
Fres finle Aren 17488 om2
Devizlion 88 dogres 39,00 2,80 |00 80,00 a0,30
1{stifness mats} 282 petind 282 3482 282 2,82
Eimatic Modul A HEHT N2 248E+T1 218E:11 28E+1t 20E+41 20ER
| e 213508 268508 2 BBE-06 R.B8E4G 2 85ED5
| Ad=Annulus pipe-tubing 2 DOa1s 201125 004138 001128 4,01135
aZ=Annuios pipe-open hole m2 noi12e 000935 01088 04088 q,11480]
Ad=snnolus BHA-open hote s hrd 800845 000685 Jelatire:rd 000763 {01127
Flow speed Al mie 228216 2 S6VES 286755 286758 2 68785
Flow spesd AZ s 366041 3,19823 272945 273802 205541
Flow apeed A3 mis 4,85567 4,95587 391254 392618 2,66145
Prioss tubing {Bingham Laminer}  Bor 15,80 2549 256,04 2588 2508
Prioss OH-blpe {Bingham Laminar) Bor 874 17,86 1,22 12,63 1448
Prioss OH-BHA Bingham Laminary  Bor 254 254 138 138 0,54
Bukling [ i 0%ES 150 T 3E5
Reach neier 98268 468,57,
Annulug P.Loaz Bar |- 25,08 39,12 .
Rata of H-Anls, P-.oss Barin 0.0034; .8695)
0,0881
6.8016] AmenX= 9.9016] Area X=
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Patent claims;

1. An apparatus for modifying sidewalls of a borehole and creating at least one
helical rifle groove inside said borehole sidewalls, comprising:

a longitudinal housing adapted to fit inside the borehole, with a first end portion, a
second end portion, and a side portion between said end portions, adapted to face
the sidewalls of the borehole, and at least one actuator;

at least one mill, driven in rotation by said at least one actuator, on the side of the
housing for milling the at least one helical rifle groove in said borehole sidewall, and
wherein said housing is adapted to be rotated with a controlled rotational speed in
relation to said borehole sidewalls and to be fed in a controlled rate of longitudinal

motion in retation to said borehole.

2. The apparatus of claim 1, wherein said at least one mill for removing material
is inclined in relation to said borehole wall for providing a forward motion and a

rotating motion of said housing in said borehole while milling helical rifle grooves.

3. The apparatus of claim 1, wherein said housing includes a first and a second
part and wherein one or both parts may include means for anchoring the apparatus to
the borehole wall; and

an actuator for providing a simultaneous rotating and forward motion between the

first and second part in an inchworm motion.

4. The apparatus of claim 1 wherein several mills driven in rotation are placed on

the side of the housing.

5. The apparatus of claim 1, further including a drill bit for removing material from

the front wall of said borehole on said a first end portion of said housing.

6. The apparatus of claim 1 further including a control system for monitoring
rotation and forward motion of the housing in relation to the borehole sidewall to

provide the at least one helical rifle inside the borehole.
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7. The apparatus of claim 2, wherein the housing includes at least one actuator
for actuating the at least one mill between an extended operating position for contact

with said borehole sidewall, and a retracted position.

8. The apparatus of claim 1 further including means for coordinating the
rotational speed and the rate of forward motion to produce the helical rifle in said

borehole.

9. The apparatus of claim 5, wherein said housing wiil rotate using reaclive
torque generated when removing material in front of said borehole to remove material
from said borehole sidewall.

10. A borehoie for the exploration and production of hydrocarbons with af least
one helical rifle inside said borehole.

11 A method for making a borehole with internal, helical grooves, comprising the
steps of;

installing an apparatus with a longitudinal housing adapted fo fit inside the borehole,
said housing includes a first end portion a second end portion, and a side portion
between said end portions,

rotating dome shaped, pointed or square shaped mill or bits on the side portion of the
housing for removing material from said borehole wall, ;

rotating the housing with a controlied rotational speed in relation to said the borehole
sidewalls; and

feeding the housing in a controlied rate of longitudinal motion in relation to said
borehole.

12.  Use of an apparatus (1) according to claim 3 for drilling a well for producing

hydrocarbons.



