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The system uses a non contacting drilling system which in one embodiment uses
a supersonic flame jet drilling system with a movable nozzle that swings between
pivot points.

20 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.

25
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

30 drilling (TTRD), coil tubing drilling (CTD) and casing while drilling (CWD).

Extended reach drilling (ERD) is limited due to drill string friction causing excess
drag and torque. This again may lead to drill string buckling and twist off.
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formati on lasel Preveelingtrhedrdake @dmbge s 8'big impact in reducing the volume of
fluid loss. Therefore, the present invention reducing the wall contact between a

20 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.

25 With a borehole with modified sidewalls according to the invention, it is proposed
to increase the reach of wells by reducing the borehole wall 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

30 hole cleaning due to rotational flow regime in annulus, 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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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
10 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.
15
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20 Initial calculation models suggest 300 % extended reach and 88 % reduction in
pressure loss per unit length. Additional benefits may include less drilling problems

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

+ AP

cuttings

25 Creating spiral grooves around a main borehole improves the flow regime with
respect to drill cuttings transport in an annulys.

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 drill string increases fluid velocity on a lower side of the

30 borehole. Higher fluid velocity in this section is a key issue to increase cuttings
transport reduce particle deposition.
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A study of pressure loss in the different cases and comparing the conventional and
a modified drilling system shows that the borehole cleaning is much better in
modified wells.

15 The present invention concerns an apparatus for modifying the sidewalis 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

20 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.

25 Furthermore, 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.
30
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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 controlled rate of longitudinal motion in relation to said
borehole.

20

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.

25 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
rotation by said driving means.
30

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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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 drill bit for removing material from in front of said

15 borehole to further drill the hole. The second part may be glidingly attached to the
first part. One or both parts 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

20 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 material from the borehole wall as explained.

The housing may further include a drill bit at the end of the housing facing in the
25 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.

30
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 drill string. The
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Furthermore 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

25 shape of the mill used to make the rifle, typically providing a curved or pointed
section. If the less favourable 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 helical or
spiral rifle provides the intended effect. The invention may also include a swivel for

30 allowing the apparatus to rotate freely or for providing an independent rotation of
the apparatus in relation to the drill string.




Furthernore the invention relates to a borehole for the exploration and
production of hydrocarbons with a bore wwth a substantial-ly.circul arq ﬁrsoig
section awmo2aomelrizgal rifle surrounding the bore. The skrapavazboydeesiher i -
rifle will typically conformto the 25shagpe of the m |l used to nake the
rifle, typically providing a curved or pointed section. If the |ess

favour abl e ] rasive blasting is ysed, the profile or section wll
be | ess prﬁﬁ:@ gg?@%ﬁ%y\?@ﬁ%? npiucge arf%%’{“&F- @ﬁﬁ%ﬁord‘@ﬁ g e apraradisdnitae i n
t he bor eholbmrefitle méppRoilse p@VRIRS. of | ess inportance as long as the
helical or spiral rifle provides the intended effect. The invention may

al so include a swvel for 30allowing the apparatus to rotate freely or for

rovidin i t.at i 0 aratus inh relation t he drill
O 7 e S T i B e e e T R A S A
include a mexingra cidsarsection vaeying iafthd ikelehgBRINAEiRidn ol BxdPaEEYfalBiYo 2l SO

be provi deq. L’n a fluréheﬁél aspect, the invention provides an apparatus for
drilling aBoPerohele. Saguhorehole eross sestions Bay\havei atdeastang oftamudthptdfile n
rel ati on t @adtefr el : r . Said borehol e cros
sections m;py hg_iv’q atlﬁ?ﬁe%slp a{g%td @%v@&ﬁh[}?l‘ 5}%9 g‘???!gﬁ}ga% f@“ﬁfgoéﬁ‘c@? P I"‘E'al
patt er n ha@ myltisgiamsterdrarekels. al ong a main borehol e axis, and a nul ti

di aneter borehole. In a further aspect, the invention provides a borehol e
having a nmulti profile or elliptical cross section forned by the use of a

bot t ar- hol én aseRNdH AsRRETAE ShhtBNProVidRe ﬂ&%ﬁﬁ%sh%ﬁ?ﬁa;rﬂg@igﬁég@z ect, the

invention provides a tube for transportin I quli tially
non- ci r cul &HiPEsYosBEECtiaN fanned hysthewisst efch bbttorg-Hdie-asseaibly endblisiagth
results i”nﬁfliﬁé‘?r& ed grooves in the tube. Furthernore, the invention
relates to a h or making a borehole with internal, helical grooves.
The met hod conprises the steps of installing an apparatus as defined above
and with a,lo l(]:;i t udi nal . housing in a borehole. The housing includes a first
end porti ol ag ihRrAvpeshdne divengan riavides &itobe por transpdrtngéiquids aiith £nd

ho o SaFi S B 805010 URRFER o Rl e el
and fed i nresuliein ritie Isbdpedgeomied inrtgée tutsk.nal notion and with a controlled
rotational speed in relation to said the borehole walls.
Furthermore, 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 controlled rotational speed in
relation to said the borehole walls.

The apparatus of the invention may rotate without any forward motion to produce
areas of different diameter. The mills may then be retracted, 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.



[ [ | forward noti
atus of the invention may rotate w thout any [E 15
ngdﬁgga;r eas of different dianmeter. The nmills may thenPﬂb’&?@tﬁ ﬁc':mg, Eg%ér
appar at uswbediomaraward and then the nmilling of hant a][ ea o?’gﬂurlr\f'gz??gﬁm Thleavvi Let
by rotation of the apparatus9w t hou or wa -
g?yt ﬁgm;rraggew %/h different diameter can be controlled by3t he5rot ation and
PCT/ N0200S) 000815 51 re a1 Ao bRISEHES 4 Indtadly Bt llincon boretaate savingrm
009/ 000 , n a , LI _
F ng / gf)lz | 1§ OS5 SRAtimorarying\along thelengith skitiei reNaley heco IS ol Fagt h of

Horelis) | he borehol e cross secti"on enbodi nment

e 'bgtraghglaov% g%&?ﬁ%@&%}&?%ﬂgﬁw @Bo¥&anpl e enbodi ments of the
rovi : . | : . (
!Dnvention will be described in relation to the follow ng draw ngs, in

[ [ ' t invention used for Extended
whi ch:. Fig nexanpl e of the presen _ nded
Reach iIHFﬁE?:(é%@%,R'E%Qn&eOE RABWINGSr oss section of a borehol e wi

[ [ ' n?ﬂ%l% carding to. an enbodi nent of the invention;
E}Jlgblr esgl irgxng{iﬁicl{; I%ust rat Fgfr\? thﬂ’g{%‘?@(’d’&lﬁ&ﬁ C?Q?é’”ﬁﬁﬁt"i‘ r?ﬁi'@@f%’rehefsﬁogzwg’gmgd
[ j ich: i i illustration from

bor ehol e ofirawiggs2n which:  Fi gure 4 is an i _ om st de of

I di hol e according to 15an enbodi ment of the inve -
E}Jl Llredl5ai ng{;;e Hﬁfg%ﬁo@g%mla'ﬁ qfﬂ'awg ¢Rent inkentibn aisedfoi Exlqeametmeémfhmhﬁ
acgordi ng {ERBR embodi ment of the invention, with a drill stri ng in t he
hol e; Figure 6 shows a cross section of an elliptical borehole;

Fi gur'8 7" Sidsie ishoxs aiciass saotiontdia IsardRokelwita it iaf e Ghihe Shaped
bor ehol e Oécédrging?tg%n embodiment of the invention;

Figure 3 is an illustration from the side of the multi spiral rifle shaped borehole of

fig. 2;
Figure 4 is an illustration from the side of a multi diameter borehole according to
15 an embodiment of the invention;:

Figure 5 is an illustration from the side of a multi diameter borehole according to

an embodiment of the invention, with a dril string in the hole;

Figure 6 shows a cross section of an elliptical borehole;

Figure 7 is an illustration from the side of the elliptical rifle shaped borehole of fig.
20 6;

Figure 8 shows a cross section of a borehole with a drill string before and after

modification of the borehole sidewalls:

Figure 9 is an illustration from the side of a multi spiral rifle shaped borehole

according to an embodiment of the invention, with a drill string in the hole, showing
25 contact points between 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;

30 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.




Figure 8 shows a cross section of a borehole with a drill string tbeﬁ%rffia‘:pd

i fi [ [ ; [ 1@ 7i & Neth
after nodification of the borehole sidewalls; Fi gurp/
i Il ustratwonrofwaam7uhe side of a multi spiral rifle shapedThw2ebmsioes1s ]
according to an enbodi ment of the inventitn, with a drill string in the .
hol e, showi ng 25contact points between the borehole and the drill string;

Figure 10 kb St | . pRArat u cording to the

i ngent i on ? rhgﬁ]égﬁledc\,\lgiﬁ%et;h%gﬁg%?te |Ilg:{]e0§\‘5é}t€r %&%ﬁ@@%&&f%ﬁ&@ﬁ then

appar at us @s€ompamnied figutes: i nventi on fromthe si de; 30Figure 12 shows a .

third enmbodhnent an apparatus according to the invention fromthe side;

and Figure fgﬁsh%%o‘é(ﬁ 358%%9%[@8@ héﬁ@ﬁralfwgiqtbeﬂm@ntmgm E?tder}dedﬁémkehol e.
7 11 ' I ] n e

Fol Towi ng, 1o d aventyer wiHope e APt SORGAOn TPerePeitiSt® t he

acconpani e@ttﬁpbﬁdé@ﬁ Grillstrisg 6. shows an apparatus 1 according to the

' ' RN i nstallation, in
invention for Extended Reach Drilling (ERD) froma subsea ins . ,
a borehole 20. The apparatus is bSattached to a drill string 6. Figure 2

nvent | on. CrEtied mih e aanero oot SR BohoRt 20 A RIS e M Be ow

[ ion, drilled with an apparatus that w _
%E\éegglr gﬂol’@’ entenyddlied wita ancapparatsistthai willl Beyfusthice eitibogaeaassiew. Thet hat

[ \ ' hol e 20. Th hape
of "the. 11 1 PRShOIOTRILAS HfGE BF MR, RxEREITY iopues B dhncypicady aui faren
view BF t he otatilgqbatic?d avdurd e Boi ho e0e ThBRNABbIGF e PREOHES, 0 rddet® 22

tripes . to_ better illustrate the shape o
are shown a8 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.

15
Figure 4 is an illustration 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.

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

25
Figure 6 is an illustration of a different embodiment of the invention from the side
with an elliptical, rifle shaped borehole. The elliptical shape can be rotated along
the length of the borehole 20 as illustrated on figure 7. Figure 7 shows the elliptical
spiral as different shading.

30
Figure 8 shows a cross section of a borehole with a drill string before and after
modification of the borehole sidewalls, where the dfill string 6 is shown in an
ordinary borehole 20 to the left and in a borehole 20 with rifles according to the




Figure 4 is an illustration fromthe side of a nulti dianeter borehole 20
according to an enbodi nent of the invention. The figure ghawsshow a 00314
bor ehol e wanrotsenzmyde wit h several dianeters, indicated wWCTiNOzb@io0Hsd V\;‘Ii te
areas, the black areas indicating a nodifiled hole with increased di aneter.
Figure 5is an illustration fromthe side of a nulti dianeter borehole 20

of fig 4 winhbemstigh id | i figure sho how the .
contact area _%e{ Weenﬂhtfa ﬁldHé'p?P ||ISu"[§ Fr%‘ﬂ‘g" gﬁg‘ﬁ% hzélqgtk\ﬁa%m%‘ft qrﬁé\%@m’%%ﬂée gl i s
reduced conPHP@antdhe bieseholeiis redudest and halv the whidctvacih sy @ gionabpng t he

| ength. Fi ' i lustration of a different enbodi nent of the

i nventi on 19 \r'%rﬁsqp?) ﬁljgﬁgﬁ g’é ﬂwdesHséf?Fr@F?? fidcthermore the preblri relatechtn differendial

el liptical stickipg isaedised. Hath if rehol e 20 as

i1 lustrat elcij] n fgi gure 7. Fi gufri:'g_g g{és)ﬁ%s\/{g&fﬁtm%ﬁrpg%%%[b%ggﬁﬁaa}xmagf t%'f;"ft?cgfeent
shadi ny. @%ﬁedm@mn@tm apital greovascarftributeste nediata blmackkritdl Sstring
bef ore and Wi ' : t he borehple sidewalls, where the drill
string 6 is&éé%rg%g?%{‘gén&ﬁﬂ(ﬁoﬁg%mﬂg?&@?c@eg@leto the left and in a borehol e
20 with rifles according to the WD 2010/027274 ht' TJLj)n 01"003lb

PCT/ NO2009/ 00331395' 11 invention to the right. The illustration shows how
the contact '$VeZ SAMWMWAraleN iipm thestide afja andltitspirabaiflerstlapedsoreboleey  and

how t he eff. ' o t. rtation.of flujids is increased.
Fur t hor mor cpaiey &R SrRsfdindf el biARER Wi €ArBkiring' I inchrie o

Rot atithg t IsBOpNg contachpointebemeandhe dorsilé Aadalb %rmfstﬁﬁ'tﬁgpﬁﬁé riﬁa%’ lgfe and
I ntroducin h{)% ) ilraﬂ( ?rooves contributes to maintain a chani ca

cl earance be @r#l?ﬂ‘é #e3s- stri ng and borehole. Figure 9 is an
illustration fromthe side of a nulti spiral, rifle shaped borehole 20

accor di ng %o an _enbodi nent of the invention, with a drill string 6 in the
hol e 20, shélrad Octhaveea fisei emisodiotant ehan lagpbrataldl fer adifidiiofrdflthe St ri ng

6. The rif f bl ack .areas. Figure 10 shows a first enbodi ment
of an apparg?l?t‘ﬂ\% ”g O? %%ﬁ?ﬁ%%ﬁ%ﬁgg?ﬁiw'vgnwf% tiae sigep Mediticasiocador di ng
to tHé i nvthis comtexf isdnterivedto@veMeshbiifd i Sa il t. L S.: i s intended
to cover renoving . materi al fro_rnv'?he s?‘ﬁﬁ%’?%”?grﬁ&@?%é"ceg’?%%&&m}“f’ﬁ es,
recesses, HiAVEPeHesiraprssess difesentiameteya e, (Fhelapparatides irclldgig t udi nal

hovst 19, 2 RSl foddihe Ao B8 OREAIDE bl R0t Ml Ko end

cylindrical or tubular and includes a first end portion 11 and a second end
portion12. A side portion 13 extends between the end portions 11 and 12. The

20 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 drill bit 14 will typically be driven in fast rotation by a mud motor or any other

25 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.

30 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




portionl2. A side portion 13 extends between the end portions 11 and 12.
The 20side portion 13 is adapted to face the sidewalls of the borehole. Fig
10 shows wbnrew/azezias 5 on the side of the housing 2 for Pcammzoengponaseri al
fromthe borehole wall. A fourth neansi18 is not shown on the figure as it
i s hidden behind the housing 2. Adrill bit 14 is located at the first end
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an all reaﬁl% drilled borehole, then the drill bit 14 can be omtted. A
swi vel 15 onilkaJpa restdt inamnapplipdbiorgwon s haysipoithal ayaipicsh keugedita | |

tri 6. j 18 4 i d
or 1 on 12005 6 HBLsiha 7 RIMERENG Bolcibi ik MhtfodinchfprgRearan A, |
rel at$ on tappdmeinitgdici sigw rd€attom dfdhe idnif] sEingpand eeduadent wdar im EBDawveltsr Aso t he
borehol e by wi.th trol |l ed ti | . d. i | at i t 0. t he bqgrehol
e A SRR S8 AASRBE R kR 5186 SRl ©
swivel 15 iaBQ@biefd, UHdhe %&k@ tﬁé"!riﬂ@lé o?ﬁegéal So IR Aatedf AtoRiafika). N9

rotation of the housing 2. ternatively th ans for WO
2010/ 0272 7¥romolkoean 000 ed in appenpait of arBi A biehindtheapaimdtilliié and LA Dng

mlls that_c att ached.inclined i.n, relatiogon to the. housi 2.tq provide
T orati aerEhOVIR B4k, RS RIS IS S crlnd GpPhietls 1 e Gt S Gefetdle B 01 o
appl hed t abqHe berehdIé Wll&érPGnaibéfarQ@ﬁiéqu@holteaiﬁ%dttﬁerrﬁéiﬁtcﬁilﬁﬁ'g?bih_@msi ng
2 inrelation to the borehole, This enbodi ment provides an 5opportunity for

sl ow r ot at Thgnsige drillditsranel rotatinangpdinave teueanabiigyio movergyitadtng bogy and

ti oned, , i : t ' d
byt he arPHaE! FREALT0 SICHE 1T BHAF iald thel BBl BodVes b didifiel (POo°
creat ed aubtatetsiealylduringithe taxidl penatratien bbthat radin borapps. Thar maif didllitiriBit

behi nd t he indrill bit and L and ools. The bits or mlls 5 of the
appar at us %”r@ﬁﬁ $de %’!té aé%cﬁo%@ﬂ@p%tt%ﬂ F%@%boé ?r@ DBpPREI MKt g]ee” rotate

per peadi c gr'@la | ém? (s X Wa [ R I i i de
dril Fg'bi t;g @W‘?o‘%@ﬁeﬁg["a Eg@??— hr%q?:ﬁipa itﬁlét ylrtg(résI I%de ggiﬁgo%ﬁp ﬁ-é;a%oﬁy and
retract afpenetfationgtiimainttieandthe tate of deatieroohthlecapperatys. This proscesesan

appar at us maé r.ot a&e sl 0\1\A drri ng the axial penetration of the main
bor ehol e. BHEEHENRC Y3 Rﬁab' qm the side bits are rotating fast but the

body of the Apparatus nust been rotated 15 slowy to create the spiral
pi t ch. TheAquadrdingdb thaalifégrenbbesigs adipe apgpagtus 11 tree matire dofl biteheinr momtosf of

A g N g
appab@t us |4 thishiseBha pitch!df the SpitdisicantrbMed b@s|dvi fotdfibh lof #id Hﬂl@s@inﬁ[‘d the
sides drill bits 5 can rotate by using internal nud notors. 20In this case
the pteh flo bpsamhls San be Ybsignadto warkor a otary arill Strig At in this case fhe" %
main drill bit 14 and the side bits 5 will rotate by rotating of the drill string. The
reactive torque 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
25 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 to

reduce the casing wear in a ERD well.



The apparatus can be designed 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

t he dril Iwetwiog727¥he reactive torque of the main drill pPoiriNOgédooeaase t o

slow rotating of the Apparatus and creatfsng the spiral grooves. The pitch

of the spirals will create automatically and 25are according to the tool

desi gn. Releasing the BHA included the apparatus fromthe drill string and
have a free rotational drill string which m ght be beneficial to reduce the
casing wear in a ERD well. WO 2010/027274PCT/ NO2009/ 000315 13 Figure 11

shows a seElgude éﬁrﬁb@wmsecﬁncherr@pﬂmmtmﬁ e@o&ﬂpaiaw acordiagito e invention om

th d t I In thi
bnbod ment ToTHEedde I e eRf I pwieL Po g fh 161 SRt bty 2" o °
rotate thegmbbtEnGi, i ﬂﬁﬂ §ttr|h 5 fsGotied BRI r@hﬁﬂtl@the“hguélh 2bl'otroﬂe{’telﬂ$e aiilsached
to the housing 2. The dri | rln%d6ma al'so slide, t he sliding and

rotatbng akin talatign tmwmmneholeu A il it 14 i attachad ﬁgﬂwgmmmg@ The dEE in the

Bt 15 can BRORTED AR BRI ibosel R LAt bEel i b0 3 The

Al ter nat i vedntrolitch oh thetrifldsnig tites bbter®la.iThe bitcH ¢en ’ﬂ1d icafly teecontfolied i s
created l1l0automatically. The bit 14 ma%/ be rotated_ by e drill ring.

Figure 12 ﬁ@\/@ey?é{rfaéﬁo?héﬁﬁe%ﬁﬁn perptaied Mhaﬂ)ﬁaﬁ'éﬂt’@sp‘ﬁlé|@§9meﬁb Ok he
t h f
| nvent i on. asi-eéﬁ?@g?%ﬁé&{w{“’%a rolifirkORi difingBITSitch bFiE ML erdgsl of 2

bottom hoI at can“be use er a reamng tool or
casi ng andadidmaticallgrThé bitd 4 may bapptated by tioadritl simgbe fi xed to a liner 16,
and slow rotation of the |liner and the apparatus 1 with housing 2, for
instance 10 rpm can reamthe borehole to expand the borehole. In this

conf i gur at F@H&a h8Sshdw Yt @irofier thBbdiRtenk BEaARPPRRIUS eecéofoﬁﬁgltd fife for

ream ng the Rotating side bits on the apparatus nay |lead to a nore
effective muenucmg Iprtbisearsbedimeant diiettoolja sadecas atrstrrevablamaltt of adwitom

tradition reaner F ordi to t | so
prove.t nolfaenan (R B PR AE 8 o A sy BB REn e
appangt us Resradrliidt The aprarhfiéeddin Ben Bdixed t|o|§ln5€rn196' ebﬁl slsivanearbnost the
retracted fromthe housing 2 by suitable actuators may be fixed. 25

Vari ous nolingreanstthecapkaraius hwith housined. ffer m@tar\ﬁenbo Y, GAN FRATBAGE t he dr i | |
bit. Motorg,rmyd %Déﬁ?emd’therﬁdr H&le”ﬁth@&&ﬁf@oﬁ%tﬁr{ §&dd fo‘?gﬂé’?&f n%te{tiﬁg the

unbi | i cal cord providing si s an e ‘apparatus my ically
be used i nappaatuis rqdired Eom‘t—:-amngg thBolegRotatingrmde bits on the apparatus

may lead to a more effective cutting process compared to passive cutter elements
20 on traditional reamers. Forming grooves according to the invention may also

improve the mechanical conditions during liner and casing drilling.

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

25
Various motors or actuators may be used for driving the mills and the drill bit.
Motors may typically include mud motors or electric motors. An umbilical cord
providing signals and power to the apparatus may typically be used in place of a
drill string, casing or liner.

30

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.



30 WD 2010/ 027274PCT/ NO2009/ 000315 14 Table 1 shows typical cal cul ations
and paraneters for a pipe in a wellbore. The present invention is

parti cul awbypoteet7aped for use in connection with drill pog/NOeedddosies for
hydr ocar bon expl oration, but may al so be4used for instance in connection
with installation of pipelines for transporting fluids 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

| ongi t udi Medbleh] sHowd yphei paishREGoAs apdl paedmieters dgha tpipe inoh eellfbre.i nvent i on
may al so be used for producing a 10certain flow pattern in fluid fl ow ng
t hrough a borehole. WD 2010/ 027274PCT/ NO2009/ 000315 15 Table 1 gggM~-M

Fi i fa3M  ag, gBfdlnt ARentiBR% YYeEanl evBlobdd BPELE imonnediRfrith AlihgM
5 wellbores for hydrocarbon exploration, but may also be used for instance in
connection with installation of pipelines for transporting fluids 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
10 certain flow pattern in fluid flowing through a borehole.
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Table 1

Mud dencity 1650 Kgim'a 1550 1650 1650 1650 7550]
Flow Rate 043 me3s 4,03 0,03 0,03 0,03 003
Viscosity p! 0015 Pas 0,015 0,015 8018 0,015 0,015
yiald 2 Pa 2 2 2 2 2
Boyancy 079 0,79 D,78 n7s 0,79 0,78
WOB £0000 N 50000 50000 50000 Sp0BD 0000
|Friction factor 4,3 0,3 0,3 83 03 9,15
Kick of point 2479 meter 2879,00 2979,80 2879,00 297900 2973,00
MD 4010000 meter 3961,6% 4448,57 429842 4448,57 5878,00
Pipe Diameter {inch}=] 3.5 4 | New profiles
Hole diameter 0,149225 meter 0,1492 {1,1492 Virtual D= ,1568 Virtual D= §,1558 Virual D= 04,1700
Tubing ID 0,157 meter 0,157 0,157 0,157 0,157 0,157
1D Scsssy 0,149225 mefer ~ 0,15 0,15 0,15 0,15 0,15
BHA 0D 475 iach 0,1207 0,1287 0,1207 0,3207 0,1207,
BHA L 83  rmefer 53,00 £3,00 53,00 53,80 53,00
Pip OD ($-135) 35 inch 0,083% 30,1016 10,1016 89,1015 $,1018
[Weight 155 ibf 22876 241,38 241,39 24139 241,38
Pipe D 25 inch g, ae8n {,0848 10,0848 0,0848 ,0843
Free hole Area 17480 cm*2
Deviation 90 degree sp.00 80,00 80.00 50,00 80,00
K(stifness matrix} 282 282 282 282 282 282
Elastic Modul 240E+11  Nm2 2,10E+11 2,10E+11 2,10E+11 2,10E+11 2,10E+41
| m* 213606 2.69E-06 2,65E-06 2,85E-08 2,89E-00]
|Af=Annulus pipe-fubing mh2 0.01315 0,81125 001125 801128 0,04125
A2=Annuius pipe-open hole m*2 08,01128 (00938 801082 {01086 0,01460!
A3=Annuius BHA-open hole m2 000805 000883 000767 000763 4,01127
Flow speed Al mis 228218 266755 256755 266755 2,66755|
Flow speed A2 m's 2,66D41 3,19923 2,72945 2,73802 2,05541
Flow speed A3 mis 4,95567 485567 391254 3.83018 2,65145
Pr loss tubing {Bingham Laminar) Bor 15.80 2508 25,05 2588 25,88
Prloss OH-pipe {Bingham Laminar} Bar 8,74 17,96 11,22 12,63 14,48
Prloss OH-BHA Bingham Laminar} 254 254 138 138 0.54
Bukling I 1,03E+05 1,34E405 [ 125E+05] 1, 34E+05] 1,.34E+08]
Reach meter 98265 | 1469.57| 131942 148957 300000
Annulus P-Loss Bar 25,08 | . 45359 I 37,59 3942 _ [ 4042
Rate of H-Anls, P-Loss Batim 0.0094 0,0138 0,009 .0050
Dev = 0,000 Dev =| Dev=|_ -{1,0044
ArgaX=]__0,0016] AreaX=| _8.0016| AreaX=| . 0,0052)




Patent clains: 1. An apparatus (1) for nodifying sidewalls of a borehole,
conprising: a longitudinal housing (2) adapted to fit inside the borehole,
with a fiwetommd7yerti on (11), a second end portion (12pCT/N02d0%00831de
portion (13) between said end portions 5(;41, 12), adapted to face the
sidewal I s of the borehole; neans (5) on the side of the housing (2) for
renmovi ng material from said borehole sidewall, and wherein said housing (2)
i s adapt ed ﬁ&aﬂ? rotated with a controlled rotational speed in relation to
sai d borehole”sidewalls and to be fed in a controlled rate of |ongitudinal
motion in relation to said borehole. 10 2. The apparatus (1) of claim1,
wherein said neans (5) on the sidP afetmnte dlousimg:(2) for renoving nateri al
fromsaid borehole wall includes at |east one mll and an actuator for
rotating said mll. 153. The apparatus (1) of claim1l, wherein neans (5) for

rotating the housh BEphrRuSM )TornfoRiitying! didslvaIl 8 4 BBALhCIE SRinhisidg:t ached at
the second end portion end of said housing (2) for connecting the housing
to a drill atangityding) housing(d) agariedta it insidecthediciehole, wither fiishesdipdriian

I t i | ' . 20.paterial s incli [ | at. ai d
bor ehol o vl oo EUEH RErionUBiefh Aud rolfer 0% pellvesiy Saiti o o
housi ng (2)(11n12piadabtacitolage Whe sRIcWdlkiofthéBbictrle;r i f1 e grooves. 5. The
apparatus (1) of claim1l, wherein said housing (2) includes a first and a

25second pdPeaBhPhAreing sidesd the hewsing (Al fios rempvingonaiesiahtranssaid bosefeler i ng
Pt ncocdsldl, 4R VIEPSEPOIG 2) EReeB0 B Rt Rl RS 108 2,
i n an i nchwotatiomat §jpeed in@lHOIC2IE B4 RODINEIIROAIB @PJILb be/fed in a controlled
rate of longitudinal motion in relation to said borehole.
10
2. The apparatus (1) of claim 1, wherein said means (5) on the side of the
housing (2) for removing material from said borehole wall includes at least one mill

and an actuator for rotating said mill.

15 3. The apparatus (1) of claim 1, wherein means (5) for rotating the housing (2)
with a controlled rotational speed is attached at the second end portion end of said
housing (2) for connecting the housing to a drill string (6).

4. The apparatus (1) of claim 1, wherein said at least one mill for removing
20 material is inclined in relation to said borehole wall for providing a forward motion
and a rotating motion of said housing (2) in said borehole while milling helical rifle

grooves.

5. The apparatus (1) of claim 1, wherein said housing (2) includes a first and a
25 second part and wherein one or both parts may include means for anchoring the

apparatus (1) 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.



6. The apparatus (1) of claim2, wherein several mlls are placed on the
side of the housing (2). 7. The apparatus (1) of claim5, wherein said
nmeans forwoenmswizmey4material 5fromthe front wall of sai @#Choveehel®ozis said a
first end portion of said housing (2) furgzher includes a drill bit (14).

8. The apparatus (1) of claim1 further including a control systemfor

noni toring L£otation and forwar ti,on of the housing (2) in relation to

t he 10borehdle s rbeeQ\BWrang &ﬁégicﬁmgo,wmqr@gq sevaralamilisaraplaged epimede of 9.
The appar atihg r(oh)sir@( laim 2, wherein the housing (2) includes at |east one
actuator for actuating the at |l east one ml| between an extended operating
position for contact with said borehole sidewall, and a and a retracted

iti ) t f cl.ai 1 furth i | udi
Do boorai it | ng @bl GRRF R, Yhiertin St sns for sy Rl o
produce a Hedrnaké fioht Wallioh sari BorlePbRNeH 8aid2Dirst ensl\’i plolrtié#of d4e I‘%Qﬁﬁfga(éz'zs (1)

of claim1l and claim2, wherein said housing (2) rotate using reactive
tor que gendbBbetingsiesaidlbigiPaterial in front of said borehole to renmove
material fromsaid borehole sidewall. 12. A borehole for the exploration

and production of hydrocarbons with at |east one helix shaped groove al ong

sai d borehd.e (ZMe agiHkatusold )opcldimanipiet indudihg ai stntfsP8yster fig sol i d

particles or mful tigﬁﬁhase I i&éji ds with a substanti al lé non-circul ar cross
ANierin ? b

section whi'8 afqtian and farmgrd maitens ofrthe housing @hipealatiproiesibe al ong
id gabe. thqedly ' =S ' |, helical ,
conpr i 51 ng ThENZBAaIPto (RCRR RSB FekBa Bl ild.s 15 °7 OO
9. The apparatus (1) of claim 2, wherein the housing (2) 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 and a retracted position.

15
10.  The apparatus (1) of claim 1 further including means for coordinating the
rotational speed and the rate of forward motion to produce a helical rifle in said
borehole (20).

11. The apparatus (1) of claim 1 and claim 2, wherein said housing (2) will
rotate using reactive torque generated when removing material in front of said
borehole to remove material from said borehole sidewall.

20
12. A borehole for the exploration and production of hydrocarbons with at least
one helix shaped groove along said borehole (20).

13 A tube for transporting liquids containing solid particles or multiphase liquids
with a substantially non-circular cross section which is twisted in length and forms
rifle shaped grooves along said tube.

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



installing an apparatus (1) with a | ongitudinal housing (2) adapted to fit

i nsi de the borehole, said housing (2) includes a first end portion (11), a
second emsoporwazet4(12), and a side portion (13) betweemrCTaGRI@M®OFSItions,
operating said neans on the side portion1§13) of the housing (2) for
removing 5Smaterial fromsaid borehole wall; rotating the housing (2) with a

controlled rotational speed jn relation to said the borehol e si d%% | s; and
feedi ng t hdngialisgqg EL‘P})afﬁWSa“éM‘ﬂWr%M”@HUF“Q?Eh@EFS'PQvﬁ%) aqapiadto fibinside the

relation tfbo?é}'\cﬂe fm'ue. Oql@l i (ﬂés BRrARPRY rﬁamanm ), AoAUhd PortibAl M S

for drilling a ydr ocar bors
(12), and a S|de portlon (13) between said end portions,

operating said means on the side portion (13) of the housing (2) for removing
5 material from said borehole wall;
rotating the housing (2) with a controlled rotational speed in relation o said the
borehole sidewalls; and
feeding the housing (2) in a controlled rate of longitudinal motion in relation to said

borehole.

15.  Use of an apparatus (1) according to claim 5 for drilling a well for producing

hydrocarbons.



