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BRANCH BOREHOLES 

This invention relates to the formation and lining 
of branch borehole.s, that is to say techniques for use in 
formation of a borehole which extends as a branch of a main 
borehole, and the lining of such a branch. 

It is well known in the exploitation of oil and gas 
wells to form one or more branch boreholes, usually known as 
"laterals", off an existing main borehole. In general, the 
main borehole extends vertically and the or each lateral 
diverges from the vertical borehole. Howev~, in-~ome cases 
the initial main borehole may itself extend at an angle to 
the vertical. 

International patent application W094/03698 
describes various techniques for the formation of laterals. 
Typically, a fixed support is established in a main borehole 
somewhat below the level of the proposed lateral. This may 
conveniently be done by setting an appropriate packer in the 
main borehole. A whipstock is then run into the main 
borehole and is appropriately orientated using known 
techniques. The inclined surface of the whipstock is then 
used as a guide for one or more milling tools which mill a 
window in the casing of the main borehole and mill away the 
surrounding formation until a lateral has been started, and 
may b~ continued without milling further casing. The 
milling tool which has formed the opening may typically be 
used to continue drilling through the formation if a 
relatively short lateral is required. ·1n the alternative, 
the milling tool may be removed and a formation drilling 
tool run into the well. The formation drilling tool will be 
guided by the whipstock through the window which has been 
milled in the main borehole casing and drilling of the 
lateral with the new tool can commence. 

Several techniques have been proposed for formation 
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of the window. For example, it has been p:oposed to use a 
starter mi1l for the purpose of breaking through the casing 

and to replace the starter mill with a main mill to mill the 

majority of the window. It bas also been proposed to run 
combination mills through the window, for e~ampla an end 
mill followed by one or more watermelon mills. In each 
case, however, the intention is to produce a path which is 
bounded on one side by the face of the whipstock and is of 
the full gage diameter of the milling assembly. After the 

lateral has been drilled to the required depth the ~illing 
assembly is removed. A casing mav then be run into the 

lateral. The casing will agal.ll be guided by the sloping 
face of the whipstock and little difficulty should be 
experienced in guiding the casing through the window which 
has been fol:'JD.ed in the main borehole casing, and into the 
lateral. The above described technique is satisfactory 
provided that the whipstock which is used to guide the 

mi11inq tool is also used to guide 'the casing into the 
lateral. There are, however, a number ox practical reasons 
why usin9 the whipstock for this pUrpose is not wholly 
desirable. 

Firstly, it may well be desirable to recover the 
whipstock for re-use or to recover the whipstock to ~e-open 
the main borehole. Obviously, if the lining installed in 
the lateral continues upwardly in the main borehole from the 

window it will not be possible to recover_ the whipstock 
after the lateral has been positioned. 

Secondly, if the whipstock is used to 9uide the 
casing into the lat!!ral there will in general be a 

relatively large area of sliding contact between the casing 
and the whipstock. The whipstock face is long and tapers 
only at a shallow angle. This shallow angle occurs at the 
point where the casing is deflected from the main borehole 
into the lateral. Accordingly, there may be substantially 
full ~ace contact between the casing and at Least part of 
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·the surface of the whipstock. Such full face contact will 
impose a substantial frictional drag on the casing and may 
render it difficult to push the casing into position. 

Thirdly, if the casing to the lateral is to be cut 
away at the point where it enters the ma.in ~orehole, the 
presence of the whipstock significantly complicates the 
cutting operation. Either the casing and the entire 
whipstock must be milled away by an appropriate milling tool 
or, if a wash-over tool or thin walled miil is used for 
cutting the casinq, the whipstock must be designed to enter 
the wash-over tool or thin walled mill as the lateral casinq 
is cut. This imposes desiqn constraints on the whipstock 
which can reduce its effectiveness in perfol:ming its primary 
function· of guiding the mill which opens up the casinq 
window. For example, referring to the technique illustrated 
in Figures SA-SH of W094/0369B it will be noted that the 
whipstock has an external diameter substantially smaller 
than the internal diameter ot the main borehole. The 
resulting clearance between the whipstock and the casing of 
the main borehole is used to accommodate a thin walled mill 
which is used to remove surplus cement and lateral casing. 
However, the clearance provided between the whipstock and 
the main borehoie casing means that the whipstock is not 
laterally supported at the upper end thereot. In practice,. 
a whipstock will have a significantly shallower angle 
relative to the axis of the main borehole than in the 
schematic illustrations of Figures SA-SH, and accordingly 
the problem. of inadequate support at the upper end of the 
whipstock will be exacerbated • 

With a view to overcoming the problems outlined 
above, the present invention provides a technique for the 
formation and lining of a lateral in which, after the 
laterai has been bored using a whipstock to guide the 
milling/boring tool, the whipstock is removed prior to 
inse~tion of the lateral casing. In order to quide the 
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lateral casing from the main borehole into the lateral the 
whipstock is replaced with a suitable deflector for 
deflecting the casing from the main borehole into the 
la~eral. The diameter of the main body of the deflector may 
be smaller than the overall diameter of the whipstock which .. 
was used initially, and is somewhat less than the inside 
diameter of the main borehole casing. If desired, the 
deflector may be to:tmed with one or more supports which 
extend outwardly from the main body thereof to engage the 
ca.sing of the main borehole. If such supports are provided, 
they can readily be milled away during subsequent removal of 
the excess casinq and cement. The use of such a deflector 
particularly facilitates the use of a wash-over tool as a 
means of removing the end portion of the lateral casing 
which ·is located in the main borehole. 

Whilst the above technique is highly desirable in 

that it permits rem.oval of the whipstock prior to insertion 
of the lateral casing, the tec:hnique does impose 1imitations 
on the diameter of the casing which can be run into the 
lateral. This is because the casinq deflector has a 
diameter less than the inside diameter of the ma.in borehole 
casing and accordingly the path along which it can deflect 
the lateral casinq is located somewhat closer to the axis of 
the main borehole.than was the· path of the milling tool 
which formed the window.. As a result, if the lp.teral casing 
ha.s the maxim.Um nominal diameter which can pass through the 
main borehole, the casinq deflector cannot be positioned at 
a point which allows the casing to pass through the window 
and into the lateral. 

~he above problem. can be overcome if a casing is 
used for the lateral which is smaller than the nominal 
diam.~ter of the milling tool which was used to form the 
window opening in the casing. However, if the maximum. 
possible diameter of lateral casing is required the 
preferred embodiments of the present invention provide three 
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techniques for solving the problem outlined above. In the 
first of these techniques a casinq deflector is positioned 
in the borehole at a point where it is able to deflect the 

casing through a window which has previously been fo:cmed . 
At this point, the formation will, however,...not have been 
milled to a sufficient extent to allow the lateral casing to 
pass. Accordinqly, this aspect of the present invention 

provides that after the casing deflector nas been positioned 

a suitable tool is run into the well and, guided by the 

casing deflector, mills away the formation on the side of 
the combined main and lateral borehole which is opposite to 
the deflector. Removing extra foJ:mation at this point is 
relatively quickly and easily achieved, and once the tool 
which is being used for this purpose has been removed, and 
the lateral drilled, the lateral casing may be run into the 
borehole and, quided by the casinq deflector, will pass 

throu9h the window and into the lateral. 
In the second technical the casing deflector is 

positioned at a point where there is sufficient clearance in 
the lateral to allow the lateral casing _to be deflected into 

the lateral, but where the previously formed window is 

insufficiently broad to allow the lateral casing to pass. 
Raving positioned the casinq deflector a suitable tool is 

run into the well to open up the window at tbis point, and 
after the tool has been removed, and the lateral drilled, 
the lateral casing is run in to be guided by the casing 
deflector through the widened window into the lateral. 

In the third technique a deflector is used in which 
the deflector face is made up of at least first and second 
deflector face portions, the first deflector face portion 
extending downwardly from the upper extremity of the 
deflector at a first relatively large angle to the axis of 
the de~lector and the second deflector face portion 
extendinq upwardly from the full diameter of t;n.e deflector 
inwardly towards the axis ot the de.fleeter at an anqle 
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relative to the axis of the deflector. which is less than the 

angle of the first deflector portion. In the preferred 
embodiment of the invention the first and second deflector 

race portions are contiguous. In alternative embodiments, 

one or more additional deflector face porti~ns interconnect 

the first and second deflector face portions. If one or 
more deflector face portions are present between the first 
deflector face portion and the second deflector face portion 
the angle which the additional deflector face portions ~ake 
with the axis of the deflector progressively decreases along 
the length of deflector face from the upper extremity of the 

deflector to the full diameter thereof. 
The invention will be better understood from the 

following description of preferred embodiments thereof, 
given by way of example only, reference being had to the 
accompanying drawings wherein: 

Fi9Ure 1 illustrates schematically the formation of 
a lateral using a milling tool guided by a whipstock; 

Fiqure 2 shows a casinq deflector positioned in the 
well of Figure l after the whipstock has been removed; 

Figure 3 illustrates the problem of deflectillg a 
casinq into the lateral with the casing deflector at the 
position illustrated in that figure; 

Fiqure 4 illustrates an alternative position for a 
casing deflector; 

Fiqure 5 illustrates an alternative deflector; and 
Fiqures SA, SB, SC and SD are schematic cross 

sections of Figure S on the lines illustrated. 

Ref erring firstly to Fiqure l there is shown a 
borehole l which is lined with a conventional steel casin9 
2. A suitable supp~:c~, e.g. an anchor or anchor packer (not 
shown) is set in the casinq 2 to provide a fixed support for 
the fo:r:mation of a lateral 3. A whipstock 4 is supported 
via appropriate subs including a debris collector s on the 
packe~ and provides a guide.face 6 

~------~--~--------
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for guiding a milling tool 7. The exact form of the milling 
tool is not critical to the p·resent invention. As will be 
appreciated by those skilled in the art the required lateral 
is formed by milling away the casing 2 to form a window and 
then drilling into the surrounding formation. This will 
have the effect of producing a passage of which one side is 
formed by the whipstock face 6, the diameter of the passage 
corresponding to the gage diameter of the milling/drilling 
system. As will be appreciated by those skilled in the art, 
during the milling operation the upper end of the whipstock 

4 rests against the casing 2 and the overall diameter of the .. 
whipstock is the maximum-which can be acco:mmE>dated by the 
casing 2 in order to provide the maximum rigidity for the 
whipstock and the maximum support for the milling tool 7. 

As mentioned ab_ove, if casing is rtin into the 
lateral 3 along the whipstock face 6 no particular problems 
arise. However, this precludes removal of the whipstock 
which gives rise to well known problems. 

Accordingly, after the lateral 3 has been bored to 
the required depth the whipstock is preferably removed and 
replaced by a casing deflector 8 as illustrated in Figure 2. 
The casing deflector has a relatively short deflector face 9 
and has an outside diameter which is less than that of the 
casing 2. Accordinqly, an annular clearance space exists 
around the deflector 8. This clearance space facilitates 
the use of a wash-over tool to mill away the lateral casinq 
which remains in the main borehole after the casing has been 
run to the required depth into the lateral. Although, as 
illustrated, there is a complete clearance space around the 
deflector 8, it should be appreciated that if desired one or 
more relatively small supports may be provided, e.g. at the 
upper end of the deflector, in order to engage the casing 
wall and provides support for the deflector at this point. 
If such supports are used they will be made as relatively 
small projections from the main body of the deflector and 



W097/04208 PCl'/GB95/01713 

8 

will be milled away during subsequent recovery operations. 

Referring to Figure 3, the problem of trying to 

deflect a lateral casing 10 into the lateral 3 using the 

deflector 8 is illustrated. If the casing could be brouqht 

to· the position illustrated in which the left hand lower 

edge of the casing (as illustrated in Figure 3) is resting 
on the outside diameter of the deflector 8, there would be 

adequate clearance for the casing as illustrated by Figure 

3A which is a cross-section on the line X-X of Figure 3. 

However, the lateral casing 10 cannot be brought to this 
position by running the leading edge of the casinq up the . 
inclined face 9 of the deflector 8. This is because the 
width of the casing window at cross-sectional point Y-Y is 

insufficient to accommodate the diameter of the lateral 
casing 10 which will be presented at that point - see Figure 

3B which illustrates a true cross-section on the line Y-Y 
with, superimposed on it, the position which the leading end 
of the lateral casing 10 would occupy if it were to be 
resting on the inclined face 9 in the section Y-Y. It will 

be seer1 that the casinq diameter at the window is larger 
than the window opening ~t this point • 

. One apparent solution to this problem is to position 
the deflector face 9 further up hole by insertion of a 

suitable sub 11 below the casing deflector B. This 
arrangement is illustrated in Figure 4. It will.be seen in 

this case that although the window opening is sufficiently 

larqe to perm.it passage of the casinq (Fiqure 4B) there is 

insufficient clearance 12 at the point where the inclined 

face 9 meets the full diameter of the deflector B (Figure 

4A) to allow for passage of the casing 10. Thus, although 
positioning the deflector B as illustrated in Figure 4 will 

allow the lateral casing to pass through the window, the 

casing will immediately foul on the face of the lateral 3 
and further movement of the casing will be prevented. 

With a view to overcoming the problems outlined 
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above the preferred embodiment of the present invention 
offer three possible courses of action. 

Firstly, if the deflector 8 is positioned generally 
as illustrated in Figure 3, that is at a point where the 
clearance 12 between the full diameter of the deflector 8 
and the opposite wall of the lateral 3 is sufficient to 
accommodate the casing 10, the portions of the casing 2 
which would prevent passage of the casing 10 along the face 
9 of the deflector are removed by using a sui~able tool. 
For example, a suitable milling tool is run into the well 
and deflected along the face 9 to mill away the edges of the .. 
casing 2 which define the window to an extent sufficient to 
provide a clearance passage for the casing 10 as it runs up 
the face 9. 

An alternative solution is co position the deflector 
8 at the position illustrated in Figure 4, i.e. at a 
position where passage of the lateral casing 10 through the 
window as the ca·sinq runs up the face 9 is accommodated by 
the window which has been milled usinq the standard millinq 
technique of Figure 1, and then to run a suitable tool into 
the well to mill away the formation opposite the lower end 
of the face 9 to increase the clearance 12 to a value 
sufficient to accommodate the lateral casing 10. Such a 
tool can run along the face 9 through the window which has 
been milled previously to engage the formation and mill away 
formation as necessary. The tool may then be removed and 
the casing 10 run along the face 9 throuqh the window and 
through the newly opened clearance 12 into the lateral 3. 

Either of the techniques described above overcomes 
the difficulties associated with the prior art. However, it 
is at .present believed that the technique which involves 
milling away the formation to open up the clearance 12 is 
preferred to the technique of milling away the casing 2 to 
open up the window which has previously been formed. 

Referring now to Figures 5 and SA - SD, an 
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alternative solution to the problem outlined above is 

provided by the deflector 20 which has a deflector face made 

up of a.first deflector face portion 21 and a second 

deflector face portion 22. The first deflector face portion 
extends from the upper extremity of the tool to a point 23 

where it joins the second deflector face portion 22. The 
second deflector face portion 22 extends from the point 23 

to the full diameter of the deflector 20 at the point 24. 

The deflector 20 is positioned, relative to the previously 

milled casinq window, such that the lateral casinq quided 
alonq the deflector face portions 21 and 22 can pass throuqh 
the previously milled main bore casinq window. ro this 
extent, the arranqement of Figure 5 corresponds to the 

arranqement of Figure 4. However, by split~inq the 
deflector face into first and second portions of which the 
first portion extends at a greater angle relative to the 
axis 25 of the deflector than that of the second portion, 
the degree of interference between the lateral casing arid 
the formation wall 26 opposite to the deflector face is 
substantially reduced. Accordingly, relatively little 
formation must be removed in order to allow the lateral 

casing to enter the lateral guided by the def lec~or faces 
21,22. The relatively small amount of formation which must 

be removed can readily be removed by an appropriate tool 
string, for example including one or more water melon mills, 

prior to insertion of the lateral. 
Regardless of which of the above techniques is used 

for the purposes of positioning the lateral casing within 

the lateral, completion of the lateral is effected 

subsequent to positioning of the casing by cementing the 

casing into place. More particularly, the length of lateral 

casing used is selected such that a portion of the lateral 
casing will remain in the main borehole after the lateral 
casing has fully entered the lateral. Conventional 
techniques are then used to cement around the lateral 
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casing, at least in the zone of the lateral adjacent the 

main borehole and around the portion of the lateral casinq 
in the main borehole adjacent the lateral. In other words, 

the zone of the juncture between the main borehole and the 

lateral is cement from a level above the point where the 

lateral deviates from the main borehole to a point along the 

lateral from the main borehole. 

An appropriate tool, for example a washover tool or 
thin walled mill is then run into the main borehole and is 

used to remove an annular zone of material having an 

external diameter equal to the internal diameter of the main . 
borehole casing 2. The .material removed will consist of the 
cement which is in the main borehole, the lininq material at 
the point where it passes throuqh the window in the casing 
2, and any support members associated with the defleccor. 
The deflector itself, having a smaller diameter than the 
casing, will be accommodated within the washover/thin walled 
mill tool. Once milling of the annular zone has been 
completed the washover tool or thin walled mill can be 

removed ta~ing with it the portion of the lateral liner 
which remained in the main borehole at the commencement of 
the cementing operation. The deflector, and if desired the 
packer below it, can then be removed using conventional 
techniques. The result will be that the full diameter of 
the main borehole will be reopened to allow the passage of 

tools past the lateral. At the same time, the internal 

diameter of the lateral casinq will be the maximum possible, 

given·the constraint that the external diameter of the 

lateral casing must be a clearance fixed within the casing 
of the main borehole. 
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CLAIMS: 

1. A method of fo:cn.ing and lining a branch borehole 
comprising the steps of: positioning a support in a main 

borehole at a point below the proposed branch; supporting a 
Ire 

whipstock on the suppo:t; millinq a window in casinq of the 
main borehole and .starting the branch using a milling tool 
which is guided by the whipstock; removing the whipstock; 
installing a deflector on the support, the deflector having 
a main body with a diameter less than the inte?:nal diameter 
of the ma.in borehole casing; drilling the lateral to the 
required depth; running a casing into the lateral by 

deflecting the casing f%om the main borehole using the 
det1ector until the casing is at a position in. which a 
portion of the casing is in the lateral and a portion is in 
the main borehole; cementing around said portions ot the 
casing; removing an annular zone of material from the main 
borehole to sever the casing and the cement at the juncture 
of the main borehole and the lateral; ~d removing the 
d.ef lector from the main borehole to re-open the main 
borehole past the lateral. 

2. A method of fol:ming and lining a branch borehole 
according to claim 1 comprising removing additional material 
from the main borehole casing or from the formation after 
the deflector has been positioned but betore the lateral 
casinq is installed. 

3. A method of foming and lininq a branch borehole 
according to claiJll 1 wherein the deflector is positioned 
such that the lateral casing passes through the window 
fo::cm.ed by the mill and comprising the additional step of 
removing extra foJ:mation from the lateral wall in t~e zone 
of the window after the deflector has been installed to 
pel::mi~ passage of the casinq into lateral. 

111111111111111111111111111111 
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4. A method of forming and lining a branch borehole 

according to.claim 1 wherein the deflector is positioned 

such that there is clearance in the lateral to permit 

passage of the lateral casing as it enters the lateral 

comprising the additional. step of enlarging the window by 

removing extra casing· from the main borehole after the 

deflector has been installed to permit passage of the casing 

into the lateral. 

5. A method of forming and lining a branch borehole 

according to any preceding claim wherein the deflector has a 

deflecti~g face comprising a first def lectiD.q fac~ portion 

which extends downwardly from the upper extremity of the 

deflector at a first relatively larger angle to the axis of 

the deflector and a second deflectinq face portion which 

extends upwardly from the full diameter of the deflector 

inwardly towards the axis of the deflector at an angle 

relative to the axis of the deflector which is less than the 

angle of the first deflecting face portion. 

6. A method of forming and lining a branch borehole 

according to claim 5 wherein the first and second deflecting 

face portions are contiguous • 

11111111111111 11111 1111111 1111 
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A method of forming and lining a branch borehole comprises installing a packer in a main bmehole, installing a whipstock: on the 
packer, milling a window in the main bmehole casing using the whipst.ock, recovering the whipstock:, and then installing a deflector (20) 
to deftect a lining into the latmll. 'The external diameter (D) of the deflector is less than the internal diameter of the casing of the main 
borehole so as to pCnnit subsequent milling away of cement and surplus lining mateiial using a washover tool or thin walled mill. 'lbe 
preferred deftector includes a relatively steep deflector face (21) at the upper end of the deflector and a relatively shallow deftcctor face 
(22) which connects the lower end (23) of the face (21) ~the full diameter (D) of the deflector. If it is deslled to use the maximum 
posu'ble diameter casing for the lateral, portions of the formation and/or the main borehole cashtg are removed by an appropriate tool after 
the deflector (20) has been positioned within the borehole. 


