
.• 

- 1 -

T 5572 SIN 

METHOD 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 o~. 

~he 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 

boreh<;>Je,. .. the Gl~ameter of the slotted liner is smaller 
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r ::; 1 than~. the .d'iamet.er of the borehole, and thus there is an 
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borehole. With time the formation will collapse and 

settle against the outer wall of the liner so that the 

annular space gets filled with particulates. When 

hydrocarbons are produced, the fluid will flow through 

the formation, through the filled annular space and 

through the slots in the liner into the cased borehole. 

The circumference through which fluids flow into the 

cased borehole is thus reduced f·rom the circumference of 

the borehole to the circumference of the outer wall of 

the liner. 

It is an object of the present invention to provide a 

method of completing an uncased section of a borehole, 

wherein optimal use is made of the circumference of the 

borehole to reduce resistance to fluid flow as much as 

possible. 
To this end the method of completing an uncased 

section of a borehole in an underground formation 

according to the invention comprises the steps of 

(a) placing at a predetermined position in the 

borehole a slotted liner provided with overlapping 

longitudinal slots; 

{b) fixing the slotted liner; and 

{c) moving through the slotted liner an expansion 

mandrel which is tapered in the direction in which the 

mandrel is moved through the slotted liner, which mandrel 

has a largest diameter which is larger than the inner 

diameter of the slotted liner. 

It will be appreciated that in step (c) the diameter 

of the slotted liner is enlarged. Enlarging the diameter 

can be done by pushing an expansion mandrel downwardly 

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 throu_gh 

the slotted liner an expansion mandrel which is tapered 

upwardly. 
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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 ref erred 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 de~ail III of Figure 1 drawn to a 

scale which is larger than the scale of Figure 1; 

Figure 4 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 
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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 all 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 11 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, 'l' 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 slo~s 12'. 

Comparing Figure 3 with Figure 4 it can be seen that 
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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 4). 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 'd1' is 

the original outer diameter of the slotted liner (before 

expansion), 'de' 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 thi~ 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 su!plus expansion is 
very pronounced. 
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Table. Summary of test results. 

dl t n 1 b a/l "( 

(mm) (mm) (mm) (mm) (0
) 

101. 60 6 

88.90 7 

44.45 2.8 

38.10 2.8 

38.10 2.8 

38.10 2.8 

38.10 2.8 

31.75 2 

31.75 2 

25.40 1.8 

25.40 1.8 

25.40 1.8 

25.40 1.8 

25 

24 

16 

16 

16 

.16 

16 

16 

8 

12 

12 

12 

12 

50 1.0 

50 0.7 

40 1.0 

30 1.0 

30 1.0 

30 1.0 

30 1.0 

25 1.0 

30 1.0 

30 1.0 
30 1. 0 

30 1.0 

30 1.0 

0.25 40 

0.25 40 

0.10 65 

0.33 13 

0.33 30 

0.33 30 

0.33 40 

0.17 40 

0.33 45 

0.25 65 

0.25 80 

0.25 40 

0.25 65 
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_de 

(mm) 

161.04 

133.35 

73.79 

56.39 

56.39 

56.39 

56.39 

55.56 

55.56 

39.12 

50.67 

49.28 

39.12 

df 
(mm) 

166.62 1 

136.91 1 

80.01 2 

55.63 2 

59.06 2 

57.53 2 

60.20 2 

61.60 2 

56.52 2 

41.15 2 

55.88 3 

50.29 3 

40.64 3 

1 Tube is made of J55 steel having a minimum yield 

strength of 380 MPa (55 000 psi) and a minimum tensile 

strength of 520 MPa (75 000 psi). 

2 Tube is made of coil tubing steel having a minimum 

yield strength of 480 MPa (70 000 psi) and a minimum 

tensile strength of 550 MPa (80 000 psi). 

3 Tube is made of AISI 316L steel having a minimum yield 

strength of 190 MPa (28 000 psi) and a minimum tensile 

strength of 490 MPa (71 000 psi) . 

Reference 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 cone 44 arranged with axial play 

in the cylindrical housing 41 to deflect the fingers 42 

outwardly. To the cone 44 is connected a string 46 for 

moving the expansion mandrel 40 through the slotted liner 

(not shown) . 
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In an aiternative embodiment of the invention, a 

system of two or more slotted liners one arranged in the 

other is placed at a predetermined position in the 

borehole. Suitably a pair of slotted liners is employed. 

Each slotted liner is provided with overlapping slots and 

the slotted liners are arranged one in the other, wherein 

the relative position of the liners can be so selected 

that after expansion the slots are in radial direction 

either in line or not in line. When after expansion the 

slots are not in line in radial direction, fluids passing 

through the system have to traverse a zig-zag path; 

therefore this embodiment is suitable for preventing sand 

from entering into the borehole. 

Another way of preventing sand from entering into the 

borehole is providing the outer surf ace of the slotted 

liner with a wrapping. Suitably the wrapping is a 

membrane or a screen having a fine mesh or a screen of 

sintered material or of sintered metal. The wrapping can 

as well be applied on the outer surface of the outermost 

slotted liner of the system of slotted liners. 

In the above it was described that the slotted liner 

is lowered resting on the expansion mandrel; 

alternatively the liner is lowered first, is fixed and 

the expansion mandrel in contracted form is lowered 

through the slotted liner. After which the mandrel is 

expanded and pulled upwardly to expand the slotted liner. 

The method according to the invention can be applied 

in a vertical borehole or in a deviated borehole or in a 

borehole having a horizontal end section. 

A borehole can be drilled to allow production of 

fluids from an underground formation through the 

borehole, or the borehole can be used to inject fluids 

into the underground formation. The method of the present 

invention can also be used to complete a section of such . 
a latter borehole. 
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The geometries of the slotted liner and of the 

expansion mandrel can be so selected ~hat the final 

diameter of the unconfined (freely) expanded slotted 

liner, df in Figure 5, is larger than the diameter of the 

borehole. In this case the expanded slotted liner is 

compressed against the wall of the borehole and this 

further increases the stability of the borehole. 

The expansion mandrel as described with reference to 

the Figures has a conical shape, when the intersecting 

line of the outer surface and a plane through the 

longitudinal axis of the expansion mandrel is curved, the 

half cone angle is defined by the tangent of the inner 

wall of the slotted liner and the curved intersecting 

line. 
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1. Method of completing an uncased section of a borehole 

in an underground formation comprising the steps of 

(a) placing at a predetermined position in the 

borehole a slotted liner provided with overlapping 

longitudinal slots; 

{b) fixing the slotted liner; and 

(c) moving through the slotted liner an expansion 

mandrel which is tapered in the direction in which the 

mandrel is moved through the slotted liner, which mandrel 

has a largest diameter which is larger than the inner 

diameter of the slotted liner. 

2. Method according to claim 1, wherein step (a) 

comprises placing at a predetermined position in the 

borehole a system of two or more slotted liners one 

arranged in the other and each slotted liner being' 

provided wit~ overlapping longitudinal slots. 

3. Method according to claim 1, wherein the outer 

surface of the slotted liner is provided with a wrapping. 

4. Method according to claim 2, wherein the outer 

surface of the outermost slotted liner is provided with a 

wrapping. 
5. Method according to any one of the claims 1-4, 

wherein step (c) comprises moving through the slotted 

liner an expansion mandrel consisting of a cylindrical 

housing having outwardly deflecting fingers and a cone 

arranged with axial play in the cylindrical housing to 

deflect the fingers outwardly. 
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