WO 2006/ 056735 PCT/ GB2005/ 004275 ONE TRIP M LLI NG SYSTEM Thi s invention
relates to an apparatus. and nethod for cutting a wi ndow through a tubul ar

casi ng s&P%Oﬁtmgﬁggi |1 a deviated borehole froman exi sy@g%g@gj%@g{?é t hr ough

geologic tornmations. It is known, for exanple, from US 0 have a
wel | bore casing from which it is desired to "side track"”, and to |lower a
whi pstock and tapered m |l conbination into the casing, anchor the

whi pstock to the casing when the whi pstock has been appropriately oriented,
break a link connecting the mll to the whipstock and 10 to rotate the m |
whi | st noving it downwardly ad2NEcKREhM IS, ds D& IaVlcut a wi ndow t hrough
the casing wall and, thence, to continue cutting through formation in the
desired direction. As disclosed in US-A-6648068, a whi pstock may have ranps

for noving the nThis iivesitiah ralarbio® Siphrat@aidisthetdod forSdufigngidvinde® t he casi ng
and there may be two_ 15 ranps of about 15 i nterslgaced by a further ranp
havi ng an anBrenghra tbular casmaososas to drilliatdeiated borghale fom aexgingegsinghe il |

i s formeds of i gﬂ&l_r tially disposed radially extending bl ades,
each havisng tﬁé{%ﬁ&%ﬁﬁ%@ou K%% and the mll blades are faced with cutting
materi al Located Itgskiicvainfbr exaniphe fioaptiSed 4848068 Ryhavea wellibtes tasilg ffom
positioned in Ige drill string a teardroio mll and a waternmelon mll. 20 It

wi |l be undePhicBdds dagiredtp “side tiegler abd imlosver arhipsteckeand tapesed mil ¢ he casi ng
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a plurality ddsiredpirestibnci rcunferentially disposed radially extending blades
cur face. t her con' T8 BEPEHHE: USwiAEHRIRRre 3 MR hai B ADS R BEbRg | 1 o
formation, i radially outwardly against an inside wall of the casing and there may be two
15  ramps of about 15° interspaced by a further ramp having an angle of about 3°to a

longitudinal axis of the casing. The mill is formed of plural circumferentially

disposed radially extending blades, each having a taper of about 15° and the mill

blades are faced with cutting material. Located upstream from the tapered mill may

be sequentially positioned in the drill string a teardrop mill and a watermelon mill.

20 It will be understood that in the operation of cutting a window in the casing
and sidetracking through formation to a new exploration site that energy production is
ceased, thereby leading to a loss of revenue. Thus, it is desired to perform the milling
and sidetracking operations as quickly as possible. The present invention seeks to
provide an apparatus and method which will achieve this object.

25 According to a first aspect of this invention there is provided a sidetracking
system including a pair of axially connected mills located along a longitudinal axis,
each mill having a plurality of tapered circumferentially disposed radially extending
blades each having a tapered portion, at least some of the blades having a cutting
surface thereon for cutting a window in a casing and then sidetracking in a formation,

30 and a whipstock having at least three axially spaced ramps thereon, each ramp |
interspaced by a substantially axially extending portion, each said ramp being
substantially the same angle of inclination to the longitudinal axis and also having the



30 and a whi pstock having at |east three axially spaced ranps thereon, each
ranp interspaced by a substantially axially extending portion, each said

ranp bei tially the same angle of inclinatio ngi t udi na
axi s and%%@%ﬁ%’?ﬁg the | WD 2006/ 056735 PCT/ GB2005/ og"zéz‘ggw@é)r"@“g%gl e of
Inclination as the taper on said tapered portion of the blades, the

di stance between the ranps being substantially the sane as the distance
between the tapered portions on the blades of the serially connected pair

of mlls, wherein the ranps support both mlls before the mlls cut the
casi ng i n whi smesmigle cfjistlomiiba abthedazetr ed sailPtapeedgivijon cfitheibladesstim ni | | has a
| arger dianmeter, than a downstream.m |l and. the upstrea 111 1is arranged to
cut the casin ‘feg?e@‘?"f’%&gSWE‘?%%"}WW"?&HYA&/%ﬁ%gis{;?c%bWF?%WeeI enent
of hardened rahgid Bbrtiofs b P Widics @#icleralbRenhElie AT ATIsCRlertfn b | €3St
sone of said blades on each of said mlls for acting 10 agalinst the ranps
to assi st in zmngseuppartbsthenills béfoferthenmiild dut i daking Whivbicheeild systemmsis and t o

assist in rrm;fpngg%he mlls radially outwardly to cut said w ndow.
Pr ef er abl 9 f i d bl ades have a button el enent provided thereon.

Conveni ently, sai %f&r%l?m&@eﬁﬁﬂiﬁh%@ﬁ&?%&yet&ﬁﬁaﬂdme%%éﬁﬂm

di amond, polycrystalline nd and tungsten carbide. 15 Prefer sai d
but t on el enerthe upstodanhenibisznaogadto cutithe casing before the dowtstesamnyill. sai d
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blades is in the range 7 to 30 to the longitudinal axis and, preferably,

18 to t hd0l oregeinstiheahmpsosassistingreventing de ofill irvins milling the whipsthek mmips
aei g 1 nol udiHigo %R medtherts i ety Syl of A AESVEHO 2 Ty o spoced
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Conveniently, said cutting surface is provided by one or more of natural
diamond, polycrystaltine diamond and tungsten carbide.

15 Preferably, said button elements each have a convex outer surface for abrading
said whipstock.

Advantageously, said button elements are formed of natural diamond or
polycrystalline diamond.

Advantageously, said angle of inclination of each ramp and the taper of said

20  tapered portion on the blades is in the range 7° to 30° to the longitudinal axis and,
preferably, 18° to the longitudinal axis.

In a feature of this invention there is provided a one trip milling system for
cutting a window through tubular casing including a mill having a plurality of
circumferentially disposed radially extending blades each having a tapered portion, at

25  least some of said blades having a cutting surface thereon for cutting said window,
and a button element of hardened material located toward a smaller diameter end of
said blades and located on at least some of said blades for acting against a taper of a
whipstock to move said mill radially outwardly to cut said window.

Preferably, all said blades have a cutting surface thereon.

30 Advantageously, said button element is provided on all said blades.

Conveniently, said cutting surface is one or more of natural diamond,

polycrystalline diamond and tungsten carbide.



25 | east sonme of said blades having a cutting surface thereon for cutting
said window, and a button elenent of hardened material |ocated toward a
smal | er dy@picaise>3d of said bl ades and | ocated on at ﬂ@ﬁéhzo@@ﬂ&z?g said

bl ades for acting against a taper of a whipstock to nove said mll radially
outwardly to cut said wi ndow. Preferably, all said blades have a cutting
surface thereon. 30 Advant ageously, said button elenent is provided on al
said bl ades, Conveniently, said cutting surface is one or nore of natural

di anond, polycrystalline dianond and tungsten carbide. 2 WD 2006/ 056735
PCT/ GB2005/ 004275 Prefetablys paig buttos elerpents eachdpege penyes auter padace forcabmading out er
surface for aprl:adi I d whipstock. In a preferred enbodi nent, two
serially conn%%?gﬂﬂ%$?€§ are provided, an upstreammll, in use, having a

| arger di armet er t hdnagrefavetsémiadiment] two seridilivesimagednsilyare phevidedpas on said

tapered portion is in_the range of, 7 to., 30 to a longitudinal axis of said
system and, pﬁﬂmﬁﬁbl@i 1n yse; bavinga lapgey diamaterdhangdopmstreamingtll syst em
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o detr ackihg ol udkiaREREsEtly the bl oh RS D] pbiiBlds LRt A ifth & APIICC, 2
mlls, rel easaldngitndimabaticdf fadl systemhdands preditablint13° & the degitidinabadingf saihi d

mlls each having a plurality of circunferentially disposed radially
ext endi ng bl a¥eteiBach havi ng a tapered portion and said whipstock having at

| east three axiall m@lq [RcTap ol ' gﬂgE i: L, L2A1 i ng
I nterspaced by a s%’bcé?an glal y a>c<1=% y ex sen |nﬁgﬂﬁ%e?#§ﬁ?ﬁ§é§:% rarnc)l%TS
havi ng subst asitletmidkimg ineludmgahastegseofof i nclination to the |ongitudinal axis

and the taper on said.tapere orfion of sajd blad having.a simlar angle
of inclindion, thi"wﬁ?@t@?&@%ﬁgﬂ#@&@%@%@sf%ﬁ QIHettRAe 8| |y the sane

as the distangg:hel WEaR SPsined E1h E’ﬁf’]ﬁ{'. nting the
whi pst ock so ?ﬁn t he raatrrﬁgehzgtr]e an 1%a§9{3n%ﬁm%&gﬂf§axgﬁe§??e of
circumferentially disposed radially extending blades each having a tapered portion

and said whipstock having at least three axially spaced ramps provided thereon, each
said ramp being interspaced by a substantially axially extending portion, each ramp
15  having substantially the same angle of inclination to the longitudinal axis and the
taper on said tapered portion of said blades having a similar angle of inclination, the
distance between the ramps being substantially the same as the distance between the
tapered portion of blades,
orienting the whipstock so that the ramps are angled toward a desired
20  orientation for cutting a window in the casing and cutting through said formation to a
desired new location,
releasing the connection between the mills and the whipstock,
rotating the mills and moving said mills downwardly so that the tapered blades
of each respective mill abrade a respective ramp, downward movement of said mills
25  against said ramps causing an upstream one of the mills to first cut the casing and
continued downward movement causing the downstream mill to cut the casing,
continued downward movement causing a window to be cut into the casing and
sidetracking operations to be performed throngh formation.
Because the downstream mill has a smaller diameter than the upstream mill,
30  so the rate of penetration is increased, thereby leading to faster sidetracking.
The invention will now be described, by way of example, with reference to the

accompanying drawings, in which:



20 orientation for cutting a wndow in the casing and cutting through said
formation to a desired new |l ocation, releasing the connection between the

mlls a « ﬂ.ﬁaé{?&%ﬁ“ ock, rotating the mlls and noving é@léggg‘]roé)g%é%)ymmrdl y

so t hat apereéed bl ades of each respective mll abra ive
ranp, downward novenent of said mlls 25 against said ranps causing an
upstreamone of the mlls to first cut the casing and conti nued downward
novenent causing the downstreamm ||l to cut the casing, continued dowward
novenent causing a window to be cut into the casing and sidetracking
operations to be ;Fegdr@t‘lmmﬁhsﬂu@akmgrmm.acmmthehidMﬁﬁmeam mll
has a smal |l er d| r Lh he upstreamm'll, 30 so the rate of
penetration |1‘?>c'¢‘it FLOpySCUHORPIACASH S ast er si det racki ng. The
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during w ndow Cmtﬂlﬂgﬂgﬁ'&?ﬁkur er&&cte thﬁ@ ﬁﬁ"%%ﬁgﬂg 5 Figure 5 shows a

partial view of an Inte ace o st oc In the Figures like
ref erence numer al Refbering ® Fighee hartbsaholﬁelbﬂmdn:gafamﬁtlgnrlas hnechb)bmnﬂimlﬂr,e

formed in a fornatio ENE nedb a ul a usu tee casin :
Posi ti oned | Ece%gs%g an%%é?@e agmww Echmmﬁs book i s
appropri at el t & R ﬂfeaccak chor 10
assenbly 4 oper tidg}??p(})rrb xa |e,m1§§§‘§ ﬁ%?auuimé gﬁﬂl}‘ge ineﬂgbg)ré?%cﬁd}
al t er nat it0el yassenthly 4 aperhted, fior pxdvaplepshytadideailiogeddline/ mr;eltd:ma’ttbfemy' lthé ng
system6haV|n an Il tudinal,, axis is forngd on a drill ollar 7 by
the series cé‘ﬂ Ef’?aé’ g"”?‘f’?]'})fsef"n Ong%ygﬁﬁ’ éhé ﬁﬂ“@g@ﬁ 1y
di sposed radizg| 'Mf&%&&ﬂﬂh @nfﬁ%eﬁ%ﬂaﬁ %‘&rfé‘s'cb cBibA Of @i?éf'nﬁiﬂ
circunferenti au;y di sposegﬁuadl a ez<t endi ng bl a%l]%s anda so-calle
circumferentially dlSpOSBd radially extending blades, a second mill 9 also
having plural circumferentially disposed radially extending blades, and a so-called
15 melonmill 10. At least some of the tapered blades and, preferably, all the blades each
have a cutting surface formed of one or more of natural diamond, polycrystalline
diamond and tungsten carbide. The first mill has a smaller diameter than the second
mill as explained hereinafter.

Initially, as shown in Figure 2, the milling system 6 is secured to the

20  whipstock 3 by a releasable connection 21. Usually the releasable connection is a
frangible bolt 21 secured to the whipstock and, initially, also to the milling system, for
example the first mill 8.

The whipstock 3 has an outer surface which is arcuately formed to
approximately conform with the inside surface of the casing 2 and the whipstock has

25  an internal arcuately formed concave surface for cooperating with mills of the milfling
system 6. The whipstock is provided with ramps 31, 32 and 33 longitudinally spaced
along the whipstock, the ramps presenting an angle in the range 7° to 30° to the casing
longitudinal axis and, preferably, 18° to the casing longitudinal axis. Three ramps are
shown, although more ramps could be provided if desired. The ramps are interspaced

30 by asubstantially straight section 34, 35 presenting an angle of 0° — 5° to the casing
longitudinal axis.



15 nelon mll 10. At |east sone of the tapered bl ades and, preferably, all
the bl ades each have a cutting surface fornmed of one or nore of natural

di anond, wiplwisdsal | i ne dianond and tungsten carbi de.pchh@phdosmds2fg | | has a
snmal | er diameter than the second mll as explained hereinafter. Initially,

as shown in Figure 2, the m.lling system6 is secured to the 20 whi pstock 3
by a rel easabl e connection 21. Usually the rel easable connection is a
frangi ble bolt 21 secured to the whipstock and, initially, also to the
mlling system for exa le the first ml|l 8. The whipstqck 3 has an outer
surface which is #%HR q@ ?Hﬂmaﬁﬁﬁﬁﬁ?ﬁﬁﬁépfoﬁﬁﬁﬁﬁﬂh¢ﬁFPﬂdthe i nsi de

surface of t %lgg
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be coated wi t%“f{a’fﬁaﬁ@adﬂ% E%WBFC Jﬁn ? ggtﬁﬁme}&tlg%wpg a]ﬁtoiw de

abrasi on resi;gliaBE6n iPtht ﬁ@@g@cs grlgeﬁ erably,
brazed to the whi pstock an ave at or outer $ ace Nbre or

fewer el enent@dmﬂmhsldewablmgodﬁumdmwyﬂﬁangleﬁtfdheminpsﬁd 82, r?é}torrﬂlbl 8 and

d nill 9 ha | 81, .91 f bol
Shape wi tH o RBNEA Tedieg St enpisian obSine o e, Sctibdiebedoon ¢
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10% of the button element protrudes from the blade. Typically, the amount of button
15  element protruding is approximately 0.8mm and the button element may have a flat

or, preferably, convex outer surface to reduce abrasion against the ramps 31, 32, 33 of
the whipstock. Preferably, the button elements are provided on all of the blades.
Both the blades 81, 91 have the tapered portion 82, 92 connected at a lower
end thereof to a more angled cutting surface 84, 94 and at the upper end of the tapered
20  portion is a substantially vertically extending cutting surface 85, 95, respectively
which, in turn, is connected to an inwardly inclined cutting portion 86, 96,
respectively. A lower end of the mill 8 is provided with an approximately horizontal
cutting surface 87.
In operation, to perform sidetracking, the combination of whipstock and one
25  trip milling system are connected together by the bolt 21 in the position shown in
Figure 2 and are lowered into the casing 2. When at the appropriate positional height
within the casing, the anchor assembly 4, which is commected to the whipstock by a
spigot 22, is oriented by rotation to have the desired polar coordinates to sidetrack to a
new borehole location. The anchor assembly 4 is hydraulically set, in the preferred
30  embodiment, via the hydraulic fine 5 and the bolt 21 connection between the
whipstock and milling system 6 is released, preferably frangibly, to sheer the bolt by
moving the .milﬁng system vertically, upwardly or downwardly. In this respect,



portions 82, 92 is a button elenment 83, 93 of hardened material, for exanple
natural dianond or polycrystalline dianond. The button el enent 83, 93 is

recessedi rture in at | east sonme of the bl ades Ly altl the
bl ades, g}u(gﬁ&?/tq“é E‘%nly 5% - 10% of the button el enent &%’%ﬁ%@éfﬁ@? the .

bl ade. Typically, the anmpbunt of button 15 elenent protruding is

approxi mately 0.8mm and the button el enent may have a flat or, preferably,
convex outer surface to reduce abrasion against the ranps 31, 32, 33 of the
whi pstock. Preferably, the button elenents are provided on all of the

bl ades. Bot h wilikelthashester tho v in1A%-eA-6648068 peeceukepibe Iowen B miR sawnect ed at

a lower end thereof tqQ a nore _angled. cuttjn urfgce 84, 94 and at. the
upper end of ?%@e?tsﬁésaéasfogeogﬂwgﬁﬁs?@@aéﬁggfogﬁteﬁa‘}%@wﬂ%ﬁwﬂm endi ng
cutting surfage; | | 8wy L DsiohS connected to an

I nwardly incli éﬁ%&ﬁ%@%@?ﬁ%ﬁ%&%, rﬂéds}%ée%t&%gflly. A lower end of the
mll 8 is provi dedWhenthamillipg systémétieteledsat framthaivhipstock, soghswiltiage 87. I n
operation, to _perform sidetracking, .the conbination of. whi pstock and one 25
trip mllPng 9@%*&‘8‘%@&4%‘&‘{6@33‘%@3%@? ggvn‘f”ﬁ@%bm‘[ﬂﬂ\gge Fasingsq8t ¢ 1 on
shown in Fi Gige BuioRBRnRAR 3095 hGAdE MeRldnlSt RPN he Zamp'PN) 380 Belifise of
appropriate positional height " within the casing, the anchor assen%l y 4,

whi ch i s conrthebution eletrients\83| B3 and thelpjersentsif, go theadttinganiblingsyut fackstnf theot at i on

to have the desir ol ar or di nat to sidetrack t ew borehql e
| ocati on.  TheTilidhorirs edismiyprevortsd Famuiiednt prumor e BRgopbatath 8a 30
embodi ment, VMiiﬁtﬁgygfﬁiﬁgﬁﬁr hﬁnM&F@m HebfisO®!i6 mgéllgemmﬁie'cgipaﬂeet ween the

whi pstock and m | system 6 is rel eased, preferably frangibly, to sheer
the bolt 18y betweengthehapendd partignssyfthe fivst end secend mjlislipthersding as thedbstenvar dl y.

I n thi t. 5 2006/.056735 PCT/ @GB2005/.004275 ik h t h
i US A 6eancsogite ramns ot uapstor, 52 pacpanil 4 0 18s Btk Whch She@hangal not
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i's possible to 'sheer the bolt” 21 in a downwards direction. Wen the nmlling
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15 - invention over the prior art where a single tapered mill engages a ramp. The button
elements 83, 93 also reduce the risk of cutting into the whipstock rather than the
casing,.
In the position shown in Figure 3, the axially, longitudinaily lower, first mill 8
has an outer diameter which is smaller than that of the upstream second mill 9 and is
20  ofsuch a diameter that it is able to be located alongside straight section 34 and the
- second mill 9 has a diameter which is slightly less than the internal diameter of the
casing 2. It is desirable that the cutting surface at least starts to cut the window before
the button element touches the casing wall. With the mill blades moving
longitudinally down the respective ramps 31, 32, so the milling system is deflected off
25  axis toward the right (as shown in the Figures) with the result that the cutting surface
of the blades 91 starts to cut a window in the casing 2. With continued movement
along the ramps 31, 32, so the first mill cutting surfaces are also brought into contact
with the casing wall and commence milling a further window.
‘When the mills 8, 9 have traversed the straight section 35, 34, so the window
30  being milled by the upstream mill 9 opens info the window milled by the first mill 8.
Further downward movement of the mills 8, 9 causes them to move along ramps 32,
33 and for the milling system to be further deflected until as the blades of mill 9




the button elements 83, 93 abrade the el enents 36 on the ranps 31, 32.
Because of the button elenents 83, 93 and the elenents 36, so the cutting
mllihg r f the mlls 8 9 are generally prev klling the
ranps of‘%tﬁhzfg%\/\ﬁﬁ'é%t ock, which is a disadvantage of thgegﬁgﬁd@rﬂ?ml\/hr eover,
because it is arranged that the distance 10 between the tapered portions of
the first and second mlls is the sane as the distance between the ranps on
t he whi pstock, so each mlIl 8, 9 has bl ades which engage a respective ranp,
t hereby sharing the downward force that is applied to the mlling system

Thus, the cutebradg rrspd3i so BilhB éxnodlppgessin eamtadt ywith b Whipsieekduh ixhevedanps 31,

32 and it is, erefo ossi.bl.e I S he downward f,orce using the
present 15 il%térq‘f'” f?\%%l?ﬁ?l}l%glghe%#g‘ééﬁﬁéﬁé? egf;t}:?d#@s?cgﬁgﬁg(fnﬁia” engages
a ranp. The hkaicr@Dsectibf 3% Masing an afide §lpially eriheeaidees®td $i¢ 10 theClohgitdindlnt o t he

whi pstock rather than the casing. In the position shown in Figure 3, the
axially, long&sudinally lower, first mll 8 has an outer dianeter which is

smal | er than that se Bg m’ [ S

di anet er ?hat it ilg&gg%bgm?%%?ﬁggﬁegg a onég‘é’gé&ggyagﬁl&ﬁ%g?gg 1}%%19% Tand the
second || $hancbe anilll B BE etdateppite bf pedetdationls hohid bR paftnialyehioupRr nal

di aneter of the casin is desirable that the cutting surface at | east

starts to cutORDpRIoz r wnwarg goyemers; Pl dherdling systeaneatisestbe axlls oy wal | .
Wth the mff w ' .%{l ect] anps 31,
32, so the maﬁf}tf%%@a}y e?n&?tsmlgﬂ?{lé&cg?{ce}t 0 ipleggﬁ%dtsg]‘%gyv\‘g‘? S Ldgxﬁ?%ht (as
shown in the Figures) with the result that the cutting surface of the

bl ades 91 starts to cut a window in the casing 2. Wth conti nued novenent
along the ranps 31, 32, so the first mll cutting surfaces are al so brought
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into contact wth the casing wall and commence mlling a further w ndow.
Wien the mlls 8, 9 have traversed the straight section 35, 34, so the
wi ndow 30 being mlled by the upstreamml|l 9 opens into the wi ndow mlled

by the first mll 8  Further downward novenent of the mlls 8, 9 causes
themto nove along ranps 32, 33 and for the mlling systemto be further
deflected until as the blades of mlIl 9 6 WO 2006/ 056735 PCT/ GB2005/ 004275



abrade ranmp 33, so mll 8 is no longer in contact with the whipstock, but is
noved into cutting formation as it then travels along a further straight
section 36 and a tapered section 37 having an angle typically in the range
3 to 15 to the longitudinal axis. 5 Because the leading mll, i.e.
downstream first mll 8 has a smaller diameter than the mll 9, so greater
rate of penetration is achievable particularly through formation. Continued
downwar d ng¥gg§£% of the mlling systemcauses the mlls to exit the casing
2 and to c ugh formation 1 toward a new drilling |location. 7 CLAI M

1. A sidetracking systemincluding a pair of axially connected mlls (8, 9)

| ocated al ong a,l ongi tudi nal axis,,.each m|l .having a pluralli of tapered 5
ci rcunf ereﬁti al fy*! grgﬁlgg%ayqi%in}ﬂ? WH%QP%‘HB*??BQ& “a%’g‘g"t("gﬂlﬁﬁgf) bgach ha\ei ng a
tapered pofdchted alod 21&?%%1;@% h8ahcSHMEhAfing HBIPAIRFSS tdpRNINY @ cutting

surface (84 - 86; 9 . ereon for cutting a window in a casing (2) and
t hen sidet eizwivifengniially dispasedreadially, extanding bliniep €8 o 1) ¢&h hamingrag at | east three

i all d - h h i d
ubot ant | SPOA RPHR B2 g B iohe TR CEBERIEE Voo bei ng
subst ant i aé;y04t-hes)sRdreoftg lcattidf al wigHdwad b eakid 2§Hﬁdtﬂeﬁ@ﬂiefrh@d'ilgg'ﬂn axis and

al so having the sane angle of 1 nclination as the taper on sai t aper ed
portion of afdrmatipadad a whiesteeks (32 heding at laesé threqaxiplhhspacebramps<dbst ant i al | y

the, sarre ass) fgedh SLATERPRIIEEN e, LARREAM PRI RR A NGl ades, of the

serially nne pair rein e’ra Oth mlls

bef or e1( he(34, B5)s eavhitsaidllamipltRimpasibatgntiallywhé eimeaigle shiatlamiobs 1 treated. 2. A
systemas clained in claiml, wherein an upstreammll (9) has a | arger
di anet er t leagiteding\ixisiand afsoraving thy samppngiteofipdinaignaniheltanes ogsidnged to cut

the casin . ﬂ_l,om r gﬁm .fqed in claiml
or 2, wher %‘lp gl%gggﬁltot%gg te err%ér?t ﬁl? ) r{sg;ae%\%d% F}hadr% &E’ﬁ’ ggaﬁgg gtr)sﬁegﬁfapg | ocat ed
toward a sthelshee aslilerdiétecedrtvah thd taperad posoae onthesdades of the serially

connected pair of mills, wherein the ramps support both mills before the milis cut

15 the casing in which said system is located.

2. A system as claimed in claim 1, wherein an upstream mill (9) has a larger
diameter than a downstream mill (8) and the upstream mill is arranged to cut the
casing before the downstream mill.

20
3. A system as claimed in claim 1 or 2, wherein a button element (83, 93) of
hardened material is located toward a smaller diameter end of at least some of said
blades on each of said mills for acting against the ramps to assist in preventing the
mill from milling the whipstock ramps and to assist in moving the mills radially

25  outwardly to cut said window.

4. A system as claimed in any preceding claim, wherein all said blades have a

button element provided thereon.

30 5. A system as claimed in any preceding claim, wherein said cutting surface
(84 — 86; 94 — 96) is provided by one or more of natural diamond, polycrystalline

diamond and tungsten carbide.



bl ades on each of said mlls for acting against the ranps to assist in
preventing the mll frommlling the whipstock ranps and to assist in
noving the mlls radially 25 outwardly to cut said wi ndow. 4. A system as
clainmed in any preceding claim wherein all said blades have a button

el ement provided thereon. 30 5. A systemas clained in any preceding claim
wherein said cutting surface (84 - 86; 94 - 96) is provided by one or nore

of natural gdi angndeeRal%eLiMsh & Lik ' - n ide. 8 6. A
system as cl ai rre&sllsﬁ g%sa:ﬂrln 4, m%e@g?’n\giéég%@glgﬂﬁgﬁhg{%fr?tgﬁstesag@é%eehave a

convex out emvsypfigrsurfase fatabaadiimgsasdivtiipstuickst ock. 7. A systemas clained in
claim4 or 6, wherein said button elenents are 5 forned of natural dianond

or polycrystalline dianond. 8. A systemas clained in any preceding claim

wherein sayd angls@sten asiclimed @t ¢19ith 2br 63GRerbid¥RidANHoh RentdRElre Of said
tapered portion on the blades is in the range 7 to 30 to the | ongitudinal

axis. 10 oformed pEnasnmahdiagioail wegolyerystallinnd®matider ei n said angle is 18 to the
| ongi tudi nal axis. 10. A nmethod of sidetracking including the steps of: 15
|l owering a pair of serially connected mlls (8, 9), releasably connected to

a whi pst ogk i NAGysteRQisRN@ned GRSy \ecediptldTh, WheRBt i aydlogra plurality of
circunferential]y disposed radially extendi ng blades (81, 91) each having a

t aper ed potElivaiopgs eadppmpranddbs Wpenvifisaiddencrethndrtign an theddadestihinee axi al |y
spaced r 03 ). L OV .t hereon, each said ranp being interspaced
by a 20 s%?%%%af‘rgéat%?%%y@g‘g‘%% ?“rsi'g portion (34, 35), each ranp having
substargially the sane angle of inclination to the |ongitudinal axis and

the taper on said tapered, portion of said bl ades having a simlar angle of
i nclinatiof, thA systemasclaimed {iedam ¢ ehareinsaidisagieds $8itethatial Iy the sane as

t he di Sta”ﬁﬁgﬂ?&iﬁﬁ‘ﬂis? he tapered portion

10. A method of sidetracking including the steps of:

15 lowering a pair of serially connected mills (8, 9), releasably connected to a
whipstock into a borehole casing, said mills each having a plurality of
circumferentially disposed radially extending blades (81, 91) each having a
tapered portion (82, 92) and said whipstock having at least three axially spaced
ramps (31 — 33) provided thereon, each said ramp being interspaced by a

20  substantially axially extending portion (34, 35), cach ramp having substantially
the same angle of inclination to the longitudinal axis and the taper on said tapered
portion of said blades having a similar angle of inclination, the distance between
the ramps being substantially the same as the distance between the tapered portion
of blades,

25 orienting the whipstock so that the ramps are angled toward a desired
orientation for cutting a window in the casing and cutting through said formation
to a desired new location,

releasing the connection between the mills and the whipstock,
rotating the mills and moving said mills downwardly so that the tapered

30  blades of each respective mill abrade a respective ramp, downward movement of

said mills against said ramps causing an upstream one of the mills to first cut the

casing and continued downward movement causing the downstream mil! to cut



of bl ades, 25 orienting the whipstock so that the ranps are angled toward a
desired orientation for cutting a window in the casing and cutting through
said formation to a desired new | ocation, rel easing the connection between
the mlls and the whipstock, rotating the mlls and noving said mlls
downwardly so that the tapered 30 blades of each respective mll| abrade a
respective ranp, downward novenent of said mlls against said ranps causing
an upstreamone of the mlls to first cut the casing and continued downward

movement Cﬁe%sgg%,tgbﬁlﬁ%wa%%%m Hbldmdd c&ilin eg9 moa%'aa ut fefHcnued downward

novenent causi ow to be cut 1nto th casi ng 5| det racki ng
oper at i onscasmgaad palefrackiegiopdnatonng o boperkirined throdgh ﬁ)rmatlbmd as claimed in
claim10, wherein an upstreamml|ll (9) has a 5 larger dianmeter than a
downstreamm || (8) and the upstreammll is arranged to cut the casing

bef ore t hej downati&@Rsd 48 dlhimedidn cRiR AN wRireidandiphireaPHIE¢d)aRs I [ 1 s (8, 9)
especial |y adapted for use in the systemof any one of clains 1 - 9, or the

met hod of ~latgsr diameter ghana dowigstream mally(R) @Isittb@ kpgt@pmenbisiantngedddapt ed for use

|12 tgg 53212(5 qg%; a_s@@%e orethocfdo sﬁezﬁmlll. 9, or the nmethod of clains 10 or 11.

12. A pair of axially connected mills (8, 9) especially adapted for use in the

system of any one of claims 1 — 9, or the method of claims 10 or 11.

10
13. A whipstock (3) especially adapted for use in the syétem of any one of
claims 1 — 9, or the method of claims 10 or 11.
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