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(34) Title: SINGLE TRIP WHIPSTOCK ASSEMBLY

- | (57) Abstract

A single trip whipstock assembly which can be nim into a well, set, and operated from a window in the well casing in a single trip
comprises a milling tool (5) attached to the upper end of a whipstock (6) to the lower end of which is attached a packer (7) or anchor
which can be set by appropriate means prior to detachment of the mill from the whipstock to initiate window formation. The packer may
be hydraulic and may be set by means of a seiting tool (4) located above the mill (S) and connected to the packer by a hose (21). The
mill (5) incorporates circulation ports which are initially isolated from the central chamber thereof to permit flow of hydraulic fluid from
the setting tool to the hose (21) via the interior of the mill. Once setting has been effected, the hose (21) is severed permitting the piston
of the setting tool to operate a flow diverter within the mill and open the circulation ports to the interior of the tool for subsequent drilling
mud circulation during milling operation, The whipstock (6) includes a relatively steep ramp (32) at the upper end thereof so that initial
breakthrough of the casing is effected predominantly using the side blades of the mill (S).
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di scl osed as having a ranp [Surtfa gle to the axis of the
wel | bore, said angle being gred%éSLgé%ﬁyg%gg% Ie o hdj oi ni ng mai n
deflecting surface to the aﬁgﬁegr‘ gdnng_m;ﬁhajranp surface thereby
serves to rapidly nove a nn@g Pool r@JI¥H;% _______ he wel | bore casing
with little downhol e axial ?éd e TaiSyrface is
configured soWORM03Me il | -@ra\mng(s)emag@# rrrpf‘h?f@? or rvnnil'ﬂﬂ‘lmwfrom
t he i nner facing surface of | f@sitdt | DOfeed ast.ntp paged he--mijl 1 i ng tool passes

ce mai n_deflecting surface—ef—t he whi pstock.
Fl eximg gf he mhlpstock as the mlling t ool progresses along the ranp
sur f ac dmmy means of a support surface of the whipstock which
abuts ng surface of the wellbore casing. Once the mlling
t ool fron1the ranp surface to the nmain deflecting surface,
n1II|n of a

REPLACENENT SHEET -2- W NndOSINGLE ITRIFA S T It is an object
of the present invention to inprove the knomm technlques of formng a
| ateral using a whi pstock system |In particular, the present invention ains
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that is to say a whipstock assembly which can be run complete
into a wellbore, set, and operated to mill a window in the casing
of the wellbore and open up a lateral in the surrounding
formation in a single .trip.

In the drilling of oil and gas wells it is sometimes
necessary to form a branch extending off an existing bore. Such
branches (generally known as “laterals”) are in general formed
by locating a tapering deflector device (known as a “whipstock”)
in the existing bore, and then using the whipstock to deflect a
milling tool laterally of the axis of the existing bore to mill
a window in the surrounding casing. Once the window has been
milled drilling of the surrounding formation can continue using
the milling tool or the milling tool can be withdrawn from the
well and replaced by an appropriate formation drilling assembly.

Heretofore, the initiation of a lateral using a whipstock
system has necessitated a number of separate trips into the well.
Typically, a packer is first run into the well and, using
appropriate equipment, is located at the correct depth and
orientation and is set. The packer string is then removed from
the well leaving the packer in position, and the whipstock,
possibly in association with one or more mills is run into the
well to mate with the packer prior to commencement of the milling
operation.

Various attempts have been made to increase the efficiency
of the formation of a lateral using a whipstock system, and in

particular US-A-5109924 illustrates a window milling assembly to



set and operated in.a single trip.
The present invention provi r| p whi pstock assenbly for form ng
a w ndow in the casi ng of a wel I bore t he whi pstock assenbly conprising: a
whi pst ock havM¥R? 3284/ | i ng tool attached to the upper end t RGTGHISHIIT o
packer or anchor attached to the | ower end-thereof, the packer or anchor
being settable to fix the depth of the whipstock prior to, but during the
sane trip as, operatlon of the milling tool2to formthe windowin the

casi ng of theﬂ%ﬁ ore, .the upper end of the whipstock being formed with a
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casi ng thereby enabling rapid penetration o e casi ng. Somne 2o
the initial nWhipstedk assemblyl whicheiemdrpbrates aheacker or anchor and
which can be run into a well, set, and operated in a single trip.

According to one aspect of the bresent invention a single
trip whipstock assembly comprises a whipstock having a milling
tool attached to the upper end thereof and a packer or anchor
attachgd to the lower end thereof, the packer or anchor being
settable to fix the depth of the whipstock prior to, but during
the same trip as, operation of the milling tool to form a window
in the casing of the wellbore.

In general, the lateral will have a required heading and
accordingly the connection between the whipstock and the packer
or gnchor will prevent relative rotation therebetween so that,
after the assembly has been run into the wellbore to the required
depth, the assembly can be orientated by appropriate means (for
example using signals derived. from a measuring while drilling
tool which may optionally form part of the assembly) prior to
setting of the packer or anchor. Once the packer or anchor has
been set the orientation of the face of the whipstock relative
to ground co-ordinates, which will determine the heading of the
lateral, will be fixed by virtue of the noh-rotatable connection

between the whipstock and the packer or anchor.



majority of the |nﬁ'”i1eetma§ﬂ;éeﬁl s undertaken by the side bl ades as

the mlling tool is pushe He ranp. The effectiveness of the
end bl ades i s thereby pre peni ng of the w ndow.
Preferably, the aforementione defl ecting surface interface point

Is radially Sﬁced fromthe outer facing surface of the wellbore casing by
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downward load can be applied to the drlllstrlng sufficient to
release the releasable fastenings whereafter milling can
commence.

Preferably, the upper end of the whipstock is formed with
a ramp surface which extends at a larger angle to the axis of the
wellbore than the angle of the major deflecting face of the
whipstock to the axis. For example, the ramp surface-may.exteqd
at an angle of 5° to the axis of the wellbore whilst the main
deflecting face of the whipstock may extend at an angle of 2.8°
relative to the axis of the whipstock. The ramp surface is
positioned to be engaged by the milling tool as the milling tool
is lowered after release of the releasable fastenings and will
cam the milling tool radially of the borehole into engagement
with the well casing. In order to prevent excessive wear of the
ramp surface the ramp surface is preferably hardened, hard faced,
or provided with wear resistant inserts. As the milling tool is
lowered the relatively steep angle of the ramp will force the
milling tool laterally into engagement with the casing thereby
enabling rapid penetration of the casing. .

Preferably, the milling tool includes a main mill having end
blades on the end face thereof and side blades on the radial
periphery thereof. buring the initial phase of casing
penetration when the milling tool is running up the ramp surface
both the end blades and side blades mill the casing. The
transition between the ramp surface and the main deflecting

surface is located such that the casing will be broken through



relative to ground co-ordinates, which will determ ne the heading of the
lateral, will be fixed by virtue of the non-rotatabl e connection between

t he whi pstock and the packer or anchor. In a particularly preferred
enbodi ment of the invention the mlling tool is secured directly to the top
end of the whipstock by rel easabl e fasteni ng means, for exanpl e shear

bol ts. Accor aW@@TM32Tafter the packer or anchor has been setPEHEBMIETg
verified by appropriate |loading of the drillstring, an upward or downward

| oad can be applied to the drillstring sufchi ent to rel ease the rel easabl e
fasteni ngs whereafter mlling can commence. In order to prevent
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result in progressive opening of the window using mainly the end
blades of the main mill. These blades will be relatively
undulled by the initial breaking through of the casing since much
of the milling during the initial breaking through will be
accomplished by the side blades. Also, the contact between the
main mill and the ramp surface will.be wvia the side blades and
accordingly the end blades will be undulled by such contact. At
the commencement of the main phase of end milling the end blades
will accordingly be in substantially as new condition and well
suited to the subsequent opening up of the window which is
accomplished mainly using the end blades.

Preferably, the assembly includes one or more additional
mills located uphole relative to the main mill. Such additional
mills may, for example, include one or more watermelon mills.

In' a particularly preferred embodiment of the invention the
packer or anchor is a hydraulic packer and the means for setting
the packer comprises a hydraulic pressure generator located
uphole of the whipstock and a severable connection between the
hydraulic pressure generator and the hydraulic packer. The
severable connection can conveniently take the form of a
severable pipe which initially extends through a bore in the
lower part of the whipstock and along the face of the upper part
of the whipstock. Once the hydraulic packer has been set the
severable connection is severed to allow milling to start. Any
components of the severable connection which remain in a position
which will interfere with the milling operation will be destroyed

during the milling operation.



mlling is effected by the side blades however. The transition between the
ranp surface and the nain deflecting surface is |ocated such that the
casing will be broken through WO 97/ 03274 .

PCT/ GB96/ 01627 4 by the conbined action of
the end and side bl ades at the -nonment when the | eading edge of the mlling
t ool passes WOMMSEM ranp surface onto the main defl ecti ndPCHERIIBW2Ht t he
whi pstock. Thereafter, continued dowward novenent of the whipstock wll
result in progressive opening of the wi ndoyw using mainly the end bl ades of
the main mill. These bl ades will be relatively undulled by the initial

breaking through ef fh&:43814r3y"EFeflia enbodiment of the invention the

hydraulic force generator comprises a setting tool having a
cylinder filled with hydraulic fluid and in communication with
the severable connection, and a piston which can be acted upon
by mud pressure supplied through the drillstring upon which the
whipstock assembly is mounted in order to pressurize the
hydraulic fluid. Preferably, a flow sensitive by~pass valve is
mounted in the drillstring above the setting tool so that mud can
be circulated through the drillstring as the assembly is lowered
into the well. Thereafter the mud flow rate can be increased to
.close the by-pass valve and allow static pressure to be applied
to the piston of the setting tool.

Preferably, the hydraulic .pressure generator is connected
to the severable connection via a chamber located in the interior
of the milling tool. In a particularly preferred embodiment of
the invention the main mill includes circulation ports which,
during milling, enable mud from the chamber of the milling tool
to be circulated to the exterior of the milling tool.
Accordingly, the milling tool is provided with a diverter which
initially isolates the circulating ports from the chamber so as
to allow hydraulic pressure generated by the hydraulic pressure
generator to be commuanicated to the severable connection.
Preferably, the piston of the hydraulic pressure generator is
-movable to a by-pass position which allows mud to flow past the
‘piston and into-ﬁhe.chamber of the milling tool after setting of
the hydraulic packer has been completed. Preferably, movement
of the piston of the hydraulic pressure generator into its by-
pass position simultaneously opens the circulation ports of the
milling tool to the chamber thereof. _

In a particularly preferred embodiment of the invention the

diverter which initially isolates the circulation ports of the



of the mlling during the initial breaking through will be acconplished by
the side bl ades. Also, the contact between the main mll and the ranp
surface will.be via the side blades and accordingly the end blades will be
undul | ed by such contact. At the commencenent of the main phase of end
mlling the end blades will accordingly be in substantially as_pew
condition and WOt ed to the subsequent opening up of t hECTIHAHNEh cn

is acconplished mainly using the end bl ades. Preferably, the assenbly
i ncl udes one or nore additional mlls Iocatgéi uphole relative to the main
mll. Such additional mlls may, for exanpl €& include one or nore
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position to its open position to allow circulation of drilling
mud through the circulation ports.

The invention will be better understood from the following
description of a preferred embodimgnt thereof, given by way of
example only, reference being had to the accompanying drawings
wherein:

Figure 1 illustrates a first embodiment of the invention;

Figure 2 illustrates a second embodiment of the invention;

Figure 3 illustrates the means of connecting the main mill
of Figure 1 .or Figure 2 to the whipstock thereof;

Figure 4 illustrates is a cross-sectional view, on a larger
scale, of the setting tool and main mill of the embodimeht of
Figure 1 with the internal components thereof in their initial
position; and

Pigure 5 is a view on a larger scale of the main mill and
the bottom of the setting tool showing the intermnal components
thereof in their final position.

Referring firstly to Figure 1, the illustrated single trip
whipstock assembly cémprises a multi-cycle by-pass valve 1; a
watermelon mill 2; a flex joint 3; a setting tool 4; a main mill
5; a whipstock 6; and a hydraulic packer 7. The by-pass valve
1, watermelon mill 2, flex joint 3, setting tool 4, and main mill
5 are interconnected by conventional pin connections, and the’

whipstock 6 is comnected to the hydraulic packer 7 by a
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5 In a particularly preferred enbodi nent of the invention the
hydraulic force generator conprises a setting tool having a -cylinder
filled wwth hydraulic fluid and in comunication with the severable

connection, and a piston which can be acted upon by nud pressure supplied
t hr ough the d¥Y9 Mng upon which the whi pstock assenbly igm@%g n

order to pressurize the hydraulic fluid. Preferably, a flow sensitive
by-pass valve is nounted in the drillstring,above the setting tool so that
mud can be circulated through the drillstrihg as the assenbly is | owered
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whipstock by a suitable releasable fastening means described in
more detail hereinafter. 1In use, the complete assembly is run

. into a well on suitable tubing to the regquired depth, is
correctly orientated, for example using information from a
measuring while drilling tool located abovg the by-pass valve,
and then the packer is set. The connection between the main mill

5 and whipstock 6 is then released to allow milling of a window

in the surrounding casing, and the commencement of the drilling

of a lateral, using the main mill 5. The window formed by the

main mill S is'opened up and cleaned by the watermelon mill 2.

As. assembled, the main mill 5 is :connected to the extreme
'upper end of the whipstock 6 by means of releasable fasteners,
for example shear bolts 8,2 as illustrated in Figure 3. For this
purpose, the upper end of the whipstock 6 is formed with a tang
10 having counterboard apertures therein for receiving the shear

bolts 8,9. The shear bolts engage threaded bores provided in a

block 11 which is welded to or integral with the body 12 of the

main mill. The main mill is formed with a multiplicity of end

blades 13 which extend across the end face thereof and a

multiplicity of side blades 14 which extend along the side of the

body 12 away from the end blades 13. The block 11 is located
between adjacent side blades 14. The strength of the shear bolts
8,9 is selected so that the entire assembly can safely be run
into the well and the packer 7 set and tested without shearing
the bolts 8,9. Thereafter, an appropriate up or down load is
applied to the assembly to shear the bolts 8,9 and thereby
release the main mill 5, setting tool 4, flex joint 3, watermelon
miil 2 and valve 1 from the whipstock. Milling of the casing can

then commence as describéd below.

It will be noted that the internal diameter of the casing



to the piston of the settxr@ sHollPlas Been Repldasef €r abl'y, the hydraulic pressure
generator 1s connect ed to

onnection via a chanber |located in
the interior of the m'IIingl tlﬁf“ﬂﬂ wrticul arly preferred enbodi nent of
the invention the main m| |18 iCul ati on ports which, during

nmlling, enable mud fromthe chanber of the milling tool topchepe@éesul ated
to the ext¥PIMEY he mlling tool. Accordingly, the mlling tool is

provided with a diverter which initially isolates the circulating ports
fromthe chanber so as to allow hydraulic @essure generated by the
hydraulic pressure generator to be.comunicated to the severable
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could be in the order of 8.0 inches with the result that the mill
diameter will be in the order of 7.76 inchés. As a result, the
ciearance diameter of the window to be milled by the main mill
5 would be less than the internal diameter of the casing 15.
However, the watermelon mill 2 may have an effective diameter
equal to the internal diameter of the casing 15 (less any
necessary clearance) and accordingly the window milled by the
main mill 5 will be opened up to full diameter by the watermelon
mill.
Réferring back to Figure 1, the by-pass valve 1, watermelon
mill 2 and flex joint may be standard items known to those
skilled in the wellboring industry and their nature, construction
and operation will be well known to those skilled in the art.
The setting tool 4 and main mill 5 are shown in greater detail
in Figure 4.
Referring to Figure 4, the setting tool 4 is.a hydraulic
pressure generating device comprising a cylinder 16 and a piston
17 slidingly and sealingly mounted in the cylinder 16. The
piston 17 is shown in or close to its initial position. The
~cylinder 16, above the piston 17, forms a mud chamber 18 which
is connected via the central bores of the flex joint 3 and
watermelon mill 2 to the by-pass valve 1. The cylinder 16 below
the piston 17 forms a hydraulic chamber 19 which. is initially
filled with hydraulic fluid. For the purpose of filling the
cylinder 19 the piston 17 is preferably provided with a filling
tube 20 having a removable end cap 21.
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6" main mll fromthe chanber thereof is held inits initial position by a
rel easabl e fixing device, for exanple a shear ring or shear pins, and is
released fromits initial position by action of the piston of the hydraulic
pressure generﬁ%or. Preferably, the piston of the hydraulic pressure
generator, i i W’ﬁﬂ fromits pressure generating position ’@P&""W’-’ pass
position, automatically noves the flow diverter fromits initial position
to its open position to allow circulation Qf drilling nud through the
circulation ports. The invention will”be better understood fromthe
foll ow ng descri pij hef eLr ' LV,

exanpl e only, refg?gggga efﬁ&ghgﬁ ?gn§%§9%%g%ﬁ%%%g?ﬁggéﬁéafn§§°€%%?g¥Hg5
Figure 1 ill oft racbasmber i 26t f@rrentli inentheofmatinemidieandoa; flexib¥e ose 21

'lustrates %higgoggng éggrgﬁgiéglé Ié&@%@%hogé the main mill along the
' face of the upper part of the whipstock 6 and thereafter through

an axial bore 23 provided in the whipstock. At the lower end of
the whipstock the tube 21 opens into the actuation chamber 24 of
the hydraulic packer 7. The hydraulic packer 7 can be of any
suitable design. The chamber 20 is, during milling operation,
used to communicate drilling fluid from the string to circulation
ports 25 provided in the main mill. .In order to prevent loss of
hydraulic £fluid through the circulation ports 25 prior to
commencement ef the milling operation .a flow diverter 26 is
loeated within the chamber 20 and, in the initial position
illustrated, isolates the chamber 20 from the circulation ports
25. The flow diverter 26 is held in its initial position by a
shear ring 27.

In use, the entire assembly illustrated in figure 1,
together with any necessary orientation equipment, is run into
the well to the required depth, is rotated to bring the face of
the whipstock to the required heading, and the hydraulic packer
is then set. In order to set the packer, flow rate through the
string is increased to close the by-pass valve and to enable a
static head to be generated within the string. The static head
is applied to the piston 17 to pressurize the hydraulic fluid in
the hydraulic chamber 19. Pressurized hydraulic fluid flows from
the chamber 19 via the chamber 20, nipple 22, and hose 21 to the
operating chamber 24 of the hydraulic packer.

After an appropriate drillstring pressure has been
maintained for a length of time suitable to set the packer 7,
setting of the packer can be tested by applying an appropriate

upward and downward loading onto the string. If this test



Figure 3 illustrates the neans of connecting the main mll of Figure 1 or
Figure 2 to the whipstock thereof; Figure 4 illustrates is a
cross-sectional view, on a.larger scale, of the setting tool and nain mll
of the enbodinent of Figure 1 with the internal conponents thereof in their

I'nitial position; and Figure 5is a viewon a larger scale of the main
mll and the wosmemyof the setting tool showing the internadfCHERWMERT: s
thereof in their final position. Referring firstly to Figure 1, the

illustrated single trip whipstock assenbly conprises a nulti-cycle by-pass

valve 1; a waternmelon mill 2; a flex joint 8 a setting tool 4, a main ml|
5; a whipstock 6; and a hydraulic packer 7. The by-pass valve 1, waternelon
mll 2, flex jwarifizs dhat nghe opacker apd ®#g&itn & 1ar®erm @PYWaRGEr eHnAeWREArgy

convent fonal RdAARANEE! LRR: edWh e WPLER) OBL e €8"BRELS L 1t 8,9

hydraul i ¢ pacKer
s which connect the main mill 5 to the whipstock tang 10. The mill

is then pulled away from the whipstock in order to rupture the
hose 21 or break the end connection between the hose 21 and the
nipple 22. Preferably, breakage of the hose 21 is either at or
adjacent to the nipple 22 or is located above the point where the
hose 21 enters the passage 23. Rnptufe of the hose 21 allows the
hydraulic fluid remaining in the chamber 19 to be dumped to the
annulus with the result that the piston 17 will move rapidly
downwardly under the influence of st;ing pressure in the chamber
18. The.piston 17 will then strike the flow diverter 26 and
break the shear ring 27 allowing the flow diverter 26 and piston
17 to assume the positions illustrated in Figure 5. In these
positions, the piston 17 has moved out of the cylinder 16 to
establish a flow passage around the piston 17 as indicated by the
arrows A. Ports 28 provided in the piston 17 allow flow from the
exterior of the piston to the interior thereof and thence to the
chamber 20 via the interior of the flow diverter 26. Aligned

~ ports 29 and 30 in flow diverter 26 and mounting sleeve 31 permit
flow from the chamber 20 to the circulation ports 25.
Accordingly, with the components in the configuration illustrated
in Figure 5 fluid from the string can flow outwardly through the
circulation ports 25 to cool and lubricate the blades 13,14 and

. displace debris from the blades for circulation up the annulus
to the well head.

Once the bolts 8,9 have been sheared and the circulation
ports 25 open as described above the milling tool can be rotated
and lowered to commence formation of the casing window. To this
end, the whipstock 6 has, immediately below the tang 10, a ramp
surface 32 which extends at a relatively large angle, for example



15 is spanned by the conbination of the main mll 5 and the tang 10. It

foll ows fromthis that the dianmeter of the main mll 5 will be |less than
the internal dianeter of the casing 15. For exanple, in casing 15 having
an internal dianeter of 22.1 cm (8.686 inches) the effective dianeter of
t he whi pstock and main m | conbination could be in the order of 20.3 cm
(8.0 inches) WOdHRMe result that the m Il dianeter wi | I PORIGBM/0EZE or der
of 19.7 cm (7.76 inches). As a result, the clearance di aneter of t he

wi ndow to be milled by the main mll 5 would be | ess than the internal

di ameter of the casing 15. However, the walkrnelon nill 2 may have an
effective yg’a.a %hetd i&sadﬁra e A BB B0 . t R 3RO sho£bbESS
any' necessar cl earance] and accordingly the wndow nmlled by"the main
mil 5 will b32dpehetdenediprt dsf fhtediwitdt darfymaberisdt ornisoprovided with
Referving back to Fiqurg 1, the by-pass valve waterel on m | and flex
joint may be %?%dﬁ?g:"??%% %Hﬁﬁﬁqu tsﬁ? se® 1Wﬁ%dlol%n ‘i"rﬁ?%ﬁ b%?*zkﬁjgcpe or

i ndustry and §i@hénd air!ldhdedORs! preiveAl aRbeSPLValwdty Wi ItHe relp Jap@uBet O
thoser skilled in the art. The setting tool 4 and main mll 5 are shown in
greater detai32ias R gesuli of contardsf ofr theg sideibjadess) 4t et tha maig madl 4

piston 17 s | B g BER# PSR 05 T BRLEhg il S, AR By

17 is shown |iRafdenddSertOfi hardnahdawepesiddsistanthmaterial, for example

tungsten carbide, so that they will not be excessively worn as
a result of rubbing contact with the ramp surface 32. As the
milling tool is lowered, the effect of the ramp surface 32 is to
displace the main mill 5 laterally of the wellbore thereby
bringing the outer edge of the end blades 13 and the side blades
14 into engagement. with the well casing. The well casing, being
relatively soft as compared with the material of the blades
13,14, will be milled away by the action of the blades. Although
some of the initial milling will be effected by the end blades

13, the majority of the initial milling is effected by the side
blades 14 as the main mill is pushed sideways by the ramp 32.

The main deflecting surface 33 of the whipstock meets the
ramp surface 32 at a point 34 which substantially corresponds to
the main mill breaking through the casing. The main deflecting

surface 33 extends at a relatively shallow angle, for example
2.80, relative to the axis of the wellbore. Continued downward

movement of ﬁhe milling tool effects opening of the required
window. During this phase of operation (i.e. after breakthrough
of the casing wihdow-and:until the window is complete) the
majority of milling is effected by the end blades 13, the side
blades 14 being used to clean the sides of the window which has
been opened by the end blades 13 and to maintain gage diameter.
It will be noted that the end blades 13 which are required to

effect the majority of the milling during window formai;on are



cylinder 16, above the piston 17, fornms a nud chanber 18 which i s connected
via the central bores of the flex joint 3 and waternelon mll 2 to the
by-pass valve 1. The cylinder 16 below the piston 17 fornms a hydraulic
chanmber 19 which is initially filled with hydraulic fluid. For the purpose
of filling the cylinder 19 the piston 17 is preferably provided with a
filling tube ZU"%EWWHQ a renovabl e end cap 21. VO 9 PCHEBIG01627

PCT/ GB96/ 01627 8 15 is spanned by the
conbi nation of the main mll 5 and the tang,10. It follows fromthis that
the dianmeter of the main mll 5 wll be less than the internal dianmeter of

the;casing 15. o' subject, at any stage, to rubbing contact with the surface
of the whipstock and accordingly maintain maximum sharpngss to
effect the required end milling. The side blades 14, having
created the initial breakthrough of the window, are required to
perform relatively little cutting operation during the remainder
of the window forming operation and accordingly if these blades
are dulled as a result of the rubbing contaét with the whipstock
this is not critical to the operation of the tool.

As mentioned ébove, the gage of the main mill 5 is somewhat
less than that of the casing of the main wellbore. If it is
desired to have the maximum possible diameter to the lateral the
water melon mill is:selected to be of the maximum size which can
be‘accommodated.by the main wellbore with the result that the
window and lateral bore will be opened up by the watermelon mill
as the watermelon mill passes through the portions of the passage
previously milled by the main mill 5.

Referring now to Figure 2, an alternative embodiment of the
invention which may in certain instances be of utility is
illustrated. In this embodiment the hydraulic packer 7 of the
previocus embodiment is replaced by a bottom trip anchor which
does not require hydraulic setting. Accordingly, the setting
tool and hydraulic connections déscribed above with reference to
Figure 1 are not required for the arrangement of Figure 2. The
main mill 36 of the Figure 2 arrangement is secured to a tang 37
‘provided on-the-whipstock 38 in the same manner as the main mili
5 is ‘secured to the tang 10 of the whipstock of the Figure 1
embodiment, as more particularly shown in Figure 3. The
whipstock 38 exhibits the same ramp surface 32, main diverting
surface 33, and transition point 34 as the whipstock 6 of Figure
1 and accordingly once the bottom trip anchor 35 has been set and
the shear bolts coupling the mill 36 and the. tang 37 have been



exanpl e, .in casing 15 having an internal dianmeter of 8.686 inches the

ef fective dianeter of the whipstock and main mll conbination could be in
the order of 8.0 inches with the result that the mlIl|l dianeter will be in
the order of 7.76 inches. As a result, the clearance dianeter of the w ndow
to be mlled by the main mll 5 would be | ess than the internal dianeter of
the casing 13O9I Mver, the waternelon nmill 2 may have an

di ameter equal to the internal diameter of the casing 15 (less any
necessary clearance) and accordingly the wygdow nilled by the main nill 5
will be opened up to full diameter by the waternmelon mll. Ref erring

back to Fi gurbrdkeshethy- passiugl well, peakeraptea asmdekczined tbeve] @iith
may be standard itenms known to those skilled in the wellboring industry

and their natGpEerensasteuBigwre Tand ISpeibk iasncanrse ke ppreristed ithathose

SHLLISY |0 ey, D0 kil 200 WRBG! b SEEERBN 1 g

4 is a hydrauldescribes salbeveewttht rafetence ete orpguss Ny, awdtilli ndemalby abd a

pi st oh attached to the assembly of Figure 2 above the mill 36. For
example, a watermelon mill as illustrated in Figure 1, together
with a flex joint as illustrated in Figure 1 can be connected
above the mill 36 by means of suitable connectors.

_ In the case of both the Figure 1 and Figure 2 embodiments,
it will be appreciated by those skilled in the art that after
opening up of the required window in the casing, and the initial
drilling of the lateral, the continued drilling of the lateral
can be effected using the main mill. 5 or 36 if the required size
of lateral and formation admit to the use of such a tool. 1In the
alternative, the milling tool can be removed from the wellbore
and an appropriate drillstring used to continue drilling of the
laterél.

In general, it will be desirable for the whipstock to be
removable after the lateral has been formed, and to this end the
upper end of the whipstock is preferably formed with threads on
the back surface 39 thereof so that a recovery tool having a
female thread formed in the leading end thereof may be lowered
over the upper end of the whipstock to engage the screw threads
and enable the whipstock to be recovered. If recovery of the
whipstock 4is required means will ‘be provided for enabling

. detachment of the whipstock from its associated packer or anchor
. or, in the alternative, the packer or anchor design will admit

to retrieval using conventional retrieval techniques.



17 slidingly a
shown in or cl
pi ston 17, for
bores of the f
The cylinder 1

nd sealingly nbunted in the c |nder 16. The piston 17 is

ose to its |nwmsawa cylinder 16, above the
nms a nud chanb \ \ s connected via the centra
lex joint 3 an mll 2 to the by-pass valve 1

6 below the plston 17 fornms a hydraulic chamber 19 which is

initially filWe87§RM, hydraulic fluid. For the purpose of PET/GBWgIERie

cylinder 19 th
havi ng a renov
PCT/ GB96/ 01627

e piston 17 is preferably provided with a filling t ube 20
abl e end cap 21. - WD 94/ 03274

CLAIMS:

1. A single trip whipstock assembly comprising: a whipstock
having a milling tool attached to the upper end thereof and a
packer or anchor attached to the lower end thereof, the packer
or anchor being settable to fix the depth of ehe whipstock prior
to, but during the same trip as, operation of the milling tool

to form a window in the casing of the wellbore.

2. A single trip whipstock assembly according to Claim 1
wherein the connection between the whipstock and the packer or

anchor prevents relative rotation therebetween so that, after

" the assembly has been run into the wellbore to the required

depth, the assembly can be orientated prior to setting of the
packer or anchor and the connection between the whipstock and the
packer or anchor will thereafter maintain the whipstock in the

required orientation.

3. A single trip whipstock assembly according to Claim 1 or
Claim 2 wherein the milling tool is secured directly to the top
end of the whipstock by releasable fastening means, for example

shear bolts.

4, A single trip whipstock assembly according to any preceding
claim wherein the upper end of the whipstock is formed with a
ramp surface which extends at a larger angle to the axis of the
wellbore than the angle of the major deflecting face of the

whipstock to the axis of the wellbore.

5. A single trip whipstock assembly according to Claim 4

wherein the ramp surface is hardened, hard faced, or provided

I

I



9 The chamber 19 is connected to the hydraulic packer by way of a
chianber 20 forned in the i dhedtHhd BeaReplackdl exi bl e hose 21 which runs froma
ni ppl e 22 secured to the I the face of the upper part of the
whi pstock 6 and ther eafter]tmlm al bore 23 provided in the

whi pstock. At_the | ower en I'pstock the tube 21 opens into the
actuati on chaMo084 ot (e hydraul i ¢ packer 7. The hydraul?gqﬁﬁﬁﬂywb can

be of any suitable design. The chanmber 20 is, "during mlling operation,
used to comunicate drilling fluid fromthg string to circulation ports 25
provided in the main mll. In order to prevent |oss of hydraulic fluid

t hrough the Ckiﬁﬂ'ﬁééz"@e@l%%n@ﬁ.ﬂéé%sﬁo comencenent of the mlling
I'S

operation a flow diverter ocated within the chanber 20 and, in the
initial position illustrated, isolates the chanber 20 fromthe circul ation

orts-25. The_flow diverter 26 is. held.in its jnitial position by a shear
PG s e A B kP il JerpRnby, sehrdiRt ofer Priciatahe:
with any necegsaiy wid AN rBAUiREERboLI SnblRALSt D hdieh i1l HAVHRE end

requi fed depth, is rotated to bring the face of t he whi pstock to the
requi red headPhgdeanent khehendadece phexerfi sndheddeebladasopnetheoredialhe

packer, flow gg&.g?ﬁ%%l&le@%_st ring is increased to close the by-pass
nabl e

val ve and to

7. A single trip whipstock assembly according to any préceding
claim wherein the assembly includes one or more additional mills,
for example watermelon mills located uphole relative to the main
mill.

8. A single trip whipstock assembly é.ccording to any precediﬁg
claim wherein the packer or anchor is a hydraulic packer and the
means for setting the packer comprises a hydraulic pressure
generator located uphole of the whipstock and a severable
connection between the hydraulic pressure generator and the

hydraulic packer.

9. A single trip whipstock assembly according to Claim 8
wherein the hydraulic pressure generator comprises a cylinder
filled with hydraulic fluid and in communication with the
severable connection, and a piston which can be acted upon by mud
pressure supplied through the drillstring wupon which the
whipstock assembly - is -mounted in order to pressurize the

hydraulic fluid.

10. A single trip whipstock assembly according to Claim 9
wherein the hydraulic pressure generator is connected to the
severable connection via a chamber located in the interior of the

milling tool.

KRR O R A




static head to be generated mnthln the strlng The static head is applied
to the piston 17 to press fflic fluid in the hydraul i c chanber
19. Pressurized hydraulic 1] H m t he chanber 19 via the chanber
20, nipple 22, and hose 21 ng chanber 24 of the hydraulic
packer . appropriate drillstring pressure has I ned
for a length s*aﬁﬁﬁgnsuitable to set the packer 7, setting ngﬁﬁ&%bg%

can be tested by applying an appropriate upward and downward | oadi ng onto
the string. If this test _ 16

PCT/ GB96/ 01627 WD 97/ 03274 10 verifies

t hat t he packet1i s »sesiaglar g:eﬁ.pupmmit@bkdcamaﬁmbdy according to Claim 10

wherein the main mill includes circulation ports which, during
milling, enable mud from the chambef of the milling tool to be
circulated to the exterior of the milling tool and wherein the
milling tool is provided with a diverter which initially
isolates the circulating ports from the chamber so as to allow
hydraﬁlic pressure generated by the hydraulic pressure generator

to be communicated to the severable connection.

12. A single trip whipstock assembly according to Claim 11
wherein the piston of the hydraulic pressure generator is movable
to a by-pass position which allows mud. to. flow past the piston
‘and into the chamber of the milling tool after setting of the
hydraulic packer has been completed and movement of the piston
of the hydraulic pressure generator into its by-pass position
simultaneously opens the circulation ports of the milling tool

to the chamber thereof.

13. A single trip whipstock assembly according to any of Claims

1 to 7 wherein the packer or anchor is a bottom trip anchor.

-

R



| oading is applied to the string in order to shear the bolts 8,9 which
connect the main mll 5 to the whipstock tang 0. The m |l is then pulled
away fromthe whipstock in order to rupture the hose 21 or break the end
connecti on between the hose 21 and the nipple 22. Preferably, breakage of
the hose 21 ig either at or adjacent to the nipple 22 or is |ocated above
t he poi nt mhe§QP%”“§“4hose 21 enters the passage 23. Rupt ur e PEV/GBE0X2se 21
allows the hydraulic fluid remaining in the chanber 19 to be dunped to the
annulus with the result that the piston 17 will nove rapidly downwardly
under the influence of string pressure in,the chanber 18. The piston 17

will then strike the flow diverter 26 and‘@preak the shear ring 27 all ow ng
the*flow diverter 26 and piston 17 to assune the positions illustrated in
Figure 5. In these positions, the g~si-ehRa17 has noffed out: of the cylinder

16 to* establish a flow passage aroynd the jpiston 17:

7+ as indicated by the
arrows A. Ports 28 provided in the ton L7 allomlsi

'Qwvfro the exterior

of thp piston to the interior the nd tfhence tu§‘%e chanber 20 via the
interitor of the flow diverter 26. ed jorts 2¢W o 30 inh flow diverter

L/

20 to the

5 i n the

5t ring \can fl ow

d lubriate the
irculation up the

26 and nounting sleeve 31 permt om the ch
circulation ports 25. Accordingly;, wjth jhg conpo
configuration illustrated in Figure fluig from
outwardly through the circulation pofts 25{to coo
bl ades 13,14 and displace debris {fTomnthe bl ades
annulus to the well head.
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Once the bolts 8,9 have been sheared and the circulation ports 25 open as
descri bed above the mlling tool can be rotated and |owered to commence
formati on of the casing window. To this end, the whipstock 6 has,

i mmedi ately below the tang 10, a ranp surface 32 which extends at a
relatively | e, for exanple WD 97/ 03274

PCT/ @96/016%887’&9% | 11 [err] o, RCUGRRs1627

| ongi tudi nal axis of the wellbore. The ranp surface 32 is hardened or is
faced with hard material or is provided with wear resistant inserts, for
exanpl e of tungsten carbide or dianond i;_n/ order to prevent excessive-wear
of the ranp surface 5
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32 as a result of contact of the side blades 14 of the main ml|l

therewith. The side blades 13,14 of the main mll|l are |ikew se hardened or
of hard and wear resistant material, for exanple tungsten carbide, so that
they will not be excessively worn as a result of.rubbing contact with the
ranp surface 32. As the mlling tool is |lowered, the effect of the ranp
surface 32 i VP3R4 ace the main mill 5 laterally of thePGREPIWMET

t hereby bringing the outer edge of the end blades 13 and the side blades 14
i nto engagenent.with the well casing. The well casing, being relatively
soft as conpared with the material of thegzblades 13,14, will be mlled away
by the action of the blades. Although son@%pf the initial mlling wiil be
effected by the end blades 13, the ngjority of the initial mlling is

effected by the side blades 14 as the main m |l is pushed sideways by the
ranp 32. The main deflecting surface 33 of the whi plQeeagets the
ranp surface 32 at a p¢I nt 34 W CIStrsstaiai 0 -!;au: the main
m || breaking through §he casing. The main deflecting s % ext ends at
a relétively shal | of2 l e, for exanple 2.8[err], relat s e axis of

t he wel | bore. Continu the mlling ™Ng#f eflf ects

openi ng of the requir

‘9

Fig.3.
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w ndow. During this phase of operation (i.e. after. breakthrough of the
casi ng wi ndow and until the windowis conplete) the majority of mlling is
effected by the end bl ades 13, the side bl ades 14 being used to clean the
stdes of the w ndow which has been opened by the end bl ades 13 and to

mai ntain gage dianeter. It will be noted that the end bl ades 13 which are
required to WPPEER™ he majority of the milling during w nd®&W/EBIHI€270n are
WD 97/ 03274 PCT/ GB96/ 01627
12 not subject, at any stage, to rubbing contact with the surface
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of the whipstock and accordingly maintain maxi num sharpness to effect the
required end milling. The side blades 14, having created the initial

br eakt hrough of the wi ndow, are required to performrelatively little
cutting operation during the remai nder of the wi ndow form ng operation and
accordingly if these blades are dulled as a result of the rubbing contact
with the whi pHQ¥M2HBhis is not critical to the operation ofPOTIGBISHIRT

As mentioned above, the gage of the main mll 5 is sonmewhat |ess than that
of the casing of the main wellbore. |If it is desired to have the maxi num
possi ble dianeter to the lateral the water lon mlIl is selected to be of
t he maxi num si ze whi ch can be accommopdat ed”®y the nmain well bore with the
result that the wi ndow and | ateral bore will be opened up by the waternel on

mll as the waternelon mill passes through the portions of the passage

previously mlled by the main mll 5. Referring now to Figure 2, an
alternative enbodi nent of the i%¥gﬂLng_mthh—na¥_Ln_%§§i$%2 I nstances be
of utility is illustrated. In { enbodi megy th dfau packer 7 of the

previ 8us enbodi nent is replacedq by a bottonfNw hor whi ch
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TP ACEMENT SH%:( Yo (J
does not r=ql§g/mﬁbhy‘m:rautab§ds 1P | B9 Agcrdi ngly, the setting tool and
hydraul i ¢ ¢omf@atmens desediBaa 112%6@7 i

required f( r ot bavang@En gpagedt.”.0p wgghre t hTLZf %?Rcm ﬁpgAngMEﬁtesg%Eﬂ'

ar raagenent| pSaApffdt ed: paged . t'atngpégﬁdpro i ded on the whi pstb K E& Ln the
sanme manner as the maln mll 5is securfl to the tang 10 of P pstock

of the Figd S AT \ W n‘ﬁ?e Cularly shown in Figure 3. The
-~ whi pstock 38 =&..e he—ae -

and transition point 34 a mf ik ok D 10 O Blakd accordingly once
the bottomt h
mll 36 and [Ihg N @%ﬁ%ﬁgﬁi&g&éﬁg ass‘?xtlglgl rt]rcllp whrfgstcs)&e?i‘sse&% ); %&t d '% SW al he

-14 - CLA '\ﬁnpstock assembly which can be run complete into a wellbore, set, and operated

\‘7r.n

rting surface 33,

to mill a window in the casing of the wellbore and open up a lateral in the
surrounding formation in a single trip. |

In the drilling of o1l and gas welis it is sometimes necessary to form a
branch extending off an existing bore. Such branches (generally known as
“laterals™) are in general formed by locating a tapering deflector device (known as
a “whipstock™) in the existing bore, and then using the whipstock to deflect a
milling tool laterally of the axis of the existing bore to mill a window in the
surrounding casing. Once the window has been milled drilling of the surrounding
formation can continue using the milling tool or the milling tool can be withdrawn
from the well and replaced by an appropriate formation drilling assembly.

Varions attempts have been made to increase the efficiency of the formétion
of a lateral using a whipstock system. In US-A-5109924, a window milling
assembly for making the cut out and millihg the window in one run is described,
and US-A-5425419 illustrates a system in which a deflector head at the top of the
whipstock is used to locate the milling tool. In US-A-5383522, a whipstock is
disclosed as having a ramp surface extending at an angle to the axis of the
wellbore, said angle being greater than the angle of an adjoining main deflecting
surface to the axis of the wellbore. The ramp surface thereby serves to rapidly
move a milling tool laterally towards the wellbore casing with little downhole axial
movement required. The ramp surface is configured so that the milling tool either
impinges or remains spaced from the inner facing surface of the wellbore casing as
the milling tool passes from the ramp surface to the main deflecting surface of the
whipstock. Flexing of the whipstock as the milling tool progresses along the ramp
surface is prevented by means of a support surface of the whipstock which abuts
the inner facing surface of the wellbore casing. Once the milling tool has

progressed from the ramp surface to the main deflecting surface, milling of a



¥

1. A single trip whipstock assenbly for formng a window in the casing of
a’'wel | bore, the whipstock assenbly conprising: a whipstock (6) having a

mlIT™ng tool (5) attached to the upper end thereof

(7)dttached to the | ower end thereof, the packer oﬁg&é@E%mT%HEET
settable to fix the depth of the whipstock (6) prior to, tz]t %W t he
sanme trip as, operation of the mlling toolf (5) to formt \n in the

casing of the wellbore, the;upper end of the whipstock (6) being forned
with a ranpwindewds theoasing beginext ends at an angle to the axis of the

wel | bore greater . than the angle of the Ln defl ecti surface,(33) of. the
Whi pot ook (6 ¢ ot Hangmotd the plksent FyPRich fecimpibye MRSyt Ephiithsdt, "
characteris ng'iB t W&qﬁg ' fh?% t; in
defl ecting gur ageﬂ??g? at hg’@#ﬁ?‘mﬁ%gﬁ éf‘ﬁgﬁ ggaceﬁﬁ%om rﬁgalﬁ nlﬁh‘éérﬂiﬁ)a{g? ng
surface of ftiifis veprdserve theeffegtivaness of tieasndeblhdessofithamillivgs wiohdutiag thé t he
mlling tool, said inner facing surface of the wellbore casing being the

surface of tmidiatepémng ofniwindgw HEnrthermorerit i$i aneohjeesraf the presentyengon 2.
A single trip whi.pstock assenbl ccqar.ding to claim 1l wherein sai aipnt is
Cadi a1y spib PHVIRS A NRSIGCk Ssselully hichTooERorates A RACKEY PhARor Auf TS
di stance su |.al: I | . e mlling tool (5), said
outer faci n%ﬁé%&%&gé}lt&ffﬂgg, %%&&g%%ggwgleng "he surface of the casing
defining the exterHeqreStntenvdn®ion [rbvides aGafle & Whipstécloadsémbly for forming

substantially corresponds to the mlling tool cutting entirely through the

wel | bor e casiwindoiwein the casing of a wellbore, the whipstock assembly comprising: a
whipstock having a milling tool attached to the upper end thereof and a pécker or
anchor attached to the lower end thereof, the packer or anchor being settable to fix
the depth of the whipstock prior to, but during the same trip as, operation of the
milling tool to form the window in thé casing of the wellbore, the upper end of the
whipstock being formed with a ramp surface which extends at an angle to the axis
of the wellbore greater than the angle of the main deflecting surface of the
whipstock to the axis of the wellbore, the whipstock assembly beihg characterised
in that, when in use, the ramp surface meets the main deflecting surface at a point
radially spaced from the inner facing surface of the wellbore casing by a distance
less than the diameter of the milling tool, said inner facing surface of the wellbore
casing being the surface of the casing defining the interior dimensions of the
casing,

The ramp surface may, for example, extend at an angle of 5° to the axis of
the wellbore whilst the main deflecting face of the whipstock may extend at an
angle of 2.8° relative to the axis of the whipstock. The ramp surface is posiﬁoned
to be engaged by the milling tool as the milling tool is lowered and will cam the
milling tool radially of the borehole into engagement with the well casing. As the
milling tool is lowered the relatively steep angle of the ramp will force the milling
tool laterally into engagement with the casing thereby enabling rapid penetration of

the casing. Although some of the initial milling is effected by the end blades, the



3. A single trip whipstock assenbly according to claiml or 2 wherein the

ranp surface (32) .i's hardened, hard faced, or provi deqamiph ;

i nserts. 4. A single trip whipstock assenbly accoﬁgfmmgm3%1'
cl a~m wherei n the connection between the whipstock (6) and 't]hf mﬁc? or
anchor (7)prevents ' . 2 gga

relative rotation therebetween so that, wfer the assenbl y has been run

into the well hore to the, required depth, the assenb can he orj.ent ated
prior to sefaagtyef ﬂlﬁénﬁ’é‘ék@hlltﬂrlséz\ﬂéﬁﬁak%bbé %l%{)%éﬁ%% ednlbag fRedis: he

101Dt 00k b0 RS BERY e A LTI ek of BRI D L1,
ecured d 1 BT i S NN ok (6) by rel easable
fasteni ng neans, Preferablgnhecafstearntivatd sargp afd deflecting surface interface point
is radially spaced from the outer facing surface of the wellbore casing by a
distance substantially equal to the diameter of the milling tool, said outer facing
surface of the wellbore casing being the surface of the casing defining the exterior
dimensions of the casing so that said point substantially corresponds to the milling
tool cutting entirely through the wellbore casing when in use.
In general, the lateral will have a required heading and accordingly the
- connection between the whipstock and the packer or anchor will prevent relative
rotation therebetween so that, after the assembly has been run into the wellbore to
the required depth, the assembly can be orientated by appropriate means (for
example using signals derived from a measuring while drilling tool which may
optionally form part of the assembly) prior to setting of the packer or anchor.
Once the packer or anchor has been set the orientation of the face of the whipstock
relative to ground co-ordinates, which will determine the heading of the lateral, |
will be fixed by virtue of the non-rotatable connection between the whipstock and
the packer or anchor. |
In a particularly preferred embodiment of the invention the milling tool is
secured directly to the top end of the whipstock by releasable fastening means, for
example shear bolts. Accordingly, after the packer or anchor has been set and
setting verified by appropriate loading of the drillstring, an upward or downward
load can be applied to the drillstring sufficient to release the releasable fastenings
whereafter milling can commencé.
In order to prevent excessive wear of the ramp surface the ramp surface is
preferably hardened, hard faced, or provided with wear resistant inserts.
Preferably, the milling tool includes a main mill having end blades on the

end face thereof and side blades on the radial periphery thereof. During the initial



6. A single trip whipstock assenbly according to any preceding claim
wherein the mlling tool (5) includes a main mill ESM s. on the
end face thereof and side blades on the radial per P?J\&IQW%RI%ESHEETA
siﬁgVe trip whipstock assenbly according to any pr ecedi ng chﬁg erein the
assenbly includes one or nore additional mlls, for exa ﬂe t | on

mlls (2) |ocated uphole relative to the3ﬁaln mll (5). 8. A single
trip whipstock assenbly according to any precedlng clai mwherein t packer
or anchor ( Phasesofcasing peneteation g tooh istungingup thegmmen

Ce T ana & obott ey ﬁ%ﬁ%}%ﬂd?@fﬂ%%ﬁi}éﬁéééﬁﬁﬁSﬂﬁﬁmﬁﬂﬁf & pedgith pstock
generator (4 gigig toc@’djﬁﬁ]ﬂgé %Aiﬂ@ﬁféfﬁﬁth&&r)ever "Ph trafSifibR BLGvden e WSt OCK

assenbly accor erern e hydra IC pressure generator (4)

conpri ses astifatddrd tHel@hid déflextingisuifaby i lovated shehiitht Biglcdsingwilinbei cat i on

with the severable connection (21,22), and a piston (17) which can be acted
upon by nudbpolmsthrngUQpJJ_ed_LhLngh_i_h_e__dLLLLsimg_upm_Mhu ch the
whi pstock assenbly is nounted in order to pressurize the hydraulic




\-/\/rj;6 - f![ﬁl dh 4 10I A single trip whi pstock assenbly according to Claim?9
erein the hydraulic pressure generator (:4) i's_connect

connection (21,22) via a chanber(20) located in the int: EEE?—A)@EW&?EQEET
t ooM5) . 11. A single trip whipstock assenmbly according iguﬁﬁ [gg40

wherein the main mll includes circulatign ports (25) which, g
mlling, enable nmud fromthe chamber (20) of the mlling tooI (5) to be

circul ate 0o th I
oot 25 A8 B b o] R cgpibBoR o i hab PRI Sina ik whe £0.nldfoloms |1 ng

1LC0, . o B ok 1 vl o

comuni cat gkheaklify $5V Forkkampleiaatasing (Rhaving an mtemal <)11ameter of 22.1 cm
(8.686 inches) the effective diameter of the whipstock and main mill combination '
could be in the order of 20.3 cm (8.0 inches) with the result that the mill diameter
will be in the order of 19.7 cm (7.76 inches). Asa result, the clearance diameter of
the window to be milleﬂ.by' the main mill 5 would be less than the internal
diameter of the casing 1.5. However, 'the watermelon mill 2 may have an effective
diameter eqﬁal to the internal diameter of the casing 15 (less any necessary

clearance) and accordingly the window milled by the main mill 5 will be opened

up to full diameter by the watermelon mill.

Referring back to Figure 1, the by;ﬁass valve 1, watermelon
mill 2 and flex joint may be standard items known to those
skilled in the wellboring industry and their nature, construction
and operation will be well known to those skilled in the art.
The setting tool 4 and main mill 5 are shown in greater detail
in Figure 4.

Referring to Figure 4, the setting tool‘4 is a hydraulic
pressure generating device comprising a cylinder 16 and a piston
17 slidingly and sea}ingly mountgd in the cylinder 16. The
piston 17 is shown in or close to its initial ﬁosition. The
cylinder 16, above the piston 17, forms a mud_ chamber 18 which
is connected via the central bores of the flex joint 3 and
watermelon mill 2 to the by-pass valve 1. Thé cylinder 16 bélow
the piston 17 forms a hydraulic chamber 19 which is initially
filled with hydraulic fluid. For the purpose of filling the

cylinder 19 the piston 17 is preferably provided with a filling
tube 20 having a removable end cap 21.



12.. A single tri assenbly according to Claim 11 wherein the

piston (17) of the hyd WG Pressure-generator (4) i's m)v<(aable tg a h.

by--pass posi ‘“ {mm‘s nmud to flow past the pig} rof 1 and into the

chamtfer (20“‘\“‘““ }H stool (5) after setting of the LMEMENH%@WET

(17) has beerf C(Srrpfet ed and novenent of tge pi ston (17) of £3eé€$ l'1c
-p L

pressure generator (4) into its by-pass sition sinultane t he
circul ation_por (25) of the mlling tool (5) to the chanber (20) thereof.

13. A sing r whi pst ock assenbly according to any of Claims 1 to 7
wherein the packer or anchor(7) is a bottomtrip anchor. WO
97/ 03274 _ PCT/ GB96/ 01627

16 1. A single trip whipstock assembly for forming a window in the casing of a

wellbore, the whipstock assembly comprising: a whipstock (6) having a milling tool
9 attached to the upper end thereof and a packer or anchoZ’{_)_ attached to the
lower end thereof, the packer or anchor (7) being settable to fix the depth of the
whipstock (6) prior to, but during the same trip as, operation of the milling tool )
to form the window in the casing of the wellbore, the upper end of the whipstock
(6) being formed with a ramp surface (32) which extends at an angle to the axis of
the wellbore greater than the angle of the main deflecting surface (33) of the
whipstock (6) to the axis of the wellbore, the whipstock assembly being

characterised in that, when in use, the ramp surface (32) meets the main deflecting

surface (33) at a point radially spaced from the inner facing surface of the wellbore

casing by a distance less than the diameter of the milling tool, said inner facing

surface of the wellbore casing being the surface of the casing defining the interior

dimensions of the casing.

2. A single trip whipstock assembly according to claim 1 wherein said point is
radially spaced from the outer facing surface of the wellbore casing by a distance

substantially equal to the diameter of the milling tool (5), said outer facing surface

of the wellbore casing being the surface of the casing defining the exterior

dimensions of the casing so thqa; said point substantially corresponds to the milling

tool cutting entirely through the wellbore casing when in use.

3. A single trip whipstock assembly according to claim 1 or 2 wherein the

ramp surface (32) is hardened, hard faced, or provided with wear resistant inserts.

4. A single trip whipstock assembly according to any preceding claim wherein

the connection between the whipstock (6) and the packer or anchor (7) prevents



11. A single tri | ssenbly according to Caim 10 wherein the main
mll incl udetuﬂlﬁﬂmﬂﬁm ““ts which, during mlling, enable nud fromthe
chanber of t «L0 be circulated to the e ) ]

t ool~"and wherein the mlling tool is provided with af%ﬁ&wmﬁ‘gHEﬁT
initially isolates the circulating ports fromthe chanber go ﬂwlow
hydraul i ¢ pressure generated by the hydr'z}él'i C pressure generator to be

communi cated,t0 the severahl e connection, 12. A.single trip whipstock
assenbl y acE%?‘HY%ﬁ)t?‘?)o‘tﬁ‘&F%eﬂe%@ é‘laﬁ atfes the agsembly hasbeanmundnto thepr essur e

Phe piston SSTBSR R edylbi B, &Ehalorily Ry o8 sientitfa e a rergna ' he
hydraul i c paekfickBasr SfcHor QM@H&%ﬁﬂgctiHhVﬁ‘ém@En tile &/ﬂﬁnsi’d&}@z aflfl th

e
hydraul i c pressure generator—into its by-pass positlon’sinu neous‘?y opens
the circul apacker poaneharf(7) dllrthéreafier maiitainahé hipsesk@) ih h%ﬁ!@lf%lired 13. A

o

single trip whipstock assenbly according to any of Carns 1t wherei n
t he packer ®FCB{aHAB; is a bottomtrip anchor.

5. A single trip whipstock assembly according to any preceding claim wherein
the milling tool (5) is secured directly to the top end of the whipstock (6) by

releasable fastening means, for example shear bolts (8,9).

6. A single trip whipstock assembly according to any preceding claim wherein
the milling tool (5) includes a main mill having end blades on the end face thereof

and side blades on the radial periphery thereof.

7. A single trip whipstock assembly according to any preceding claim wherein
the assembly includes one or more additional mills, for example watermelon mills

{(2) located uphole relative to the main mill (5).

8. A single trip whipstock assembly according to any preceding claim wherein
the packer or anchor ' (7) is a hydraulic packer and the means for setting the packer
comprises a hydraulic pressure generator (4) located uphole of the whipstock (6)
and a severable connection (21,22) between the hydraulic pressure generator “)
and the hydraulic packer (7).

9. A single trip whipstock assembly according to Claim 8 wherein the
hydraulic pressure generator " (4) comprises a cylinder (16) filled with hydraulic
fluid and in communication with the severable connection (21,22), and a piston
{17) which can be acted upon by mud pressure supplied through the drillstring

upon which the whipstock assembly is mounted in order to pressurize the hydraulic
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fluid.

10. A single trip Whipstock assembly according to Claim 9 wherein the
hydraulic pressure generator (4) is connected to the severable connection (21,22)
via a chamber (20) located in the interior of the milling tool (5).

11. A single trip whipstock assembly according to Claim 10 wherein the main
mill includes circulation ports (25) which, during milling, enable mud from the
chamber (20) of the milling tool (5) to be circulated to the exterior of the milling
‘tool (5) and wherein the milling tool (5) is providea with a diverter (26) which
initially isolates the circulation ports (25) from the chamber (20) so as to allow

hydraulic pressure generated by the hydraulib- pressure generator (4) to be

communicated to the severable connection (21,22).

12. A single trip whipstock assembly according to Claim 11 wherein the piston
(17) of the hydraulic pressure generator @ is moveable to a by-pass position which
allows mud to flow past the piston (17) and into the chamber (20) of the milling

tool (5) after sefting of the hydraulic packer ' (17) has been completed and

mm;-e—l-;ent of the piston ‘(_LQ of the hydraulic pressure generator (4) into its by-pass
position simultaneously opens the circulation ports (25) of the milling tool (5) to

the chamber (20) thereof.

13. A single trip whipstock assembly accbrding to any of Claims 1 to 7 wherein

the packer or anchor (7) is a bottom trip anchor.



