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OF COMPLETING AN UNCASED SECTION OF A BOREHOLE The present invention
relates to completing an uncased section of a borehole in an underground
formation. An example of such a borehole is a borehole drilled to a
hydrocarbon-containing formation in order to produce hydrocarbons from the
formation. To prevent collapse of the wall of the borehole, the borehole is
cased by means of a casing arranged in the borehole, which casing is fixed
in the borehole by a cement layer between the outer wall of the casing and
the inner wall of the borehole. To allow substantially unrestricted influx
of fluids from the hydrocarbon-containing formation into the borehole, the
borehole is not cased where it traverses the hydrocarbon-containing
formation. When the hydrocarbon-containing formation is so weak that it
will collapse, the uncased borehole section is completed with a liner which
is provided with slots to allow fluid influx into the borehole. A known
method of completing an uncased section of a borehole in an underground
formation comprises the steps of placing a slotted liner in the borehole at
the location of the hydrocarbon-containing formation and fixing the liner.
Fixing the liner is usually done by securing the upper end of the liner to
the lower end of the casing arranged in the borehole. As the inner diameter
of the cased section is less than the diameter of the borehole and as the
slotted liner has to be lowered through the cased section of the borehole,
the diameter of the slotted liner is smaller than the diameter of the
borehole, and thus there is an annular space between the liner and the wall
of the   Substitute sheet - 23 April 2002 _2. and through the slots in the
liner into the cased borahole. The circumference through which fluids floe
into the cased borehole is thus reduced from the circumference of the
borehole to the circumferanca of the outer wall of the liner. USA patent
specification No. 3 191 o80 discloses a method o coetpiating an encased
section og a borehole in an underground formation, which method comprises
the steps of (a) placing at a predetermined position in the barehole a
corrugated liner; (b) fixing the corrugated liner; and (e) moving through
the corrugated la liner an expansion mandrel which is tapered in the
direction in which the mandrel is moved through the liner. The outer
diameter o the kno.rn expansion mandrel is eQual co the diameter of the
expanded liner. Therefore in the known method eha maximum diameter of the
expanded slatted liner that is obtained 15 is its original diameter. It is
an object of the present invention to provide a method of co~npletiag an
encased section of a borehole, wherein optimal use is made o the
circumference of the borehoie to reduce resistance ca g]uid flow as :such
as possible, end ~rhnreia a slotted iinar is ZQ expanded to a diameter
greater than its original diameter. To this end the method o completing an
encased section ag a  . borehola~in an undargr~und ocmation according to
cha invention comprises the steps o (a) placing at a predeteszained
position in the borehole a ZS liner; (b) fixing the liner; and (c) moving
through the Liner an expansion mandrel which is tapered in the direction in
which the mandrel is moved through the liner, 



30 c~raetertzed in chat the liner is a slotted iinar provided with
overlapping Longitudinal slots, that cha mandrel has a largest diameter
which is larger than the inner diameter of the slotted liner) and in that
the slots are expanded.   Substitute sheet - 23 April 2002 2a  Ic will be
appreciated chat in step (c) the diameter of the slotted liner is enlarged.
Enlarging the diameter can be done 6y pushing an expansion mandrel
dovnvardly through the slotted Liner, wherein the expansion mandrel is
tapered downwardly; or, more suitably, the diameter of the slotted liner is
enlarged by pulling upwardly through the slotted Liner an expansion mandrel
which is tapered upwardly. It was surprisingly found that a slotted liner
expanded with the expansion mandrel gars a permanent final diameter ~rhich
is Larger 10 than the La=gent diameter of the expansion mandrel. The dif
arenco betoiean the permanent final diameter sad the largest diameter of
tae expansion maadral is referred to as permanent surplus expansion. This
paratanent surplus expansion was found for a cons fangla in excess of about
13'. Suitably the cone angle is in the range of from 30 to 90'. 15
Reference is made co CSA patent specification No. 1 135 809 disclosing
completing an uncased sec tion of a borehola with a   Substitute sheet - 23
April 2002 - 3  It was surprisingly found that a slotted liner expanded
with the expansion mandrel gets a permanent final diameter which is larger
than the largest diameter of the expansion mandrel. The difference between
the permanent final diameter and the largest diameter of the expansion
mandrel is referred to as permanent surplus expansion. This permanent
surplus expansion was found for a cone angle in excess of about 13.
Suitably the cone angle is in the range of from 30 to 90. Reference is made
to USA patent specification No. 1 135 809 disclosing completing an uncased
section of a borehole with a slotted liner having overlapping slots. This
publication, however, does not disclose expanding the slotted liner. As the
slotted liner will act as a filter a slotted liner is sometimes referred to
as a strainer. The invention will now be described by way of example in
more detail with reference to the accompanying drawings, wherein Figure 1
shows schematically a longitudinal of a cased borehole having an uncased
section that has to be completed; Figure 2 shows part of Figure 1, wherein
the part of the slotted liner has been expanded Figure 3 shows detail III
of Figure 1 drawn to a scale which is larger than the scale of Figure 1; 



Figure 9 shows detail IV of Figure 2 drawn to a scale which is larger than
the scale of Figure 2~ Figure 5 shows schematically a cross-section of the
slotted liner to indicate relevant dimensions; and Figure 6 shows
schematically an alternative embodiment of an expansion mandrel. Reference
is now made to Figure 1 showing the lower part of a borehole 1 drilled in
an underground formation 2. The borehole 1 has a cased section 5, wherein
the   Substitute sheet - 23 April 2002 - 4  borehole 1 is lined with a
casing 6 secured to the wall of the borehole 1 by means of a layer of
cement 7, and an uncased section 10. In the uncased section 10 of a
borehole 1 a slotted liner 11 provided with overlapping longitudinal slots
12 has been lowered to a predetermined position, in this case the end of
the casing 6. Please note that for the sake of clarity not a11 slots have
been designated with a reference numeral. The upper end of the slotted
liner 11 has been fixed to the lower end of the casing 6 by means of a
connecting means (not shown) provided with suitable seals. Having fixed the
upper end of the slotted liner 11 the slotted liner 11 is expanded using an
expansion mandrel 15. The slotted liner 11 has been lowered at the lower
end of string 16 resting on the expansion mandrel 15. To expand the slotted
liner I1 the expansion mandrel 15 is moved upwardly through the slotted
liner 11 by pulling on string 16. The expansion mandrel 15 is tapered in
the direction in which the mandrel 15 is moved through the slotted liner
11, in this case the expansion mandrel 15 is an upwardly tapering expansion
mandrel. The expansion mandrel 15 has a largest diameter which is larger
than the inner diameter of the slotted liner 11. Figure 2 shows the slotted
liner 11 in partly expanded form, wherein the lower part of the slotted
liner has been expanded. The same features as shown in Figure 1 have got
the same reference numerals. The deformed slots have been designated with
reference numeral 12'. Figure 3 shows the arrangement of the undeformed
slots 12 in the slotted liner, '1' is the length of the slot, 'a' is the
length of the overlap, and 'b' is the width of the slot. Figure 4 shows the
deformed slots 12'. Comparing Figure 3 with Figure 4 it can be seen that
Substitute sheet - 23 April 2002 - 5  the wall pieces 30 of the slotted
liner wherein the slots do not overlap have deformed in circumferential
direction. And in the adjacent sections wherein the slots do overlap the
wall pieces 33 between adjacent slots have rotated, additionally, the wall
pieces 33 have bent out of the cylindrical surface of the undeformed liner
(the out of surface bending is not shown in Figure 9). The combination of
rotation and bending controls the expansion, and the circumferential
deformation preserves the expansion of the slotted liner. Surprisingly it
was found that for a cone angle larger than 13 the permanent final diameter
of the slotted liner is larger than the diameter of the expansion mandrel. 



Reference is now made to Figure 5, wherein 'dl' is the original outer
diameter of the slotted liner (before expansion), 'dc' is the largest
diameter of the expansion mandrel, y is the cone angle, and df is the
permanent final outer diameter of the expanded slotted liner. With this
configuration several tests have been carried out and the results are
tabulated in the Table, wherein 't' is the wall thickness of the slotted
liner and 'n' is the number of slots in circumferential direction. The
results clearly show the permanent surplus expansion for a cone angle
larger than 13, for a cone angle larger than 30 the permanent surplus
expansion is very pronounced.   Substitute sheet - 23 April 2002 - 6
Aeferenea is now made to Figure 6, showing an alternative expansion mandrel
40 consisting of a cylindrical housing 41 having axial fingers 42 which can
deflect outwardly and a coma 44 arranged with axial play in the cylindrical
housing 4L to deflect the 5 fingers 42 outwardly. To the cone 44 is
connected a string 46 far moving the expansion mandrel 40 through the
slotted liner (not shown). The slotted liner is ffirst Lowered into the
borehole, and chars Che upper end of the slotted liner is fixed. Thereupon
rhs expansion '-0 mandrel 40 is lowered through the slotted liner to below
the lower end of the slotted liner. The expansion mandrel 40 is then
compressed ' so that the axial fingers 42 extend outwards to a diameter
slightly larger than the inner diaoeter of the slotted lirisr, thereupon
the expansion mandrel 40 is pulled upwards and the axial fingers 42 will 15
extend further until the cylindrical housing 4I is in contact with the
upper surface of the cone 44. And the expanded expansion mandrel rrilL
expand the slotted liner as it is pulled upwards through the slotted Liner.
Alternatively the slotted line; can be Lowered into the borehole 20 at the
and of string 46) wherein the lower end of the slotted Liner rests on the
slightly expanded expansion mandrel 40. After setting the slotted line= the
expansion mandrel is pulled upwards. In an alternative embodiment of the
invention, a system of two or more slotted liners one arranged in the other
is placed at a 25 predetermined position in the borehole. Suitably a pair
of slotted liners is employed. Each ~rlntced liner is provided orith
overlapping slots and the slotted liners are arranged one in the other,
wherein the =elative position of the linens can be ao selected that after
expansion the slots are in radia: direction either in line or not in 30
line. When after expansion the slots era not in line in radial direction,
fluids passing through the system have to traverse a zig-nag path;
therefore this eabodiment is suitable for preventing sand from anteting
into the borehole.   Substitute sheet - 23 April 2002 Another way of
preventing sand from entering into the borehoLe is providing the outer
aurtace of the sloeted liner with a wrapping. Suitably the wrapping is a
membrane or a screen having a fine mash or a acraan of sin a red material
or of sintered natal. The wrapping can as wall be applied on the outer
surface of the outermost slotted liner of the systaat of slotted liners. 



In the above it was dsseribad that the slotted liner is lowered rastittg on
the axpartsion mandrel; alternacivaLy the Liner is lowered first, is fixed
and the exparssion mandrel in contracted orta is LO lowered through the
slotted Line.. After which the mandrel 19 expanded and pulled upwardly to
expand the slotted liner. The method according to the imrention can be
applied in a vertical boxahola or in a deviated borahola or ici s borehole
having a horiaontal and section. 1~ A borahola can ba drilled ca alloar
production of fluids from an undargroussd forstation through the barehola)
or the borahole can ba used to inject fluids into t;~a urcdarground
formation. The method of cha present imrenciort can else be used to
complete a section of each a latter borahole. 20 . ~a geomatziea.of the
sloeced Liner arid of the expansion mandrel can ba so selected. zrhat the
final diameter of the urconfinad (freely? expanded slatted liner, df in
Figure 5, is larger than the diameter of the borehola. In this case the
ax?ended slotted liner is compressed against cats wall of the borehole and
this further Zg increases the stability of the borahole. The expansion
mandrel as described with reference to the Figures has a conical shape,.
when cha intersecting line of the outer surface and a plane through the
longitudinal axis of the expansion mandrel is curved, the halt cone angle
is defined by the tangent of the inner 30 wall of the slotted liner and cha
curved intersecting line.   Substitute sheet - 23 April 2002 -e. C L A I M
S 1. Method of completing an uncaaad section of a barahole tn an
underground fortaatioa eompriaing the steps o~ (a) placing at a
predetermined position in the borahole a Liner; s , (b) gixing the liner;
and (c) moving through cha liner an expansion mandrel arhich is tapered in
the direction it. which the aandraL Ls moved through the Liner,
charactertzed in that the Liner is a slotted li'nar provLded wish
overlapping longitudinal slots, that tan msisdreL has a Largest diaa<acar
xhich is Larger than the irsner diameter of the slotted liner, and in that
the slots era expanded. 



2. Method accozding co claim L, wherein atop (a) comprises placing at a
predetermined position in the borehola a system of taro ar more Z 5 s 10 =;
ad 1 i.^.ar s one sr r s.-!gad i n the c the r anJ. each s Lo ttsd i inn r
be Lng provided with overlapping lossgitudinal slots. 3. Method according
to elaira 1, whsrein the outer surgaea of the slotted Liner is provided
with a wrapping. 4. Method according co claim 2) wherein the outac surface
o ~ha ZC outet~aasc slotted Liaar is provided o~ith a wrapping. 5. Method
according tn any one of the claims 1-4, wherein sap (c) comprises moving
through the slotted Liner an expansion mandrel consisting of a cylindrical
housing having out,rardly de='ZectLag fingers arid a cons a:ranged with
axial play ic the cylindrical ZS housing to delacc ire fLngers outwardly.
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