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APPLICATION FOR PATENT

Title: One Trip Cemented Expandable Monobore Liner System and Method

PRIORITY INFORMATION

[0001] This application claims the benefit of U.S. Provisional Application No.
60/652,374, filed on February 11, 2005.

FIELD OF THE INVENTION

[0002]  The field of this invention 1s the method of running a tubular inside casing
and securing it and more particularly to techniques for protecting the mounting location
for the tubular on the casing as the casing 1s cemented and thereafter cementing the liner

after it 1s expanded i1nto the mounting location.
BACKGROUND OF THE INVENTION

[0003]  Figure 1 1s illustrative of the prior techniques of running in casing with a
casing shoe 16 near its lower end. If later a tubular is run in and needs to be attached to
the casing by expansion, the presence of cement debris in the support area on the casing
where the tubular will be attached could prevent a sealed connection from being obtained.
One way around that would be to deliver the cement into a shoe mounted below the point
at which the liner will be attached later. Another method would be to run brushes and
scrapers into the mounting location after cementing to be sure it was clean so that a good
seal and support for the tubular subsequently installed can be obtained. However these

techniques require significant amounts of time and create an associated cost.

[0004]  The present invention protects the mounting location on the casing during
cementing with a barrier sleeve that covers a recess. The barrier sleeve defines a sealed
annular space that contains an incompressible material. This allows the barrier sleeve to

 be compliant to changes in hydrostatic pressure as the casing is lowered into place.
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Cementing 1s done through the barrier sleeve. The barrier sleeve is subsequently drilled
out exposing a recess and a locating profile and optionally a sliding sleeve valve. The
tubular can then be positioned accurately using the locating profile and a collet
mechanism on the expansion tool and expanded in to sealing contact with the casing. Due
to the recess, the drift diameter of the tubular after expansion into the recess is at least as
large as the casing drift diameter. The entire tubular can be expanded to its lower end and
a run 1n shoe at the lower end of the tubular can be retrieved and removed from the well
with the swaging assembly and the running string that delivered it. The sliding sleeve in
the casing shoe can be selectively opened and closed with a shifting tool run on the
expansion string above the expansion tools, running tool, and the liner to be expanded.
Another option 1s for this sliding sleeve to be located in the liner to be expanded below
the upper portion that mounts in the above casing. The port opened and closed by this
sliding sleeve can be used to either pump cement into the annulus or to return the
wellbore fluid displaced by cement from the annulus into the casing string. When the
sliding sleeve 1s 1 the casing shoe, to allow for fluid flow between the outside of this port
and the annulus below the shoe atter the shoe has been cemented with the string to which
it 15 attached an additional outer sleeve is run on the outside of the recess sleeve. This
outer sleeve 1s connected at 1ts lower end to the inner barrier sleeve via a guide nose. The
tlow path between the outside of the ports and the annulus is opened when the nose is
drilled out and under reamed. A cement retainer device is to be located at the bottom of
the string preventing cement pumped into the annulus from entering into the expanded
liner due to density differences. This retainer device can be the location from which
cement is pumped into the annulus or where the wellbore fluid displaced by the cement is
returned from the annulus to the inside of the casing string. The cement retainer can be
drilled out in a subsequent trip into the hole. These advantages and others of the present
invention will be readily appreciated by those skilled in the art from a review of the

description of the preferred embodiment and the claims that appear below.

SUMMARY OF THE INVENTION

[0005] An apparatus to protect the mounting area of casing and a locating profile

and optionally a sliding sleeve valve and a flow path from the outside of the valve to the
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annulus when subsequent attachment of an expanded liner is intended and the expanded
liner 1s to be cemented in place. A barrier sleeve, nose, and outer sleeve define a sealed
cavity having a loose incompressible material inside that covers the mounting location on
the casing. A locating profile and an optional sliding sleeve valve and a flow path from
the outside of the valve to the annulus can be provided. The cementing of the casing takes
place through the barrier sleeve. After the cementing, the sleeve and nose are drilled out
and the incompressible material is removed to the surface with the drill cuttings. A liner
1s inserted in the casing and is preferably expanded into sealing contact with the
mounting location on the casing. After expansion a cement retainer positioned at the
bottom of the expanded liner and the sliding sleeve located either above the mounting
location of the liner in the casing shoe or in the liner below the mounted top section allow
cement to be delivered outside the expanded liner and the displaced wellbore fluid to
return into the casing through so that the liner can be cemented. The cement retainer can
be delivered with either the liner or the expansion tools to allow expansion and cementing
In a single trip. A shifting tool can be run on the expansion string to actuate the sliding
sleeve and if necessary to allow for cement to be pumped from the drill string into the

annulus through the sliding sleeve. The cement retainer can be milled out in a separate

trip.
DETAILED DESCRIPTION OF THE DRAWINGS

[0006]  Figure 1 is a prior art production casing illustrating a standard casing shoe

at the lower end;

[0007]  Figure 2 shows a production string with the shoe track of the present

invention;

[0008]  Figure 3 shows the production casing with the shoe track of the present

invention run into the wellbore;

[0009]  Figure 4 is the view of Figure 3, after cementing;

[0010]  Figure 5 is the view of Figure 4 showing the shoe track exposed after

drillout and the wellbore extended below the production casing;
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0011]  Figure 6 is the view of Figure 5 showing the reaming of the extension bore

just drilled;
[0012]  Figure 7 is a close up view of the now exposed shoe:;

[0013]  Figure 8 shows the liner run in on a running tool and in position to be

expanded;

[0014]  Figure 9 1s the view of Figure 8 indicating the initial stroking of the

swage, which results in release from the running tool:

[0015]  Figure 10 is the view of Figure 9 showing the anchor released and weight

being set down to reposition for the next stroke of the swage;
[0016]  Figure 11 is the view of Figure 10 showing the next stroke of the swage;

[0017]  Figure 12 is the view of Figure 11 showing the swage advancing toward

the lower end of the liner;

[0018]  Figure 13 is the view of Figure 12 with the swage now engaging the

running shoe of the liner at its lower end;:

|0019]  Figure 14 is the view of Figure 13 with the liner fully expanded and the
swage being removed with the running shoe by withdrawing the running tool from the

fully expanded liner;

[0020]  Figure 15 is a close up view of the sleeve protecting the recessed shoe

during cementing;
[0021]  Figures 16a-16b show the capture of the guide nose assembly;

[0022]  Figures 17a-17b show the shearing out of the guide nose assembly from

the tubular or liner:

[0023]  Figures 18a-18b show the guide nose fully released and captured:

[0024]  Figures 19a-19b show the emergency release feature:
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[0025]  Figure 20 shows a casing shoe in its run in configuration with locating
profile, sliding sleeve valve closed over a port, recessed expanded liner mounting

location, barrier sleeve, guide nose and outer sleeve;

[0026] Figure 21A is a view of the casing shoe in Figure 20 as it is being

drilled and under reamed with the valve closed:

0027]  Figure 21B is a view of the casing shoe in Figure 20 after it has been

drilled and under reamed with the valve closed;
[0028]  Figure 22 shows a liner expanded in place;
[0029]  Figure 23 shows expansion of a liner with a swage;°

[0030]  Figure 24 1s the view of Figure 23 showing the removal of ﬂle swage and

guide nose;
[0031]  Figure 25 shows a separate run to insert the cement retainer for cementing;

[0032]  Figure 26 1s the view of Figure 25 showing the cement retainer set in place
and disengaged by its running tool, while the shifting tool is opening the sliding sleeve

valve;

[0033]  Figure 27 shows cement being pumped into the annulus through the drill
string and cement retainer and the displaced wellbore fluid being returned through the

sliding sleeve valve into the casing;

[0034]  Figure 28 shows the sliding sleeve valve being shut by the shifting tool as
the drill string 1s pulled from the well;

[0035]  Figure 29 shows a drill string milling away the cement retainer before it

continues on to drill the next section;

[0036]  Figure 30 shows a closable aperture for use in cementing located in the

portion of the liner to be expanded;
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[0037]  Figure 31 shows a cementing shoe delivered with the liner before

expansion and the swage initiates expansion;

[0038] Figure 32 shows the expansion of Figure 31 complete and the

cementing shoe tagged into by the bottom hole assembly:

[0039]  Figure 33 is the view of Figure 32 with cement delivered down the string

and through the cementing shoe;

[0040]  Figure 34 is the view of Figure 33 after cementing and removal of the

bottom hole assembly leaving the cementing shoe in place;

[0041]  Figure 35 is the view of Figuré 34 showing the cementing shoe being

milled out;

[0042]  Figure 36 shows an alternative to Figure 31 delivering the cement retainer

at the bottom of the swage assembly used for expanding;

[0043] Figure 37 is an alternative to Figure 36 where the shoe is delivered with

the swage assembly;

[0044]  Figure 38 shows cementing by delivering into the top of the annulus of the
expanded liner and taking well fluid returns through the shoe:

[0045]  Figure 39 shows removal of the swage assembly from the shoe after the

cement 1s delivered to hold the cement in place;

[0046]  Figure 40 shows the shoe being drilled or milled out after the cementing is

concluded;

[0047]  Figure 41 show an expandable tubular run in with a cementing isolation

device near the lower end of the string and inside it:

[0048]  Figure 42 is the view of Figure 41 with the cementing isolation device

outside the tubular;
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[0049]  Figure 43 shows the expansion nearly complete;

[0050]  Figure 44 shows the expansion system engaging the isolation device and

moving down to conclude the expansion;

[0051]  Figure 45 shows the cementing device repositioned in the tubular and

ready for cementing;

[0052]  Figure 46 shows cementing through the expansion assembly and the

éementing device; and
[0053]  Figure 47 shows the cementing device milled out after cementing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0054]  Figure 1 1illustrates a casing string 10 having a known landing collar 12
and a standard float collar- 14 as well as a casing shoe 16 adjacent its lower end
18.Typically, in the past, the cement is pumped through the casing shoe 16 and then a
dart or wiper is used to displace cement from the casing 10 and out through the shoe 16
and into the surrounding annulus. When the well is to be drilled deeper, the shoe 16 is
drilled out but residual cement could still be present. The presence of such cement or
shoe debris after drilling can affect the seal that is subsequently needed when a liner is
inserted and secured to the casing 10. This is particularly a concern when the liner is to be

expanded to secure it to a recessed mounting location at the bottom of the casing 10.

[0055] The present invention addresses this concern with a barrier sleeve 20
shown in Figures 2 and 15. As shown in Figure 15, the casing string 22 has a lower
section 24. Inside section 24 1s a barrier sleeve 20 mounted and defining an annular space
28 that contains an incompressible material 30. Preferably the incompressible material 30 .
i1s loosely mounted sand but other materials can be used. The purpose of the material 30
1s to control the burst of barrier sleeve 20 and the collapse of recessed mounting location
24 1n response to increasing hydrostatic pressures as the depth of the casing 22 increases,
when 1t is lowered into 1nitial position. Sleeve 20 is preferably fiberglass sealed at ends

32 and 34. Sleeve 20 initially covers locating profile 36 and recessed mounting location
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38, which will later serve as the location for securing a tubular such as a liner by a variety
of methods. The preferred method of expansion will be described in more detail below.
Sleeve 20 1s preferably a material that can be quickly drilled such as plastics or
composites, to mention a few. During cementing of the casing 22, the sleeve 20 has an
inner surface 40, which is contacted by the cement. Ultimately a dart or wiper plug 42
passes through casing 22 and lands on landing collar 12 (see Figures 3 & 4) to displace
most of the cement out of the casing 22 and into the surrounding annulus. The sleeve 20
is subsequently drilled out allowing the incompressible material 30 to escape and
exposing the clean locating profile 36 and recessed mounting location 38 for subsequent
attachment of a tubular as will be described below. The drilling removes all of seal rings

42 and 46 without damaging the casing 22 or recess sleeve 24.

[0056]  The method can be understood by beginning at Figure 3, where the casing
22 1s mounted in the desired position for cementing in the wellbore 26. The assembly -
includes landing collar 12 and float collar 14. The assembly shown in Figure 15 is at the
lower end of the assembly, but for clarity only the barrier sleeve 20 is referenced in the

schematic 1llustration.

[0057]  Figure 4 shows that cement 48 has been displaced by plug 42 landing on
landing collar 12. As a result, cement 48 is pushed through sleeve 20, through run in shoe

50 and into annulus 52.

[0058] In Figure 5, a drill string 54 with a bit assembly 56 has been advanced
through the casing 22 and has milled out the wiper 42 and the sleeve 20 to expose
locating recess 36 and long recess 38. The incompressible material 30 is released and

circulated to the surface with the drill cuttings from the action of bit assembly 56.

[0059]  Figure 6 illustrates the enlarging of the néw section of wellbore 88 to a
new dimension 60 using an under-reamer or an RWD bit 62. Depending on the nature of
the bit assembly 56, the wellbore 60 can be created in a single trip in the hole or in
multiple trips. Figure 7 shows the drilling of wellbore 60 complete and the° drill string 54

and bit assembly 56 removed from the wellbore 60 and stored at the surface.



CA 02597565 2007-08-13
WO 2006/086591 PCT/US2006/004648

[0060]  Figure 8 shows a running string 64 that supports a liner or other tubular 66
at locking dogs 68. The assembly further comprises an anchor 70 with slips 72 that are
preferably pressure sensitive to extend slips 72 and allow them to retract when pressure is
removed. Also in the assembly is a piston and cylinder combination 74 that drives a
swage 76, 1n response to pressure applied to the piston and cylinder combination 74.
Initially, as illustrated in Figure 9, pressure is applied to extend the slips 72 and drive
down the swage 76 as illustrated schematically by arrows 78. The upper end or
expandable liner hanger 80 of the tubular 66 is expanded into recessed mounting location
38 for support from casing 22. The swage 76 is then stroked enough to suspend the
tubular 66 to casing 22. As illustrated in Figure 10, when weight is set down at the
surface, after internal pressure is removed, the slips 72 have been released and the piston
and cylinder combination 74 is re-cocked for another stroke for swage 76. The dogs 68
become undermined and release their grip on tubular 66 as the piston and cylinder
combination is re-cocked. Figure 11 shows the subsequent stroking, further expanding
the tubular 66. Optionally, one or more open hole packers 82 can be used to ultimately

make sealing contact in wellbore 60 after expansion.

[0061]  Figure 12 illustrates the continuation of the movement of the swage in
response to applied surface pressure to anchor 70 and piston and cylinder combination
72. Those skilled in the art will appreciate that force magnification can be incorporated
into piston and cylinder combination 72 and it is possible for a greater force can be
applied to swage 76 at the beginning of each stroke as compared to the balance of each
stroke. These features were disclosed in co-pending U.S. application Serial Number
60/265,061 whose filing date is February 11, 2002 and whose contents are fully
incorporated herein as if fully set forth. However, other techniques can be used for
swaging or even to secure the tubular 66 to long recess 38 or another location initially

covered by a sleeve such as 20 during cementing of the casing 22, without departing from

the invention.

[0062]  Eventually in Figure 13, the running string 64 expands the open hole
packers 82 mto sealing contact with the wellbore 60 as it approaches the run in shoe 84

mounted near the lower end 86 of tubular 66. A grasping mechanism 88 is shown
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schematically at the lower end of the expansion string 64. Contact is made and the run in
shoe 84 is released and grabbed by mechanism 88. Swage 76 expands lower end 86 of
tubular 66 enough so that the run in shoe can be retrieved through it. When the string 64
1s removed from the wellbore 60 and to the surface, it takes with it the anchor 70, the
piston and cylinder combination 74 and the run in shoe 84, leaving a large opening 90 in
the lower end of tubular 66, as shown in Figure 14. Those skilled in the art will
appreciate that the run in shoe 84 facilitates insertion of the tubular 66 by presenting a
guide nose as the tubular is initially advanced into position, as shown in Figure 8.
Optionally, 1t has a valve in it to check upward flow and allow downward circulation to
facilitate insertion of the tubular 66. Removal of the run in shoe 84 as described above

presents a large opening in the lower end of the tubular 66 to facilitate subsequent drilling

operations or other completion techniques.

[0063]  Figures 16-19 show the grasping mechanism 88 in greater detail. It has a
top sub 100 connected at thread 102 below dogs 68. Top sub 100 is connected to mandrel
104 at thread 106. The run in shoe 84 is attached to tubular 66 by virtue of ring 108 held
against rotation by pin 110, which extends from shoe 84. Threads 112 on ring 108 engage
threads 114 on tubular 66. Ring 116 holds ring 112 in position on shoe 84. Shoe 84 has a
groove 118 and a stop surface 120. Top sub 100 has a surface 122 that lands on surface
120 as the grasping mechanism 88 advances with the swage 76. When surface 122 hits
surface 120 the tubular 66 has not yet been expanded. Mandrel 104 has a series of
gripping collets 124 that land in groove 118 when surfaces 120 and 122 contact. When
this happens, as shown in Figure 16a the collets are aligned with recess 126 on mandrel
104 so that they can enter recess 118 in shoe 84. Mandrel 104 has a ring 128 held on by
shear pins 130. When a downward force is applied to shoe 84 through the contact
between surfaces 120 and 122, threads 112 and 114 shear out and the shoe 84 drops down
and 1s captured on ring 128. At this point, shown in Figure 17a, surface 132 on mandrel
104 supports collets 124 in groove 118. The shoe 84 is now captured to the mandrel 104.
As the mandrel 104 moves down in tandem with the swage 76, the tubular 66 is expanded
to bottom. Thereafter, the swage 76 and the grasping mechanism 88 and the attached shoe
84 can all be removed to the surface, as shown in Figure 18a. If, for any reason the shoe

84 fails to release from the tubular 66 or gets stuck on the way out to the surface, a pull

10
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on the string 64 shears out pins 130, allowing the collets 124 to become unsupported as
surface 134 1s presented opposite recess 118 as shown in Figure 19a. Those skilled in the
art will appreciate that other devices can be used to snare the shoe 84 as the swage 76
advances. The ability to remove shoe 84 is advantageous as it removes the need to mill it
out and further reduces the risk of the shoe 84 simply turning in response to a milling

effort, once 1t 1s no longer held against rotation by the now expanded tubular 66.

[0064]  Those skilled 1n the art will now appreciate the advantages of the above
described aspects of the present invention. The sleeve 20 shields a subsequent mounting
location for the tubular 66 on casing 22 from contamination with the cement 48 used in
the installation of casing 22. Thus regardless of the method of sealed attachment between
the tubular 66 and the casing 22, there is a greater assurance that the proper sealing
support will be obtamed without concern that cement may have fouled the mounting
location. The assembly including the sleeve 20 is compliant to changes in hydrostatic
pressure resulting from advancement of the casing 22 downhole. At the conclusion of
expansion or other technique to secure tubular 66 to casing 22, the lower end of the

tubular 66 1s left open as the run in shoe 84 is retrieved.

[0065]  In certain jurisdictions or with certain operators, just trying to seal around
the expanded liner 66 with external packers 82 is not adequate and there is a desire to
meet local regulations and provide a monobore completion with the ability to cement the
expanded liner. The preferred embodiment of this invention allows such cementing to
occur and the expansion and cementing process for the liner to occur in either one or two
trip. Comparing the casing shoe of Figure 15 with that of Figure 20 it can be seen that
they are the same but the version of Figure 20 has an additional feature of a sliding sleeve
valve 200 illustrated in the closed position in Figure 20. The recessed mounting location
202 is covered by a barrier sleeve 204 whose position is maintained with one or more
centralizers 206. An incompressible filler material or fluid 208 initially occupies the
volume behind the barrier sleeve 204 and inside the recessed mounting location 202, the
volume between outer sleeve 210 and recess sleeve 209, and the volume above guide
nose 207 and between outer sleeve 210 and barrier sleeve 204. This continuous volume

containing filler material or fluid 208 will be run in without applied pressure. As the

11
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shoe is run in the hole the hydrostatic pressure inside of the barrier sleeve 204, below the
guide nose 207, and outside of the outer sleeve 210 will increase as collapse pressure on
the items defining the volume. Burst disks 203 can be included in the guide nose 207 to
allow communication between the volume containing the filler material or fluid 208 and
the wellbore the shoe is being run 1n after a certain differential pressure is reached. This
communication equalizes the pressure removing the collapse forces. During equalization
wellbore fluid can enter the filler material or fluid volume and coexist with the filler
material or volume 208. For run in the shding sleeve valve 200 is preferably closed
rather than the open position shown in Figure 20 but either position can be used because
the space occupied by filler material 208 is 1solated so no flow can occur though while
the casing attached at connection 212 is being cemented. The cement should not enter
through the burst disks 203 as the volume is equalized in pressure and captured from
flow. After the casing is cemented, a bit is inserted to drill out the protective assembly of
the sleeve 204, centralizers 206, and parts of guide nose 207, as depicted in Figure 21 A.
The filler material or fluud 208 1s removed to the surface with circulation. The nose and
the wellbore below it are then under reamed and the condition depicted in Figure 21 B is
achieved. The drilling and under reaming is continued to extend the wellbore to accept
the next section of tubular 218 In Figure 21 B sliding sleeve valve 200 is exposed as is
recessed mounting location 202. Port 214 is closed and arrow 216 indicates no flow
through it is possible. Figure 22 shows the next section of tubular 218 in position and
expanded into recessed mounting location 202 and beyond. As shown in Figure 23, the
assembly to do this expansion can include a combination of an anchor and stroker shown
schematically as 220 that 1s connected to a swage 222 that can be of any number of
different designs. As shown 1n Figure 20, sliding sleeve valve 200 has a groove 224 that
is preferably engaged at before expansion of the top of the expanded liner or expandable
liner hanger by a collet assembly located on the stroker tool 220 that operates
bidirectionally so that on the trip down with the liner 218, the stroker 220 the collet can
provide a confirmation indication of overpull or set down weight that the liner is in the
proper location for expansion of 1ts top inside of the recessed mounting location 202.
Tubular string 218 preferably has no external packers to seal the annulus 228 that extends

around it. As shown in figure 24, it is possible for a guide nose 230 to be run on the
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bottom of the expandable liner and retrieved after expansion by a retrieval tool 226 at the

bottom of the expansion string.

[0066]  Figures 25 - 29 illustrate a 2™ trip method of cementing the expanded
liner. A cement retainer 234 is run in on a work string 236 below a shifting tool 232.
First, the cement retainer 234 1s to be set at the bottom of liner 218. At this point, any
pressure tests can be performed to confirm that the cement retainer 234 is set properly as
valve 200 1s closed. Next as shown in figure 26, the running tool 235 for the cement
retainer 234 1s released and the work string 236 is tripped up hole. As the shifting tool
232 passes through the valve a similar collet assembly engages the groove 224. With this
indication weight is set down and the drill string is turned to the right. Spring loaded
dogs on the shifting tool 232 engage slots in the sliding sleeve valve 200 causing the
sliding sleeve valve 200 to unscrew down opening it. Once the sliding sleeve valve 200
has been opened the work string 236 1s tripped down hole reengaging the cement retainer
running tool 2335 into the cement retainer 234. As shown in figure 27, cement 237 is
delivered through the work string 236, the shifting tool 232, the cement retainer running
tool 235, and the cement retainer 234 and into the annulus 228 around the tubular string
218. Wellbore fluids 239 displaced by the pumped cement from annulus 228 go through
sliding sleeve valve 200. In Figure 28, the shifting tool 232 is located in the sliding
sleeve valve 200 and forces the sliding sleeve 200 shut on the way out trapping the
cement 237 in the annulus 228. Figure 29 shows a separate trip in which the cement

retainer 234 1s milled out by a drill bit 244 before continuing on to drill the next hole

section.

[0067]  Yet another option is for the sliding sleeve valve 200 to be located in the
top of the expanded liner string 218, just below the mounted section 231. This
arrangement 1s shown in Figure 30. This sliding sleeve valve 200 would be expanded
along with the liner string 218 which it is part of to allow for at least as large a drift as the
parent casing above it. Once expanded it would be operated as mentioned above and all

cementing methods discussed in this application could be applied.
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[0068] A method of running the expandable liner string 218, mounting the upper
section of the liner string 218 to the recessed mounting location 202 via expansion,
continuing on to expand the entire liner string 218, setting a cement retainer 234 in the
bottom of the expanded liner string 218, opening a sliding sleeve valve 200 for the return
of displaced wellbore fluids 239 from the annulus 228, pumping cement 237 in to the
annulus, and closing the sliding sleeve valve 200 in one trip is illustrated in Figures 31-
35. The primary difference between this method and that detailed above and in Figures
25-29 1s that the cement retainer 234 is run in on the same trip as the liner 218 and
expansion tools 220. Figure 31 illustrates a liner 218 that has been delivered and mounted
in the recessed mounting location 202 with the guide shoe 230 and the cement retainer
234 already 1n place as a combined device 246. As soon as the expandable liner 218 is
mounted and adequate length has been expanded the sliding sleeve valve 200 can be
opened as discussed above by shifting tool 232. The expansion tool 220 then returns to
expanding the liner string 218. When the expansion tool 220 tags into the device 246, as
shown 1n Figure 32, cement 237 can be pumped from the surface through the expansion
string 236 that extends to the surface. As previously described, the displaced wellbore
fluid 239 tfrom cementing go through now open sliding sleeve 200 and to the surface
through annulus 240. Figure 33 shows the cement 237 pumped into the annulus 228.
Figure 34 shows the expansion string 236 removed which results in the closure of sliding

sleeve valve 200. The device 246 has been left in the borehole for a subsequent trip with
the mill or bit 244, as shown in Figure 35.

[0069]  Figures 36 and 37 illustrate alternative ways to deliver a cementing shoe
268 to the lower end of a liner 270. In Figure 36, the shoe 268 is delivered with the liner
270 and sits on or near its bottom during the expansion with the swage 272. Eventually, a
gripping device 274 engages the shoe 268 to allow it to pass well fluids in the case of
cement being delivered into the annulus 276. After a i)hre-measuredd amount of cement is
delivered the gripping device is raised to stop the cement in the annulus 276 from coming
into the liner 270. This technique is illustrated in Figures 38-40. In Figure 38 arrows 278
indicate displaced well fluids from pumping cement represented by arrow 280 through
ports 262. The cement 1s delivered down the string 282 and with the help of a diverter

device known 1n the art allows the cement 280 to go down the annulus 270. After a pre-
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measured quantity of cement has been delivered to the annulus 270 the swage 272 is
picked up closing the passages in the shoe 268, as shown in Figure 39. The shoe 268 is
later drilled or milled as shown with a bit or mill 286. The hole may then be drilled
deeper and expanded in diameter with under-reamer 288. While intro ducing cement at
the top of the liner has been described those skilled in the art will appreciate that cement
can be pumped down through the shoe 268 and well fluid displaced out openings such as

258 or 262, as an alternative technique for cementing.

[0070]  Figure 41 shows the expandable tubular or liner 300 delivering a cement
isolation device 302 located near.' the lower end and inside the liner 300. Figure 42 is the
same except the cement 1solation device is extending beyond the lower end of the liner
300. In Figure 43 the liner 300 is expanded by the swage assembly 304 and the expansion
has progressed to near the end of the liner. In Figure 44, the cement isolation device is
captured as the swage assembly 304 finishes the expansion out through the end of the
liner 300. In Figure 45 the swage assembly 304 is raised up positioning the cement
1solation device 302 in sealing contact with the liner 300. In Figure 46 the cement 306 is
pumped through the string 308 and the swage assembly 304 and into the annulus 310.
After cement delivery, the string and swage assembly 304 is removed and a mill 312 is
run mnto the liner 300 to mill the cement 1solation device 302 out. The cement isolation
assembly can employ an actuable seal 314 that can be energized by pressure or
mechanically or in other ways to seal against the inner wall of the liner 300 when brought
back inside it. The ability to take the device 302 right through the liner 300 allows the
swage assembly 304 to go clean through to the end of the liner 300 in expanding it. The
actuable seal 314 then allows the device 302 to seal against the now enlarged liner 300.
The device 302 can be made of soft metals or non-metallic materials to shorten milling
time shown 1n Figure 47. The advantage to delivering the device 302 below the liner 300
1s that it can be larger so that after expansion of the liner 300 and the device 302 needs to
be brought back mnto sealing contact in the liner, the gap to bridge is that much smaller.
The device 302 can be contigured to allow fluid to pass through in one or both directions
during run in to facilitate insertion. While the tubular 300 is referred to as a liner other

structures involving openings such as screens or slotted liners or casing can also be used
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in the described method. Figures 41-47 illustrate a one trip deliver, expand and cement

system.

[0071]  The foregoing disclosure and description of the invention are illustrative
and explanatory thereof, and various changes in the size, shape and materials, as well as
in the details of the illustrated construction, may be made without departing from the

spirit of the invention.
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We claim:
1. A completion method, comprising:
running in a tubular to be expanded into a wellbore with a run in shoe adjacent a
lower end thereof for attachment to an existing tubular;
expanding the tubular with a swage assembly;
engaging the run in shoe with said swage assembly; and
removing the run in shoe through the now expanded tubular;
finishing expansion to said lower end by advancing the now engaged run in shoe
beyond said lower end;
providing a valve 1n the wall of the tubular to be expanded; and
expanding said valve when the tubular 1s expanded.
2. The method of claim 1, comprising:
operating said valve after it 1s expanded.
3. The method of claim 2, comprising:
operating said valve with said swage assembly.
4. A completion method, comprising:
running in a tubular to be expanded into a wellbore with a run in shoe adjacent a
lower end thereof for attachment to an existing tubular;
expanding the tubular with a swage assembly;
engaging the run in shoe with said swage assembly; and
removing the run in shoe through the now expanded tubular;
providing a valve in said existing tubular; and
operating said valve with said swage assembly.
5. The method of claim 4, comprising:
running in a cementing shoe on a string into the expanded tubular;
setting said cementing shoe in said expanded tubular;
operating said valve in said existing tubular from said string; and
cementing through said string and cementing shoe.
0. The method of claim 5, comprising:

using said string to set said cementing shoe;

providing a shifting tool on said string;
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releasing from said cementing shoe, when set, to shift said valve in said existing

tubular;

tagging 1nto said set shoe with said string after operating said valve.

18



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

W7

7 . %
T

\\%;?fxrﬁ’#ﬁ”ff.’ggﬂ.ﬂ

{0F %.:.:5_

g1n)e

o
Y

F s fF 4 A V7 J g7 g K F 3 R

ARSI ASN IR SN

24

.t;!ll;"]!llll\

.nffffdrffgg ?ﬁ!ﬂfgfgx §.¥‘.ﬁfff;’d’i‘!ﬂ!ﬁ TN iﬂa.§g
- : —

L

e

] G
b9]
O g1{0
()

- O
Yo

(PRIOR ART)

FIG. 1

N
©
LL



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

27

é&.

OOOOOOOOOOOO

...........

o
153

—

ekp—

pommas § i

eyt § IR EE.IIK

w =102,
e

FIG.5 FIG. 6



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

37

- e
o © o
ffffffgfgffﬁﬂffﬁflfdﬁfi ..
1 |
et l.‘..,,i;i..sﬁ?i
T T ey, )

o
*n

A\
N ~

N e NN NN N SN N S R R N NN NS S NN, WAl

e I B 1 - =

_ P | - A
St St ot - \\II S A o ooy

o
NI R 7

NS SRR AN A NN NS AN St = T A~

-r ) T, W, Sy i, Secinsebude Secm B ) ;“"’!’.ili;‘;i

FIG. 7



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

-
I~

M T T T o N R, Y € e e Yo,

e T L | YT
*o LA

— 1 |

—

a7

AR LR LR N Z 7 e

N

>

e e =

pryivt e iy a———

l li - .
I‘E_F"i“i‘li M, Py L, Wil Sy Y et ey, TR S . Pt A W T -t A S, Pty vraal PR bt W i, Sy S, S, i, Y S, Yt A Sty B TR § Y- old. S uh “uresd Sy Gieiiens, ) ;.
——————— A
' TEAYSES
# PV
[

o

F* :
= 1 Tl EEy

6
88

st
SN W

FIG. 12 FIG. 13 FIG. 14

+



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

N

T G o e e e e e e TN

N
Lo ™~
D

77T R

0N
™

o
o

o

3
&N

tn’
™

FIG. 15



CA 02597565 2007-08-13
WO 2006/086591 PCT/US2006/004648

’ ' 6/7

AV, ""’ﬁ f””"”"’"”'ma ””"’”“'

\\\S' AR \\\m\\\\“*ﬁ‘- SRNIANNRNY

|| ‘a\\\\‘\\ ‘ 711'/_",%*—*” 2 SSIENS

100

[ aunt

raigertyd pam

122 104 126 124

FIG. 16a

132 118

A A A A A A A A L A A A AN AN AN AN SN A AW TR A ’ﬂ"

b
AR T T T SRS

ll TS Y IIT7Z ifm A

Rt RPN AT W T in ) | TRV RNT M p L. ATy S . Bl P ek -

g o AlpalVVEEEERFIWE-T P

128~ 130

FIG. 17a

-~ 6O

‘“\\‘\\\ W‘L‘E&}&\“\\»‘%‘ =
I‘ SIS I S

P e e e Rinaa o s 2 ity iy S s i el “wl B e Repiripuly Doty il 4 iy P Bl

FIG. 18a

m\\\\\\\v

FIG. 19a



CA 02597565 2007-08-13

WO 2006/086591 PCT/US2006/004648
+
717
112
1081116
u \m\“m ; s‘;\ (,”00
T T T T Z W .

A S SR SV AR SNV SN S0 SRS SN ST R 0t SN X,

e e
m\\\\\\\\\\\\\m

=
T L S

\\\\\\\\\\\\\\x\\m W“%’ ]
w

AT WS T e e L T TP YW TR g & Dt SR [T

FIG. 18b

118 130
124
LI SO ST JONE IS S TNSE AR SO 0 Y SO St NP JRE S Ny A —
M\\\\\v}; SN m\\\*\\\\\\\\\“b.\\“‘\\\’(""o’

FIG. 19b



PCT/US2006/004648

CA 02597565 2007-08-13

WO 2006/086591

212
200
224
204
2006
202
203

....v..h.ﬁ% S S T R AV A T LS IR

% ¥ . i ' ﬁw.m)uv awm.m

Y
RS

.Hma .fo..«v... T Py 1M I AL e PR A foma 9 Pegebilimer, & PV 1 44

.w.%mﬁ@%mﬁﬁwﬁ. ST R RS OR AN AE RSN N v AN e
LR e e i , ?

2% ..&m.uﬂmn.rmﬁﬂzt.ﬁ& @1&.#! =3¢ ]1 I BRAR RN AT

e, 'oa . A FuPpRBIMMy ) e . R L B AT PPN IBIT Y qu NPy B S T g R -

HE N R N I R T L . * e s a . .pn ud 2 ’ . r " om,fvm Al VYV, mev i gpm e T

s

Figure 20

o .ﬂbﬁ”t‘&)ﬂ ;) .L o Rt s X .I . . \ S + "
e PR Ern R et ke A oA
p “ uga P a3, b - 3 " a . I " ) Ty *o . - - . . " 1. om vole -~ - - SN e, - - tu 4 Sudwirm gvir
e S S sy S R T f e AT L 1 S D TSR v S e wxsmprres
; J.auca. oh 4. TR 84 ._.r.(.m.. : = ~&..-.. oﬁal.n b %\ ﬂl.\b n&»ﬁnm ;
S . - A - \ m e 3+ “I n ) oﬂl- " e - - .Wﬁ--o - A K -
R T T S
. s Rl YAl

GO o0
- - :
Nl N

209
210
208
207



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

.‘ﬂ..vw

hattt &

e

RIS

Sy PVl b1 B bt il g,

\.«Z.w.ﬁ‘ w’? o

*L I T

s
.«,.w{ ¥

“~
..h.n«.u.

—r—a.

.-1»...«. { nm LT3

Jwn

Pl s { e b by i e Y03 e AT .
- ,.i’r .ot....o qobu -! \rlu...u.uqn bnu.‘«c.n-. vo.o...,-..m—&.qﬁ .:ﬂhsxﬁnttralm{ Xe, iullth ' TR XL T f(o.. of.(uuo.u. R TT e X

A

hd BN J
~n

"] bty

Mt sinieiciine

..weﬁ

,tvﬁ

Q.t!“

i .v.m««ﬁ?
r.c.iw m?..._ fany

w»d..

rr...u.v

vbi

.u.b....?

J.w? SR
W.M.‘ MN:....M.WM& .W-.ﬁl]la

RN .,%f.: ,.

3 BAT &“Wwék@%n@myw.@? 2%

éww.,n I AN
mL..—ﬂhhm \n.pwmm..ﬁu.uwh«turt e

.t.t.ﬂw) hy

kLo )

fio. NP A A

B ?.u.....q.qﬂﬂ.a...s..x.s%hwm\r Tie- v i wr.s > r...

2o ....l.t.n c!.cﬂ-!l.v..

111

ement 1

Annulus

¢

uuu...,m
1
i uu

-, .

Around Shoe
As Well

e

»

-1‘

3
fite ety

l.‘

n-0~‘ - v .!l’.

w
unw,.nu..tw

.‘.‘. .\ut«-b.‘




CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

214

- . ‘

TP I T T T P . YOO 000000400 O L 777 T
) P S GO, AR
vy = o ¥, e L= T “.... o .{.ns«a-, ; .... ety naly: i U RT3 d S cp
R I A m Al B A e R R R

\ Roay: Ve 1 LAV R )
G R ST :

Vrul'als

~arl
[P
l.v

RO

ﬂl.t’...u.. a8
43 -,
fr-vMWl\ : ]

R e e B

216

Figure 21B



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

PR AT

.z.JLf

Ila?...l.t

o
A
m

qiﬂf

M

L

mwwmwmw%wkru.rﬁ S ?,.?..Pr rar_ L_iv m.&&.m..., 18 iR 5

RIS AT P T A
R asean hn T It

..? v 2,3 ¥

.k%.r.«..:.«.mm.... {

ET

T

rm;drr a ..u..

EEL IR

*
e i

T e £ ;am,?...r.v.mé,

y - *
T f%a@@fﬁﬁﬂ.» i

.V?ww.r... J,...Em%

. .....\,.cmém,ﬁ,. 7 B @m& ,m...

..ﬁv&.rn;guﬁ&p? ALY

TR,

n»r.&

rrﬁua ...w.ﬁv 3

*

« aga g3

“miT7¢ &4 4 ¢ 4

¢ o A’

:
2
2

Figure 22




PCT/US2006/004648

CA 02597565 2007-08-13

WO 2006/086591

a 3 L, ® o ma

<

202
218
220

AL, ¢ FOr ¢ 4T B Lok g S . : v 4 X3 o ita - e 2 OS] aba iy pu Y DA B ey oy s R ESREENE Dt pany s st ALIVETT IR SN0y e 0w g RO O s g a2 AL U R IR L a0 D0 2T o RR s A A AT N T g pog At K P A S e LANISTAE S pa Ty e s @ AR T S AR fa gTRE
**'ﬁlww..lﬁ”’uo‘ﬁhmﬂnﬁﬁﬂ‘r-m”ﬂmbu\w-khTMW\I)“.MNO‘%&P‘“MQMQN“HHMM&uﬁaﬂWFQ?@\“!WI-’M”\&"&““Q‘V”W-WHAM“ﬂ“\mwmu“m,““Mﬂ Qmﬂ. ﬁﬁ (= $ ’ﬁi‘\mﬂﬂ [ R« Vrfn{ vg r n ~ B T v = a JFL vr-’ﬂ\b R 455 tM’f‘iﬂ!ﬁﬂﬂfﬂ*ﬂ\'&\.‘b&l\? Jlnﬁry-z‘t p-y, A .rll vﬂ.wl‘:”}!clliﬂ “\ - l.‘.-.l“-‘wa‘o”-”hhoh”.ﬂb \‘QQGM‘CB' ’ﬂﬂ hl!. ?@ - - ﬁ\'ﬂ lﬁ”ﬁcrﬂn%
L l | S . " - - ’ L)
. . s e -
; e \
‘
. e . . Al ..M. 0 i,“. 1 w-..)..... AL TR Ay £ TS RIS AT A VoI
: R HE . s \ ViKY S R T A P AT RS T A )
. .mehlhm 21 : %*.RH..-..-»,@M»AM? Vel ._.H..V...V“Nv.w .NW v.w.ﬂ..n.m.w.“ -mtaﬂ _.»M.. =3 3
: ’.
: SR

e i e :
SRR NI R L £ TN by oy S ATA T ] o oA LAk L0 RA N bl S Lol .7 VRTINS M TRELACERT AW I sy L C0L Ssviivalit AR £ S O AR PO TR SO - ECS RTINS T Jevpmmiant XN GG TTT) AT EEC SRS PR FICI SRR T BT ¥4
R R o L O e e L BRSSO U T SR 200 0 AT 6, TS Y EO A s o BV 18 A man G N VSR 2GRNy g VO L Wy RN s oo B NS S A IS N er A RV amid et ST Tr s S AV Y Y AN TR ST IR I PEANIAN € SR e e DAL SIS

’
L
4

Figure 23



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

R BT B I

SN n e R R T T SR B R L bt T e A e e

ST AW AR e S e,
- E BH“ raaty

XY e T3 e

AT P RETAN LT B K s SN L 0

“gunra)
Hor ™
5

e,

4 u- * 7y

’

R PR

Etbaopiisiaaid e

o Y rRY1S
2 ML

DN It IF LIV ZA0)

2 LAY,

AT EING

g ap 1 Ik e M
v

=

| SLsdnd=d L4 T RAT

A2 TR A

- pnye 2SR Sy m pu e
by e A

N

P ENALD B

,.
AR & Pl

i

226

dsgmAENSE ¢ u TP v a4 ma

230

ALY

% s s
¥ .)ﬂ w__

B

- b
-..Ir.w.n“

Cpd P Ay At e e L L B L B O L B B R B LB B BN N I

LIRS AY ALY R RS WL T

L AR LR ALl

3

P4 4 2 2 T4 e e

3" a*qa e+ s " ¢4

a9 av¢

“q £y waa

0 dg # g Fey . g »

FRHAIL § €7 250N T T Rt ooy Aataird o L Ala e TRy
AMIITE STV SN, Whtel Bttty £ 1 I T r YT Trans B IO

T Sea SNIEUTRELIAT A Vet i

M AT T fraier one I EHY FE AT 1) S A PR e e AR T s w0 oy eyt RSN E Eenphr p s ien AT
4 » - g 4L -

+

ERAL AU THOTT e v MR IRER IS 2033 0RAULLTS Rt s gy Y

Rl D o S - R — T NN L T AU £ MO I IOLE CIFTTE S A A TN s R S RO T
A ALTP= RS TN T PN T MR IR R iR VA A STV vt S TS e AR A TR RG] 042 L MAS S STTLATES

(]

SRR Rt e OVUIEI NN 2 0,

s.-.

Figure 24

AL J 4 Cadtmh
3o o

A T Pt L e N



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

200

4A AP L, vy nvﬂnm.‘ ‘ LIt Apecy
o ..M A e AT Ve AR
A Ak .w.mmmﬂsﬁﬁ&.ﬂﬁ.ﬂrwt R u,wmmw?w_ .M.mwmmm.

.mﬁu...@h. Al P e

».

Rty £ PO TS Sshipe 40 - oy Co AN a3 v o e - . . s Ay i ] Y 22T YRR SR S " e g L\ ey “ hviax N [

dW” % o vt D AN - vy ’ e 0AC PES YWECUD v Bttt O peNd by ghyty uy
m\s-l»?ﬂ(v.fmvhru.ﬂa Ky iont oMo N,

cm..ﬁ,.?., m& ?M.v.w Jx &nm s
Y b 3 ~ St n.. L... .ﬁ._., Py . NEvd !.., o € oy 3

e e R e e %

- M ) [§ 4 h = 7 R J -o .ﬂ\

. : AT

.aLiiF. 5 Ty h
mﬂﬁﬁ&%ﬁ . un.w.. SR e AN DA ......: mw%.h.r .?r. ..

(TR A L FN T T S Y PR L T Iy

P alb® gt nlvarvaaaCyp e Rad a8 5.4 *rtet s edpe

.0 A aqe

MR Y AT A - ot

- 44 brvvern

- -\ - DLl N Al L LS

e wrrd o

LV I H - - - cta g e apide g Do o=

¢4 T4 Lo v alV L0044 40%peaiy® gaa 0 atarvctstnut mtvraacnet 330V 0e Tha Ve

m # T * A% a0a BRI AT A, PRyt gig up ey Tt ¥ gare Taunater

232

ek
hh e,y bbb, LYY IEY PP g Y v L4 Ao W T o0, MW WU rc.. e
hd ]
-
batinytigaat e gl MAmar
N~
.
L
]
BT P T o e Ry T 4z *: Ry Yo r QWP P PRINY PR MR A SR PN

at e DR ‘e
7 e y -
°
) e LR b
-
- L]
»e P = by P rmwa-aTeiy W0 " LIl -
b4
Sy g
e
{
-

-
B AR A0 utt

N rySrea

PRIPF P ERENTH

-

F 4

* av Aty AW

a (1]
ay gk #O4prwn P o

4 o - - et

A, W S0

vnho...'ﬁ

(TS Y

Zawum bl ovb e

234

- Y —

H
p

Figure 25



PCT/US2006/004648

CA 02597565 2007-08-13

WO 2006/086591

e ot 4 p POR A 20 hvenE y @

VBt s P Ier ROV nsNea NI PRI LIRTRAY “¢' 0 24 2 0 % 4 2 4% ‘i tag 2 9q 47 P Tae S EEEEER °“l'"‘0'°o‘°ﬂo‘c.¢-0a 4%0nYes nita 09y o8 0

Figure 26

= 9

N N =~
Ad il - - ﬁu 2 1
3 1 _J< =3 p-. \J ~ .m -,
v D f A 1 h | h 3 <
1 ot o U 3 - rg gl
“ ; - 4 > ’ - ) b | po |
A 4 * — L
- M.-\ 1 W 4 4 $ { P ;| :
” 1§ A ‘.\9;‘- ff 1u ﬂ 1 ; —y Y ﬂ .m J J e N r,h F — L >
5% . AR : i ] it i pzzs ot i .
s.?_*..» ERHROAT B w.ﬁ -.ww..rk ol oy A . 2 oo T2 .wb.:: : #%mxm\lr. L A U A R xa..,.?..?p X ) : . o ! -
WAMM*WWM..W, wrw..m .v.“,.m.w w & oy 2 .“.wwww.m.x m_mmn. ,m w. % ....,mw. ﬁ..rmi N ﬂww.cmaﬁ.w wum”m.b. .n..» 'f. .wtwﬂﬂﬂumw :..1 cﬁx A (e v
- a > o A y- A Y F4a 0 hE -.l ik o - Lo Y Sron W
zw.ﬁ?ﬁ X u.f.%u.wm.mwmﬁ o+ [l Gl ai wam&% A e s SR A S ﬁrﬂ @ : ;
%..ﬁww.».....ﬁ m..mf,.g..m\w,.s? =1 Fisd + PRAERak b : o vhe Sk ! it
- fﬂh‘?ﬂmv.n .r.ma.h.,.av T KM.A.“ hﬂ &.WMR‘»?« w e vh..o? , :
s R ety § TSRO BT R Y% BRI 330 533 > 1 ;
vt Sl R 4T i,é, (35 Sl o wmx_ .
S R R T S R e R o .mwu,...“ 7 2 . .
T TS g + :
2 AR Lo g S haiatarive S ot .“
o2k 383 - AT i Pt Sapl AP Tra p M L o * -._c sean "R I 4n  paec u
e L 2
. * ﬂc.’ * - - .m
ﬁ SR _ : - :
= At H v m AR - © - g cae: - ' A AL v e m > . Chil + A . - 6 a9
ey T O vas oA . D TS o @ M F\d a .
S il H .
S S
e AP Ard A #-l .l.ub {. Yo WW -y aiyt Wiy - [y b 73 shvnl ( y
WW%M@ ERC ﬁ.ﬁiﬁ%mmw Am.w,wm R ﬂ.ﬁeﬁfﬁﬁmﬁmfw % ﬁm.“: w«@ﬁm = S m_...w SRR e AT r.mww 3 “% ¢ ! 1
e I g I s R A m,wwi.,. iy e e u,.;wv it , g :
e m.rw.m..,,,.«f...n.w; I R A i cﬁm_..«: SRR ..w»v Jsaﬂ\ rm;:-»,gﬁwﬁﬁ%mﬁdﬁmﬁ%@ R 7 i : ; L f e st
- 4 f A y
3 M : ‘ J ¢ 2 w._M... 5 _
.ru» ! il W > T A  } -
$r5d3 ] :
. ~ . ¥ 4 ~ W Al 3

a
ARAT TR0 30U BEROE PVl (A FNOTPEINIR W atBAT I I4I 04 T4 ROAMTIRIAINNIII - P P MAdR RIS I A PR JAAMATARRAGRANIA TN SRR M 4 aRRAEaY D4 M FNITIR IS4 ()0 00 MO B 40-0ne wmw




CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

2

239

m.t&.& SANARR

il LY

Ve Y H

+*

A% Y

"
.\m\m l(\w Mo crr
*r CA

Tam
TIOTarINAr A R 4T S Sk LI r e -~ CARD Uk ivmgyput.c g TAMeTDN
° -
-
-y -t AP - e www—f . - -
- .. L L] &
. ! .o
L] an
a4« *
W e A " . : “ec a S paa
» “a

t NERS
R

; iy

e
g3
s

Adhar

M«R .,wm w%ﬁ

237

236

- ™ .

- Cho e —_ Y,

ﬁ

it L1 T

et

232

ARESAFPRACCOINIACOHMARREIT P A ORADA - AT DO B a D4 ..OOUICIU.OQI..‘0ll,.l’tam.x‘.,.aaa'.ya..l"q.‘.‘&.;mm,p..’ o4 4Numbvaaaka A s atbersirtannsran nrrnraen *rnuha gopp taoaey o ¢

*how - 4 P Aarer LT -
* AT LM Auem gyt 0 » MR e
AL A
"e v 9 = .
& ¢coo ]
. 4 od
W, Pk ) -
-
+
#a -t
a
o
t&a
- " a " ©om G

218

AN PN ARI T Aar NPT IR N PP VOO PA RN GO MO RA AP AP Tt P A A SR A ARE I A PP AR B R IA FEEAATSC s rAr o AN P A Vv I R44d SETARIFA PR AR TS NI PWAR RAVINTSPRACI LT P AP uw £ 4 RaDERT A0S Vi d'ow P4 i T vch duf sl

T e gy M Sy oy

_-h

228

- ' (K4 ] ww ) 4O i - - — - ]
vh = - . LT va RSP Ay ot pem + 7 & Y ot mYu e gy " 4 pejog et T o
o -
‘e * ~, . s " “as  an . . » ’ ..
L o] a - or v * * -
- h . o v ° P
a
L hd 13 n oty
Ll M AL DL 1 Yy = * e aza"vh
L] - YA
S gt Ypa"nfm ¥o
-
et . v e = 3 - o
* 4 oro P PUREN
* ° " - P
I T | e e,
v == - * . -
ed o of ) - = - n - AR o g'onan ot a o 244, 00 v

235

234

Figure 27



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

I s ; . Y ' !.v G 14
mﬂ” - #wmub}?n.mu@uiaﬁix..w -"_T....s,n.“....uur....% i N 1
2N

ARATACT T NERRAWN FAUTUDNT G 4404 Cunna a0t uRTER R TCIIAO I H) IR0 CBURS TANE (P e FEW R RL BARIR AL VY P et 00 g S04 I IENACIAT VOOIARIRR VA BREPTID S T4 $CIRNmDe

bt

200

.
na

232

S el e fbl el B el G B0 T R & el e AN T S 56 M

-

:3 u;.‘.p}.ﬂr?sf:q‘wunw.ﬂw.v- MPF% at.o... ,w.?.
€ "t v

e

‘ te. & — .-.:.m 4éty

aﬂn v...lf-n.w.ﬂ tonddantoty subd% I $ g% 35 4 1T sol'.ﬁbu"qﬁdn ok - I
BE”M«.% A& npm AR Selaiiveeeiithhiitthiuy ASE
Y
2 D S PR
.l-.. l .. 4 . ..l.

o
-
L

e :.mm. i - > - *

* .

et g 450 b A 80wt g Ph pud RS - PR S B W A 28 - 'Sy

222 —

:
i

»

s e R SRR i A A : , ubxo - t.u.o.-t Q.\ iio Oﬂ ’OLQIQ L] Avitat V
4 ; s 2 7 - 4 5
wau.u.?_..ﬁ%Fﬁ.Q_?.mﬁ_.ﬁqmw,.ﬁw?ﬁ PSS, ¥ep b prmtzre ey .«J...:............m.»..,d..:r: s :v.w.....g.....hw e T RS B
ot wyv.._r.ﬁw S : TP IR N CIAALY bt Drnd y RPETRES YL - PAARFIES 4P WS FLRRR IS I3 1:T & Mn ﬂ
A At A Te 4 Y

A8 N N Xare k4 L Aoty %mwlﬁ.wbw.cuﬁfiuas T4 ut;.fp....ﬁu._di o w:ﬂdu«vﬂfwa.?ﬁ... .,:.,: 2432 Nv

[T e e ey ST T DY P T DR L T L D LA AATEAAMAIH IS N Xy Y gy iy B ¢ ey - - AR AR A IS EARME M I IS O PNt PR e S S e b A G A AN A SN P R Sy ¥ v e v 4 4D e e S

228

PR sc.u -‘o.t \'Wﬂ.- h. rv.wﬁﬁ,—-ﬁv-\v ﬁ.n
Q:-W\ ! el \l . ; eull.!l,\ -y Iiﬂ"*lﬁi% \.1.- - -”.l M"“M‘.&b“!.%t.(lv t"*ﬁﬁ laﬁ.’.s“rv.ﬁ‘o

F M sl’bv(
3 17 rev

(TIVTILT IPT 1

TITERIIS
AL S S 2 AT N

laool? > ean Y t.s-.lv.f

L ruq F‘ﬁ Q“ill‘."ﬂ

# B Sumh yp 2 W § PR
P-\cv.u-,“u -lﬂ.lcqo | Fy DT

EiiE'!ilgiI!;ﬁE E;HEEIIE

tysha - b ety .
Yoy R A J i gn

‘r-hmunba pay  pa,d
* c
.-{I)Ja..}rln.)l-

pa——— 'lli“.ot ?r”

T~
ey
o

ci&.ﬂl;lo ow Drl.o !f.l.&.d i

e L -.u - !3.3&2
&leh o ot

Vrase c...m.-s.w zZtd
v \QE

o At toned aw pa

5

.gt jor 1 Pt

b4 URP S A Akt ErA A IR ety bt R SR L

"?i'}.

.k
e

ous;

T34

wiid
NT

' -
-}1?

e d
MLl

Yot r

1.

Py
e
"M g

s:."‘

S

> 4

¢
ir

Ay .rr..p....ﬁt -

'11“" v
Tl 23

$342

-
-

u
!

-
-,

Figure 28



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

=01y 49575 : =W . o I AR Y LT A RS T A ke {n, 3T
IREE PNT AT RISty Tl LA Hor P # (RO perf St L oe s PR S S - . TR T et K s en e

e e e o e T T T AT T T T T

R s PV R T o P NI [ Tt s 50 U B R ET A TR S _ N

e i

2 N BER

woe e L p bgumsntap'ungwemaases Ja AL

o\o-ob-q-o-h&cbhb.!a‘.b.ibﬂ’om”'t-anioocov"-qn-o-M-a-l.:-onbmp-u)“cm--mn“ua-.-..‘.....“..Huu.).g‘.oup|m4-,.u..m--.”.-,..-‘-.m,”,‘._-.--..-.”b-...‘w-.“.-.“....\l'v. eals

Yemmiprhsrr oo cn

L

+%4 or 4\ Adaasont -ty b w— il RITREYIRTLY -odvmilh.uwo:lé. q e " e Bt "l bnlm et -y " « YT R Veane il 4o ward ghadta ’lonn.:!- LY’

i

i

WL R IOCIE ot 10 ¥ a0 0 Gy gt e WP g R L —e PP g YW LB 4 BMPE -l 2P wan i mcaaate =

f -

COat® vV mewi g, - p— . osrﬁll wreerrerrvs [oaV Mo g g FoeN

Ty bt el gl B 5 R I il S U S U FY Y AN ST W Y T STy

P Tl L L 10 k] A Ariad S0 WP VP P S Ay pe g b b T »

‘veomw g oty

244

4 - ﬂ‘.-r..

Ul lmme v J o b P W tra a4 WP Jiye L 2399 Pazpemtnd) ettt 'L Gorengm P Al P il

et m o N e et
T e - -

A

.= v o v - 5« =", -..ﬁ!‘u
3 L y +.

-— - o T o
-~ " Lo e

04 "wuypm I Seve wrter M aanaly 0

AP T M TaMrEEm a R W b rercy R A Ve i me LIS I b g by et P g B — v ] Ty [P B ——

234

20w FLaMentliywe

Figure 29



CA 02597565 2007-08-13
WO 2006/086591 PCT/US2006/004648

i
r

Ltaa

:
¥
)
&

Rl

e
ESHIN
bigia bt
N y ] ra Y 1
.’%f { -;

+Y

234

o)
2
by
25

1

¥
o1,
R
4

:..
r‘{;:- )
L)

:‘h‘;” Yy

S3aL5

AT
AT

i )=

Tfi.a ,{;
1iZ

el

X
i
IR 2t

;5

G
\:

,Evifz'.'
pEl

1
L}
Lot

g«é‘
i

i
4

.f l_:‘
9
T

1‘ t\
ﬁ'j‘c
4

AN &
v
3

3'5& r
Zep
By

q:

O %4

B8
Vs
ATy
4

K
5

§
il
v

e ©
hY Jo

f ad
ANPPITN

202

F 4
TP
‘: -

Fmany

o [t
T

R
{3

T

-
-~
s
-
-

s
FUETS

. : f.',ir‘- o
7 py 5
oy Sl 5

v A
~ ‘:,;EJ Feir
ST E =

]h?o =

¥olw o

b D -
\ \-‘{? -f

™ 4

e ifew

e e

3141
3%
Ry

[ o

v
9: 458

4= P
an e : r :
I .
i KSE i
et

L7 e X
g B34 |
e o Tve -
. ;assf‘g EEk
kcx o 5o “ﬁ
~e -
L B g ey P e ey g gt b ek bk bkt T ek e ik Al B § et Bt 4 ot T, Bt Ak ek Bk A TV R B S YR P Z Py D P ey S ) 4 e s b oy B e P e el ol el B A B B AR AR B R R A8 B A AL — gy, Al o rrwre-ws e rba - - - b - ~ > . - A PP — o oa e R
3 _‘:“fv. ";"_30 S e - = e 00 ey i e e S L% o P P4,
iy 54
Pt i
5553 a;§§=
;\‘;‘ ;:“On
”;,g “'“!:‘E
& ot
AT R
s 8.2
=9 o5
fa o v
aimte- I‘o".%'
1 o]
et s oz
sz ;?'ti
232 AT
ﬁ‘v-.‘: ‘5"“,
e i-}
b ol H
i3 -
e -
3 rey e
€ e
- “» v
R e
K3 *‘.0:3""
g“"’.{‘; ila
pA
T e
. Py
2 12
Ty ad,
%fy_:» o
* .-n‘ - :v
fﬁ&?:j i

':Il
£y
3

b
vha, fass
¥ty a7, a3 3
o, [ty &2 s’{r
o 207 dhYd
~ "} sfepa
~ ™ 20t
.ns.l'_ .“':i
1Y £ 7
i e
~ v ‘}’-‘?
(s Hi alis
5 A &
: ¥ zﬁx 4
] Gt P
AN I a
) "“s £ 5
: ik s

883
” -
‘1—;.?‘&.

4
(t'__

=
A
> srae TR
LT
Tk
»

s
L ATV
X

Y
3, %X Y
; i pret
; s s oy
i ‘ ‘y a‘hz ; —

lb_l_?
tL2 r-.{’
S

o ‘w’.’ @ ;
= e

&
L5
#

nIAE Ee !
g%t 4 e
- A "" 3
E:E:" n;l'.:l
X 3% 3413
J B
:t‘&f'g ﬁf :
$E3 %-.k
Er g
L-?‘t- e -
. uI?& ol f
1aae Py
; :‘éz Se
J 4 T‘;- b 0;.
| (3= b S
niut 1
. i -'-E:‘:’ Ye:d
r ﬁ '::,‘ -
S 3 Sl
. 4 ‘# :'“‘. ;;"‘::'a }'
ViZugs Epnd . oy

Q“"* ~ 4 Hﬁa

‘L. 3 "‘ ’ ifw . <.

<

g0

¥
25

ﬁ‘

F

m [

Figure 30



PCT/US2006/004648

CA 02597565 2007-08-13

WO 2006/086591

4%

4
>
-
-

[P p—

202
218

-~ - ot . . . - L4 - . b - 1%L s d
e e Y T T L TN M A A 4 R 2 A S AN S R N IO N B T s 5T B2 0 AT et ATy T T 4 3ieen

VPP p—
- 4

246

SN

Figure 31

s P AT ML - R Py e ace S utrmwrmt @ St iy ey g nane W b Dyariay S AR0 P n “ me i m e Mignin e e Lr— I.!r..ln.s- iammo0 wayo, L = ] % v 4 ‘Ovo.o A5 & A B0 Gwwmi—— | w® f - DRI L XXX ST LTI RSN
ROEY; EREERE: —
v evead P ot T e - - T . -Gl Pl =
atef eeianis QP TLTE AL Y 2T P S oy L Ao JE I i bate 2 s p at e Tt 2 Ll rrt Caten & Py e N T r e L e Tt b a e S I T e R O RS S
heES Y e FRTRN s verra EASRARERD 23 A A7 A e O ; :
uq.u! \\}M “ua-u » .o, n.o "o ndeae i o olbﬁaa &
eTde dno..a.o..-a ) - . ~ TSI TeTI2
Ll " ¢y Fogasnd A ST A e et f - *rcg 4o
c:..laﬁ «’A.l“-‘. *
ke,
A - c ‘v
@l mmpovy S o == g g »o+ - ‘e, wrva ATy e e - ————— Y B 4 < “ Led ru " el L guw et - ** Swaar ot FAad n VAT A L AR i s oo =t e sos aL e *n 3
4
- mp a rad s AR LT lh - N ey oy ST ST I D .-\!o - 1 Qlﬂb- PY - u : M 1< ¥ iemane T *oe vrxwo'. ‘bm - - - cmm—d ey e00 L J -
A A T Y A e T A G YA SRSy VAR SR WA A TENEEY i herrrem : : ¢ ==
-

232
220

230

234



PCT/US2006/004648

CA 02597565 2007-08-13

WO 2006/086591

‘qII‘I‘ a n

237

237
236
246

IRV T TR R T B Ky P T s Oty : YT A2y s T AN PR SN ks m e, DR S AR ¥ e ML LD 6 o) R0 s ATy RS oo LA LT A o o e DS o T BTAEN I bk 1 TR by o DLt A N DTttt s LT3 St remttts S L S5 2
SRR e L A N A A R AT bR st Tt 3 ; SR BT AT T P MM e g e et TAT G o s ) Kt oo peet e e oo S e ¢ [ ok B s o et T s ias A P N

v

lvtuda.v.ﬁ.bnao - - ” ., --
n.cvhﬂﬁmﬂ"‘ahuqq o . . g 5 o..l.o.. R tmdalor L pptade sl gy Ly Ncqcopu.o & 3 93 p
ao® Y4 O Lanen Nﬂ -Mﬂ . n..\s-Q‘_o—rr ﬂ-&.w v Fﬁﬁ*ﬁ%ﬂnﬁmaﬂrwﬂ% immunﬁwﬁ-ﬂ%- Jm

i*t!*ﬂfifit-ﬂii!«la

FINO IR 3 AV B D NI £, A B9 SIS v A Wi 4Ky 5.9 7T 200000 P—

ragrt e
’

atIeNaureah 0
. ST vo..vltt L =T

- %y pam . - .
4ond aey 3 . d.

a2
O s LI S
’

L—ﬁ.[cs. m

. l.:. ... (TR Lx
Pt L e T b 2 e b Mt T M S A T e i S R b AL, I MAN AL L A fden ALY 31 Duin ittt O Y] RACOOIT U TEENMECEERE 3770 ST TR AU AR L0 § SR RTINSO Sty WS-SR S IR T Ja Bt Do ot Fr22d (iR LT A A X TR T A K L R T T T e ¥ w\ AR% 18 ~1h
prE i \Numm.w.....dm.»ﬂd& e SIA D .m.&._vsa..cuaq..itm.)nf“_,.b...vs.,dot .«vm..wmwﬁnﬁﬂexwamﬂ?uuﬁa# W .4w = A b L35 4 R..._.Ewﬁ“ﬂhﬂd&aﬁﬁﬂ?&ﬁ%ﬂ.@mﬁ&ﬂ%?.bhrn.dﬂ..u.n.n ry B4 ) g e | LA L ST LPRRRRPANDI Y 22 T s oA R O A E AV IO NI st LTy -ul.l...n.«‘lsnuwﬂ.hhw.ahmwm“uu.-d.w: PRAMETTIIYA ISRl ba.x.uud.bgmm.ﬁt o e I 2 ) 4 xllthwmﬁ.uﬂ"nﬁanuuhwﬁ.mwm-mﬁmmwa“%b»ww.

by » P

200

239

oy




CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

oy —

TS o 1o R RN TN T e 3 1 R T A SR INIE ER T H 4.4 4 ELLE S Py 183 1 i TN LR NP O DA LY & AT IR x[...v.h [T TN EC s B W AR ORS00 -0 £ 45 X 4 T 7Y ﬂ.n% R LY

‘4 - . ™ e == N1 N, N I ~ 1”".- Y
T N A T S U R R N AR O A S AT S B Sudiabai LSS AT NORCTTITITY TS P-IT) Pt T4 ¥ 14y T YT Egagnnﬁ TR R T A R T T A yoreg ¥ St ﬁggaaﬁ«lﬂlii

TSSO P T Rr]
i | TR £ S

: Vaa%s gaanm F.‘ .“o..vun u“wcﬁnﬁ@v “» éﬂ&a
R s (Ot e TEAITLAPTLY THH

~
izt ?a:....._.

: &y m
!giaglax%nﬂ RSN EEEIIIE LT AR — E GITLETIRIORKE ¥i7r EIE \‘.‘wm. .c“..
R LIE TAR ~VES L2025 yov E0VT I I S AT Y Dt e 00} ¢ IS T BTRIBTIA 34 £ A LAV O ALY L IM (D £ 2 b b rion WISIEN IR L 5 S0 PP 41 .‘.w.u..”_.w_ I e T e e R e R R S FA g Sl s Y TT va..n..uu.ﬁhr. r...._.__.&n.e..nuﬁraw* .,.r .wr.«ﬁ.

| -
]

PP —

-

Sddh




PCT/US2006/004648

CA 02597565 2007-08-13

WO 2006/086591

ey

- r T s mar wmer AT PRI IR TS e Tean LR S SNy e ST ue e X dbak LIRS PP IO LA e XS E g LT R e Tt [T TR R AT L% FRLEU S .rag_..:... 12 e I S TP L IPN I e A ) DS R s s 1 M S PR TR a:; taz Y%
R A B A R S e R T R UL T SOV BRI W70 S PRIl et R A S e Ty A K e AL L LA S AL e W T A AT ST PO T O ISR S B 0PI el £ wnn% i )

T g
e T

Figure 34

. S Y ————
- anee
o= \ s 3 » V1 g % § 0 . e -1 ARCRIIEETETEN AN Jearsa 3 & t7e s Y EES TN L, * - ”nEEEEEE I R L e soia vy, SN HMessseamis 000 e Ei o \M..ﬂv S ST
d&.mw.\om-ﬂ..mhgnvfhﬁfhn? NW?E‘P& n&ﬂc) I._M.awv.. -&Gw-du.-&n-.ﬂwhwn VM._ uﬁ- ?ﬂtﬂmaﬁm%.w.&?sﬂr\‘ﬂﬁn & *4vn »i#P.éo J~anpv“ hm....woocau..ftﬂo#wﬂh A(lw t..H" HEnane -\lJ.P.M*IIM-U.“Vh)..‘.AL-u n-..af.vvf—..ﬂﬁctﬁmlsh.v»o-thll o :.Hv*ofmncvmrh.\calh\ﬂ-oawqggﬂm M) S Th R ﬁ.fHN»._..hJi n.nrhﬂo%!r-l.uwﬂtﬂ. wkfﬁ.ﬂwﬂvvr-lruﬂf.".ﬂdoﬂh TUTX, ..r.r‘*t.-_\.o*hl._[n Fﬂﬂmxu vﬂ.bﬁiw.—uvruw%ltlﬂ.r lelaﬂn-nv as l"bf"ﬁm%ﬁh l

- h

PORPY Wy e




CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

i

awuswwt.wg._t.la¢ 3 W

R3] o AN ]

R T R e N T S T T A TR T I TR

.ocd..ﬁo WM..?!N * ..“\

T R RS A e L R L ) TR T ﬁacﬁ..asr.wmmw.unpaaz a43F ...wu:_..n»uz_,.:m.wmmam»::E.anz_u m@.zb sag2rexd iRINIY _L&E&ﬁﬁ.ﬁ&ﬁ ~¢Lﬂm_§ﬁﬂmmrhtﬂo.“zu_..QELEEE&“:HJHLL:&EE».&ELRF

L !

v, A 2 2 e et
SENE AU AT AT AL T e B o b

DAN] 3

Rzrierrt S rasteemndtntenciitg SYYTE

i

3&1}3.,:.&:..:.Dugwnmnnnu...:358&255?1&ﬁtnﬁucnﬂﬁu:a&u«n.mlgﬁﬂ.dﬁ»ﬁﬁﬁ&%ﬁ]lﬁﬁﬁdﬁhdu:n-ﬂzuﬁw-nu&kuﬂnﬁu. Gaﬁwmﬂquﬁsuwm:uﬁ.??nua-._buEnﬁuwa_a-nu»ﬁun.hprn.Zuﬂh_.unh“nwnw SfLiNIricsy

-~

NN g p——— P E »r v .f’l.

merom o™ @ FIF) B o _vecowh patever

Pt b Bt Y

Ew.&ﬁ _3..4 Q\\\\b\

e L L Ty E P R L L, [I‘of!c"f"l

il

Q...x... J.. *

i
-



CA 02597565 2007-08-13

PCT/US2006/004648

WO 2006/086591

e 2 3 4 4 wpeda C ' . 4

e Nedmitaa YA R gt SRR A TR AT LS 1Y R I e ) e S TR AT S T TN Y
LI TR Y VTS e\ Trpetnnsy 1 Y1 s

j= ..”“;q\..o".ﬂn“un?.u -11“._..

V'“of.!.lll.lﬁl.ll‘l °
qﬂ“ﬂ“‘-ﬁt‘lb’ N d‘

'S G s ¢ o —

D | Ww ™)
= U~ “
o\ A

N

st AT N NS A T AR A e e S N G P AR T AT .aﬁﬂﬁumwwu...mqﬂw.w..g

D™ » *'4 Maasaa
42 0% ty 0 . . £ .0
FT s S e -
o 4147,

. et
- .Y

Ko
R A R R R G P L T TS A a1 D e e Y T O [ o oo P DT A T o T o

S |
N




PCT/US2006/004648

CA 02597565 2007-08-13

WO 2006/086591

nﬂlhon%o.qlﬁqlco!!ac.l * o AR Ld 1T FTYT & -.l-c.f “attaparle L] A5 OHli-rlonlo :

é

KL TR S48 P

> % 38 *a - - . - —— - .
2Tl RN AN I A s amCata s T wTen A LT D

U '
*e - gaam oW ¢ qantrde e .- ) - Sad - whbburivey ==
----- LA Al e T L PR AL A LT T "IN SIS 1T seemer _\ o » Ay e s L ehodp ‘WG 'S = ) ety 4 ¢ * Y DU a3 it pgm YT T . . - - RN .
o o S——_— i
\am ?n .
o PRI art e\ PR Eu...ﬁ..h...:-.....«u.,.w?n.{uunm :
- i‘l‘ p™ ey hf‘lf‘b s 24 ] 73 ﬂ " - -.O.QMOO ih.a‘ - 3 P L . . S epe a . g li¥e Hrf.ﬂ . v
- Tt Jou -.l -~y ™ i % L%0at s , Lot & Tl s i H - ;
-’ oo. " .! -t 50 nff?ndawn.n e Ww“dw n.w.. ﬁg r&ﬂ*\.f&&m m._ﬂa..n Geeni i ﬂ rsnﬂ!f.... v DA . H 3 3 1 TN AR £ TN n . ws u GRSMIERICAD
S Rl e nlftcnt.c.brnhu[lvtrw Vit T BRI .»lr_. driod comireess A A I S N S £ E Y SR M ay e .....o Y4 ) s *43
. . b ] da b tno.-u..o«uf})v. .ﬁ-._unc WQ s
o A P AR bt DAl it wth AT WA s A —-— P . A
Pt a7 0 A e B o} it W gy Wy Y T T TN ] - N — gy @ ——— © -—
e e L AL Y ey = e f gy gy Pl =+

5

e

re b




212
200
224
204
206

02
203

| g 1 -

(¢ e
OCHLERSAT

TR ALl
A Jon,
el et T, ettt . e Mbaboas s ge g

o TP i a4 Y s © m

ey
oI {

208



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - abstract drawing

